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Preface for fifth edition

Orthodontics is both an art and a science, and, like most great works of art, at its best orthodontics can appear
both deceptively simple and wonderfully aesthetic. The reality is of course that behind that apparent simplicity,
there is real complexity that takes years to master. Gaining expertise in any subject requires sound foundations
on which to build on, and we hope that this introduction to-orthodontics provides these foundations.

In this new, significantly updated edition, we have triedto stay true to the ethos of the previous editions, pro-
viding key basic science and clinical information that is based on the best current evidence. We hope it will be
useful to anyone involved in the treatment of orthodontic patients: undergraduate dental students, postgradu-
ate students specializing in orthodontics, dentists with an interest in orthodontics, orthodontic therapists and
orthodontic nurses, and perhaps even those more experienced orthodontists who would welcome a succinct
evidence-based, sensible, and contemporary update on the subject of orthodontics.

We hope you enjoy it!

Simon J. Littlewood and Laura Mitchell
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Online Resources

Further reading and references (including Cochrane Reviews) can also be found at:
www.oup.com/uk/orthodontics5e.

Where possible, these are presented as active links which direct you to the electronic version of
the work, to help facilitate onward study. If'you are a subscriber to that work (either individually
or through an institution), and depending on your level of access, you may be able to peruse an
abstract or the full article if available.
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The rationale for orthodontic treatment

ng of the differences between need and demand for treatment. .
of the benefits and risks of orthodontic treatment.
of the importance of discussing the risks and benefits of treatA@ with patients and their families.

Q
Q
o

1.1 Orthodontics

Orthodontics is the branch of dentistry concerned with facial growth,
development of the dentition and occlusion, and the diagnosis, inter-
ception, and treatment of occlusal anomalies.

1.2 Malocclusion

‘Ideal occlusion’ is the term given to a dentition where the teeth are in
the optimum anatomical position, both within the mandibular and max-
illary arches (intramaxillary) and between the arches when the teeth are
in occlusion (intermaxillary). Maloeclusion is the term used to describe
dental anomalies and occlusal-traits that represent a deviation from the
ideal occlusion. In reality;'it'is rare to have a truly perfect occlusion and
malocclusion is a spectrum, reflecting variation around the norm.

The prevalence of malocclusion and particular occlusal anomalies
depends on the population studied (e.g. age and racial characteristics),
the criteria used for assessment, and the methods used by the examiners
(e.g. whether radiographs were employed). In the UK, it is estimated 9%
of 12-year-olds and 18% of 15-year-olds are undergoing orthodontic treat-
ment, with a further 37% of 12-year-olds and 20% of 15-year-olds requiring
treatment (Table 1.1). This suggests the overall prevalence of moderate—
severe malocclusion is around 40-50% in adolescents (Table 1.1).

Table 1.1 England, Wales, and Northern Ireland Child
Dental Health Survey 2013

Age band
12years15years
Ch||dren undergomgorthodonnc oo 9% ............. 18% ......
treatment at the time of the survey
Children not undergoing treatment 3% AQ 0%

but in need of treatment
(IOTN dental health component)

Source data from Child Dental Health Survey 2013, England, Wales and Northern
Ireland, 2015, Health and Social Care Information Centre.

1.3 Rationale for orthodontic treatment

Malocclusion may cause concerns related to dental health and/or
oral-health-related quality of life issues arising from appearance, func-
tion, and the psychosocial impact of the teeth. The need for treatment
depends on the impact of the malocclusion and whether treatment is
likely to provide a demonstrable benefit to the patient. To judge treat-
ment need, potential benefits of treatment are balanced against the
risk of possible complications and side-effects in a risk—benefit analysis
(Table 1.2).

1.3.1 Need for orthodontic treatment

Health and well-being benefits are the most appropriate determinant
of treatment need. Orthodontic indices have been developed to help
objective and systematic evaluation of the potential risk-to dental health
posed by the malocclusion and the possible benefits of orthodon-
tic treatment (see Section 2.3). While indices were largely developed
to measure treatment need, due to high treatment demand in many

Table 1.2 @beneﬁt analysis for orthodontics

Benefits-of treatment versus

Improved dental health Worsening of dental
Improved oral health- health

related quality of life Failure to achieve
(OHRQol) aims of treatment
Improved aesthetics Relapse

Improved function

countries, indices are also used to manage demand and support prior-
itization through some form of rationing. For example, in the UK accept-
ance for NHS orthodontic treatment is predominantly based on need
for treatment determined by the Index of Orthodontic Treatment Need
(IOTN) (see Section 2.3.3). Similarly, in Sweden treatment priority is esti-
mated using a Priority Index developed by the Swedish Orthodontic



Board and the Medical Board, which aims to identify and treat the
malocclusions judged to be most severe.

Unmet treatment need varies within and across countries, depend-
ing on individuals’ desire for treatment and organizational factors, such
as availability of treatment, access to services, and cost of treatment.
In the UK, the unmet orthodontic treatment need for children from
deprived households is higher than average; 40% for 12-year-olds and
32% for 15-year-olds. Similar patterns of inequality in access to treat-
ment are seen in other countries.

Demand for orthodontic treatment

It can readily be appreciated that demand for treatment does not neces-
sarily reflect objective treatment need. Some patients are very aware of
minor deviations, such as mild rotations of the upper incisors, whilst oth-
ers refuse treatment for malocclusions that are considered to be severe.

Potential benefits to dental health

Research shows awareness of malocclusion and willingness to undergo
orthodontic treatment is greater in females and those from higher socio-
economic backgrounds. Demand is also higher in areas with a smaller
population to orthedontist ratio, presumably due to increased aware-
ness and acceptance of orthodontic appliances.

The demand for treatment is increasing, particularly among adults
who areattracted by the increasing availability of less visible appliances,
such as ceramic brackets and lingual fixed appliances (see Section 20.6)
and orthodontic aligners (see Chapter 21). Orthodontic treatment has
a useful adjunctive role to restorative work and as people are keeping
their teeth for longer, this is contributing to more requests for interdis-
ciplinary care (see Section 20.5). Increasing dental awareness and the
desire for straight teeth, combined with the acceptability of orthodontic
appliances and awareness of different types of orthodontic treatment
means many adults who did not have treatment during adolescence are
now seeking treatment.

1.4 Potential benefits.to dental health

To determine whether orthodontic treatment is likely to carry a dental
health benefit, it is necessary to consider first whether the malocclu-
sion is likely to cause problems to.dental health and secondly, whether
orthodontic treatment is likely.to address the problem.

There are specific occlusal anomalies where evidence suggests
orthodontic treatment may provide a dental health benefit (Box 1.1).
For other dental conditions, such as caries, plaque-induced periodontal
disease, and temporomandibular joint dysfunction syndrome (TMD),
there is currently insufficient evidence to suggest orthodontic treat-
ment is beneficial. These conditions are complex and multifactorial in
origin and as such, direct causal relationship with malocclusion is dif-
ficult to measure effectively.

Localized periodontal problems

Certain occlusal anomalies may predispose individuals to periodontal
problems, particularly where the gingival biotype is thin, and in these
cases orthodontic intervention may have a long-term health benefit.
These include:

Box 1.1 Occlusal anomalies where evidence suggests
orthodontic correction would provide long-term dental
health benefit

Localized periodontal problems

e Crowding causing tooth/teeth to be pushed out of the bony
trough, resulting in recession

Periodontal damage related to tramatic overbites

® Anterior crossbites with evidence of compromised buccal peri-
odontal support on affected lower incisors

Increased overjet with increased risk of dentaltrauma

Unerupted impacted teeth with risk of pathology

Crossbites associated with mandibular displacement

® Crowding where one or more teeth are pushed buccally or lingually
out of the alveolar bony trough, resulting in reduced periodontal sup-
port and localized gingival recession.

® (Class Ill malocclusion where lower incisors in crossbite are pushed
labially (Fig. 1.1).

® Traumatic overbites, which occur when teeth bite onto the.gingiva,
can lead to gingival inflammation and loss of periodontal support
over time and this is accelerated by suboptimal plaque‘control.

Dental trauma

There is evidence that increased overjet is associated with trauma to the
upper incisors. Two systematic reviews have found that the risk of injury
is more than doubled in individuals with an overjet greater than 3 mm
and the risk of injury appears to.increase with overjet size and lip incom-
petence. Surprisingly, overjetiis a greater contributory factor in girls than
boys despite traumatic injuries being more common in boys. Orthodontic
intervention may be indicated where assessment and history indicate the
young person.is at increased risk of dental trauma (see Section 9.2.2).
Mouthguards are also important in reducing the risk of dental trauma,
particularly for those participating in contact sports (see Section 8.9).

1.3 Tooth impaction

Tooth impaction occurs when normal tooth eruption is impeded by
another tooth, bone, soft tissues, or other pathology. Supernumerary
teeth can cause impaction and if judged to be impeding normal dental
development, orthodontic input may be required (see Section 3.3.6).
Ectopicteeth are teeth that have formed, or subsequently moved, into
the wrong position; often ectopic teeth become impacted. Unerupted
impacted teeth may cause localized pathology, most commonly resorp-
tion of adjacent roots or cystic change. This is most frequently seen in
relation to ectopic maxillary canine teeth, which can resorb roots of the
incisors and premolars (Fig. 1.2). Orthodontic management of impacted
teeth may be indicated to reduce the risk of pathology (see Section 14.8).



The rationale for orthodontic treatment

Caries

Caries experience is directly influenced by oral hygiene, fluoride expo-
sure, and diet; however, research has failed to demonstrate a significant
association between malocclusion and caries. Caries reduction is there-
fore rarely an appropriate justification for orthodontic treatment and
placement of orthodontic appliances in an individual with uncontrolled
caries risk factors is likely to cause significant harm.
In-caries-susceptible children, for example those with special needs,
malalignment may reduce the capacity for natural tooth cleansing and
potentially increase the risk of caries. In these cases, an orthodontic
opinion may be sought regarding methods for reducing food stagnation,
such as extraction or simple alignment to alleviate localized crowding.

(a)

Plaque-induced periodontal disease

The association between malocclusion and plaque-induced periodon-
tal disease is weak, with research indicating that individual motivation
has more impact than tooth alignment on effective tooth brushing. In
people with consistently poor plaque control, inadequate oral hygiene
is more critical than tooth malalignment in the propagation of perio-
dontal disease. Although patients report increased dental awareness
and positive habits around diet and oral hygiene patients following
orthodontic treatment, poor plaque control is a contraindication for.
orthodontic treatment. Itis essential that oral hygiene is satisfactory and

(b) any periodontal disease is controlled prior to considering orthodontic
treatment to prevent worsening of dental health.

Fig. 1.1 (a) A 12-year-old male presented with gingival recession on
the left mandibular central incisor resulting from an anterior crossbite
pushing the tooth labially. (b) Orthodontic treatment was indicated
to prevent further damage to the periodontal tissues. Initially upper
arch alignment was provided to correct the anterior crossbite. A small
improvement was noted in the gingival recession. (c) Comprehensive
treatment was provided and following treatment, the gingival condition
of the left mandibular central incisor is similar to the other mandibular
(c) incisors.

(a) (b)

Fig. 1.2 (a) Periapical radiograph from a 14-year-old female patient who presented with resorption of the left maxillary first premolar caused by a
transposed and ectopic canine. (b) Cone-beam computed tomography shows the extent of the root resorption of the first premolar more clearly.



Potential benefits for oral health-related quality of life

For people with reduced dexterity or restricted access for cleaning,
it is possible that irregular teeth may hinder effective brushing. In these
cases, orthodontic alignment may aid plaque control but appliance
treatment must be approached carefully to minimize the risk of peri-
odontal damage during treatment.

Temporomandibular joint dysfunction
syndrome

The aetiology and management of TMD has caused considerable con-
troversy in all branches of dentistry. TMD comprises a group of related
disorders with multifactorial aetiology including psychological, hormo-
nal, genetic, traumatic, and occlusal factors. Research suggests that
depression, stress, and sleep disorders are major factors in the aetiology
of TMD and that parafunctional activity, for example bruxism, can con-
tribute to muscle pain and spasm. Some authors maintain that minor
occlusal imperfections can lead to abnormal paths of closure and/or
bruxism, which then result in the development of TMD; however if this

were the case, a much higher prevalence of TMD would be expected to
reflect the level of malocclusion in the population.

The role of orthodontics in TMD has been extensively debated, with
some authors claiming that orthodontic treatment can cause TMD,
while others advocate appliance therapy to manage TMD. After consid-
erable discussion in the literature, the consensus view is that orthodon-
tic treatment, either alone or in combination with extractions, cannot
be reliably shown to either ‘cause’ or ‘cure’ TMD.

The alleged success of a wide assortment of treatment modalities
for TMD highlights both the multifactorial aetiology and the self-lim-
iting nature of the condition. Given this, conservative and reversible
approaches are advised to manage TMD in the first instance. It is advis-
able to carry out a TMD screen for all potential orthodontic patients,
including questions about symptoms, examination of the temporoman-
dibular joint and associated muscles, and a record of the range of open-
ing and movement (see Section 5.4.6). Where signs or symptoms of TMD
are found it is wise to refer the patient for a comprehensive assessment
and specialist management before embarking on orthodontic treatment.

1.5 Potential benefits for oral health-related quality of life

The other key area where orthodontics may be beneficial is in improving
oral health-related quality,of life (OHRQoL). Research focussing on the
effect of malocclusion suggests OHRQoL can be negatively affected by
issues relating to dental-appearance, masticatory function, speech, and
psychosocial well-being.

Appearance

Dissatisfaction with dental appearance is often the principal reason
people seek orthodontic treatment and, in most cases, treatment is
able to deliver a positive change. Although improved dental appear-
ance may be cited as the main goal of treatment by patients, it is likely
that the perceived benefit is not a change in appearance per se, but the
anticipated psychosocial benefit associated with improved appearance.

Masticatory function

Patients with significant inter-arch discrepancy including anterior open
bites (AOB) and markedly increased or reverse overjet often report
difficulty with eating, particularly when incising food (Fig. 1.3). This may
manifest as avoidance of certain foods, such as sandwiches or apples, or
embarrassment when eating in public. Patients with severe hypodontia
may also experience problems with eating due to fewer teeth to bite
on and concerns about dislodging mobile primary teeth and prosthetic
teeth (see Chapter 21). Limited masticatory function rarely results in a
complete inability to eat, but it can contribute to significant quality of
life issues and this may be a driver for orthodontic treatment.

Speech

Speech is a complex neuromuscular process involving-respiration, pho-
nation, articulation, and resonance. Articulation is:the formation of dif-
ferent sounds through variable contact of the tongue with surrounding
structures, including the palate, lips, alveolar ridge, and dentition. It is
unlikely that orthodontic treatment will significantly change speech
in most cases, as speech patterns-are formed early in life before the

permanent dentition is present and the teeth are only one component
in the complex system. However, where patients cannot attain contact
between the incisors anteriorly, this may contribute to the production
of a lisp (interdental sigmatism). In these cases correcting the incisor
relationship and reducing interdental spacing may reduce lisping and
improve confidence to talk in public.

Psychosocial well-being

Extensive research has been undertaken to examine the effect of
malocclusion on psychosocial well-being in terms of self-perception,
quality of life, and social interactions. Malocclusion has been linked to
reduced self-confidence and self-esteem, with more severe malocclu-
sion and dentofacial deformities causing higher levels of oral impacts.
However, other research:suggests visible malocclusion has no discern-
ible negative effect on‘long-term social and psychological well-being.
A possible explanation for this is that self-esteem is a mediator in the
response to malocclusion, rather than a consequence of malocclusion.
Furthermore, self-reported impact of malocclusion may not always
reflect objective measurement of the severity of occlusal deviations; this
has been attributed to an individual’s resilience, ability to cope, as well
as social and cultural factors.

Dental appearance can evoke social judgements that affect peer
relations and childhood emotional and social development. People
with an attractive dentofacial appearance have been judged to be
friendlier, more interesting and intelligent, more successful, and more
socially competent. On the other hand, deviation from the norm can
cause stigmatization and a high correlation has been found between
victimization, malocclusion, and quality of life. The incidence of peer
victimization in adolescent orthodontic patients with untreated maloc-
clusion has been estimated to be around 12% in the UK. The extent of
malocclusion may not be proportionate to the psychosocial impact, for
example, more severe forms of facial deformity can elicit stronger reac-
tions such as pity or revulsion, while milder malocclusions can lead to
ridicule and teasing.



The rationale for orthodontic treatment

Table 1.3 Potential risks of orthodontic treatment

Problem Avoidance/Management of risk

Root resorption Avoid treatment in patients with resorbed,
blunted, or pipette-shaped roots
In teeth judged to be at risk, roots should be
monitored radiographically and treatment
terminated if root resorption is evident

Loss of Maintain high level of oral hygiene
periodontal Avoid moving teeth out of alveolar bone
(a) support

Demineralization  Diet control, high level of oral hygiene,
regular fluoride exposure
Abandon treatment

Enamel damage Avoid potentially abrasive components e.g.
ceramic brackets where there is a risk of
occlusal contact
Use of appropriate instruments and burs to
remove appliances and adhesives

Soft tissue Avoid traumatic components

damage Orthodontic wax or silicone to protect
against ulceration
Manage allergic reaction promptly

Loss of vitality If history of previous trauma to incisors,
counsel patient

Worsening facial Careful treatment planning and appropriate

profile mechanics
Soft tissue Use of appropriate safety measures with
damage headgear
Manage allergy promptly
(b) Ineffective treatment
Relapse Avoidance of unstable tooth positions at end
Fig. 1.3 Asignificant skeletal discrepancy can impact on masticatory of treatment
function. This 28-year-old female patient reported that her Class Il Long-term. retention

incisor relationship and bilateral buccal crossbite made incising and

. e Failure to achieve  Thoreugh assessment and accurate diagnosis
chewing food difficult. - 12 ug u iagnosi

treatment Effective treatment planning
objectives Appropriate use of appliances and mechanics

1.6 Potential risks of orthodontic treatment

Like any other branch of medicine or dentistry, orthodontic treatment is
not without potential risks. These risks need to be explained to patients Box 1.2 Recognized risk factors for root resorption
during the decision-making process and where possible, steps taken to during orthodontic treatment

manage the risk (Table 1.3). Patients should be made aware of their role
intreatment and any self-care or behaviour required to achieve success,
such as modifications to diet, oral hygiene practice, or use of a sports
guard for participation in contact sports.

Shortened roots with evidence of previous root resorption
® Pipette-shaped or blunted roots

Teeth which have suffered a previous episode of trauma

® Patient habits (e.g. nail biting)

Root resorption ® |atrogenic—use of excessive forces, intrusion, and prolonged

It is now accepted that some root resorption is inevitable as a conse- treatment time
quence of tooth movement, but there are factors that increase the risk
of more severe root resorption (Box 1.2):



On average, during the course of a conventional 2-year fixed-appli-
ance treatment, around 1 mm of root length will be lost and this amount
is not usually clinically significant. However, this average finding masks
awide range of individual variation, as some patients appear to be more
susceptible and undergo more marked root resorption. Evidence would
suggest a genetic basis in these cases. In teeth with periodontal attach-
ment loss or already shortened roots, the impact of root resorption will
be higher (Fig. 1.4).

Loss of periodontal support

An increase in gingival inflammation is commonly seen following the
placement of fixed appliances as a result of reduced access for cleaning
and if oral hygiene is consistently poor, gingival hyperplasia may develop

(@) (b)

Potential risks of orthodontic treatment

(Fig.1.5). Thisnormally reduces or resolves following removal of the appli-
ance, but some apical migration of periodontal attachment and alveolar
bony support is usual during a 2-year course of orthodontic treatment.
In most patients this iss'minimal but in individuals who are susceptible
to periodontal disease, more marked loss may occur. Removable appli-
ances may also be associated with gingival inflammation, particularly of
the palatal tissues, in the presence of poor oral hygiene.

Orthodontic movement of teeth outside the envelope of alveo-
lar(bone can result in loss of buccal or less commonly lingual bone,
increasing the risk of bony dehiscence and gingival recession. The risk
is higher in patients with a narrow alveolus, thin gingival biotype, or
existing crowding where teeth have been pushed outside the alveolar
bone (Fig. 1.6).

(o)

Fig. 1.4 (a) A patient with a shortened right maxillary central incisor root pre-treatment. A risk—benefit analysis is necessary to determine whether
the risk of further resorption is justified by the potential benefit of treatment. (b) A monitoring periapical radiograph of the right central and lateral
incisor 6 months into treatment shows little further resoprtion of the central incisor root; however, some resoprtion of the apical tip of the lateral
incisor root was noted. (c) A further radiograph of the incisors 6 months later confirmed there was no significant-progress in the root shortening.

(@) (b)

(@) (b)

Fig. 1.5 Gingival hyperplasia in the upper
labial segment during fixed appliance treat-
ment (a) and at the time of appliance removal
(b). The gingival hyperplasia is expected to
fully resolve following removal of the
appliance.

Fig. 1.6 Teeth that are buccally positioned
outside the alveolar bone due to crowding (a)
are at increased risk of gingival recession dur-
ing orthodontic alignment (b). At-risk patients
must be informed of potential worsening of
the gingival recession prior to commencing
orthodontic treatment.
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Demineralization

Demineralized white lesions are an early, reversible stage in the devel-
opment of dental caries, which occur when a cariogenic plaque accu-
mulates in association with a high-sugar diet. If white spot lesions are
not managed early and effectively they can cause permanent dam-
age and even progress to frank caries. The presence of a fixed appli-
ance predisposes to plaque accumulation, as tooth cleaning around
the components of the appliance is more difficult. Demineralization
during treatment with fixed appliances is a real risk, with a reported
prevalence of between 2% and 96% (see Section 18.7). Although there
is evidence to show that the lesions regress following removal of the
appliance, patients may still be left with permanent ‘scarring’ of the
enamel (Fig. 1.7).

Enamel damage

Enamel damage can occur as a result of trauma or wear from the
orthodontic appliances. Band seaters, band removers, and bracket
removal can cause fracture of enamel, or evén.whole cusps in heavily
restored teeth. During removal of adhesives, the debonding burs can
cause enamel damage, particularly if used in a high-speed handpiece.
Certain components of orthodontic appliances can cause wear to
opposing tooth enamel if there is heavily occlusal contact during func-
tion. This is a particular concern if ceramic brackets are used in the
lower arch in cases with'a deep overbite or where buccal crossbites
are present.

Intra-oral soft tissue damage

Ulceration can occur during treatment as a result of direct trauma from
both fixed and removable appliances, although it is more commonly
seen in association with fixed components as an uncomfortable remov-
able appliance is usually removed. Lesions generally heal within a few
days without lasting effect.

Intra-oral allergic reactions to orthodontic components are rare
but have been reported in relation to nickel, latex, and acrylate.

Fig. 1.7 Demineralization on the buccal surfaces of the incisor and
canine teeth during fixed appliance treatment. After repeated attempts
to control risk factors, treatment was abandoned to prevent further
enamel damage.

Management depends on the location and severity of the allergic reac-
tion and the scope for modifying treatment.

Pulpal injury

Excessive apical root movement can lead to a reduction in blood supply to
the pulp and even pulpal death. Teeth which have undergone a previous
episode oftrauma appear to be particularly susceptible, probably because
the pulpal tissues are already compromised. Any teeth that have previ-
ouslysuffered trauma or that are judged to be at risk of pulpal injury require
thorough examination prior to orthodontic treatment, and any orthodon-
tic treatment should be delivered with light force and careful monitoring.

Extra-oral damage

Some authors have expressed concern over detrimental effects to the
facial profile as a result of orthodontics, particularly retraction of anterior
teeth in conjunction with extractions. While a number of studies have
shown little difference in profile between extraction and non-extraction
treatment, it is important that when treatment planning to correct mal-
occlusion, the impact on overall facial appearance is considered.

Contact dermatitis is reported in approximately 1% of the population
and allergic reactions may be seen on facial skin in response to compo-
nents of appliances, usually nickel. This may be managed by covering
metal components with tape to prevent contact, or alternative treat-
ment methods may be sought depending in the severity of the reaction:

Recoil injury from the elastic components of headgear poses arare
but potentially severe risk of damage to the eyes. This is discussed in
more detail in Chapter 15 (see Section 15.5.3). latrogenic'skin damage,
such as burns from acid etch or hot instruments, are avoidable using the
usual precautions employed in other fields of dentistry.

Relapse

Relapse is defined as the return of features of the original malocclusion
following correction. Retention is a method to retain the teeth in their
corrected position, and it is now.accepted that without retention there
is a significant risk the teeth will move. The extent of relapse is highly
variable and difficult to predict but any undesirable tooth movement fol-
lowing orthodontic treatment will reduce the net benefit of orthodontic
treatment. Relapse and retention are covered in detail in Chapter 16.

Fatlure to achieve treatment objectives

When' deciding whether orthodontic treatment is likely to be benefi-
cial it’is important to consider the effectiveness of appliance therapy
in correcting the malocclusion. There are a number of operator- and
patient-related factors that may prevent treatment achieving a worth-
while improvement (Table 1.4).

Errors in diagnosis, treatment planning, and delivery can lead to
poor selection of appliances and ineffective treatment. It is essential
to determine whether planned tooth movements are attainable within
the constraints of the skeletal and growth patterns of the individual
patient, as excessive tooth movement or failure to anticipate adverse
growth changes will reduce the chances of success (Chapter 7). There
is evidence that orthodontic treatment is more likely to achieve a pleas-
ing and successful result if the operator has had some postgraduate



Table 1.4 Failure to achieve treatment objectives

Operator factors Patient factors

Inadequate experience/
training

Discussing orthodontic treatment need

training in orthodontics, as this supports appropriate appliance selec-
tion and use.

Patient co-operation-is-essential to achieve a successful outcome.
Patients must attend appointments, look after their teeth and appli-
ances, and comply with wear and care instructions. Patients are more
likely to co-operate if they, and their family, fully understand the process
and their role from the outset. This should be explicitly stated during the
consent process. It is important to establish that the patient and family
feel willing and able to adhere to the agreed treatment plan before
commencing treatment. Long-term effectiveness of treatment depends
on patients’ commitment to life-long retainer wear and this must be
stressed at the beginning of discussions about orthodontic treatment
(see Chapter 16).

1.7 Discussing orthodontic treatment need

It is important that patients and families are.involved in the discussion
about whether orthodontic treatment is needed and justified. Patients
and their families have a key role in_providing information about the
impact of malocclusion, expectationsfrom treatment, and their desired
outcome. The clinician’s role is to provide unbiased information about
the potential risks and benefits of treatment based on best available
evidence and their own clinical experience. General information should

Key points

be tailored to the individual’s clinical presentation and personal circum-
stance. Patients and families should be supported to participate in the
decision about whether treatment is likely to provide sufficient ben-
efit to outweigh any risks. Patients also have a vital role in determining
whether they are likely to be able to comply with treatment adequately
to achieve a satisfactory outcome. Treatment planning and consent are
covered in more detail in Chapter 7.

® The decision whether to embark on orthodontic treatment is essentially a risk—benefit analysis.

® The perceived benefits of orthodontic intervention should outweigh any potential risks associated with treatment.

® Patients and families have an important role in determining whether treatment is likely to address issues caused by the malocclusion.
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va w7
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The aetiology and classification of malocclusion

® Be aware of current understanding of the aetiology of malocclusion.

® Achieve an insight into classifying malocclusion.

® Gain an understanding of the commonly used classifications and indices.

2.1 The aetiology of malocclusion

An ideal occlusion is defined as an anatomically perfect arrangement
of the teeth. While previously orthodontists may have concentrated on
achievingastatic, anatomically correct occlusion, it is now accepted that
a functional occlusion is more important (see Box 2.1). It is important
to realize that malocclusion is not in itself a disease; rather, it describes
variation around the ideal.

The aetiology of malocclusion is a fascinating'subject about which
there is still much to elucidate and understand. Theoretically, malocclu-
sion can occur as a result of genetically determined factors which are
inherited, or environmental factors, or.a.combination of both inherited
and environmental factors actingtogether. For example, failure of erup-
tion of an upper central incisor may arise as a result of dilaceration fol-
lowing an episode of trauma during the deciduous dentition which led
to intrusion of the primary predecessor—an example of environmental
aetiology. Failure of eruption of an upper central incisor can also occur
as a result of the presence of a supernumerary tooth—a scenario which
questioning may reveal also affected the patient’s parent, suggesting an
inherited problem. However, if in the latter example, caries (an envi-
ronmental factor) has led to early loss of many of the deciduous teeth
then forward drift of the first permanent molar teeth may also lead to
superimposition of the additional problem of crowding.

While it is relatively straightforward to trace the inheritance of syn-
dromes such as cleft lip and palate (see Chapter 24), itis more difficult to
determine the aetiology of features which are in essence part of normal
variation, and the picture is further complicated by the compensatory
mechanisms that exist. Evidence for the role of inherited factors in the
aetiology of malocclusion has come from studies of families and twins.
The facial similarity of members of a family, for example, the prognathic
mandible of the Hapsburg royal family, is easily appreciated. However,
more direct testimony is provided in studies of twins and triplets, which
indicate that skeletal pattern and tooth size and number are largely
genetically determined.

Examples of environmental influences include digit-sucking habits
and premature loss of teeth as a result of either caries or trauma. Soft
tissue pressures acting upon the teeth for more than 6 hours per day can
also influence tooth position. However, because the soft tissues includ-
ing the lips are by necessity attached to the underlying skeletal frame-
work, their effect is also mediated by the skeletal pattern.

Crowding is extremely common in Caucasians, affecting approxi-
mately two-thirds of the population. As was mentioned-above, the size
of the jaws and teeth are mainly genetically determined; however, envi-
ronmental factors, for example, premature deciduous tooth loss, can
precipitate or exacerbate crowding. In evolutionary terms both jaw size
and tooth size appear to be reducing. However, crowding is much more

prevalent in modern populations than it was in prehistoric times. It has
been postulated that this is due to the introduction of a less abrasive
diet, so that less interproximal tooth wear occurs during the lifetime
of an individual. However, this is not the whole story, as a change from
a rural to an urban lifestyle can also apparently lead to an increase in
crowding after about two generations.

Although this discussion may at first seem rather theoretical, the aeti-
ology of malocclusion is a vigorously debated subject. This is because if
one believes that the basis of malocclusion is genetically determined,
then it follows that orthodontics is limited in what it can achieve.
However, the opposite viewpoint is that every individual has the poten-
tial for ideal occlusion and that orthodontic intervention is required to
eliminate those environmental factors that have led to a particular mal-
occlusion. It is now acknowledged that the majority of malocclusions
are caused by both inherited polygenic and environmental factorsand
the interplay between them. Malocclusion is not a single disease, but a
collection of abnormal traits. These traits can be the result-of complex
interactions between different genes, interactions between genes and
the environment (epigenetics), and distinct environmental factors.

When planning treatment for an individual patient, it is often helpful
to consider the role of the following in the aetiology of their malocclu-
sion. Further discussion of these factors will be considered in the forth-
coming chapters covering the main types of malocclusion:

1. Skeletal pattern—in all three planes of space
2. Soft tissues
3. Dental factors.

Of necessity,the.above is a brief summary, but it can be appreciated
that the aetiology of malocclusion is a complex subject. The reader
seeking more information is advised to consult the publications listed

in thesection on ‘Principal sources and further reading’ at the end of
this chapter.

Box 2.1 Functional occlusion

® An occlusion which is free of interferences to smooth gliding
movements of the mandible with no pathology.

® Orthodontic treatment should aim to achieve a functional
occlusion.

® Butthere is a lack of evidence to indicate that if an ideal
functional occlusion is not achieved that there are deleterious
long-term effects on the temporomandibular joints.



2.2 Classifying malocclusion

The categorization of a malocclusion by its salient features is helpful
for describing and documenting a patient’s occlusion. In addition, clas-
sifications and indices allow the prevalence of a malocclusion within
a population to be recorded, and also aid in the assessment of need,
difficulty, and success of orthodontic treatment.

Malocclusion can be recorded qualitatively and quantitatively.
However, the large number of classifications and indices which have
been devised are testimony to the problems inherent in both these
approaches. All have their limitations, and these should be borne in
mind when they are applied (Box 2.2).

2.2.1 Qualitative assessment of malocclusion

Essentially, a qualitative assessment is descriptive and therefore this cat-
egory includes the diagnostic classifications of malocclusion. The main
drawback to a qualitative approach is that malocclusion is a continu-
ous variable so that clear cut-off points between different categories do
not always exist. This can lead to problems when classifying borderline
malocclusions. In addition, although a qualitative classification is a help-
ful shorthand method of describing the salient features of a malocclu-
sion, it does not provide any indication of the difficulty of treatment.
Qualitative evaluation of malocclusion was attempted historically
before quantitative analysis. One of the better-known classifications
was devised by Angle in 1899, but other classifications are now more

Commonly used classifications and indices
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Box 2.2 Important attributes of an index
e Validity—can the index measure what it was designed to
measure?

® Reproducibility—does the index give the same result
when recorded on two different occasions and by different
examiners?

e Acceptability—is the index acceptable to both professionals
and patients?

® Ease of use—is the index straightforward to use?

widely used, for example, the British Standards Institute (1983) clas-
sification of incisor relationship.

2.2.2 Quantitative assessment of malocclusion

In quantitative indices, two differing approaches can be used:

® Fach feature of a malocclusion is given a score and the summed total
is then recorded (e.g. the Peer Assessment Rating (PAR) Index).

® The worst feature of a malocclusion is recorded (e.g. the Index of
Orthodontic Treatment Need (IOTN)).

2.3 Commonly used classifications and indices

2.3.1 Angle’s classification

Angle’s classification was based upon the premise that the first perma-
nent molars erupted into a constant position within the facial skeleton,
which could be used to assess the anteroposterior relationship of the
arches. In addition to the fact that Angle’s classification was based
upon an incorrect assumption, the problems experienced in categoriz-
ing cases with forward drift or loss of the first permanent molars have
resulted in this particular approach being superseded by other classi-
fications. However, Angle’s classification is still used to describe molar
relationship, and the terms used to describe incisor relationship have
been adapted into incisor classification.
Angle described three groups (Fig. 2.1):

® (Class | or neutrocclusion—the mesiobuccal cusp of the upper first
molar occludes with the mesiobuccal groove of the lower first molar.
In practice, discrepancies of up to half a cusp width either way were
also included in this category.

® Class Il or distocclusion—the mesiobuccal cusp of the lower first
molar occludes distal to the Class | position. This is‘also known as a
postnormal relationship.

® Class Il or mesiocclusion—the mesiobuccal cusp of the lower first
molar occludes mesial to the Class | position. This is also known as a
prenormal relationship.

2.3.2 British Standards Institute classification

This is based upon incisor relationship and is the most widely used
descriptive classification. The terms used are similar to those of Angle’s
classification, which can be alittle confusing as no regard is taken of
molar relationship. The categories defined by British Standard 4492 are
shown in Box 2.3 (seealso Figs 2.2,2.3,2.4,and 2.5).

As with any descriptive analysis, it is difficult to classify borderline
cases. Some workers have suggested introducing a Class Il intermediate
category for'those cases where the upper incisors are upright and the
overjet increased to between 4 and 6 mm. However, this approach has
notigained widespread acceptance.

2.3.3 Index of Orthodontic Treatment
Need (IOTN)

The IOTN was developed as a result of a government initiative. The
purpose of the index was to help determine the likely impact of a maloc-
clusion on an individual’s dental health and psychosocial well-being. It
comprises two elements.

Dental health component

This was developed from an index used by the Dental Board in Sweden
designed to reflect those occlusal traits which could affect the function
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Box 2.3 British Standards incisor classification

® (lass —the lower incisor edges occlude with or lie immedi-
ately below the cingulum plateau of the upper central incisors.

® (Class Il—the lower incisor edges lie posterior to the cingulum
plateau of the upper incisors. There are two subdivisions of this
category:
® Djvision 7—the upper central incisors are proclined or of
average inclination and there is an increase in overjet.

® Djvision 2—the upper central incisors are retroclined. The
overjet is usually minimal or may be increased.

® (lass lll—the lower incisor edges lie anterior to the cingulum
plateau of the upper incisors. The overjet is reduced or reversed.

Permission to reproduce extracts from British Standards is granted by
BSI. British Standards can be obtained in PDF or hard copy formats
from the BSI online shop: www.bsigroup.com/Shop.or by contacting BSI
Customer Services for hardcopies only: Tel: +44.(0)20 8996 9001, Email:
cservices@bsigroup.com

Class Il
Fig. 2.1 Angle’s classification.

),

Fig. 2.2 Incisor classification—Class I.

~

Fig. 2.3 Incisor classification—Class Il division 1.

Fig. 2.4 Incisor classification—Class Il division 2.

S,

Fig. 2.5 Incisor classification—Class lll.



and longevity of the dentition. The single worst feature of a malocclu-
sion is noted (the index is not cumulative) and categorized into one of
five grades reflecting need for treatment (Box 2.4):

® Grade 7—no need

® Grade 2—little need

® Grade 3—moderate need

Grade 4—great need

® Grade 5—very great need.

(The Index of Orthodontic Treatment Need (IOTN) is the property of The University
of Manchester. © The University of Manchester 2018. All rights reserved.
Reproduced by kind permission of The University of Manchester.

The SCAN scale was first published in 1987 by the European Orthodontic Society
(Ruth Evans and William Shaw, Preliminary evaluation of an illustrated scale for rat-
ing dental attractiveness. European Journal of Orthodontics 9: 314 —318.)

A ruler has been developed to help with assessment of the den-
tal health component (Fig. 2.6), and these are available commer-
cially. As only the single worst feature is recorded, an alternative
approach is to look consecutively for the following features (known
as MOCDO):

® Missing teeth
® Qverjet
® Crossbite

® Displacement (contact point)
Overbite.

Aesthetic component

This aspect of the index was developed in an attempt to assess the aes-
thetic handicap posed by a malocclusion and thus the likely psycho-
social impact upon the patient—a difficult task (see Chapter 1). The
aesthetic component comprises a set of ten standard photographs (Fig.
2.7), which are also graded from score 1, the most aesthetically pleas-
ing, to score 10, the least aesthetically pleasing. Colour photographs are
available for assessing a patient in the clinical situation and black-and-
white photographs for scoring from study models alone. The patient’s
teeth (or study models), in occlusion, are viewed from the anterior
aspect and the appropriate score determined by choosing the photo-
graph that is thought to pose an equivalent aesthetic handicap. The
scores are categorized according to need for treatment as follows:

® Score 10or2—none

® Score 3 or 4—slight

® Score 5, 6, or —moderate/borderline
® Score 8,9, or 10—definite.

(Reproduced from Evans, R. and Shaw, W. C., A preliminary evaluation of an
illustrated scale for rating dental attractiveness. European Journal of Orthodontics,
9, pp. 314-318. Copyright (1987) with permission from Oxford University Press.)

An average score can be taken from the two components, but the
dental health component alone is more widely.used. The aesthetic
component has been criticized for being subjective—particular diffi-
culty is experienced in accurately assessing Class lll malocclusions or
anterior open bites, as the photographs.are composed of Class | and
Class Il cases, but studies have indicated good reproducibility.

Commonly used classifications and indices

Peer Assessment Rating (PAR)

The PAR index was developed primarily to measure the success (or oth-
erwise) of treatment."Scores are recorded for a number of parameters
(listed below), before and at the end of treatment using study mod-
els. Unlike IOTN; the scores are cumulative; however, a weighting is
accorded to each component to reflect current opinion in the UK as to
their relative importance. The features recorded are listed as follows,
with the current weightings in parentheses:

® Crowding—Dby contact point displacement (x1)

® Buccal segment relationship—in the anteroposterior, vertical, and
transverse planes (x1)

® Qverjet (x6)
Overbite (x2)

Centrelines (x4).

The difference between the PAR scores at the start and on completion
of treatment can be calculated, and from this the percentage change in
PAR score, which is a reflection of the success of treatment, is derived. A
high standard of treatment is indicated by a mean percentage reduction
of greater than 70%. A change of 30% or less indicates that no appreci-
able improvement has been achieved. The size of the PAR score at the
beginning of treatment gives an indication of the severity of a malocclu-
sion. Obviously it is difficult to achieve a significant reduction in PAR'in
cases with a low pre-treatment score.

Index of Complexity, Outcome and
Need (ICON)

This index incorporates features of both the IOTN and the PAR.
The following are scored and then each score is multiplied by its
weighting:
® Aesthetic component of IOTN (x7)
® Upper arch crowding/spacing (x5)
® Crossbite (x5)
e Qverbite/open bite (x4)
® Buccal segment relationship (x3).

The total 'sum gives a pre-treatment score, which is said to reflect
the need for, and likely complexity of, the treatment required. A score
of more than 43 is said to indicate a demonstrable need for treatment.

Following treatment, the index is scored again to give an improvement
grade and thus the outcome of treatment.

Improvement grade = pre-treatment score — (4 x post-treatment score)

This ambitious index has been criticized for the large weighting
given to the aesthetic component and has not gained widespread
acceptability.

Index of Orthognathic Functional
Treatment Need (IOFTN)

Although the IOTN has proved a reliable method of assessing malocclu-
sion, like any index, it does have its limitations. Many of these relate to
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Box 2.4 The Index of Orthodontic Treatment Need

5a Increased overjet greater than 9 mm.
5h Extensive hypodontia with restorative implications (more than one tooth missing'in any quadrant) requiring pre-restorative orthodontics.
5i Impeded eruption of teeth (with the exception of third molars) due to crowding, displacement, the presence of supernumerary teeth,

retained deciduous teeth, and any pathological cause.

5m Reverse overjet greater than 3.5 mm with reported masticatory and.speech difficulties.
5o Defectsofdeftlipand palate. L
S5 Submergeddeciduousteeth.

Grade 4 (Great)
42 Inceasedoveret61-9mm.
4b  Reversed overjet greater than 3.5 mm with no masticatory or speech difficulties.
4c Anterior or posterior crossbites with gréater than 2 mm discrepancy between retruded contact position and intercuspal position.
4d  Severedisplacement of teeth, greates than 4 mm.
de  Extremelateral or anterior openbites, greater than 4mm.
4 Increasedand complete overbite with gingval or palatal trauma.
4h Less extensive hypodortia requiring pre-restorative orthodontic space closure to obviate the need for a prosthesis.
4 Posterior lingual crossbite with no functional occlusal contact in one or both buccal segments.
am ReverseOveriét1.1-35 mm with recorded masticatory and speech diffculties. N
4t Partally erupted teeth, tipped and impacted against adjacent teeth. oo
4 Supplementalteeth. s

3a Increased overjet 3.6-6 mm with incompetent lips.
3 Reverseoveret1A-35mm.
3¢ Anterioror posterior crossbites with 1.1-2 mm discrepancy.
3d  Displacementofteeth21-4mm. S
3e  lateraloranterioropenbite21-4mm. oo
3 Increased and complete overbite without gingval trauma. 0

Grade 2 (Little)
22 Increased overiet 36-6 mmwith competent ips. -\
b ReveseoveretOi-tmm. o
2c Anterior or posterior crossbite with up to 1 mm discrepancy between retrtded contact position and intercuspal position.
2d  Displacementofteeth 1i-2mm.
2e  Anteriororposterioropenbite 1.1-2mm.
2 Increased overbite 35 mm or more, without gingival contact.
25 Prenormal or postnormal occlusions with no other anomalies; includes up to halfa unit discrepancy.

The Index of Orthodontic Treatment Need (IOTN) is the property of The University of Manchester. © The University of Manchester 2018. All rights reserved. Reproduced
by kind permission of The University of Manchester. The SCAN scale was first published in 1987 by the European Orthodontic Society (Ruth Evans and William Shaw,
Preliminary evaluation of an illustrated scale for rating dental attractiveness. European Journal of Orthodontics 9: 314-318).



Commonly used classifications and indices

5 Defect of CLP

5 Non-eruption of teeth

& Extansive hypodontia

3 i 4 Less extensive hypodontia

4 Crossbite =2 mm discrepancy
4 Scissors bite

4 Q.B. with G + P trauma

GMJ-'

4tms - &

3 0.B. with NO G + P trauma Displacement
3 Crossbite 1.2 mm discrepancy open bite
20.8.> v

2 Dev. From full interdig
2 Crosshite < 1 mm discrepancy

[[E°
IOTN Manchester (clinical) 43

21

Fig. 2.6 10TN ruler. The Index of Orthodontic Treatment Need (IOTN) is the property of The University of Manchester. © The University of Man-
chester 2018. All rights reserved. Reproduced by kind permission of The University.of Manchester. The SCAN scale was first published in 1987 by the
European Orthodontic Society (Ruth Evans and William Shaw, Preliminary evaluation of an illustrated scale for rating dental attractiveness. European

Journal of Orthodontics 9: 314-318).

severe malocclusions which are not amenable to routine orthodontic
appliances alone. For example, many severe Class lll malocclusions have
dento-alveolar compensation, that is, retroclination/of the lower inci-
sors and/or proclination of the upper incisors which-masks the severity
of the underlying skeletal discrepancy. As a result, when assessed with
the IOTN these malocclusions may only score dental health component
grade 3. Also, significant, unsightly excessive upper incisor show, which

Fig. 2.7 Aesthetic component of IOTN.
Reproduced from Evans, R. and Shaw, W.
C., A preliminary evaluation of an illustrat-
ed scale for rating dental attractiveness.
European Journal of Orthodontics,

9: 314-318. Copyright (1987) with permis-
sion from Oxford University Press.

can lead to potential gingival and periodontal problems, is not reflected
in the scoring parameters.

A new index was developed from the IOTN with the aim of trying to
address these concerns and to reflect the functional issues that arise
with these severe surgical cases. Like IOTN, it is based on a 5-point scale
with Grade 5 reflecting a ‘Very Great Need to Treatment’ and Grade 1
‘No Need for Treatment’ (see Box 2.5).
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Box 2.5 The Index of Orthognathic Functional Treatment Need

5.1 Defects of cleft lip and palate and other craniofacial anomalies.
52 Increased overjet greater than 9 mm.
53 Reverse overjet > 3mm.

55 Complete scissors bite affecting whole buccal segment(s) with sighs of functional disturbance and/or occlusal trauma
5.6 Sleep apnoea not amenable to other treatments such as MAD or CPAP (as determined by sleep studies).
5.7 Skeletal anomalies with occlusal disturbance as a result of trauma or pathology.

41 Increased overjet <6 mm and > 9 mm.
42 Reversed overjet > 0 mm and < 3 mm with functional difficulties.
43 Open bites < 4 mm with functi-onal d-ifﬁculti-es. -----
48 Increased overbite with evidence of dental or soft tissue trauma.
49 Upper labial segment gingival exposure > 3 mm at rest.

33 Reverse overjet > 0 mm and < 3 mm with no functional difficulties.
3.4 Open bite <4 mm with no functional difficulties.
3.9 Upper labial segment gingiva exposure < 3 mm at rest, but with evidence of gingival/periodontal effects.

© 2014 British Orthodontic Society. MORE OpenChoice articles are open access and distributed under-the terms of the Creative Commons Attribution Non-Commercial

License 3.0 (http://ttps//creativecommons.org/licenses/by-nc/3.0/).

2.4 Andrews’ six keys

Andrews analysed 120 ‘normal’ occlusions to evaluate those features
which were key to a good occlusion (it has been pointed out that these
occlusions can more correctly be described as ‘ideal’). He found six fea-
tures, which are described in Box 2.6. These six keys are not a method
of classifying occlusion as such, but serve as a goal.Occasionally, at the
end of treatment it is not possible to achieve agood Class | occlusion—
in such cases it is helpful to look at each of these features in order to
evaluate why.

Andrews used this analysis to develop the first pre-adjusted bracket
system, which was designed to place the teeth (in three planes of
space) to achieve his six keys (see Box 2.6). This prescription is called
the Andrews’ bracket prescription. For further details of pre-adjusted
systems, see Chapter 18.



Box 2.6 Andrews’ six keys

Correct molar relationship: the mesiobuccal cusp of the upper
first molar occludes with the groove between the mesiobuccal
and middle buccal cusp of the lower first molar. The distobuccal
cusp of the upper first molar contacts the mesiobuccal cusp of
the lower second molar.

Correct crown angulation: all tooth crowns are angulated
mesially.

Correct crown inclination: incisors are inclined towards the
buccal or labial surface. Buccal segment teeth are inclined lin-
gually. In the lower buccal segments this is progressive.

> c\!\"
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Management of the developing dentition

® (Gain an appreciation of normal development.
® Be able to recognize deviations from normal development.

N

® Gain an understanding of the management of commonly occurring mixed dentitionproblems.

Many dental practitioners find it difficult to judge when to intervene in a
developing malocclusion and when to let nature take its course. This is
because experience is only gained over years of careful observation and

3.1 Normal dental development

It is important to realize that ‘normal’ in this context means average,
rather than ideal. An appreciation of what constitutes the range of nor-
mal development is essential. One area in which this is particularly per-
tinent is eruption times (Table 3.1).

Calcification and eruption times

Knowledge of the calcification timesof the permanent dentition is inval-
uable if one wishes to impress.patients and colleagues. It is also helpful
for assessing dental as opposed to chronological age; for determining
whether a developing tooth not present on radiographic examination
can be considered absent; and for estimating the timing of any possible
causes of localized hypocalcification or hypoplasia (termed in this situ-
ation chronological hypoplasia).

The transition from primary to mixed
dentition

The eruption of a baby’s first tooth is heralded by the proud parents as a
major landmark in their child’s development. This milestone is described
in many baby-care books as occurring at 6 months of age, which can lead
to unnecessary concern as it is normal for the mandibular incisors to
erupt at any time in the first year. Dental textbooks often dismiss ‘teeth-
ing’, ascribing the symptoms that occur at this time to the diminution of
maternal antibodies. Any parent will be able to correct this fallacy!

Eruption ofthe primary dentition (Fig. 3.1) is usually completed around
3 years of age. The deciduous incisors erupt upright and spaced—a
lack of spacing strongly suggests that the permanent successors will be
crowded. Overbite reduces throughout the primary dentition until the
incisors are edge to edge, which can contribute to marked attrition.

The mixed dentition phase is usually heralded by the eruption of
either the first permanent molars or the lower central incisors. The
lower labial segment teeth erupt before their counterparts in the upper
arch and develop lingual to their predecessors. It is usual for there to be
some crowding of the permanent lower incisors as they emerge into the
mouth, which reduces with intercanine growth. As.a result, the lower
incisors often erupt slightly lingually placed and/or rotated (Fig. 3.2),
but will usually align spontaneously if space becomes available. If the
arch is inherently crowded, this space shortage will not resolve with
intercanine growth.

decisions to intercede are often made in response to pressure exerted by
theparents ‘to do something’. Itis hoped that this chapter will help impart
some of the former, so that the reader is better able to resist the latter.

Table 3.1 Average calcification and eruption times

Calcification
commences
(weeks in utero) Eruption (months)

Central incisors 12-16 67
. .Lé;e'@ . masor 5 ......... 1 3_16 .................. 7_8 ........................
Camnes ................ 15_18 .................. 13_20 ......................
. .I;i.r.s.t. ;T.].O.l.a.r.s ............. 1 4_17 .................. 1 2_15 ......................
. Sec ond mo|ars ......... 1 6—23 .................. 24—36 ......................

Root development complete 1-1% years after eruption

Calcification Eruption

commences (months)  (years)
. Permanent d entmon ......................................................
. Mand cent r .a.l masors ....... é._.4. ............................ (.)._.7. ..........
. Mand | é.té.r.a.l. masor S ........ é'_.4- ............................ %;'5;' ..........
. Mand Cam nes ............... ‘.‘._.5. ............................ é._.{d .........
Mand ﬁrst premolar S ........ 21_24 .......................... 10_12 ........
Mand Second prem o|ars ..... 27_30 .......................... 1 1_12 ........
Mand ﬁrst mo|ar5 ........... Aroundb| rth .................. 5_6 ..........
. Mand 5 econd mo|ars ........ 30_36 .......................... 1 2_13 ........
Mand t h|r d m o|ars .......... %4 20 ........................ 17_25 ........
. Max cemral |nc| sors ......... 5:4. ............................ 7_8 ..........
. Maxlateral | msors ......... 1 6:1. 2 .......................... é._.g. ..........
. Max Camnes ................. 4._.5. ............................ 1 1_12 ........
Maxﬁrstprem o|ars ......... 1 8_21 .......................... 10_11 ........
. Max Second premmars ...... 24_27 .......................... 1 0_12 ........
. Max ﬁrst mo|ars ............. Around b| rth .................. 5_6 ..........
. Max Second mo|ars ......... 30_36 .......................... 1 2_13 ........
. Max th|rd molars ............ é;l:i 6.8. ........................ 1 7_25 ........

Root development complete 2-3 years after eruption.



The upper permanent incisors also develop lingual to their predeces-
sors. Additional space is gained to accommodate their greater width
because they erupt onto a wider arc and are more proclined than the
primary incisors. If the arch is intrinsically crowded, the lateral incisors
will not be able to move labially following eruption of the central inci-
sors and therefore may erupt palatal to the arch. Pressure from the
developing lateral incisor often gives rise to spacing between the cen-
tral incisors which resolves as the laterals erupt. They in turn are tilted
distally by the canines lying on the distal aspect of their root. This latter
stage of development used to be described as the ‘ugly duckling’ stage
of development (Fig. 3.3), although it is probably diplomatic to describe
it as normal dental development to concerned parents. As the canines

Fig. 3.1 Primary dentition.

(a) (b)

(d) (e)

Normal dental development

erupt, the lateral incisors usually upright themselves and the spaces
close. The upper canines develop palatally, but migrate labially to come
to lie slightly labial and distal to the root apex of the lateral incisors. In
normal development, they can be palpated buccally from as young as
8 years of age.

The combined width of the deciduous canine, first molar, and second
molar is greater than that of their permanent successors, particularly
in the lower arch. This difference in widths is called the leeway space
(Fig. 3.4) and in general is of the order of 1-1.5 mm in the maxilla and
2-2.5mminthe mandible (in Caucasians). This means that if the decidu-
ous buccal segment teeth are retained until their normal exfoliationtime,
there will be sufficient space for the permanent canine and premolars.

The deciduous second molars usually erupt with their distal surfaces
flush anteroposteriorly. The transition to the stepped Class | molar rela-
tionship occurs during the mixed dentition as a result of differential
mandibular growth and/or the leeway space.

Development of the dental arches

Intercanine width is measured across the cusps of the deciduous/per-
manent canines, and during the primary dentition an increase of around
1-2 mm is seen. In the mixed dentition, an increase of about 3 mm
occurs, but this growth is largely completed around a developmental
stage of 9 years with some minimal increase up to age 13 years. After
this time, a gradual decrease is the norm.

Arch width is measured across the arch between the lingual-cusps of
the second deciduous molars or second premolars. Between the ages
of 3 and 18 years, an increase of 2-3 mm occurs; however; for clinical
purposes arch width is largely established in the mixed dentition.

(0

()

Fig. 3.2 Crowding of the labial segment reducing with growth in intercanine width: (a—c) age 8 years; (d-f) age 9 years.
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Fig. 3.3 ‘Ugly duckling’ stage.

Arch circumference is determined by measuring around the buc-
cal cusps and incisal edges of the teeth to the distal aspect of the sec-
ond deciduous molars or second premolars. On average, there is little
change with age in the maxilla; however, in the mandible, arch circum-
ference decreases by about 4 mm because of the leeway space. In indi-
viduals with crowded mouths.a greater reduction may be seen.

Average width = 23 mm

i Average width = 21 mm

Fig. 3.4 Leeway space.

In summary, on the whole there is little change in the size of the arch
anteriorly after the establishment of the primary dentition, except for
an increase in intercanine width which results in a modification of arch
shape. Growth posteriorly provides space for the permanent molars,
and considerable appositional vertical growth occurs to maintain the
relationship of the arches during vertical facial growth.

3.2 Abnormalities of eruption and exfoliation

3.2.1 Screening

Early detection of any abnormalities in tooth development and erup-
tion is essential to give the opportunity for interceptive action to be
taken. This requires careful observation of the developing dentition
for evidence of any problems, for example, deviations from the normal
sequence of eruption (see Fig. 3.5). If an abnormality is suspected, then
further investigation including radiographs is indicated. Around 9-10
years of age it is important to palpate the buccal sulcus for the perma-
nent maxillary canines in order to detect any abnormalities in the erup-
tion path of this tooth. By the age of 10 the permanent maxillary canines
will be palpable buccally in 70% of cases, by the age of 11, these teeth
are palpable buccally in 95% of patients.

Fig. 3.5 Most common sequence of eruption.

3.2.2 Natal teeth

A tooth, which is present at birth, or erupts soon after, is described as
a natal tooth. Neonatal teeth are teeth that erupt within the first few
weeks after birth. These most commonly arise anteriorly in the mandible
and are typically a lower primary incisor which has erupted prematurely
(Fig. 3.6). Because root formation.is not complete at this stage, natal
teeth can be quite mobile; but-they usually become firmer relatively
quickly. If the tooth (or.teeth) interferes with breastfeeding or is so
mobile that there is a danger of inhalation, removal is indicated and this

Fig. 3.6 Natal tooth present at birth.



can usually be accomplished with topical anaesthesia. If the tooth is
symptomless, it can be left in situ.

Eruption cyst

An eruption cyst is caused by an accumulation of fluid or blood in the
follicular space overlying the crown of an erupting tooth (Fig. 3.7). They
usually rupture spontaneously, but very occasionally marsupialization
may be necessary.

Failure of/delayed eruption

Thereis awide individual variation in eruption times, which is illustrated
by the patientsin Fig. 3.8. Where there is a generalized tardiness in tooth
eruption in an otherwise fit child, a period of observation is indicated.
However, the following may be indicators of some abnormality and
therefore warrant further investigation (Fig. 3.9). See also Box 3.1:

® Adisruption in the normal sequence of eruption.

® An asymmetry in eruption pattern between contralateral teeth. If a
tooth on one side of the arch has erupted and 6 months later there is
still no sign of its equivalent on the otherside, radiographic examina-
tion is indicated.

(@ (b)

Abnormalities of eruption and exfoliation

Localized failure of eruption is usually due to mechanical obstruction—
this is advantageous as if the obstruction is removed then the affected
tooth/teeth has/have the potential to erupt. More rarely, there is an
abnormality of the eruption mechanism, which results in primary failure

Fig. 3.7 Eruption cyst.

(©

Fig. 3.8 Normal variation in eruption times: (a) patient aged 12.5 years with deciduous canines and molars still present; (b, c) patient aged 9 years

with all permanent teeth to the second molars erupted.

Fig. 3.9 Disruption of normal eruption sequence as 21/2 erupted,
but /1 unerupted.

Box 3.1 Causes of delayed eruption
Generalized causes

® Hereditary gingival fibromatosis
@/ Down syndrome

e Cleidocranial dysostosis

e Cleftlip and palate

® Rickets.

Localized causes

Congenital absence

Crowding

Delayed exfoliation of primary predecessor
Supernumerary tooth

Dilaceration

Abnormal position of crypt

Primary failure of eruption.
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of eruption (the tooth does not erupt into the mouth) or arrest of erup-
tion (the tooth erupts, but then fails to keep up with eruption/develop-
ment). This problem usually affects molar teeth and unfortunately for

3.3 Mixed dentition problems

Premature loss of deciduous teeth

The major effect of early loss of a primary tooth, whether due to car-
ies, premature exfoliation, or planned extraction, is localization of pre-
existing crowding. In an uncrowded mouth this will not occur. However,
where some crowding exists and a primary tooth is extracted, the adja-
cent teeth will drift or tilt around into the space provided. The extent to
which this occurs depends upon the degree of crowding, the patient’s
age, and the site. Obviously, as the degree of crowding increases so does
the pressure for the remaining teeth to move into the extraction space.
The younger the child is when the primary tooth is extracted, the greater
is the potential for drifting to ensue. The effect(of the site of tooth loss
is best considered by tooth type, but it is important to bear in mind the
increased potential for mesial drift in the-maxilla (see also Box 3.2).

® Deciduous incisor: premature loss of a deciduous incisor has little
impact, mainly because they are shed relatively early in the mixed
dentition.

® Deciduous canine:unilateral loss of a primary canine in a crowded
mouth will lead to'a-centreline shift (Fig. 3.10). To avoid this when
unilateral premature loss of a deciduous canine is necessary, con-
sideration should be given to balancing with the extraction of the
contralateral tooth.

® Deciduous first molar: unilateral loss of this tooth may result in a
centreline shift, particularly in cases of crowding. In most cases, an
automatic balancing extraction is not necessary, but the centreline
should be kept under observation and, if indicated, a tooth on the
opposite side of the arch removed.

® Deciduous second molar: if a second primary molar is extracted,
the first permanent molar will drift forwards (Fig. 3.11). This is par-
ticularly marked if loss occurs before the eruption of the permanent
tooth and for this reason it is better, if at all possible, to try to preserve
the second deciduous molar at least until the first permanent molar
has appeared. In most cases, balancing or compensating extractions
of other sound second primary molars is not necessary unless they
are also of poor long-term prognosis.

It should be emphasized that the above are suggestions, not rules,
and at all times a degree of common sense and forward planning should
be applied—in essence a risk-benefit analysis needs to be worked

Box 3.2 Balancing and compensating extractions

Balancing extraction is the removal of the contralateral
tooth—rationale is to avoid centreline shift problems:
Compensating extraction is the removal of the equivalent

opposing tooth—rationale is to maintain occlusal relationships
between the arches.

the individuals concerned, all teeth distal to the affected tooth in that
quadrant may also be involved. Extraction of the affected teeth is often
necessary.

through foreach child/tooth. For example, if extraction of a carious first
primary'molar is required and the contralateral tooth is also doubtful,
then it might be preferable in the long term to extract both. Also, in
children with an absent permanent tooth (or teeth), early extraction
of the primary buccal segment teeth may be advantageous to encour-
age forward movement of the first permanent molars if space closure
(rather than space opening) is planned.

The effect of early extraction of a primary tooth on the eruption of
its successor is variable and will not necessarily result in a hastening of
eruption.

Fig. 3.10 Centreline shift to patient’s left due to early unbalanced loss
of lower left deciduous canine.

Fig. 3.11 Loss of a lower second deciduous molar leading to forward
drift of first permanent molar.



Space maintenance

It goes without saying that the best space maintenance is a tooth—
particularly as this will preserve alveolar bone. Much has been writtenin
paedodontic texts about using space maintainers to replace extracted
deciduousteeth, butin practice, most orthodontists avoid this approach
in the mixed dentition because of the implications for dental health and
to minimize straining patient cooperation (which may be needed for
definitive orthodontic treatment later). The exception to this is where
preservation of space for a permanent successor will avoid subsequent
appliance treatment.

Retained deciduous teeth

A difference of more than 6 months between the shedding of con-
tralateral teeth should be regarded with suspicion. Provided that the
permanent successor is present, retained primary teeth should be
extracted, particularly if they are causing deflection of the permanent
tooth (Fig. 3.12).

Infra-occluded (submerged) primary
molars

Infra-occlusion is now the preferred term for describing the process
where a tooth fails to achieve or maintain its occlusal relationship with
adjacent or opposing teeth. Most infra-occluded deciduous teeth erupt
into occlusion but subsequently become ‘submerged’ because bony
growth and development of the adjacent teeth continues (Fig. 3.13).
Estimates vary, but this anomaly would appear to occur in around 1-9%
of children.

Resorption of deciduous teeth is not a continuous process. In fact,
resorption is interchanged with periods of repair, although in most cases
the former prevails. If a temporary predominance of repair occurs, this
canresultin ankylosis and infra-occlusion of the affected primary molar.

Theresults of recentepidemiological studies have suggested agenetic
tendency to this phenomenon and also an association with other dental
anomalies including ectopic eruption of first permanent molars, palatal
displacement of maxillary canines, and congenital absence of premolar
teeth. Therefore, it is advisable to be vigilant in patients exhibiting any
of these features.

Where a permanent successor exists, and in a good position, the phe-
nomenon is usually temporary, and studies have shown no difference
in the age at exfoliation of a submerged primary molar compared with
an unaffected contralateral tooth. Therefore, provided the permanent
successor is present and in a good position, extraction of a submerged
primary tooth is only necessary under the following conditions:

® There is a danger of the tooth disappearing below gingival level
(Fig. 3.14).

® Root formation of the permanent tooth is nearing completion (as
eruptive force reduces markedly after this event).

In the buccal segments, if the permanent successor.is missing, pres-
ervation of the primary molar will preserve bone, therefore considera-
tion should be given to building up the occlusal surface to maintain
occlusal relationships. If this is not practicable'then extraction may be
indicated.

Mixed dentition problems

Fig. 3.12 Retained primary tooth contributing to deflection of the
permanent successor.

Fig. 3.13 Ankylosed primary molars.

Impacted firstpermanent molars

Impaction of a first permanent molar tooth against the second decidu-
ous molar occurs in~approximately 2—6% of children and is indicative
of crowding. It‘most commonly occurs in the upper arch (Fig. 3.15).
Spontaneous disimpaction may occur, but this is rare after 8 years of age.
Mild cases can sometimes be managed by tightening a brass separat-
ing wire.around the contact point between the two teeth over a period
of about 2 months. This can have the effect of pushing the permanent
molar distally, thus letting it jump free. In more severe cases of impac-
tion, an appliance can be used to distalize the permanent molar and
disimpact it. Alternatively, it can be kept under observation, although
extraction of the deciduous tooth may be indicated if it becomes
abscessed or the permanent tooth becomes carious and restoration is
precluded by poor access. The resultant space loss can be dealt with in
the permanent dentition.

Dilaceration

Dilaceration is a distortion or bend in the root of a tooth. It usually
affects the upper central and/or lateral incisor.
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Aetiology

There appear to be two distinct aetiologies:

® Developmental: this anomaly usually affects an isolated central inci-
sor and occurs more often in females than males. The crown of the
affected tooth is turned upward and labially and no disturbance of
enamel and dentine is seen (Fig. 3.16).

® Trauma: intrusion of a deciduous incisor leads to displacement of the
underlying developing permanent tooth germ. Characteristically,
this causes the developing permanent tooth crown to be deflected
palatally, and the enamel and dentine forming at the time of the
injury are disturbed, giving rise to hypoplasia. The sexes are equally
affected and more than one tooth may be involved depending upon
the extent of the trauma.

Management

Dilaceration usually results in failure of eruption. Where the dilacera-
tion is severe, there is often no alternative but to.remove the affected
tooth. In milder cases, it may be possible to expose the crown surgically
and apply traction to align the tooth, provided that the root apex will
be sited within cancellous bone at the completion of crown alignment.

Fig. 3.14 Marked submergence of deciduous

molar (with second premolar affected).

Fig. 3.15 Impacted bilateral upper first
permanent molars.

3.3.6 Supernumerary teeth

A supernumerary tooth is one that is additional to the normal series. This
anomaly occurs in the permanent dentition in approximately 2% of the
populationandinthe primary dentitioninless than 1%, though a supernu-
merary in the deciduous dentition is often followed by a supernumerary
in the permanent dentition. The aetiology is not completely understood,
but appears.to have a genetic component. It occurs more commonly in
males than-females. Supernumerary teeth are also commonly found in
theregion of the cleft in individuals with a cleft of the alveolus.

Supernumerary teeth can be described according to their morphol-
ogy or position in the arch.

Morphology

® Supplemental: this type resembles a tooth and occurs at the end
of a tooth series, for example, an additional lateral incisor, second
premolar, or fourth molar (Fig. 3.17).

® Conical: the conical or peg-shaped supernumerary most often
occurs between the upper central incisors (Fig. 3.18). It is said to be
more commonly associated with displacement of the adjacent teeth,
but can also cause failure of eruption or not affect the other teeth.
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Fig.3.16 A dilacerated central incisor.

Fig. 3.17 A supplemental lower lateral incisor.

® Tuberculate: this type is described as being barrel shaped, but usu-
ally any supernumerary which does not fall into the conical or sup-
plemental categories is included. Classically, this type is associated
with failure of eruption (Fig. 3.19).

® Odontome: this variant is rare. Both compound (a conglomeration
of small tooth-like structures) and complex (an amorphous mass of
enamel and dentine) forms have been described.

Position

Supernumerary teeth can occur within the.arch, but when they develop
between the central incisors they areoften described as a mesiodens.

Fig. 3.18 Two conical supernumeraries lying between 1/1 with
/A retained.

Fig.3.19 A supernumerary which erupted palatal to upper incisors.

A supernumerary tooth distal to the arch is called a distomolar, and
one adjacent to the molars is known as a paramolar. Eighty per cent of
supernumeraries occur in the anterior maxilla.

Effects of supernumerary teeth and their management
Failure of eruption

The presence of a supernumerary tooth is the most common rea-
son for the non-appearance of a maxillary central incisor. However,

failure of eruption of any tooth in either arch can be caused by a
supernumerary.
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Management of this problem involves removing the impediment
to eruption, the supernumerary, and ensuring that there is suffi-
cient space to accommodate the unerupted tooth in the arch. If
the tooth does not erupt spontaneously within 1 year, then a sec-
ond operation to expose it and apply orthodontic traction may be
required. Management of a patient with this problem is illustrated
in Fig. 3.20.

Displacement

The presence of a supernumerary tooth can be associated with dis-
placement or rotation of an erupted permanent tooth (Fig. 3.21).
Management involves firstly removal of the supernumerary, usually fol-
lowed by fixed appliances to align the affected tooth or teeth. It is said
that this type of displacement has a high tendency to relapse following
treatment, but this may be a reflection of the fact that the malposition

(a)

(b)

is usually in the form of a rotation or an apical displacement which, in
themselves, are particularly liable to relapse.

Crowding

This is caused by.the-supplemental type and is treated by removing the
most poorly.formed or more displaced tooth (Fig. 3.22).

No effect

Occasionally, a supernumerary tooth (usually of the conical type) is
detected as a chance finding on a radiograph of the upper incisor region
(Fig.3.23). Provided that the extra tooth will not interfere with any planned
movement of the upper incisors, it can be left in situ under radiographic
observation. In practice, these teeth usually remain symptomless and do
not give rise to any problems. Some conical supernumeraries erupt pala-
tally to the upper incisors, in which case their removal is straightforward.

(©)

(d)

(e)

Fig. 3.20 Management of a patient with failure of eruption of the upper central incisors due to the presence of two supernumerary teeth: (a) patient
on presentation aged 10 years; (b) radiograph showing unerupted central incisors and associated conical supernumerary teeth; (c) following removal
of the supernumerary teeth an upper removable appliance was fitted to open space for the central incisors, until 1/ erupted 10 months later; (d) 7
months later /1 erupted and a simple appliance was used to align /1; (e) occlusion 3 years after initial presentation.



Fig. 3.21 Displacement of 1/1 caused by two erupted conical supernu-
merary teeth.

Fig. 3.22 Crowding due to the presence of two supplemental upper
lateral incisors.

(a)

Mixed dentition problems

3.3.7 Habits

The effect of a habit will depend upon the frequency and intensity of
indulgence. This problem is discussed in greater detail in Chapter 9,
Section 9.1.4.

3.3.8 <First permanent molars of poor long-term
prognosis

The integrity of the first permanent molars is often compromised due
to caries and/or hypoplasia secondary to a childhood iliness. Treatment
planning for a child with poor-quality first permanent molars is always
difficult because several competing factors have to be considered before
a decision can be reached for a particular individual. First permanent
molars are rarely the first tooth of choice for extraction as their position
within the arch means that little space is provided anteriorly for relief of
crowding or correction of the incisor relationship unless appliances are
used. Removal of maxillary first molars often compromises anchorage
in the upper arch, and a good spontaneous result in the lower arch fol-
lowing extraction of the first molars is rare. However, patients for whom
enforced extraction of the first molars is required are often the least
able to support complicated treatment. Finally, it has to be remembered
that, unless the caries rate is reduced, the premolars may be similarly
affected a few years later. Nevertheless, if a two-surface restoration is
present or required in the first permanent molar of a child, the prognosis
for that tooth and the remaining first molars should be considered as
the planned extraction of first permanent molars of poor quality may be
preferable to their enforced extraction later on (Fig. 3.24).

Factors to consider when assessing first permanent
molars of poor long-term prognosis

It is impossible to produce hard and fast rules regarding the extraction
of first permanent molars, and therefore the following should only be
considered a starting point:

(b)

Fig. 3.23 Chance finding of a supernumerary on routine radiographic examination.
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Check for the presence of all permanent teeth. If any are absent, extrac-
tion of the first permanent molar in'that quadrant should be avoided.

If the dentition is uncrowded,extraction of first permanent molars
should be avoided as space closure will be difficult.

Remember that in the'maxilla there is a greater tendency for mesial

drift and so the timing of the extraction of upper first permanent

molars is less critical if aiming for space closure.

In the lower arch, a good spontaneous result is more likely if:

(a) the lower second permanent molar has developed as far as its
bifurcation

(b) the angle between the long axis of the crypt of the lower second
permanent molar and the first permanent molar is between 15°
and 30°

(c) the crypt of the second molar overlaps the root of the first molar
(a space between the two reduces the likelihood of good space
closure).

Extraction of the first molars alone will relieve buccal segment crowd-
ing, but will have little effect on a crowded labial segment.

If space is needed anteriorly for the relief of labial segment crowding
or for retraction of incisors (i.e. the upper arch in Class |l cases or the
lower arch in Class lll cases), then it may be prudent to delay extrac-
tion of the first molar, if possible, until the second permanent molar
has erupted in that arch. The space can then be utilized, in conjunc-
tion with appliance therapy, for correction of the labial segment.

Serious consideration should be given to extracting the opposing
upper first permanent molar, should extraction of a lower molar be
necessary. If the upper molar is not extracted, it will over-erupt and
prevent forward drift of the lower second molar (Fig. 3.25).

A compensating extraction in the lower arch (when. extraction of an
upper first permanent molar is necessary) should be‘avoided where pos-
sible as a good spontaneous result in the mandibular arch is less likely.

Impaction of the third permanent molars is less likely, but not impos-
sible, following extraction of the firstmolar.

Fig. 3.24 Allfour first permanent molars
were extracted in this patient because of
the poor long-term prognosis for 6land | 6.

Fig. 3.25 Over-eruption of 6/ preventing forward movement of the
lower right second permanent molar.

3.3.9 Median diastema

Prevalence

Median diastema occurs in around 98% of 6-year-olds, 49% of 11-year-
olds, and-7% of 12—18-year-olds.

Aetiology

Factors which have been considered to lead to a median diastema
include the following:

® Physiological (normal dental development)

® Familial or racial trait

® Small teeth in large jaws (a spaced dentition)

® Missing teeth

® Midline supernumerary tooth/teeth

® Proclination of the upper labial segment

® Prominent fraenum.



A median diastema is normally present between the maxillary per-
manent central incisors when they first erupt. As the lateral incisors and
then the canines emerge, the diastema usually closes. Therefore, a mid-
line diastema is a normal feature of the developing dentition; however,
if it persists after eruption of the canines, it is unlikely that it will close
spontaneously.

In the deciduous dentition, the upper midline fraenum runs
between the central incisors and attaches into the incisive papilla area.
However, as the central incisors move together with eruption of the
lateral incisors, it tends to migrate round onto the labial aspect. In a
spaced upper arch, or where the upper lateral incisors are missing (see
Chapter 8, Fig. 8.5), this recession of the fraenal attachment is less likely
to occur and in such cases it is obviously not appropriate to attribute
the persistence of a diastema to the fraenum itself. However, in a small
proportion of cases, the upper midline fraenum can contribute to the
persistence of a diastema. Factors, which may indicate that this is the
case, include the following.

® When the fraenum is placed under tension there is blanching of the
incisive papilla.

® Radiographically, a notch can be seenat the crest of the interdental
bone between the upper centralincisors (Fig. 3.26).

® The anterior teeth may be crowded.

Management

Itis advisable to take a‘periapical radiograph to exclude the presence of
a midline supernumerary tooth prior to planning treatment for a mid-
line diastema.

In the developing dentition, a diastema of less than 3 mm rarely war-
rants intervention; in particular, extraction of the deciduous canines
shouldbe avoided as this will tend to make the diastemaworse. However,
if the diastema is greater than 3 mm and the lateral incisors are present,
it may be necessary to consider appliance treatment to approximate the

Planned extraction of deciduous teeth

Fig.3.26 Notchininterdental bone between 1/1 associated with a
fraenal insertion running between 1/1 into the incisive papilla.

central incisors to provide space for the laterals and canines. to’ erupt.
However, care should be taken to ensure that the roots'of the teeth
being moved are not pressed against any unerupted crowns as this can
lead to root resorption. If the crowns of the teeth are tilted distally, an
upper removable appliance can be used to approximate the teeth, but
usually fixed appliances are required. Closure of a diastema has a nota-
ble tendency to relapse, therefore long-term retention is required. This
is most readily accomplished by placement of a bonded retainer.

3.4 Planned extraction of deciduous teeth

3.4.1 Serial extraction

Serial extraction is a historic approach involving a planned sequence
of extractions (initially the deciduous canines, then the deciduous
first molars) designed to allow crowded incisor segments to align
spontaneously during the mixed dentition by shifting labial segment
crowding to the buccal segments where it could be dealt with by first
premolar extractions. The disadvantages to this approach are that it
involves putting the child through several sequences of extractions
and, as intercanine growth is occurring during this time, it is difficult
to assess accurately how crowded the dentition will be, at the stage
when serial extraction is usually embarked upon. In some Class | cases
with moderate crowding and all permanent teeth present in a good
position, extraction of only the first premolarsupon eruption will pro-
duce an acceptable result.

3.4.2 Indications for the extraction of deciduous
canines

There-are a number of occasions where the timely extraction of the
deciduous canines may avoid more complicated treatment later:

® |nacrowded upper arch, the erupting lateral incisors may be forced
palatally. In a Class | malocclusion, this will result in a crosshite and
in addition the apex of the affected lateral incisor will be palatally
positioned, making later correction more difficult. Extraction of
the deciduous canines while the lateral incisors are erupting often
results in them being able to escape spontaneously labially into a
better position.

® |n a crowded lower labial segment, one incisor may be pushed
through the labial plate of bone, resulting in a compromised labial
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(a)

(b)

Fig. 3.27 (a) In this patient, all four deciduous canines were extracted to relieve the labial segment crowding; (b) note how the periodontal condition

of the lower right central incisor has improved 6 months later.

periodontal attachment. Relief of crowding by extraction of the lower
deciduous canines usually results in the lower-incisor moving back
into the arch and improving periodontal support (Fig. 3.27).

® Extraction of the lower deciduous canines.in a Class Ill malocclusion
can be advantageous.

3.5 What to refer and when

Most orthodontic problems are more appropriately referred and treated
in the early permanent dentition. However, earlier referral is indicated
in the following circumstances:

Deciduous dentition

® (Cleftlip and/or palate (if patient not under the care of a cleft team).

® Other craniofacial anomalies (if patient not under the care of a mul-
tidisciplinary team).

Mixed dentition

e Severe Class Ill skeletal problems which would benefit from ortho-
paedic treatment.

® Delayed eruption of the permanent incisors.

® Presence of a supplemental incisor and the decision as to which to
extract is not clear-cut.

® To provide space for appliance therapy in the upper arch, for exam-
ple, correction of an instanding lateral incisor, or to facilitate eruption
of an incisor prevented from erupting by a supernumerary tooth.

® To improve the position of a displaced permanent canine (see
Chapter 14).

® |mpaction or failure of eruption of the first permanent molars.

® First permanent molars of poor long-term prognosis ‘where forced
extraction is being considered.

® Ectopic maxillary canines.
® Hypodontia.

® Marked mandibular displacement on closure and/or anterior cross-
bites which compromise periodontal support.

® Patients with medical problems where monitoring of the occlusion
would be beneficial.

® Pathology (e.g. cysts).

Growth modification-in skeletal Class Il malocclusions is more suc-
cessful if carried out in early permanent dentition, therefore referral
should be timed accordingly. The exceptions to this are patients with
increased overjets who are being psychologically affected by severe
teasing.and those whose upper incisors are at risk of trauma (usually
due to grossly incompetent lips).
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Craniofacial growth and the cellular basis of tooth movement

® Explain the processes of craniofacial development, including the role of the cranial neural erest cells.

® Describe postnatal craniofacial growth from birth onwards.
® Describe the cellular biology of orthodontic tooth movement.

4.1 Introduction

Growth can be defined as an increase in size by natural development.
Orthodontic treatment is often carried out on growing children, so
knowledge of facial growth and development is essential for the dental
professional to understand the optimum timing of treatment, predictors
for success, potential pitfalls, and the stability of the finished result.
Craniofacial growth, including growth of the cranium and the facial
bones is still not fully understood. The areas wherée growth occurs in the
craniofacial bones and how this changes the shape of the bones and the

4.2 Early craniofacial development

Craniofacial growth problems:account for three-quarters of all birth
defects. Knowledge of early formation of facial tissues can help us
understand how problems in craniofacial growth can occur.

The fertilized egg divides rapidly into a ball of cells, or blastocyst.
From day 4 after fertilization to around week 8 in utero (i.u.), the cells
of the blastocyst differentiate and organize into different tissues and
organ systems. This differentiation into various tissue types and pattern-
ing into the human shape is under tight genetic control and results from
a myriad of complex interactions between the different tissues. During
the fetal stage, from week 8 i.u. until birth, continued development is
predominantly growth, without significant further differentiation.

Neural crest

Many of the tissues of the craniofacial region are derived from neural
crest cells, including the cartilage and bone of the skull, cartilages of
the pharyngeal arches, bones of the facial skeleton, and odontoblasts
(tooth-forming cells). Neural crest cells are also responsible for other
specialized tissues throughout the body. They migrate to the facial area
from the tips of the neural crests, which join to form a tube around the
primitive spinal cord in very early embryonic development, around
week 3i.u.

Pharyngeal arches

Pharyngeal arches form as part of the highly preserved genetic segmen-
tal patterning that occurs in many different species. There are six pairs of
pharyngeal arches and they develop between the developing brain and
heart. Each arch is separated by a groove, or cleft, on'the outside and
a pouch on the inside. Each arch contains cartilage, muscle, blood sup-
ply, and a nerve. The first pharyngeal arch goes‘on to form the maxilla,
mandible, and the associated muscles and nerves. The cartilage of the

face are, however, well described. Facial development will be described
from the earliest development in the embryo to the reduction of growth
to adult levels.

The ability to move teeth within the bones of the jaws is the basis of
orthodontic treatment. This movement relies on the ability of the bone
to remodel around the moving tooth and periodontal ligament (PDL).
The cellular basis of tooth movement will be described.

first pharyngeal arch, known as ‘Meckel’s cartilage’, does not directly
form the bone of the mandible, but serves as a support and template for
the developing mandible. First arch structures also include some of the
bones of the middle ear and the external ear.

Facial development

See Fig. 4.1.

The development of the face begins around the end of the fourth
week i.u. with the appearance of five swellings, or processes, around
the stomodeum (primitive mouth). The maxillary and mandibular
swellings, both derived from the first pharyngeal arch, appear laterally,
on either side of the stomodeum. The mandibular swellings form the
lower border and the fifth, frontonasal process, forms the upper border
of the stomodeum. The‘maxillary swellings continue to grow forwards
and move closer together toward the midline. Two thickenings develop
on the frontonasal. process, called nasal placodes. Nasal pits form at
the centre of these and the raised rim around each nasal pit divides
into lateral"and medial nasal processes. At around the end of week 5
i.u., themandibular swellings merge to form the primitive lower lip. The
deepened nasal pits merge to form a single nasal sac, or primitive nasal
cavity. The medial nasal processes merge with each other and from 6 to
7 weeks i.u. they develop into the intermaxillary process. The maxillary
processes grow mesially toward the intermaxillary process. Between 7
and 10 weeks i.u. the maxillary processes merge in front of the intermax-
illary process, forming the philtrum and completing the primitive upper
lip. Failure of the maxillary swellings to fuse on either or both sides leads
to unilateral or bilateral cleft lip respectively (see Chapter 24). The max-
illary and mandibular swellings merge to create the cheeks, reducing
the mouth to its final width.



Early craniofacial development
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Fig. 4.1 Diagrammatic representation of early facial development from week 4 to 10 i.u. (a) Week 4 i.u.; (b) 28 days i.u.; (c) 32 days i.u.; (d) week 5i.u.;
(e) 48 days i.u.; (f) week 10 i.u. Further detail is given in the text: see Section 4.2.3. Redrawn from a previously available electronic source: http://www.

biomed2.man.ac.uk/ugrad/biomedical/calpage/sproject/rob/glossary.html.

Medial nasal
process
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Fig. 4.2 Diagrammatic representation of palatal shelf elevation and fusion. (a) During week 7 i.u., the palatal shelves begin to develop and lie on either
side of the tongue. (b) During week 8 i.u., the palatine shelves elevate rapidly due to the internal shelf-elevating force and developmental changes in
the face. (c) During week 9 i.u., the shelves fuse with each other, the primary palate, and the nasal septum. MC = Meckel’s cartilage; NS = nasal septum;

SC =septal cartilage; T =tongue; * = palatal shelves.
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Formation of the palate

See Fig. 4.2.

The intermaxillary process goes on to form the primary palate and
then the pre-maxilla, a small part of the anterior palate, including the
four upper incisor teeth. It also forms the nasal septum, which divides
the nasal cavity vertically in two and the floor of the primitive nasal
cavity.

At the beginning of week 7 i.u. the inner walls of the maxillary pro-
cesses begin to develop thin extensions or ‘palatine shelves’, which
form initially on either side of the developing tongue. As the tongue
lowers, the palatine shelves rotate upwards toward the midline and
grow toward each other. During week 8 and 9 i.u., the shelves fuse with
each other, and also to the primary palate and the lower border of the
nasal septum. Any disturbance in this process of elevation and fusion
can cause a cleft of the palate (see Chapter 24).

4.3 Mechanisms of bone formation“and growth

The process of new mineralized bone formation is known as ossifica-
tion. This can occur in two ways:

® |ntramembranous ossification—formation of bone in a membrane.

® Endochondral ossification—bony replacement of a cartilage model.

Once mature, the bone is the same for both types of ossification. A sin-
gle bone may be formed by both intramembranous and endochondral
ossification, merging almost indistinguishably.

Intramembranous ossification occurs during embryonic develop-
ment in sheet-like osteogenic membranes. The bones of the calvarium,
facial bones, most of the mandible, and the clavicle are formed by
intramembranous ossification.

Endochondral ossification occurs in all other bones of the skeleton.
It begins in ossification-centres in cartilage models of the bones and
spreads out from these primary ossification centres. Growth at primary
ossification centres causes expansion. A synchondrosis is a cartilage-
based growth centre with ossification and bony growth occurring in
both directions. The bones on either side move apart as the bone grows,
although growth is not necessarily even on both sides. At birth, there
are three synchondroses in the cranial base. The most significant, in
terms of influence on facial growth, is the synchondrosis between the

4.4 Control of craniofacial growth

The mechanisms controlling facial growth are poorly understood, but
involve a combination of genetic and environmental factors. Studies
suggest that genetic control is greater in anteroposterior growth than
vertical growth, for example, the heritability of Class Ill occlusion and
prevalence in different racial groups.

There are two main theories:

® Some researchers believe that there is tight genetic control of facial
growth at primary growth cartilages in the facial skeleton, the nasal
septal cartilage for maxillary growth, and the condylar cartilage for

4.5 Postnatal craniofacial growth

Growth studies clearly show that overall as the face enlarges, it grows
forwards and downwards away from the cranial base (Fig. 4.3). The
calvarium, the cranial base, the maxilla,"and the mandible all grow
at different rates and at different times and are under the influence

sphenoid and occipital bones, the spheno-occipital synchondrosis. This
will be discussed in Section 4.5.2.

Bone does not grow from the middle. It grows by depositing new
bone around the outside edges and removing, or resorbing other bone
to maintain shape. The periosteum covering the bone surface initi-
ates the complex pattern of deposition and resorption, or remodelling.
Resorption on one side of a bone and deposition on the other can give
the appearance, over time, of a change in position or drift of the bone.

The bones of the face and skull touch together at sutures. Bony infill
at the sutures occurs in response to forces separating the bones on
either side. For example, an increase in the size of the growing brain
leads to the bones of the calvarium being pushed apart and sutural
bony growth to maintain the integrity of the bony casing. Growth which
causes a mass of bone to be moved relative to its neighbours isknown
as displacement. Both remodelling and displacement can occur in the
same bone at the same time, but the relative contribution of each is dif-
ficult to determine. The cartilage in the mandibular condyle is formed
from a different type of cartilage to that found in most other joints in the
body. The role of the condylar cartilage in facial growth is not yet fully
understood, but it appears to grow in response to the growth of other
facial structures.

mandibular growth.~“Although these cartilages are necessary for
facial growth'they'do not appear to be primary growth centres.

® Other researchers believe that growth occurs due to growth of sur-
rounding soft tissues, the ‘functional matrix’ theory.

It is likely that both theories play a part in the control of craniofacial
growth. If we believe environmental factors play a role in facial growth,
then it should be possible for clinicians to alter facial growth with ortho-
dontic appliances.

of different genetic and environmental factors. A harmonious facial
form relies on a harmonious pattern of facial development. Variations
in facial development can lead to variations in facial form and jaw
relationships.



Fig. 4.3 Superimpositions on the cranial base showing overall down-
wards and forwards direction of facial growth. Solid line 8 years, broken
line 18 years of age.

Facial growth in the first few years of life is determined principally
by the growth of the brain (neural growth). There is rapid growth of
the calvarium, eyes, and the bony orbits surrounding and protecting
the eyes. This slows until the age of about 7 years, when growth of
this area is almost complete. The face of a child represents a much
smaller proportion of the skull than the face of an adolescent or adult
(Fig. 4.4).

The rest of the face grows as the child increases in height, slowing
down around puberty. Growth during puberty, the ‘pubertal growth
spurt’, is rapid. Although there is significant variation in the timing of

Fig. 4.4 The face in the newborn represents'a much smaller proportion
of the skull than the face of the adolescent

Postnatal craniofacial growth

the pubertal growth spurt, this is reported to occur around the age of
10-12 years old in girls and 12—15 years old in boys. The maxilla follows
a pattern of growth closerto neural growth and declines to adult levels
around the age of 12. The mandible follows a pattern of growth more
closely related to the rest of the body (somatic growth). Somatic growth
increases significantly during puberty and continues until growth
declines’to'adult levels around the age of 16 in girls and 18-20 in boys.
Smallgrowth spurts have been reported for males in their early twen-
ties. Facial growth never completely stops, but reduces to adult levels,
with subtle long-term changes throughout life.

Calvarium

The growth of the calvarium, the part of the skull that surrounds the
brain, directly follows the growth of the brain. It is formed from several
pairs of bones: frontal, parietal, occipital, and part of the temporal bones.
The bones develop by intramembranous ossification. Ossification cen-
tres for each bone develop in the outer membrane of the brain dur-
ing week 8 i.u. Bone formation spreads until the bone-forming fronts
reach adjacent bones and sutures are formed. Where more than two
bones meet, the intersecting areas are known as fontanelles. Six fonta-
nelles are present at birth and close by 18 months. Continuing sutural
growth allows expansion of the calvarium with resorption on the inside
of the cranial bones and deposition on the outside. Growth of the skull
is almost complete by 7 years of age. Eventually all the sutures undergo
varying degrees of fusion.

Cranial base

Thecranial base develops by endochondral ossification. Condensations
of cartilage develop in three regions of the cranial base from around
week 6 i.u. Several separate ossification centres appear between 3 and
5 months i.u. Most of the growth of the cranial base is influenced by
the growth of the brain, with half of the postnatal growth complete
by 3 years of age. Remodellingrand sutural infilling occur as the brain
enlarges. There are also primary cartilaginous growth sites in the cra-
nial base, the synchondroses. Of these, the spheno-occipital synchon-
drosis makes an important contribution to the growth of the cranial
base in childhood:It.continues to grow until the age of 13—15 in females
and 15-17 in males, fusing at about 20 years. The other two synchon-
droses in the anterior cranial base fuse around the age of 7 years. There
is no further growth in this area after the age of 7. This means that
the\anterior cranial base can be used as a relatively stable structure to
superimpose lateral cephalogram radiographs and to analyse changes
in facial form due to growth and orthodontic treatment (see Chapter
6, Section 6.10).

Growth at the spheno-occipital synchondrosis, which lies between
the anterior cranial base and the temporomandibular joint (TMJ), influ-
ences the overall skeletal pattern (Fig. 4.5). Growth at this site increases
the length of the cranial base, effectively moving the TMJs and the
lower jaw further back, away from the maxilla. A Class |l skeletal pattern
is often associated with a long cranial base. The shape, or angle, of the
cranial base also affects the jaw relationship. A small, or acute, angle
is more likely to produce a Class Il skeletal pattern; a larger or more
obtuse angle, a Class Il skeletal pattern (Fig. 4.6).
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Fig. 4.5 Anteroposterior growth at the spheno-occipital synchondrosis
affects the anteroposterior relationship of the jaws.

Maxillary complex

The maxillary complex or middle third of the facial skeleton is a com-
plex structure including the maxilla, palatal, zygomatic, ethmoid,
vomer, and nasal bones. These separate bones join with each other
and the anterior cranial base at sutures. Clinical orthodontic practice
is concerned primarily ‘with the teeth and the associated supporting
alveolar bone. Growth of the maxillary complex is clearly an important
factor in the position of the upper teeth relative to the lower teeth and
the final maxillary position and facial appearance. Until the age of 7
years, growth of the maxillary complex occurs by downward and for-
ward displacement and by drift and remodelling (Fig. 4.7). As growth
of the brain and calvarium slows so does maxillary growth. Forward
displacement of the maxillary complex allows space for the maxilla to
grow backwards, lengthening the dental arch posteriorly in the area of
the tuberosities and allowing room for the permanent molars to erupt.
Downward growth also occurs by drift of the hard palate and vertical
development of the alveolar processes as the teeth erupt and complete

(a)

root formation. Lateral growth occurs by displacement of the two halves
of the maxilla and infill at the mid-palatal suture. Complex patterns of
surface remodelling maintain and develop the shape of the bones of the
midfacial skeleton.

After the age.of 7 years, growth of the maxillary complex slows.
Orthodontic interventions to advance the maxilla, for example, with
protraction headgear in Class Ill cases, are reported to be more suc-
cessful before the age of 10 when the sutures around the maxilla are
more .amenable to displacement (see Chapter 11, Section 11.4.2).
Interventions to expand the maxilla by rapid maxillary expansion are
reported to be more successful before the age of 16 and progressive
bony fusion of the mid-palatal suture (see Chapter 13, Section 13.4.6).
Growth of the maxillary complex slows to adult levels at around
12 years.

Mandible

Most mandibular growth occurs by periosteal activity. The shape of
the angle of the mandible and the coronoid process develop in reac-
tion to forces from the attached muscles. The alveolar processes add
to vertical growth with the eruption and development of the teeth.
The mandible is displaced forward, by growth of the tongue. Growth
at the condylar cartilage fills in posteriorly and periosteal remodel-
ling maintains the shape of the mandible (Fig. 4.8). The role of the
condylar cartilage in mandibular growth remains unclear, but it is not
a primary growth centre. It appears to grow in response to other influ-
ences. Backward drift of the ramus as it remodels allows lengthening
of the dental arch posteriorly and creates room for the permanent
molars to erupt. Remodelling increases the width of the mandible
posteriorly and lengthening of the mandible and remodelling causes
the chin to appear more prominent. As with the maxilla, complex pat-
terns of surface remodelling maintain and develop the shape of the
mandible. Growth occurs at a steady rate of 2-3 mm per year in length
of the body of the mandible until puberty when growth rates double.
Mandibular growth slows to adultlevels at around 17 years in girls and
around 19 years in boys.

(b)

Fig. 4.6 (a) Low cranial base angle associated with Class lll skeletal pattern. (b) High cranial base angle associated with a Class Il skeletal pattern.
Reprinted from Enlow, D. H. Facial Growth, Copyright (1990) with permission from Elsevier.



Growth rotations

Fig. 4.7 Forward and downward displacement of the maxillary complex
associated with deposition of bone at sutures. Reprinted from Enlow,

D. H.and Hans M. G. Essentials of facial growth, 2nd edition. Copyright
(2008) with permission from Elsevier. After Enlow, D. H. Facial Growth,
Copyright (1990) with permission from Elsevier.

4.6 Growthfotations

Growth studies clearly show that overall as the face enlarges, it grows
forwards and downwards. Research by Bjork shows that the direction
of facial growth is curved, giving a rotational effect. Growth rotations
are most obvious in the mandible. They are dependent on differential
growth of different structures contributing to posterior and anterior face
height. Posterior face height is determined by several factors, including
the direction of growth at the condyles (Fig. 4.9), vertical growth at the
spheno-occipital synchondrosis, and the influence of the attached mus-
cles on the ramus of the mandible. Anterior face height is determined
by the eruption of the teeth, and vertical growth of the soft tissues of
the anterior neck.

Forward growth rotations are more common than backward rota-
tions, with the average being a mild forward rotation which produces

(@) (b)

Fig. 4.9 Direction of condylar growth and mandibular growth rotations:
(a) forward rotation; (b) backward rotation.

Fig. 4.8 Growth at the condylar cartilage ‘fills in’ for the mandible
following anterior displacement, while its shape is maintained by
remodelling, including posterior drift of the ramus. After Enlow, D. H.
Facial Growth, Copyright (1990) with permission from Elsevier.

a harmonious facial appearance. A marked forward growth-rotation
tendstoresultinreducedanteriorfacial proportionsand an increased
overbite (Fig. 4.10). A marked backward rotation tends to result in an
increased anterior vertical facial proportion and a reduced overbite
or anterior open bite (Fig. 4.11). Growth rotations play an important
part in the aetiology of some malocclusions, as well as the stability

Fig. 4.10 Forward growth rotation. Solid line 11 years, broken line
18 years of age.
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Fig. 4.11 Backward growth rotation:Solid line 12 years, broken line 19 years of age.

of the result. Correction of a Class Il malocclusion will be helped by
a forward growth rotation but made more difficult by a backward
rotation. Forward growth rotations will tend to increase an overbite;
backward growth rotations reduce an overbite or result in an open
bite.

4.7 Growth of the soft tissues

Facial form can be masked or accentuated by the facial soft tissues. The
teeth are positioned in an area of relative stability between the tongue
ononeside, and the lips and cheeks on the other. Soft tissues are impor-
tantin both the aetiology of malocclusion and stability of the orthodon-
tic result after treatment.

Facial muscles are well developed at birth to allow the newborn
child to suckle and maintain their airway. Facial expression, swallow-
ing patterns, chewing, and speech develop later. The lips, tongue,
and cheeks guide the erupting teeth toward each other to achieve
an occlusion. The pressure of the soft tissues may compensate for a
skeletal discrepancy, bringing the teeth as close together as possible
within the confines of the dental bases; for example, proclination of
the upper incisors and retroclination of the lower incisors in a Class Il
skeletal pattern.

During growth the brows become more prominent, the eye sock-
ets become deeper, and flattening of the cheeks occurs in both

It is possible to assess the general direction of mandibular growth
clinically with an examination of the anterior facial proportion and
the mandibular plane angle. It is not possible to predict the extent
and direction of growth rotations with any degree of accuracy.

males and females.The lips increase in length and thickness in
both males and females, although the growth in both dimensions
is greater for males and continues for longer. Increase in lip length
during orthodontic treatment may aid stability in the treatment of
patients.with increased overjet. The nose grows most in adoles-
cence.Nasal growth peaks in females at 12 years and continues until
16 years. In males, nasal growth peaks between 13 and 14 years and
continues for longer, with significant ongoing growth as an adult. The
soft tissues covering the chin follow the development of the underly-
ing bones, becoming more prominent in males. Greater differential
nasal growth leads to a relative flattening or retrusion of the lips,
accentuated again by the increased prominence of the chin in males.
This should be considered during orthodontic treatment planning,
notably for individuals with a Class Il malocclusion, where moving
the upper incisors back to meet the lower incisors may accentuate
the flattening of the profile.



4.8 Growth prediction

It would be useful to predict how the facial growth of any individual
child will progress, to help plan future orthodontic treatment. Attempts
to predict future facial growth from measurements on cephalometric
radiographs have so far had limited success. Assessment of height
and secondary sex characteristics help indicate whether the patient
has entered and completed the pubertal growth spurt, which may be
important if functional appliances are being considered. The stage of
maturation of the bones on hand-wrist radiographs have been used

The cellular basis of tooth movement

as an indication of the ‘onset of puberty, but the correlation with jaw
growth has been found to be poor. More success has been achieved by
assessing the stage of maturation of cervical vertebrae seen on lateral
cephalograms:

At the present time, it is difficult to consistently predict the amount,
direction, and timing of growth of the facial skeleton with any degree of
precision.

4.9 The cellular basis of tooth movement

The ability of the PDL to respond to mechanical load by remodelling of
the alveolar bone and allowing movement of the tooth through bone is
the basis of orthodontic treatment. The cells of the PDL are responsible
for sensing the load, then initiating and orchestrating the remodelling.
When optimum force is applied, bone is:laid down where the PDL is
under tension. Bone is resorbed from_areas where the PDL is com-
pressed. Some of the complex molecular and cellular interactions that
allow this apparently simple movement will be described.

The periodontal ligament

The PDL consists of several different cell types surrounded by type 1
collagen and oxytalan fibres and a ground substance consisting of pro-
teoglycans and glycoproteins. There are four main cell types:

® Fibroblasts: responsible for producing and degrading the PDL fibres.
® Cementoblasts: responsible for producing cementum.

® QOsteoblasts: responsible for bone production and coordination of
bone deposition and resorption.

® Osteoclasts: responsible for bone resorption.

There are also some small islands of cells, known as the cell rests
of Malassez, which are left following original root formation and mac-
rophages, responsible for dealing with dead cells and debris.

The PDL has a high turnover rate and requires a good blood supply.
This is derived from the superior and inferior alveolar arteries and forms
a dense network of capillaries, or plexus, within the PDL around the
tooth, occupying up to half of the periodontal space.

Cells involved in bone homeostasis
There are three main cell types involved in bone homeostasis:

® QOsteoblasts: orchestrate the production of the inorganic matrix
of bone and its mineralization. They recruit and activate osteo-
clasts and are the main regulators of bone homeostasis. It has been
established that during normal function there is balance between
bone resorption and deposition, controlled- by the osteoblast.
They can become surrounded by mineralized bone and become
osteocytes.

® QOsteocytes: continue to communicate with each other via cyto-
plasmic extensions in canaliculi in the bone. They are thought to be
responsible for detecting mechanical load on the bone.

® Osteoclasts: large multinucleate cells responsible for resorption of
bone. They are found on bone surfaces undergoing active resorption
in pits called Howship’s lacunae.

The organic matrix of bone consists of type 1 collagen fibres, proteo-
glycans, and many growth factors. Bone contains more growth factors
than any other tissue, which may in part explain its capability for regen-
eration, repair, and remodelling. Many of the growth factors and-signal-
ling molecules shown to be associated with bone homeostasis play an
active role in the bone remodelling associated with orthodontic tooth
movement. See Table 4.1.

Cellular events in response to
mechanical loading

Application of mechanical load, for example, a force on a tooth from an
orthodontic appliance, affects the PDL by causing fluid movement in
the PDL space and by stretchingand compressing of the collagen fibres
and extracellular matrix (ECM). This leads to deformation of the alveo-
lar bone. The distortions.in the PDL and alveolar bone are detected
by the cells (fibroblasts, osteoblasts, and osteocytes), which are con-
nected to the ECM by proteins known as integrins in their cell walls.
There is also evidence that cell shape influences activity, with rounded
cells exhibiting catabolic (destructive or resorptive) behaviour and flat
cells exhibiting anabolic (building or depositing) behaviour. It is possible
that changes in cell shape inthe PDL is at least partly responsible for the
chain of events seen when the PDL is under compression (Box 4.1) or
tension (Box 4.2)
Four basic stages of tooth movement have been described:

1. Matrix strain and fluid flow in the PDL and alveolar bone.
2. Cell strain, secondary to matrix strain and fluid flow.

3. Cell activation and differentiation.
4

. Remodelling of the PDL and alveolar bone.

See Fig. 4.12.
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Table 4.1 Factors, terms, and cell types used in the explanation of bone remodelling during orthodontic tooth movement

Bone morphogenetic proteins (BMPs)

Colony stimulating factor
(macrophage colony stimulating
factor) (CSF-1 (M-CSF))

Extracellular signal-related kinase
(ERK)

A group of growth factors known to induce the formation of.bone and cartilage

Polypeptide growth factor found in bone matrix andproduced by osteoblasts. Acts directly on
osteoclast precursor cells to control proliferation and differentiation into osteoclasts

Intracellular messenger that provides a’key'link between external signals received by the cell and
changes in patterns of gene expression‘within the cell, changing cell activity

The presence of hydrogen ions (H*) creates an acidic environment, actively demineralizing the
inorganic bone

Leukotrienes Found in sites of inflammation. Produced by cells in response to mechanical loading. Active in both
bone destruction and bone formation
Macrophages Large-cells usually responsible for removing debris. Stimulated to produce IL-1 partly responsible for

signalling to and recruitment of osteoclasts

Produced by osteoblasts in response to RANKL, to decrease the activity of osteoclasts to regulate bone
resorption

Mediator of bone resorption. Produced in sites of inflammation. Produced by cells in response to
mechanical loading. Increases production of intracellular messengers

Receptor activator of nuclear factor Produced by osteoblasts. Essential stimulatory factor for the differentiation, fusion, activation and
(RANKL) survival of osteoclasts.

Tissue inhibitors of Produced by various cell types to bind to MMPs to inhibit or reduce their activity
metalloproteinases (TIMPs)

Box 4.1 Possible chain of cellular events when the periodontal ligament is subjected to a compressive load

® The mechanical load causes strain in the ECM of the PDL and in ® |L-1 production by osteoblasts and macrophages also increases
alveolar bone, causing fluid flow in both tissues. the production’of RANKL by the osteoblast.

® The strain in ECM is sensed by PDL cells due to their connection ® RANKIcand CSF-1 cause increased attraction and proliferation
to the ECM via integrins. Osteocytes in the bone also sense the of blood monocytes which fuse to form osteoclasts. RANKL also
mechanical force by fluid flow through the canaliculi (micro- stimulates the osteoclasts to become active.

scopic canals connecting the osteocytes). ® The osteoblasts bunch up to expose the underlying osteoid

® Osteocytes respond to mechanical deformation by producing and produce MMPs to degrade the osteoid and to give the
bone morphogenetic proteins (BMPs) and other cytokines osteoclasts access to the underlying mineralized bone. The
which activate osteoblasts. Fibroblasts respond by producing osteoblasts also produce osteopontin (OPN) which causes the
matrix metalloproteinases (MMPs). Osteoblasts respond by osteoclasts to attach to the exposed bone surface.

producing prostaglandins (e.g. PGE-2) and leukotrienes. ® The osteoclasts resorb the bone by excreting hydrogen ions into
e Osteoblast production of PGE-2 and leukotrienesleads to an the matrix, softening the hydroxyapatite crystals, and then use

elevation of intracellular messengers. These cause the osteoblast proteases such as cathepsin K to break down the ECM.

to produce interleukin-1 (IL-1) and colony.stimulating factor (CSF- O

1) and an increase in receptor activator.of nuclear factor (RANKL).

The osteoblasts also produce inhibitors of some enzymes and
cytokines (e.g. TIMPs and OPG to ensure that bone resorption is
® Macrophages respond to mechanical deformation by increasing carefully controlled).

production of IL-1.
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The cellular basis of tooth movement

Tooth Movement

Tension

Fig. 4.12 Schematic diagram of cellular signalling
involved in bone remodelling response to com-
pressive load. All black arrows indicate up-regu-
lation of factors. Red arrows indicate inhibition.
Note the/osteoblasts lining the bone surface (oste-
oid); the osteocytes within the bone detecting the
mechanical load, and the monocytes exiting the
blood vessel in response to RANKL and CSF-1. BV
=blood vessel; F =fibroblast; MC = monocyte; MP
=macrophage; O = osteocyte; OB = osteoblast;
OC =osteoclast.

Box 4.2 Possible chain of cellular events when the periodontal ligament is subject to tension

In areas of tension, the osteoblasts are flattened and the osteoid

remains unexposed.

Cells in the PDL increase the amount of a specific second-

e QOsteoblasts clump into groups, secreting collagen and other

proteins composing the organic matrix, then produce hydroxya-
patite, which mineralizes the matrix resulting in new bone.

ary messenger (extracellular signal-related kinase (ERK)) in

response to tension.

ERK signalling induces the expression of RUNX-2 which in turn
causes an increase in osteoblast number,‘possibly by inducing
differentiation of fibroblasts into osteoblasts.

<
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4.10 Cellular events associated with excess force

If the force applied to a tooth exceeds the pressure in the capillaries
(30 mmHg, or around 50 g) the blood vessels will be occluded and the
nutrient supply to the PDL will reduce. This causes cell death in the
compressed PDL, and the PDL is described as ‘hyalinized’, as it takes on
a glass-like appearance due to sterile necrosis. There are no osteoblasts
to recruit osteoclasts to resorb the bone in the expected way. It takes
several days for cells to migrate from undamaged areas. Eventually oste-
oclasts appear in the adjacent marrow spaces and resorb the bone from
underneath the necrotic area. This is known as undermining resorp-
tion. Where hyalinization and undermining resorption occur, there is
a delay in tooth movement of 10-14 days. The clinical implications of
excessive force are more discomfort for the patient, an increased risk of
root resorption, and the risk of loss of anchorage. Anchorage is defined
as the resistance to unwanted tooth movement and is discussed in
Chapter 15. Loss of anchorage may occur due to inadequate treatment
planning, but may also occur due to excessive force levels being applied
to the teeth. When an excessive force is applied to a tooth, it won't move
initially; however, there is still force being applied to the teeth providing
anchorage. This force on the anchorage teeth may be enough to pro-
duce unwanted movement, leading to loss of anchorage.

Table 4.2 Optimal force levels for different tooth movements

Type of tooth-movement  Approximate force (grams)

Tipping 50-75
BOd”y movem ent ................ 1 00_1 50 ................................
. ROOt u pr ,ght, ng .................. 75_ 1 25 .................................
g EXtrUS ,on ......................... 50_1 00 .................................
ntuson 1525

The optimum force for tooth movement will vary between differ-
ent teeth and types of movement. It depends on the area of the
PDL that the applied force is spread across. For example, a low force
should be used to intrude a tooth, where the force is concentrated in
a small area at the apex. A higher force can be used to bodily move
teeth, where the force is spread across the whole side of a tooth root
(Table 4.2).

4.11 Cellular events during root resorption

External apical root resorption is a complex inflammatory process that
occurs in virtually all patients undergoing treatment with orthodon-
tic appliances. The cells responsible for the resorption of mineralized
dental tissue, odontoclasts, are similar, but not identical to, osteoclasts.
In mild cases of orthodontically induced root resorption (OIRR), only
small areas of cementum are resorbed and these areas are repaired with

4.12 Summary

Facial growth

® Facial development begins at the end of week 4 i.u. with the develop-
ment of five swellings (frontonasal, two maxillary, and two mandibu-
lar) around the stomodeum (primitive mouth).

® The maxilla and the mandible derive from the first pharyngeal arch
into which cranial neural crest cells have migrated.

® Bone formation occurs by either intramembranous or endochondral
ossification.

® Bone growth occurs by remodelling and displacement.

® The calvarium ossifies intramembranously, closely following the
growth of the brain. Growth is complete at 7 years.

® The cranial base ossifies endochondrally. Growth-at the spheno-
occipital synchondrosis occurs in two directions until the mid teens.

® The maxilla and the mandible ossify intramembraneously and
undergo complex patterns of remodelling.-They are displaced for-
wards and downwards in relation to cranial base. Growth occurs

cellular cementum once the orthodontic force has stopped. In more
severe cases, the apical portion of the root is removed by ‘odontoclast
activity and the root length is decreased. The remaining dentine will
be recovered by cementum, but the root will remain shortened. There
is increasing evidence to suggest that OIRR is more likely where force
levels are excessive, especially in areas of compression.

posteriorly at the tuberosities (maxilla) and the ramus (mandible) to
accommodate the'permanent dentition.

® The mandible-experiences rotational growth with most individuals
having an upward and forward direction of rotation.

® Facial growth continues at low levels in the adult. The decline to
adult/levels is seen first in the transverse dimension, followed by
the anteroposterior dimension, and finally the vertical dimension.
Growth continues for longer in boys in the anteroposterior and verti-
cal dimensions.

® During puberty, there is a large increase in nasal dimensions and the
lips lengthen and thicken, especially in boys. Soft tissue growth con-
tinues throughout adulthood.

® The control of facial growth is a combination of genetics and envi-
ronmental factors. The latter offers the possibility of modification of
growth with orthodontic appliances.

® Currently, it is not possible to accurately predict the timing, rate, or
amount of facial growth.
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® Orthodontic treatment would not be possible without the ability of
the alveolar bone to remodel.

® The cells of the PDL are responsible for the bone remodelling and,
hence, tooth movement.

® The osteoblast is the bone-forming cell and is responsible also for the
recruitment and activation of osteoclasts (bone-resorbing cells).

® Many different growth factors and signalling molecules are now
known to be involved in bone turnover during orthodontic tooth
movement with the RANK/RANKL/OPG osteoclast programme
being the most important.
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Orthodontic assessment

Learning objectives for this c

d.

ssessment requires a full history, a clinical examination, an (@?tion of appro
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ecords that are used in orthodontics: study @ggfs photographs, and radiogr.
ogical advances in digital orthodontics. ()

dontic patient.

5.1 Introduction to orthodontic assessment

The purpose of an orthodontic assessment is to gather information
about the patient to produce an accurate orthodontic diagnosis. This
information is collected by:

® taking a full history
® undertaking a clinical examination

® collecting appropriate records.

The assessment will produce data identifying a list of the patient’s
orthodontic problems, and it.is this problem list that will form the basis
of the orthodontic diagnosis'(Fig. 5.1). Problems can be divided into
pathological problems<and developmental problems. Pathological
problems are problemsrelated to diseases, such as caries and periodon-
tal disease, and need to be addressed before any orthodontic treatment
is undertaken. Developmental problems are those factors related to the
malocclusion and will be the focus of this chapter.

Orthodontic treatment is nearly always elective, and so it isimportant
that the orthodontic assessment identifies sufficient information not
only to identify features that would benefit from treatment and those
that don’t need to be changed, but also to identify any potential risks of
proposed treatment (see Chapter 1, Section 1.6). By understanding both
the risks and benefits of treatment the patient can make an informed

5.2 Taking an orthodontic history

The patient should be given the chance to describe their problem in
their own words and the clinician can then guide them through a series
of questions to address the areas, as summarized in Box 5.1.

Collection of records
o Study models
o Photos
o Radiographs

History Examination

A

> Database of information |«

A

Analysis of information

\

Problem list (diagnosis)
o Pathological problems
o Developmental problems

Fig. 5.1 The process of creating a problem list in orthodontics.

decision as to whether they would like to proceed with treatment or
not. (Consent is discussed in more detail in Chapter 7, Section 7.8.)

When the.patient is a child, the parent or guardian may lead this dis-
cussion,butit isimportant to get the child’s input, as the child is the one
who'may undergo treatment and would therefore need to be willing
and able to comply with the treatment plan.

Box 5.1 Information to be gathered during the history-taking process

® Patient’s complaint and expectations of treatment.

® Medical history—identifying any aspects that may affect ortho-
dontic treatment.

® Dental history—any trauma, any previous or ongoing den-
tal treatment, TMJ problems, any known inherited dental
problems (e.g. hypodontia), and any previous orthodontic
treatment.

® Habits—details of any digit-sucking habits or other habits
involving the dentition.

® Physical growth status (identifying whether growth is complete or
still ongoing may affect the timing and nature of future treatment).

e Patient (or parent’s) motivation.

® Socio-behavioural factors—these may affect the patient’s ability
to complete the treatment.



Table 5.1 Orthodontic relevance of some medical conditions

Medical condition Relevance to orthodontics

Taking an orthodontic history

Epilepsy e Epilepsy needs to be under control before starting treatment

Heart defects with a risk e/ Antibiotic cover used to be prescribed routinely for patients with structural heart defects who were undergoing any

of infective endocarditis

form of dentogingival manipulation that could produce a bacteraemia

e The guidelines have now changed as in many cases the risk of anaphylaxis caused by the antibiotic is greater than

the risk of infective endocarditis

Asthma e The regular use of steroid-based inhalers may predispose to intra-oral candidal infections, so excellent oral hygiene,
particularly when using appliances that cover the palate, is important

e The patient’s physician should be contacted for advice about any proposed.treatment plan, particularly if

extractions may be required

Learning difficulties or e These may affect the patient’s ability to cope with treatment, and.may affect the choice, process, and aims of

behavioural disorders treatment

It is also important to make a note of any medications that the patient is taking that may have an impact on tooth movement or general oral health
The reader is referred to the section on ‘Principal sources and further reading’ for more comprehensive information on this topic

Patient’s perception of the problem

The patient should be given the opportunity to express, in their own
words, what their problem is and what they would like corrected. They
may perceive their problem as:
® aesthetics
® functional (speech or mastication difficulties)
® related to dental health (like a traumatic overbite).

Itisimportant to recognize that the patient’s perception of their prob-

lem may not always seem appropriateto the trained clinician. However,
the patient is unlikely to be satisfied unless their problem is addressed

as part of the treatment plan. Allowing the patient to describe their
concerns will help to determine whether the patient’s expectations are
realistic and achievable (see Section 5.2.6).

Medical history

As with all aspects of dentistry, oral problems cannot be treated in
isolation of the rest of the body. A clear understanding of a patient’s
medical problems and how this can affect potential orthodontic treat-
ment is vital. Table 5.1 summarizes the key areas of the medical history
of importance for orthodontic patients, and the section on ‘Principal
sources and further reading’ provides more details.
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Dental history

The patient should be asked about their previous dental experience.
This will provide an idea of their attitude towards dental health, what
treatment they have had experienced previously, and how this may
affect their compliance with orthodontic treatment. In particular, it is
important to determine any ongoing dental problems, history of jaw
joint problems, and any history of trauma to the teeth. There may also
be a history of relevant inherited disorders affecting the dentition (e.g.
hypodontia or enamel defects) and previous orthodontic treatment.

Habits

The patient should be asked about any previous or ongoing habits that
involve the dentition. The most important are digit-sucking habits and
the clinician needs to know the duration and nature of the habit. Other
habits such as nail biting may predispose to an increased risk of root
resorption.

Physical growth status

For some orthodontic treatment, the patient’s growth status is impor-
tant. In some cases, orthodontic treatment is more successful if they are
still growing—for example, when‘a-patient has an underlying skeletal
problem that could be improved using a process known as growth modi-
fication (see Chapters 7 and-19). In others, treatment planning is best
undertaken when growthiis complete (e.g. an adolescent with a severe
Class Ill malocclusion). The patient, or their parents, can be asked ques-
tions to determine if they are still growing.

Motivation and expectations

Undergoing orthodontictreatment requires a great deal of active par-
ticipation and cooperation from the patient. No matter how skilful
the orthodontist, treatment will not be successful unless the patient
is sufficiently motivated to comply with all aspects of their care. If a
patient is’ not sufficiently motivated, then treatment should not be
undertaken:.

We have already explained the importance of finding out which
features of their malocclusion a patient is unhappy with, and impor-
tantly, the result they are hoping for, or expect, at the end of treatment.
Where possible, the clinician should formulate a plan that addresses the
patient’s area of concern. However, occasionally the patient’s percep-
tion of their problem or their expectations may be unrealistic. The role
of the orthodontist is then to counsel the patient carefully to explain
what can or cannot be achieved. If a patient’s expectations are unrealis-
tic, then treatment should not be undertaken.

Socio-behavioural factors

Compliancefortreatmentisalso affected by the patient’sability toattend
regularly for appointments and any potential practical or social reasons
that may make this impossible should be identified. Orthodontic treat-
ment often requires long-term treatment with multiple appointments;
and it is important to determine if the patient, and in the case of a child,
their family or carer, are able to commit to the whole treatment and the
retention that follows. In addition, the patient’s ability to comply with
treatment may be affected by some behavioural problems.

5.3 Clinical examination in three dimensions

The purpose of the clinical examination is to identify pathological
and developmental problems and determine which (if any) diagnos-
tic records are required. It is important to remember that the face and

Box 5.2 The three dimensions of clinical examination
Anteroposterior

Extra-oral

Maxilla to mandible relationship (Class I, Il, or llI).

Intra-oral

Incisor classification.
Overjet.

Canine relationship.
Molar relationship.
Anterior crossbite.

dentition should be examined in all three planes (anteroposteriorly, ver-
tically, and transversely). Box 5.2 summarizes how the different aspects
of orthodontic assessment relate to the three planes.

Vertical
Extra-orat

Facial thirds.
Angle of lower border of mandible to the maxilla.
Intra-oral

Overbite, anterior open bite, or lateral open bite.

Transverse
Extra-oral

Facial asymmetry.
Intra-oral

Centrelines.
Posterior crossbites.



5.4 Extra-oral examination

An appreciation of a patient’s underlying skeletal pattern and overlying
soft tissues will help to identify the aetiology of a malocclusion. This will
help the clinician appreciate the anatomical limitations of any proposed
treatment. In addition, a key aim of all orthodontic treatment should be
to produce an aesthetic smile. Simply aligning teeth and producing a
good occlusion does not necessarily guarantee a great smile. An under-
standing of the relationship between the teeth and the lips is vital and an
assessment of the smile aesthetics should form part of any orthodontic
assessment.

The patient needs to be examined in a frontal view and in profile.
To ensure an accurate assessment representing the true skeletal rela-
tionships, it is important to ensure that the patient is in the ‘natural
head position’, which is the position the patient carries their head natu-
rally. The patient should sit upright in the chair and be asked to focus
on something in the distance. This same natural-head position should
also be used for any cephalometric radiographs;to ensure consistency
between all patient records (see Chapter 6, Section 6.1).

The key to the extra-oral assessment-is.an understanding of the nor-
mal proportions of the face and recognizing when patients deviate from
these normal relationships. The patient is assessed extra-orally in the:

® frontal view (assessing in‘the vertical and transverse planes)
® profile view (assessing.in the anteroposterior and vertical planes).
An assessment of the smile aesthetics, soft tissues (lips and tongue),

and an examination of the temporomandibular joint (TMJ) should also
be undertaken.

Anteroposterior assessment

This aims to assess the relationship between the tooth-bearing portions
of the maxilla and mandible to each other, and also their relationships
to the cranial base. The anteroposterior relationship can be assessed in
the following three ways:

® Assessing the relationship of the lips to a vertical line, known as the
zero meridian, dropped from soft tissue nasion (Fig. 5.2).

® Palpating intra-orally the anterior portion of the maxilla at A point
and the mandible at B point (Fig. 5.3).

® Assessingthe convexity of the face by determiningthe angle between
the middle and lower thirds of the face in profile (Fig. 5.4).

Vertical assessment
The face can be assessed vertically in two ways:

® Using the rule of thirds.

® Measuringthe angle of the lower border of the mandible to the maxilla.

The face can be split into thirds (Fig. 5.5). In a face"'with normal pro-
portions, each third is approximately equal in size. Any discrepancy in
these thirds may suggest a facial disharmony‘in-the vertical plane. In
particular, orthodontists are interested in.any increase or decrease in
the proportion of the lower third of the face. The lower third of the face

Extra-oral examination

Fig. 5.2 Using zero meridian to estimate anteroposterior relationship.
Zero meridian is the true vertical line dropped from the soft tissue
nasion. In a Class | relationship (as shown here), the upper lip lies on or
slightly anterior to this line and the chin point lies slightly behind it.

Fig. 5.3 Palpating the anterior portion of the maxilla at A point and the
mandible at B point to determine the underlying skeletal anteroposteri-
or relationship. In a normal (Class |) skeletal relationship, as shown here,
the upper jaw lies 2-4 mm in front of the lower. In a Class Il, the lower
jaw would be greater than 4 mm behind the upper jaw. In a Class I, the
lower jaw is less than 2 mm behind the upper (in more severe Class llI
cases, the lower jaw may be in front of the upper).



Orthodontic assessment

(@) (b)
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Fig. 5.4 The anteroposterior relationship of the jaws can also be assessed using the convexity of the face. This is assessed by the angle between the
upper face (glabella to subnasale) and the lower face (subnasale to pogonion). The mean value is 12° + 4°. (a) A patient with a convex profile with an
increased angle of facial convexity indicating a-Class Il skeletal pattern. (b) A patient with a straighter profile with a normal angle of facial convexity
indicating a Class | skeletal pattern. (c) A'patient with a concave profile indicating a Class lll skeletal pattern.

can also be split into thirds, with the upper lip lying in the upper third,
and the lower lip lying in the lower two-thirds (Fig. 5.5).

Another clinical assessment that can be used to determine the verti-
cal relationships is to assess the angle between the lower border of the
mandible and the maxilla (Fig. 5.6). Placing a finger, or the handle of
a dental instrument, along the lower border of the mandible gives an
indication of the clinical mandibular plane angle.

Fig. 5.5 The face can be divided into equal thirds: hairline to glabella
between the eyebrows (forehead), glabella to subnasale (middle third),
and subnasale to lowest part of the chin (lower third). The lower third
can be further divided into the thirds, withthe upper lip lying in the
upper third and the lower lip lying at thetop of the lower two-thirds.

Fig. 5.6 The mandibular plane angle can be estimated clinically by
looking at the point of contact of intersecting lines made up by the
lower border of the mandible (in blue) and the Frankfort horizontal
plane (in red). The Frankfort plane is actually measured on a lateral
cephalogram (between porion and orbital), but can be estimated
clinically by palpation of the lower border of the orbit. The angle is
considered normal if the two lines intersect at the occiput. In this case,
the lines intersect anterior to the occiput, which is consistent with an
increased angle, suggesting increased vertical proportions. If the lines
intersect posterior to the occiput, then the angle would be decreased,
indicating reduced vertical proportions.
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Transverse assessment

The transverse proportions of the face can be examined from the frontal
view, but also by looking down on the face, by standing behind and
above the patient (Fig. 5.7). No face is truly symmetrical, but any signifi-
cant asymmetry should be noted. The soft tissue nasion, middle part of
the upper lip at the vermillion border, and the chin point should all be
aligned. The face can also be divided into fifths, with each section being
approximately equal to the width of an eye (Fig. 5.8).

Smile aesthetics

Most patients seek orthodontic treatment to improve their smile, so it
is important to recognize the various components of a smile that will
improve the aesthetics (see section on ‘Principal sources and further
reading’).

A normal smile should show the following (Fig. 5.9):

® The whole height of the upper incisors should be visible on full smil-
ing, with only the interproximal gingivae visible. This smile line is usu-
ally 1-2 mm higher in females.

® Theupperincisoredgesshouldrun paralleltothe lower lip (smile arc).
® The upperincisors should be close to, but not touching; the lower lip.

® The gingival margins of the anterior teeth aresimportant if they are
visible in the smile. The margins of the central incisors and canines
should be approximately level, with the lateral incisors lying 1 mm
more incisally than the canines and central incisors.

Extra-oral examination

Fig. 5.7 The transverse examination of the face
should be done from the front, and from above the
patient (by standing behind and above the patient
while they are seated in the dental chair). (a) The
patient has a symmetrical face, with the facial midline
showing alignment of the soft tissue nasion, middle
part of the upper lip at the vermillion border, and the
chin point. (b) The same patient viewed from behind,
confirming the symmetry. (c, d) A patient with
marked mandibular asymmetry to the right.

Fig. 5.8 In aface with normal transverse proportions, the face can divid-
ed into approximately five equal sections—each the width of an eye.
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Fig. 5.9 The patient demonstrates many of the features of the normal
smile: (1) the whole of the upper incisors is visible with only the inter-
proximal gingivae visible; (2) the upper incisor edges are parallel to the
lower lip—indicating a ‘consonant’ smile arc; (3) the upper incisors do
not touch the lower lip; (4)the gingival margins of the central incisors
and canines should be approximately level, with the lateral incisors lying
1 mm incisally; (5) the buccal corridors are visible, but minimal; and (6)
symmetrical dental arrangement. In this case, the only aspect where the
smile aesthetics deviate slightly from the normal is that the upper dental
centreline is slightly to the right of the facial midline.

® The width of the smile should be such that buccal corridors should
be visible, but minimal. The buccal corridor is the space between the
angle of the mouth and the buccal surfaces of the most distal visible
tooth.

® There should be a symmetrical dental arrangement.
® The upper dental midline should be coincident to the middle of
the face.

Many aspects of facial or smile aesthetics cannot be influenced by
orthodontics alone, orindeed cannot be influenced at all. This needs to
be discussed with the patient, and if appropriate, surgical and restora-
tive options may need to be considered.

Soft tissue examination

In addition to assessing the smile aesthetics, a soft tissue examination
will also assess:
® lips (see Box 5.3)
® tongue.
Lips can be competent (i.e. meet together at rest), potentially

competent (position of incisors prevents comfortable lip seal to be
obtained at rest, but the patient can hold'the lips together if required),

Box 5.3 Features of the lips to assess

® Lip competence

® Lip fullness

® Nasolabial.angle

® Method-of achieving an anterior seal.

or. incompetent (require considerable muscular activity to obtain a
lip seal). Lip incompetence is common in preadolescent children, but
increases with age due to vertical growth of the soft tissues. The ability
to achieve lip competence is particularly important when reducing an
overjet in a Class Il division 1 malocclusion, as the stability of the case is
improved if the upper incisor position is under the control of competent
lips at the end of treatment.

Lips should be everted at their base, with some vermillion border
seen at rest. Protrusion of the lips does differ between different eth-
nic groups with patients of Afro-Caribbean origin being more protru-
sive than those of Caucasian origin (see Fig. 5.6). The use of Ricketts’
esthetic line (E-line) provides a guide to the appropriate prominence of
the lips within the face (see Chapter 6, Fig. 6.14).

The nasolabial angle is formed between the base of the nose and
the upper lip and should be 90-110° (Fig. 5.10). It can be affectedby
the shape of the nose, but also the drape of the upper lip. The drape
of the upper lip can be affected by the support of the upper incisor. If
the shape of the nose is normal, a high nasolabial angle could therefore
indicate a retrusive lip, whereas a low nasolabial angle could indicate
lip protrusion.

Fig. 5.10 The normal nasolabial angle is 90-110°. This is important to
note as the angle can be affected by orthodontic movement of the upper
incisors.



The reason why an assessment of the tongue is performed dur-
ing the extra-oral examination is to determine the method by which
patients achieve an anterior seal during swallowing, and the position of
the tongue at rest. In some patients with incompetent lips, the tongue
thrusts forward to contact with the lips to form an anterior seal. This is
usually adaptive to the underlying malocclusion, so when the treatment
is complete and normal lip competence can be achieved, the tongue
thrust ceases. In some patients, there is a so-called endogenous tongue
thrust, which will re-establish itself after treatment, leading to relapse.
Being able to identify cases that may have this strong relapse potential
would be helpful. It is, however, very difficult to confidently distinguish
between an adaptive tongue thrust and an endogenous tongue thrust.
Patients with an endogenous tongue thrust tend to show proclination of
both the upper and lower incisors, an anterior open bite, an associated

5.5 Intra-oral examination

The intra-oral examination allows the clinician'to assess the:

® stage of dental development (by charting the teeth present)

® soft tissues and periodontium for pathology

® oral hygiene

e overalldental health,includingidentifyingany caries and restorations

® tooth position within-each arch and between arches.

Assessment of oral health

It is key that any pathology is identified in the mucosal surfaces, peri-
odontally or in the teeth themselves. Generally, any pathology needs
to be treated and stabilized before any orthodontic treatment can be
undertaken.

Periodontal disease is fortunately unusual in child patients, but is
relatively common in adults. Any mucogingival or periodontal problems
need to be carefully noted. Section 20.4 in Chapter 20 discusses the
importance of identifying and stabilizing periodontal disease, allowing
us to modify treatment planning and mechanics for these patients.

Excellent oral hygiene is essential for orthodontic treatment other-
wise there is a high risk of decalcification and increased attachment loss.
Treatment should not begin until a patient can demonstrate they can
consistently maintain high levels of oral hygiene.

Dental pathology can have a significant influence on the treatment
plan, and additional radiographs and special tests (such as vitality tests)
may be required. We are particularly interested in detecting:

® caries

® areas of hypomineralization

o effects of previous trauma

® non-vital teeth

® tooth wear

® teeth of abnormal size or shape

® existing restorations which may change the way we bond to the
tooth, as well determine the choiceof extractions if space is required.

Intra-oral examination

lisp, and the tongue tends to sit between the incisors at rest. It is prob-
ably the resting position of the tongue, rather than the action of the
tongue in function thatis more important.

Temporomandibular joint examination

It is important'to note the presence of any signs of pathology in the
TMJ and“muscles of mastication during the orthodontic assessment.
Any-tenderness, clicks, crepitus, and locking should be noted, as well
asrecording the range of movement and maximum opening. As men-
tioned in Chapter 1 (see Section 1.4.6), there is no strong evidence to
suggest that TMJ disorders are either associated with malocclusions
or cured by orthodontic treatment. However, if signs or symptoms are
detected then they must be recorded and it may be worth referring the
patient to a specialist before commencing orthodontic treatment.

Assessment of each dental arch
Each arch is assessed individually for:

® crowding (see Box 5.4) or spacing

® alignment of teeth, including displacements or rotations of teeth

® inclination of the labial segments (proclined, upright, or retroclined)

® angulation of the canines (mesial, upright, or distal) as this affects
anchorage assessment later

® arch shape and symmetry

® depth of curve of Spee (see Chapter 7, Section 7.7.1).

Assessment of arches in occlusion

The arches are now assessed in occlusion. The incisor relationships are
assessed first: incisor classification, overjet or anterior crossbites (anter-
oposterior), overbite or open bite (vertical), and centrelines (trans-
verse). Then the buccal relationships are assessed: canine and molar
relationships (anteroposterior), any lateral open bites (vertical), and
buccal crossbites (transverse).

Incisor classification
This is discussed in Chapter 2, Section 2.3.

Overjet

This is measured from the labial surface of the most prominent incisor to
the labial surface of the mandibular incisor (Fig. 5.11). This would nor-
mally be 2-4 mm. If the lower incisor lies anterior to the upper incisors,
then overjet is given a negative value.

Box 5.4 Describing the amount of crowding present

0—4 mm = mild crowding.
4-8 mm = moderate crowding.
> 8 mm = severe crowding.
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Overjet Overbite

Fig. 5.11 Measurement of overjet and overbite.

Overbite

This measures how much the maxillary incisors overlap the mandibu-
lar incisors vertically (Fig. 5.11). There are three features to note when
assessing the overbite:

® Amount of overlap.

® Whether the lower teeth are in contact with the opposing teeth or
soft tissues (complete overbite) or ifithey are not touching anything
(incomplete overbite).

® Whether any soft tissue damageis being caused (when it is described
as traumatic).

A normal value would be one-third coverage of the crown of the
lower incisor. If the overlap is greater than this, the overbite is described
asincreased, and ifitis less than this, itis decreased. If there is no overlap
atall, itis an anterior open bite.

Occasionally an overbite can be traumatic. This usually happens
when the teeth occlude with the junction between the tooth and cervi-
cal gingivae. This could be labial to the lower incisors, or palatal to the
upper incisors (Fig. 5.12).

Centrelines
The centrelines should ideally be coincident with each other and to the
facial midline.

Canine relationship
This is discussed in Chapter 2, Section 2.3.

Molar relationship
This is discussed in Chapter 2, Section 2.3.

Crossbites

A crossbite is a discrepancy in the buccolingual relationship of the
upper and lower teeth. These relationships are described in more detail
in Chapter 13. They can be described by:

® |ocation (anterior or posterior)

® nature of the crossbite (see Box 5.5).

It is very important to note whether there is a displacement of the
mandible on closure when any crossbite is present. A displacement of
the mandible is caused as a result of a premature contact on a particular
tooth or teeth when the patient closes together. This premature con-
tact may lead to the mandible being positioned further anteriorly, or

(a)

(b)

Fig. 5.12 Traumatic overbite. (a) A case with a very deep overbite;

(b) demonstrates that the overbite is complete and traumatic (note
damage associated with gingival stripping palatally of the upper central
incisors).

to the left or right, to allow.the patient to close into full intercuspation
and obtain a more comfortable bite. As a result, there will be a discrep-
ancy between the retruded contact position and intercuspal position
(Fig. 5.13). It is vital.that this displacement of the mandible is identified,
because the crossbite is artificially holding the jaw in a different posi-
tion, and as a result all the other measures of occlusion will be inaccu-
rate. The.orthodontic treatment plan should be based on the retruded
contact position, as this is the position the jaw will return to when the
displacement is removed when the crossbite is corrected.

Box 5.5 Description of crossbites

Buccal crossbite

The buccal cusps of the lower teeth occlude buccal to the buc-
cal cusps of the upper teeth.

Lingual crossbite (or scissor bite)

The buccal cusps of the lower teeth occlude lingual to the
lingual cusps of the upper teeth



(a)

(0

Diagnostic records

(b)

(d)

Fig. 5.13 This patient has an anterior crossbite on the upper left lateral incisor, and posterior crossbite affecting the upper left second premolar and
upper left first molar. When examined carefully it is clear that the patient has a mandibular displacement forwards and to the left on closure, and this'is
caused by a premature contact on the upper left lateral incisor. (a, b) The patient with the teeth in maximum intercuspation (intercuspal position); (c,
d) the patient before displacement off the lateral incisor. Note the difference in the occlusal relationships, particularly the centrelines, as a result of the

displacement of the mandible.

5.6 Diagnostic records

Orthodonticrecords may be required foranumber of possible purposes:

® Diagnosis and treatment planning
® Monitoring growth
® Monitoring treatment

® Medico-legal record

Patient communication and education

Audit and research.

Study models

Study models should show all the erupted teeth and be extended into
the buccal sulcus. Traditionally, they are poured in dental stone and are
typically produced from alginate impressions. They should be mounted
inocclusion, using a wax or polysiloxane bite. They are produced using a
technique known as Angle trimming, which allows models to be placed
on aflat surface and viewed in the correct occlusion from varying angles
(Fig.5.14).

Digital versions of study models, which.should not deteriorate with
time, are easier to transfer,and do not take up physical space, are gradually

replacing stone models. Virtual study models are discussed in the section
on technology advances in orthodontic records in Section 5.6.5.

Photographs

These provide:akey colour record. The usual views taken are as follows:
Four extra-oral (in natural head position):

Fullfacial frontal at rest

Fullfacial frontal smiling

Facial three-quarters view

Facial profile.
Five intra-oral:
® Frontal occlusion

® Buccal occlusion (left and right)
® QOcclusal views of upper and lower arch.
Some operators take short video clips of the patient talking and smil-

ing, as this may provide additional useful information about the denti-
tion and smile in function.
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(a)

(b)

Fig. 5.14 Study models should be produced using a technique known as
Angle’s trimming. This means the models can be placed on a flat surface
on different edges, so the correct occlusion can be viewed from different
angles. (a) The teeth are shown in occlusion, on this occasion stood on

their posterior trimmed base; (b) the two arches viewed independently.

5.6.3 Radiographs

Any radiograph carries a low but identifiable risk, so each radiograph
must be clinically justified. A radiograph is only prescribed after a full
clinical examination to ensure that information cannot be gained by
a less invasive method (see Box 5.6). When considering interceptive
or active orthodontic treatment, a radiograph may provide additional
information on:

® presence or absence of teeth
® stage of development of permanent dentition

® root morphology of teeth, including rootlength and any existing root
resorption

Box 5.6 Radiographs commonly used in orthodontic
assessment

® Dental panoramic tomograph (DPT)

® Cephalometric'lateral skull radiograph

® Upper standard occlusal radiograph

Periapical radiographs

Bitewing radiographs.

® presence of ectopic or supernumerary teeth
® presence of dental disease

® relationship of the teeth to the skeletal dental bases, and their rela-
tionship to the cranial base.

Dental panoramic tomograph (DPT)

This is useful for confirming the presence, position, and morphology
of unerupted teeth, and a general overview of the teeth and their
supporting structures. The focal trough is narrow in the incisor region,
so additional views may be required for some patients in this region
(Fig.5.15).

A DPT should only be taken in the presence of specific signs and
symptoms, so they should not be used as a method of screening clini-
cally asymptomatic patients.

Cephalometric lateral skull radiograph

Sometimes referred to as a ‘lateral ceph’, this is discussed in more detail
in Chapter 6.

Upper occlusal radiograph

This gives a view of the maxillary incisor region and is used to assess
the root form of incisors, detect the presence of supernumerary teeth,
and to locate ectopic canine teeth (Fig. 5.16). The location of teeth on
radiographs often requires views to be taken at different angles using a
technique known as parallax (see Chapter 14, Section 14.5).

Fig. 5.15 A DPT showing an unerupted upper left canine and unerupted
third permanent molars.



Fig. 5.16 Upper occlusal radiograph taken to investigate the impacted
canine shown in Fig. 5.15. There is a suggestion of possible resorption
of the root of the upper lateral incisor, associated with the crown of the
palatally impacted upper left canine.

Periapical radiographs

These can be used‘in any part of the mouth and are useful for assess-
ing root form and local pathology, and locating unerupted teeth (like
the upper occlusal, they can be used with other radiographic views to
identify the position of these teeth using parallax).

Bitewing radiographs

They may be useful in assessing caries and the condition of existing
restorations.

Diagnostic records

Cone beam computed tomography
(CBCT)

Conventional computed tomography (CT) imaging involves the use of
rotating X-ray equipment, combined with a digital computer, to obtain
images of the body. Using CT imaging, cross-sectional images of body
organs and-tissues can be produced. CBCT is a faster, more compact
version of traditional CT with a lower dose of radiation. Through the use
of @ cone-shaped X-ray beam, the size of the scanner, radiation dosage,
and time needed for scanning are all dramatically reduced. The three-
dimensional (3D) views produced may be useful in certain orthodontic
cases:

® Accurate location of impacted teeth and a more accurate assess-
ment of any associated pathology, particularly resorption of adjacent
teeth (Fig. 5.17).

® Assessment of alveolar bone coverage.
o (Cleft palate.

® Assessment of alveolar bone height and volume (which may be rel-
evant in potential implant cases).

® TMJ or airway analysis.

® Planning of some complex combined orthodontics and orthognathic
surgery cases.

Although the radiation dose is considerably smaller than conven-
tional CT scanning, the dose is still higher than for the conventional'radi-
ographs discussed in Section 5.6.3. At the present time, CBCT should
therefore only be used when conventional radiography has failed to
give, or is very unlikely to give, the necessary diagnostic information, for
example, in cases of impacted teeth.

Other 3D imaging techniques are also being developed for use in
orthodontics, suchasoptical laser scanningand stereo photogrammetry.

Fig. 5.17 Cone-beam computed tomography.(CBCT) of the patient with the impacted canine shown in Figs 5.15 and 5.16, confirming that there is a
small amount of root resorption occurring on the palatal aspect of the upper left lateral incisor, close to the apex of the tooth.
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The use of 3D imaging in combined orthodontic and orthognathic sur-
gery is covered in Chapter 22, Section 22.10.1.

The use of 3D imaging is one of the most rapidly developing fields
in orthodontics and the reader is directed to the section on ‘Principal
sources and further reading’ for more details.

Technological advances in orthodontic
records and treatment

Digital photography and radiography have of course been available
for many years. Computer software can be used to combine the two-
dimensional hard and soft tissues information obtained from the pho-
tographs and radiographs to morph images to simulate the outcomes
of orthodontic and/or surgical treatment. This aids treatment planning
and can also help communication and providing informed consent for
patients. This is discussed in more detail in Chapter 22. In more recent
years, there has been a move towards 3D digital records for orthodontic
patients.

Intra-oral scanning can now be used, instead of traditional impres-
sions, to produce virtual study models. Software can be used to effi-
ciently measure arch lengths, tooth size diserepancies, as well as provide
‘virtual treatment set-ups’ offering predictions of the likely occlusion
at the end of treatment. When combined with the information gained
from CBCT, this may allow a better 3D understanding of the relation-
ships of the crowns to the-roots and surrounding alveolar bone, helping

5.7 Forming a problem list

The information collected from the history, examination, and records
produces a database identifying a list of problems. It is this list of prob-
lems that allows the clinician to form a diagnosis (Fig. 5.1). An example
of an orthodontic patient assessment is given in Fig. 5.18.

to define the biological bony limits of any orthodontic treatment. As
technology improves, it will also help in predicting the effect of ortho-
dontic treatment on the relationships of the teeth to the surrounding
soft tissues (smile aesthetics), and the likely effect on facial appearance.

3D imaging in.‘arthodontics has allowed the production of stereo-
lithographic.models, which can then be used to fabricate appliances.
This has been-particularly successful in the development of clear aligner
therapy (see Chapter 21). It has also been used in the production of
guides for fixation plates in orthognathic surgery (see Chapter 22).

Digital technology has also lead to the rise of CAD/CAM (computer-
assisted design and manufacture) fixed appliances, producing custom-
ized appliances, personalized to the patient’s individual dentition. This
has been done in two ways:

® Using intra-oral scans of the patient’s teeth with traditional brack-
ets in place, to produce customized archwires bent by a robot (see
‘Principal sources and further reading’ section).

® Using intra-oral scans of the teeth to produce customized brackets
with individualized bases and personalized prescriptions with the
aim of producing more efficient and predictable results.

It is also possible to combine both customization of the wires and the
brackets to produce fully customized CAD/CAM fixed appliances. This
technology is more frequently used in lingual orthodontics and is dis+
cussed in more detail in Chapter 20, Section 20.6.3.

Chapter 7 will discuss the process by which the problem list produces
alist of aims of treatment. Once the aims of treatment are clear, various
options for treatment can be discussed with the patient, considering the
risks and benefits of each of the options. When the patient understands
all the options, a definitive treatment plan can be agreed.

5.8 Case study: example case to demonstrate orthodontic assessment

(Case (LM) treated by Dr Taiyab Raja under the supervision of
Simon Littlewood.)

Problem list for LM
Pathological problems

Oral hygiene is poor. The first permanent molars have large resto-
rations and may therefore have a limited long-term prognosis.

Developmental (orthodontic) problems

Patient’s concerns: LM is concerned about her prominent and
crooked upper teeth. She has good motivation for treatment and
realistic expectations.

Facial and smile aesthetics: the missing upper right lateral
incisor is compromising her smile. This has caused.an unusual
gingival margin relationship and an asymmetric dental arrange-
ment. Her mandible is slightly retrognathic, but'acceptable. Her
lips are incompetent at rest—competence can only be achieved
by straining the lips.

Alignment and symmetry in each arch: the lower arch is sym-
metrical and U-shaped, with 7 mm of crowding. The upper arch

is symmetrical and V-shaped with 1 mm of crowding. The upper

right lateralincisor is developmentally absent and the upper left
lateral incisor is peg shaped. The upper incisors are proclined at

120° and the upper left canine is severely rotated.

Skeletal and dental problems in the transverse plane: there is
no skeletal asymmetry. The upper centreline is 2 mm to the right
of the facial midline, and the lower centreline is correct. There is a
crosshite tendency on the upper left second premolar.

Skeletal and dental problems in anteroposterior plane: the
mandible is slightly retrognathic, but clinically acceptable. There
is an increased overjet of 8 mm. The molars and canines are %
unit Class Il bilaterally.

Skeletal and dental problems in the vertical plane: the patient
presents with normal vertical skeletal proportions. There is an average
overbite, with an increased curve of Spee in the lower arch of 3 mm.
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Fig. 5.18 (a) Initial photos for case LM.

Aims of treatment for LM
The aims of treatment are directly related to the problem list.

Patient’s concerns: address the patient’s concerns-by reducing
slightly the prominent upper incisors and aligning the teeth.

Facial and smile aesthetics: improve her smile by creating more
normal gingival margin relationships, with-the central incisors

being higher than the adjacent tooth. Improve the symmetry of
the smile by balancing the tooth proportions on the right and left
in the upper labial segment. Allow her to obtain lip competence
at rest by minimal retraction of the upper dentition.

Alignment and symmetry in each arch: relieve the crowding
in both arches. Maintain the lower archform and make the upper
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Orthodontic Assessment Form

Patient Details
Name N Referrer:
lAddress | IIaaammam
- ] Reason for referral

Mis5ing /ateral incisor

Tel Contact: GGG
Date of birth: [ R 433 12 years 1| months

History
Patient’s complaint Habits
Upper Zeelh stick out & are croofed None noted

Growth status

Seil/ growing

Medical history Motivation
Medically it & well l/ery keen For treatment with realistic

expectations Ffor treatment

Dental History (including trauma & previous treatments)

No trauma history. Feja/ar N&/Za/ attender, Socio-behaviour factors  Swpportive family able Zo

with experience of restorations in adult
Zeeth

attend a//?o/nz‘meni5. No apparenz‘ behavioral

problems
Extra-oral examination

Anteroposterior Smile Aesthetics
Mild Class IT Smile aesthetic comprorised éy /»1:‘55:‘}73

Upper right /ateral incisor - creating wunusual
Vertical gingival margin relationships and asymmetrical
Average \vertical proportions dental arrangement

Soft tissues

Lips incompetent at rest with /ower /ip
Transverse behind upper incisors at rest. Normal

Symmetrical swallowing pattern

™)
No 5/3/75 or symploms reported

Intra-oral examination

Teeth present: Lower arch
7 6 5 43 ! 12345 6 7 Moderate crowding (approximately 2m,mm)
7 6 5 4 3 2 | I 2 3 4 5 6 7 S/fjhi/}/ Me\S/a//y inclihed Jower canines
Oral hygiene
Unsatistactory - needs Zo improve
Periondontal health Upper arch
B/eea’inj on proéinj in labial Segments Absent upper rij/zz‘ /ateral and peg-shaped
Tooth quality Upper left [ateral incisor. l/ery r2i/d crowdinj
ﬁ/eav//y restored £irst permanent molars with uppen rfj/lz‘ canine rotaled mesio-

palataltly. by 90°

Teeth in occlusion

Incisor relationship Molars

Class I division Right % wmit Class TI — Left % wnit Class II

Overjet= s mm Canines
Right Y, wnit Class IT Left Y wnt Class I
Overbite
Zncreased & incomplete Crossbites
Centre-lines Crossbite Zendency upper [eft second
Upper centre-/ine 2,17 Zo right of facial presolar
ridline Displacements
Lower centre-/ine correct to Ffacial midline None detected

Fig. 5.18 (b) Completed orthodontic'assessment sheet for case LM. A blank version of this form is available at the end of this book (see
‘Orthodontic Assessment Form’).
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Fig. 5.18 (c) DPT for case LM. The DPT demonstrates the absence of
the upper right lateral incisor and all third permanent molars. There
are also large restorations in all first permanent molars, particularly
the upper left and the lower right first permanent molars.

arch compatible with this. Improve the symmetry in the upper
arch, reduce the prominence and proclination of the upper inci-

sors, and align the teeth, including the‘rotated upper left canine. Fig.5.18 (d) Lateral ceph radiograph of LM. Analysis of this radio-

i graph shows the following values: sella—nasion—A point angle (SNA) =
Skeletal and dental problems imthe transverse plane: correct 75°, (sella-nasion—B point angle) SNB = 73°, A point-nasion-B point

the upper centreline to the facialmidline, and expand the upper angle (ANB) = 2°, upper incisor to maxilla = 120°, lower incisor to man-

arch to remove the crossbite tendency on the upper left second dible =90° and maxillary-mandibular planes angle = 28°. An Eastman
premolar. correction on the ANB produces an ANB =5°. Lateral ceph analysis will
be explained further in Chapter 6. This radiograph confirms the clinical

Skeletal and dental’problems in the anteroposterior plane: findings of a mild Class Il skeletal pattern, with normal vertical propor-
reduce the overjet principally by retraction of the upper incisors. tions and proclined upper incisors.
Some minimal proclination of the lower labial segment could be

Fig. 5.18 (e) Fixed appliances in place
for LM.
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Fig. 5.18 (f) End of treatment records for LM.

accepted. The canines should be treated to a Class | relationship.
The mandible is slightly retrognathic so the case can be treated
by orthodontic camouflage.

Skeletal and dental problems in the vertical plane: flatten the
curve of Spee in the lower arch.

Treatment plan for LM

(The treatment planning process is discussed in Chapter 7.)

® Improve oral hygiene to level suitable for orthodontic treatment.

® Extract peg-shaped upper left lateral incisor-and all first perma-
nent molars.

® Transpalatal arch connecting upper second permanent molars
(see Chapter 15).

® Upper and lower fixed appliances—aiming to close spaces ante-
riorly and camouflaging upper canines as upper lateral incisors,
and camouflaging upper first premolars as upper canines. This
should give a more symmetrical and aesthetic smile.

® Pericision to upper left canine to reduce relapse (see Chapter
16, Section 16.7.1).

® Upper bonded retainer and upper and lower vacuum-formed
retainers (see Chapter 16).
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Key points about orthodontic assessment

® Orthodontic assessment involves taking a history, undertaking
a clinical examination, and collecting appropriate diagnostic
records.

® The history should include the patient’s presenting complaint,
medical history, dental history (including any history of trauma
and previous treatment), habits, physical growth status, motiva-
tion, and any relevant socio-behavioural factors.

® The clinical examination should be a systematic assessment of
the face and dentition in three dimensions.

® Aswell as assessing the patient extra-orally in three dimensions
it is important to assess the smile aesthetics and soft tissues.
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Cephalometry is the analysis and interpretation of standardized radi-
ographs of the facial bones. In practice, cephalometrics has come to
be associated with a true lateral view (Fig. 6.1). An anteroposterior

6.1 The cephalostat

Standardization is required to enable comparison of cephalometric
radiographs from one patient at different time points or from different
individuals. To achieve this, the cephalostat was developed by B. Holly
Broadbent in the period after the First World War. The cephalostat con-
sists of an X-ray machine set at a fixed distance from ear posts, which
fit into the patient’s external auditory.meatus. The central beam of the
machine is directed towards the‘ear posts, which also serve to stabilize
the patient’s head (Fig. 6.2). The position of the head in the vertical axis
is standardized by ensuring.that the Frankfort plane (for definition see
Section 6.5.2) is horizontal. This can be done by manually positioning
the patient or, alternatively, by placing a mirror some distance away
level with the patient’s head and asking him or her to look into their

Fig. 6.1 Alateral cephalometric radiograph. An-aluminium wedge has
been positioned to attenuate the beam thereby enhancing the view of
the soft tissues. The scale allows estimation.of the magnification.

radiograph can also be taken in the cephalostat, but this view is more
difficult to interpret and is usually only employed in cases with a skeletal
asymmetry.

own eyes. This is called the natural head position. It is normal practice
to cone down the area exposed so that the skull vault is not routinely
included in the X-ray beam.

Difficulties in standardizing the distances from the tube to the patient
(usually between 1.5 to 1.8 m) and from the patient to the film (usu-
ally around 30 cm) mean some maghnification, usually around 7-8%, is
inevitable with a lateral cephalometric film. To allow estimation of the
magnification and thus the comparability of different films, it is helpful
if a scale is included in the view. It is essential that the magnification for
a particular cephalostat is standardized if comparison between.radio-
graphs is required. To give a better definition of the soft tissue-outline of
the face an aluminium wedge is positioned to attenuate the beamin that
area, although this is required less frequently with newer digital systems.

6.1.1 Digital radiographs

Conventionally, following the exposure of the X-ray beam onto the radio-
graphic film, the film is processed to give an individual radiograph. With
digital radiographs, the image is stored electronically and viewed directly
on a computer screen. This approach has the advantage that processing
faults are eliminated and the storage and transfer of images is facilitated.

Fig. 6.2 A cephalostat machine with the patient in natural head position
and ear posts stabilizing the head. A thyroid collar is used to reduce the
risk of damage from the ionizing radiation.



Box 6.1 Types of digital radiographs
Direct digital radiography using solid-state sensors

® Asensor is used, which consists of either a charged couple
device (CCD) or a complementary metal oxide semiconductor
(CMOS) overlaid with a scintillation layer.

® X-ray energy strikes the scintillation layer and is converted into vis-
ible light, which interacts with the CCD/CMOS to create an electri-
cal charge.

® Forintra-oral X-rays, the sensor is placed in the mouth and for extra-
oral X-rays, the sensor replaces the film.

® The sensorisconnected by a cable to the computer, which converts
the electrical charge into a digital image.

® |nformation is displayed in ‘real time’ on a computer screen.

There are currently two main approaches used to produce digital
radiographs (Box 6.1). The digital lateral‘cephalometric image can be
digitized directly and the values noted or alternatively, a proprietary

Indications for cephalometric evaluation

Computed radiography using photostimulable phosphor
(PSP) plates
® PSP is placed.in cassette.

® Activation of phosphors by X-ray photons excites electrons
to a higher energy level, which are stored until the plate is read.

e Alaser beam scans the plate, releasing the stored energy
as fluorescent light, which is then converted to a digital
signal.

® This results in a delay in the image appearing on screen.

software package can be used for digitization and analysis of the com-
puter image.

6.2 Indications for cephalometric evaluation

An increasing awareness of the risk of damage to human tissue associ-
ated with ionising radiation has led clinicians to reduce the use of lateral
cephalometry. The following reasons are considered valid indications
for taking a lateral cephalometric radiograph.

Aid to diagnosis and treatment planning

It is possible to carry out successful orthodontic treatment without
taking a cephalometric radiograph, particularly in Class | malocclu-
sions. However, cephalometric analysis may provide useful infor-
mation for assessing the aetiology of malocclusion and for planning
treatment. The benefit to the patient in terms of the additional
information gained must be weighed against the radiation dose
(Table 6.1). Pre-treatment lateral cephalometric radiographs may
be best limited to patients with a skeletal discrepancy and/or where
anteroposterior movement of the incisors is planned. In a small

Table 6.1 Approximate effective dosages of different types
of radiographs

Radiograph Approximate effective
dose (uSv)

Upper anterior occlusal 8

OPT 3-38

Lateral cephalogram <6

CBCT: small volume (dento-alveolar) 10-670

Large volume (craniofacial) 30~1100

proportion of patients it may be helpful to monitor growth with serial
cephalometric radiographs to optimize the planningiand timing of
treatment. Again, the additional radiation dosage to the'patient must
be justifiable and, where possible, other methods of growth monitor-
ing that do not require ionising radiation should be used.

A further use for lateral views during diagnosis is to aid localization
of unerupted displaced teeth and other pathologies (see Chapter 14,
Fig.14.2).

Pre-treatmengrecord

A lateral cephalometric radiograph is useful in providing a baseline
record prior to the placement of appliances, particularly where growth
modification or movement of the upper and lower incisors is planned.

Maenitoring treatment progress

In the. management of severe malocclusions, where tooth move-
mentis occurring in all three planes of space (e.g. treatments involv-
ing functional appliances or upper and lower fixed appliances), it
may be helpful to take a lateral cephalometric radiograph during
treatment to monitor incisor inclinations and anchorage require-
ments. A lateral cephalometric radiograph taken during treatment
to assess treatment progress may also provide information about the
movement of unerupted teeth and upper incisor root resorption.
However, intra-oral images are preferred as greater detail is gained
with lower radiation dose.

End of orthodontic treatment

For patients with severe malocclusions, a lateral cephalometric radio-
graph may be taken near the end of active treatment to check all
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treatment objectives have been met and to aid planning of retention.
Post-treatment lateral cephalometric radiographs are usually restricted
to patients where there is uncertainty around the stability of the out-
come as a result of the treatment methods used, or a concern around
future unfavourable growth.

Research purposes

A great deal of information has been obtained about growth and
development by longitudinal studies, which involved taking serial

cephalometric radiographs from birth to the late teens or beyond. While
the data provided by previous investigations are still used for reference
purposes, it is no longer ethically possible to repeat this type of study
dueto the risks associated with ionising radiation. However, views taken
routinely during the course of orthodontic diagnosis and treatment for
clinical care-may.be used to study the effects of growth and treatment if
the necessary consent and ethical approval are obtained.

6.3 Evaluating a cephalometric radiograph

Before starting a tracing, it is important to examine the radiograph for
any abnormalities or pathology. For example, a pituitary tumour could
result in an increase in the size of the sella turcica.

Hand tracing

In order to be able to derive meaningful information, an accurate and
systematic approach is required which-also involves selecting the right
conditions and equipment for the task.

® The tracing should be carried out in a darkened room on a light view-
ing box. All but the area being traced should be shielded to block out
any extraneous light.

® Proprietary acetate sheets are the best medium as their transpar-
ency facilitates landmark identification.

® A sharp pencil should be used. A 0.3 mm leaded propelling pencil is
recommended to remove the need for a pencil sharpener.

® The acetate sheet should be secured onto the film with masking
tape, which does not leave a sticky residue when removed. The
tracing should be oriented in the same position as the patient was
when the radiograph was taken, that is, with the Frankfort plane
horizontal.

® Stencils can be used to obtain a neat outline of the incisor and molar
teeth. However, too much artistic licence can lead to inaccuracies,
particularly if the crown root angle of a tooth is not ‘average’.

® For landmarks which are bilateral, an average of the two should be
taken unless they are directly superimposed.

e With a careful technique, tracing errors should be of the order of £ 0.5
mm for linear measurements and = 0.5° for angular measurements.

® |t is a valuable ‘learning experience’ to trace the same radiograph
on two separate occasions and compare the tracings. This helps to
reduce the temptation to place undue emphasis upon small varia-
tions from normal cephalometric values.

Definitions of the various points and reference planes are given in
Section 6.5.
Digitization
Information from a conventional hard. copy lateral cephalomet-
ric film can be entered into a computer by means of a digitizer,

comprising an illuminated radiographic viewing screen connected
to the computer and a cursor to record the horizontal and vertical
(x, y) coordinates of cephalometric points and bony and soft tissue
outlines. For digital radiographs the points can be entered directly
by a mouse click. Specialized software can then be employed to
produce a tracing and/or the analysis of choice. An example of a
digitized tracing is shown in Fig. 6.3 and Table 6.2.

Studies have shown digitizing to be as accurate as tracing a radio-
graph by hand and with the increasing use of digital radiographs this
has now become the norm. Digitizing is particularly useful for research;
as any number of radiographs can be entered, superimposed, and/or
compared statistically.

Fig. 6.3 Alateral cephalogram patient MH (female, aged 13 years) with
digital tracing and values.



Commonly used cephalometric points and reference lines

Table 6.2 Cephalometric values for patient MH (see Fig. 6.3)

MH
SNA ............................................................. 330 ............
SNB ............................................................. 770 ............
A. NB ............................................................. 60 ..............
U|nctoMXp| ................................................... 1030 ...........
|_|nc to an| .................................................... %o ............
.I\.A M PA .......................................................... 200 ............
LInCtOAPog .................................................... _07mm .......
|_A|:p ............................................................ 533% ..........

55% * 2%

6.4 Cephalometric analysis: general points

The extensive array of cephalometric analyses available in the ortho-
dontic literature highlights that no single method is sufficient for all
purposes and all methods have their drawbacks. In a book of this size,
it is more appropriate to consider-one analysis in depth. Therefore,
one of the approaches used commonly in the UK will be considered,
the Eastman cephalometric;standard (Table 6.3). For details of other
analyses, the reader.isreferred to the publications cited in the section
‘Principal sources and further reading’.

Cephalometric analyses are based on comparison of the values
obtained for a particular individual (or group of individuals) with the
average values for their population (e.g. Caucasians). The range given
by one standard deviation around the mean will include 66% of the
population and two standard deviations will include 95%.

Cephalometric analysis is of value in identifying the component
parts of a malocclusion and probable aetiological factors—it is useful
when a tracing is finished to reflect why that individual has that particu-
lar malocclusion. However, it is important not to give more credence
to cephalometric analysis than it actually merits; it should always be
remembered that it is an adjunctive tool to clinical diagnosis and differ-
ences of cephalometric values from the average are not in themselves
an indication for treatment, particularly as variations from normal in a
specific value may be compensated for elsewhere in the facial skeleton
or cranial base. In addition, cephalometric errors can occur due to incor-
rect positioning of the patient and incorrect identification of landmarks
(see Section 6.11).

6.5 Commonly used cephalometric points and reference lines

The points and reference lines are shown in Fig. 6.4.

Points

A point (A): the point of deepest concavity on the anterior profile of
the maxilla. It is also called the subspinale and is taken to represent the

anterior limit of the maxillas‘A-point can be tricky to locate accurately,
however, tracing the outline of the root of the upper central incisor
first and shielding all extraneous light can aid identification. ‘A’ point is
located on alveolar.bone and is liable to changes in position with tooth
movement and growth.

Table 6.3 Cephalometric norms for Caucasians (Eastman Standard)

Measurement Mean value Standard deviation

SNA ....................... 810 ................... é;’ ...............................
SNB ....................... 7g° ................... é; ...............................
.A. NB ...................... é; .................... é:’ ...............................
U|nc to Mxp| ............. 1090 ................. (.); ...............................
|_|nc to M nP| .............. 930 ................... 60 ...............................

For definitions see Section 6.5

Measurement Mean value Standard deviation

Inte“ nc i.s :a'|’ angle .......... 1 350 ................. 1 6'0 ...........................
MMPA ...................... 270 ................... ‘.‘; ............................
Fac|a| propomon ........... 55% .................. 2% ...........................
LlnctoAPog | i.r;.e ........... +1 . mm ............... 2mm ........................
SN to MxPI ................. é;’ .................... é;’ ............................
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Mandibular

Fig. 6.4 Commonly used points and reference lines.

Anterior nasal spine (ANS): the tip of the anterior process of the
maxilla, situated at the lower margin of the nasal aperture.

B point (B): the point of deepest concavity on the anterior surface
of the mandibular symphysis. B point is also sited on alveolar bone and
can alter with tooth movement and growth.

Gonion (Go): the most posterior inferior point on the angle of
the mandible. This point can be ‘guesstimated’, or determined more
accurately by bisecting the angle formed by the tangents from the
posterior border of the ramus and the inferior border of the mandible
(Fig. 6.5).

Menton (Me): the most inferior point on the mandibular symphysis.

Nasion (N): the most anterior point on the frontonasal suture. If it is
difficult to locate the nasion, the point of deepest concavity at the inter-
section of the frontal and nasal bones can be used instead.

Orbitale (Or): the most inferior anterior point on the margin of the
orbit. By definition, the left orbital margin should be used to locate this
point. However, this can be a little tricky to determine radiographically,
and so an average of the two images of left and right is usually taken.

Pogonion (Pog): the most anterior point on the mandibular
symphysis.

Porion (Po): the uppermost outermost point on the bony external
auditory meatus. This landmark can be obscured by the ear posts of
the cephalostat, and some advocate tracing these instead. This is not
recommended, however, as they do not approximateto the position of
the external auditory meatus.

Go

Fig. 6.5 Construction of gonion (Go): tangents are drawn to the pos-
terior and inferior borders of the mandible. A line is then drawn from
the angle formed by the tangents to bisect the angle of the mandible.
Note—if two mandibular outlines are visible, the procedure is complet-
ed for both outlines and gonion is estimated to be midway between the
two constructed gonion points

Posterior nasal spine (PNS): the tip of the posterior nasal spine of
the maxilla. This point is often obscured by the developing third molars,
but lies directly below the pterygomaxillary fissure.

Sella (S): the midpoint of the sella turcica.

Reference lines

SN line: the line connecting the midpoint of the sella turcica with the
nasion, taken to represent the cranial base.

Frankfort plane: the'line joining the porion and the orbitale. This
plane is difficult to'record accurately because of the problems inherent
in determining the orbitale and porion.

Maxillary plane: the line joining the ANS with the PNS. Where it is
difficult to determine the ANS and PNS accurately, a line parallel to the
nasal floor can be used instead.

Mandibular plane: the line joining gonion and menton. This is only
one of several definitions of the mandibular plane, but is probably the
most widely used. Other definitions can be found in the publications
listed in the section on ‘Principal sources and further reading’.

Functional occlusal plane (FOP): a line drawn between the cusp
tips of the permanent molars and premolars (or deciduous molars in
mixed dentition). It can be difficult to decide where to draw this line,
particularly if there is an increased curve of Spee or only the first per-
manent molars are in occlusion during the transition from mixed to per-
manent dentition. The functional plane can change orientation with
growth and/or treatment and it is therefore not particularly reliable for
longitudinal comparisons.



6.6 Anteroposterior skeletal pattern

Angle ANB

To enable comparison of the position of the maxilla and mandible, it is
necessary to have a fixed point or plane. The skeletal pattern is often
determined cephalometrically by comparing the relationship of the
maxillaand mandible with the cranial base by means of angles SNA and
SNB. The difference between these two measurements, angle ANB, is
classified broadly as shown in Table 6.4.

Table 6.4 Classifications of ANB angle

ANB < 2° Class Il
2° < ANB > 4° Class |
ANB > 4° Class Il

Table 6.5 Change in value of SNA, SNB, and ANB angle as
nasion position changes (see Fig. 6.4)

Nasion in original
position (black)

Nasion moved anteriorly (red)

SNA =83° SN*A =80°
SNB=77° SN*B =76°
ANB = 6° AN*B = 4°

N*

Fig. 6.6 Effect of variations in the position of nasion on angles SNA, SNB,
and ANB. Nasion has been moved anteriorly (N*).

Anteroposterior skeletal pattern

However, this approach has two assumptions: (1) the cranial base,
as indicated by the line SN, is a reliable basis for comparison; and (2)
points A and B are indicative of maxillary and mandibular basal bone.
As previously indicated, A and B points can be affected by changes in
incisor root position and this should be remembered when using SNA,
SNB;-and ANB to assess treatment changes. Variations in the position
of nasion, particularly anteroposterior changes, affect angles SNA and
SNB and thus their relationship in ANB (Fig. 6.6 and Table 6.5). Hence,
an increase or reduction in SNA from the average value could be due to
either a discrepancy in the position of the maxilla (point A) or nasion.

To compensate for the effect of an aberrant nasion position on ANB, a
modification called the ‘Eastman correction’ is suggested (Fig. 6.7). This
is only applied to cases with a change in the position of the nasion, indi-
cated by a normal angle between the maxillary plane and sella—nasion
line (8° +£3°). An angle value outside this range indicates the position of
the sellais at fault and because this affects the SNA and SNB values to the
same extent, the ANB value does not require correction.

Fig. 6.7 Assessment of skeletal pattern using ANB derived from angles
SNA and SNB, with application of the Eastman correction. SNA is
increased and the angle between the SN line and maxillary plane is
within normal range. Therefore the correction can be applied:

ANB +

(81 ;83 ) =6°—-1°=5°

The ANB difference of 6° suggests a mild Class Il skeletal pattern.
However, if the ANB difference is corrected, the new value of 5° suggests
a Class | skeletal pattern based on the Eastman Standard values.
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Table 6.6 Anteroposterior assessment of patient MH

MH Mean
SNA ...................... é'3'o ...................... 81 5 i 3 ................
SNB ...................... 770 ...................... 78 i 3 ................
SNMX .................... é;’ ....................... é.o i 3 .................
.A. NB ..................... (.’; ....................... 3 i 2 .................

To perform the correction:

® |f SNA is increased: for every degree that SNA is greater than 81°,
subtract 0.5° from ANB.

® [fSNAisreduced: for every degree that SNA is less than 81°, add 0.5°
to ANB.

Nasion perpendicular

Another popular cephalometric method for assessing anteroposterior
jaw relations arises from the McNamara analysis. A line is drawn inferi-
orly from the nasion perpendicular.to the Frankfort plane (nasion—per-
pendicular) and this can be used to estimate maxillary and mandibular
positions using point A and-pogonion respectively. The method is as
follows:

1. The nasion perpendicular is constructed by drawing a line perpen-
dicular to the Frankfort plane, extending inferiorly from the nasion.

2. The distance from the point A perpendicular to this line is measured
to assess the maxillary position (a).

3. The distance from the pogonion perpendicular to this line is meas-
ured to assess the mandibular position (b).

See Fig. 6.8 and Table 6.7. This method has similarities to the clinical
assessment using the zero meridian (see Chapter 5, Section 5.4.1). The
main limitations in using the nasion perpendicular arise from location
of the Frankfort plane and the potential variation in the position of the
nasion.

Alternatively, an approach that avoids the cranial base and nasion, for
example, the Ballard conversion (see Section 6.6.3) or the Wits analy-
sis (see Section 6.6.4) can be used to supplement the above analyses,
particularly where the cephalometric findings are at variance with the
clinical assessment.

Ballard conversion

Ballard’s method uses the incisors as indicators of the relative position
of the maxilla and mandible. The aim is to tilt the teeth to their normal
angles (thus eliminating any dento-alveolar compensation) with the
result that the residual overjet will indicate the relationship of the max-
illa to the mandible. The method is as follows (Fig. 6.9):

1. Trace the outline of the maxilla, the mandibular symphysis, the inci-
sors, and the maxillary and mandibular planes (shown in black).

N-perpendictyar

Fig. 6.8 Anteroposterior skeletal relationships assessed using nasion
perpendicular.

Table 6.7 Average values for anteroposterior assessment
using nasion perpendicular

Composite norm

Pogonion to nasion perpendicular -2 mm to +4 mm

Fig. 6.9 Ballard conversion MH (female, aged 13 years): average upper
incisor angle to maxillary plane, 109°; lower incisor angle to mandibular
plane, 120° —-20° =100°.



2. Mark the ‘rotation points’ of the incisors one-third of the root length
away from the root apex.

3. Rotating around the point marked, reposition the upper incisor at an
angle of 109° to the maxillary plane (shown in red).

4. Repeat for the lower incisor—in this case, reposition lower incisor
to 100° to allow for the maxillary mandibular planes angle of 20°
(shown in red). The residual overjet reflects the underlying skeletal
pattern.

In the case shown in Fig. 6.9, the lower incisor edge lies distal to the
cingulum plateau of the uppers with an increased overjet, indicating a
mild Class Il skeletal pattern.

The Ballard conversion should not be confused with a prognosis trac-
ing (see Section 6.8.1, Fig. 6.13), which aims to assess the scope for ortho-
dontic camouflage in patients with an underlying skeletal discrepancy.

Wits analysis

This analysis compares the relationship of .the maxilla and mandible
with the occlusal plane. There are several definitions of the occlusal
plane, but for the purposes of the Wits-analysis it is taken to be a line
drawn between the cusp tips of the molars and premolars (or deciduous
molars), known as the FOP. Perpendicular lines from both point A and
point B are drawn to the FOR to give points AO and BO. The distance
between AO and BO is then measured.

6.7 Vertical skeletal pattern

There are many different ways of assessing vertical skeletal proportions.
The more commonly used include the following.

® The maxillary-mandibular planes angle (MMPA) (Fig. 6.11 and
Table 6.8). The average MMPA is 27 + 4°,

® Frankfort mandibular planes angle (FMPA) (Fig. 6.11 and Table 6.8).
The average angle is 28 + 4°. However, the maxillary plane is easier
to locate accurately and is therefore more widely used.

® The anterior facial proportion (Fig. 6.12). This is the ratio of the lower
anterior facial height (maxillary plane to menton) to the total ante-
rior facial height (nasion to menton) measured perpendicularly from
the maxillary plane, calculated as a percentage:

Lower anterior face height N

Anterior facial proportion = - .
prop Total anterior face height

A discrepancy between the results for the MMPA and the facial
proportion can arise from an altered posterior face height, as MMPA
reflects both posterior lower facial height and anterior lower facial
height (Fig. 6.12). For example, in the case of patient MH in Fig. 6.12

Table 6.8 Vertical assessment of patient MH

MH Mean
MMPA 20° 27° +4°
FMPA 25° 28° £ 4°

Vertical skeletal pattern

Fig. 6.10 Wits analysis. For MH (female, age 13 years), the distance from
AO to BO for MH is 0.3 mm, suggesting a Class | skeletal pattern.

The method is as follows (Fig. 6.10):

1. The FOP is constructed.

2. Aperpendicular line is drawn from point A and point B to the FOP to
give points AO and BO.

3. The distance between AO and BO is measured. The average values

are =1 mm (£ 1.9 mm) for males and 0 mm (+ 1.77 mm) for females.

The main drawback to the Wits analysis is that the FOP is not easy to
locate, which affects the accuracy and reproducibility of the Wits analy-
sis. A slight difference in the angulation of the FOP can have a marked
effect on the relative positions of AO and BO.

who has a decreased MMPA but an average facial proportion it would
appear that the posterior lower facial height is increased (as opposed to
a decreased anterior lower facial height).

Fig. 6.11 Assessment of vertical skeletal pattern using the MMPA and

FMPA for patient MH (female, aged 13 years). The MMPA is decreased.
This may be due to either a decreased lower anterior face height or an

increased lower posterior face height.
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UAFH
PFH

LAFH

6.8 Incisorposition

The average value for the angle formed between the upper incisor and
the maxillary plane is 109+ 6°, and for the lower incisor and the mandib-
ular plane is 93 + 6° in Caucasians. It should be remembered that there
is ethnic variation in these norms and more proclination is expected for
other racial groups. The inter-incisal angle, formed by intersecting the
lines through the upper and lower incisors, is important for overbite
correction (see Chapter 10).

The ‘normal’ value for the lower incisor angle is for an individual with
an average MMPA of 27°. It has been suggested that there is a rela-
tionship between the MMPA and the lower incisor angle: as the MMPA
increases, the lower incisors become more retroclined. As the sum of
the average MMPA (27°) and the average lower incisor angle (93°)
equals 120°, an alternative way of deriving the ‘average’ lower incisor
angulation for an individual is to subtract the MMPA from 120°: Lower
incisor angle =120° — MMPA.

Prognosis tracing

Sometimes it is helpful to be able to determine the type and amount
of incisor movement required to correct an increased or reverse
overjet. Although the skeletal pattern will give an indication, on
occasion, compensatory proclination or retroclination (known as
dento-alveolar compensation) of the incisors, can create challenges
when determining the scope for tooth movementIn-such cases it
may be helpful to carry out a prognosis tracing. This involves ‘mov-
ing’ the incisor(s) to mimic the movements achievable with different
treatment approaches to help determine the best course of action
for that patient. An example is shown.in'Fig. 6.13, where it can be
seen that bodily retraction of the upperincisors would result in their

Fig. 6.12 The facial proportion can also be used to assess vertical com-
ponents. For MH (female, aged 13 years) the lower anterior face height is
in the normal range (53.3%).

Upper Anterior Face Height(N-MxPI) = 44 mm
Lower Anterior Face Height (M x PI-Me) =51.5mm

Total Anterior Face Height (LAFH+UAFH) = 95.5 mm

Lower Anterior Facial Proportion = %ﬂﬁ 100 = @EE( 100 =53.3%
AFH 55

This does not agree with the reduced vertical component indicated by
the MMPA value 20°. A discrepancy may be noted between the anterior
face height and the MMPA or FMPA if the posterior face height (S-Go) is
outside the normal range.

For MH, the posterior face height is increased, suggesting a horizontal
(forward) growth rotation.

Posterior Face Height (S - Go) = 66.2 mm

PFH _ 66.2mm

—= =69.3%
AFH 955mm

Posterior: Anterior ratio (Jarabak’s ratio) =

> 65% indicates a forward growth rotation
< 62% indicates a backwards growth rotation

being retracted out of the palatal bone. This is obviously not a practi-
cal treatment proposition and indicates alternative treatment meth-
ods are needed, in this case a surgical approach.

Another useful rough guide to assessing tooth movement is to
assume that for 2.5° of angular movement (about a point of rotation
one-third of the way down the root from the apex) the upper incisor
edge will translate approximately 1 mm.

Fig. 6.13 Prognosis tracing: CP (female) aged 18 years. From this
diagram it can be seen that bodily movement of the upper incisors to
reduce this patient’s overjet would not be feasible. Therefore, a surgical
approach was recommended.



A—-pogonion line

Raleigh Williams noted when he analysed the lateral cephalometric
radiographs of individuals with pleasing facial appearances that one fea-
ture which they all had in common was that the tip of their lower incisor
lay on or just in front of the line connecting point A with the pogonion.
He advocated using this position of the lower incisor as a treatment goal

6.9 Soft tissue analysis

Careful analysis of the soft tissues is important, particularly if changes
to incisor position are planned and in diagnosis and planning prior
to orthognathic surgery (see Chapter 22). As with other elements of
cephalometric analysis, there are a large number of different analy-
ses of varying complexity. Some of the more commonly used analyses
include:

® the Holdaway line: a line from the soft tissue-chin to the upper lip

Assessing growth and treatment changes

to help ensure a good facial profile. While this line may be useful when
planning orthodontic treatment, it must be remembered that it is only
a guideline to good facial aesthetics and not an indicator of stability. If
the lower incisors are moved from their pre-treatment position of labio-
lingual balance-there is a likelihood of appreciable relapse following
removal of appliances.

® Rickett’s E-plane: a line joining the soft tissue chin and the tip of the nose

® thefacial plane: aline between soft tissue nasion and soft tissue chin.

These analyses are demonstrated in Fig. 6.14.

As with other aspects of cephalometrics, but perhaps more perti-
nently, these analyses should be supplementary to a clinical examina-
tion and it should also be remembered that beauty is in the eye of the
beholder.

6.10 Assessing growth and treatment changes

The advantage of standardizing lateral cephalometric radiographs is
the scope it gives for comparison of radiographs between (1) groups of
patients for research purposes or (2) the same patient over time to eval-
uate growth and treatment changes. In some cases, it may be helpful to
monitor growth of a patient over time before deciding upon a treatment
plan, particularly if unfavourable growth would result in a malocclusion

that could not be treated by orthodontics alone. During treatment, it
can be helpful to determine the contributions that tooth movements
and/or growth have made to orthodontic correction and to help ensure
that, where possible, a stable result is achieved.

Hard and soft tissue changes can be assessed by simply comparing
the values of sequential cephalograms, however, superimposition of the

Holdaway

Rickett’s
E-plane

Fig. 6.14 Commonly used soft tissue analyses. The Holdaway
line: a line from the soft tissue chin to the upper lip. In a well-
proportioned face, this line, if extended, should bisect the nose.
Rickett’s E-plane: a line joining soft tissue chin and tip of the
nose. In a balanced face, the lower lip should lie 2 mm (£ 2 mm)
anterior to this line with the upper lip positioned a little further
posteriorly to the line. The facial plane: a line between soft
tissue nasion and soft tissue chin. In a well-balanced face, the
Frankfort plane should bisect the facial plane at an angle of
about 86° (indicated by *) and point A should lie on it.
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(a)

(b)
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Fig. 6.15 Cephalometric superimposition provides a detailed picture of changes due to growth or treatment. Black lines = pre-treatment; blue lines =
post treatment. The structures used for the superimposition will determine the changes that can be assessed. (a) Superimposition on the cranial base
using the SN line. This allows evaluation of overall facial change relative to the cranial base. (b) Maxillary superimposition using the maxillary plane.
This enables evaluation of dental and skeletal changes in the maxilla. (c) Mandibular superimposition using the mandibular plane. This enables assess-

ment of dental and skeletal changes in the mandible.

cephalometric tracings provides a more detailed picture of the changes
(Fig. 6.15). To enable accurate comparison of radiographs it is necessary
to have a fixed point or reference line, which does not change with time
or growth. This poses a dilemma, as there are no natural fixed points or
planes within the face and skull. This should be borne in mind when
interpreting the differences seen on superimposed cephalometric
radiographs.

The lack of natural stable reference points within the face and
skull was overcome in the historical studies by Bjork, where metal
markers were inserted in the facial skeleton to provide a fixed refer-
ence point. Whilst this approach is obviously not applicable in the
management of patients, it did provide considerable-information on
patterns of facial growth. Bjork’s ‘Structural Method’ for undertaking
cephalometric superimposition is based on the anatomical structures
known to be most stable and this is generally accepted to be the

most accurate‘approach. A reference for a comprehensive guide to
superimpositions is provided in the section on ‘Principal sources and
further reading’.

0.1 Cranial base

The SN line is taken in cephalometrics to be an approximation of the
cranial base. However, growth does occur at the nasion, and therefore
superimpositions on this line for the purpose of evaluating changes over
time should be based at the sella. Unfortunately, growth at the nasion
does not always conveniently occur along the SN line and if the nasion
moves upwards or downwards with growth, this will introduce a rota-
tional error in comparisons of tracings superimposed on the SN. It is
more accurate to use the outline of the cranial base (called de Coster’s
line) as little change occurs in the anterior cranial base after 7 years of



age (see Chapter 4). This method is more difficult and a clear radiograph
and good knowledge of anatomy are required to do this reliably.

The maxilla

Growth of the maxilla occurs on all surfaces by periosteal remodelling.
For the purpose of interpretation of growth and/or treatment changes,
the least affected surface is the anterior contour of the zygomatic pro-
cess. This is the preferred structure for superimposition, however, the
maxillary plane registered at the PNS is commonly used as it is easier
to identify.

6.11 Cephalometric errors

As mentioned previously, cephalometric”analysis has limitations
and should only be used as a supplement to the clinical assessment.
Cephalometric errors can be subdivided as follows: those arising from
projection errors, difficulties in identifying landmarks, and subsequent
errors in measurements.

Projection errors

A cephalometric radiograph is a slightly enlarged, two-dimensional
representation of a three-dimensional (3D) patient; hence, some pro-
jection errors are unavoidable. Angular measurements are generally
preferred to linear measurements.

6.12 3D cephalometric analysis

Cone beam computed tomography (CBCT) is becoming more widely
available and as a result, interest in 3D cephalometry is increasing.
The potential benefits of 3D views are apparent; more accurate rep-
resentation of the craniofacial structures, more detailed morphology
for diagnosis, and scope for growth monitoring and treatment plan-
ning in all three planes. Identification of cephalometric landmarks
and measurement using these points is generally accurate; however,

Key point

3D cephalometric analysis

The mandible

The mandibular plane.is.sometimes used for superimposition of the
mandible; however, this can be highly erroneous due to significant
remodelling in thelower border and angle of mandible. The landmarks
that change least' with growth and are therefore preferred for superim-
position.are as follows (in order of usefulness):

® The innermost surface of the cortical bone of inferior border of the
symphysis.

® The anterior contour of the chin.

® The outline of the inferior dental canal.

® The crypt of the developing third permanent molars from the time of
mineralization of the crown until root formation begins.

Landmark identification

Accurate identification of cephalometric points is often difficult particu-
larly if the radiograph is of poor quality. As described in Section 6.5, some
points are more difficult to locate than others, for example, Porion is par-
ticularly problematic. Where reference planes are constructed between
two points, the errors inherent in determining them are compounded.

Measurement errors

All analyses relate cephalometric points and planes to each other so any
errors of landmark identification are multiplied. In addition, operator
mistakes may contribute to measurement error.

there is not currently.a standardized method for performing 3D
cephalometric analysis, To date, the most common use for 3D cepha-
lometry is orthognhathic treatment planning (see Chapter 21, Section
21.10.1), particularly for those patients with facial asymmetry. For
extensive discussion around 3D cephalometry, the reader is referred
to the publications cited in the section on ‘Principal sources and fur-
ther reading’.

Cephalometric assessment is an adjunct to clinicalassessment and findings from cephalometric analysis should be interpreted with
consideration of clinical findings. The aim of erthodontic treatment is to improve the patient’s appearance, not to move them nearer to a

cephalometric norm.
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7.1 Introduction

Treatment planning is the most complex area in orthodontics. In order
to formulate an appropriate treatment plan the clinician needs to be
competent in history taking, examination of the-patient, and collection
of appropriate records. The clinician also needs to have an understand-
ing of growth and development, facial and dental aesthetics, occlusion,

the aetiology of malocclusion, different orthodontic appliances and
mechanics, the physiology of tooth movement, the risks and benefits of
treatment, retention, and relapse. This chapter must therefore be read
in conjunction with other relevant chapters. The aim of this chapter is to
offer a logical approach to treatment planning.

7.2 General objéctives of orthodontic treatment

When planning treatment, the following areas need to be considered:

® Aesthetics
® QOral health
® Function
® Stability.

Ideally, orthodontic treatment should ensure a good aesthetic result,
both facially and dentally; it should not compromise dental health; it

should promote good function; and it should produce as stable a result
as possible. Treatment should never compromise dental healthor. func-
tion, but occasionally, it may not be possible to produce a treatment
plan that creates ideal aesthetics and the most stable result. In these
cases, a compromise may need to be reached and this must be dis-
cussed with the patient as part of the consent process, explaining the
limited treatment objectives (see Section 7.8).

7.3 Forming an orthodontic problem list

By following a logical process, the clinician can draw up a problem list
that will help to provide the information needed to form the treatment
plan. This process is shown in Fig. 7.1.

The history, examination, and collection of appropriate records are
required to identify the problems in any case. This list of problems helps
to formulate a diagnosis. Problems can be divided into pathological
problems and developmental problems. Pathological problems are
problems related to disease, such as caries and periodontal disease, and
need to be addressed before any orthodontic treatment is undertaken.
Developmental problems are those factors related to the malocclusion
and make up the orthodontic problem list. In order to make this prob-
lem list more understandable, it can be classified into six sections:

The patient’s concerns

Facial and smile aesthetics

Alignment and symmetry within each arch

Skeletal and dental relationships in the transverse plane
Skeletal and dental relationships intheanteroposterior plane

ok W =

Skeletal and dental relationships in the vertical plane.

7.3.1 The patient’s concerns

The patient’s role in‘orthodontic treatment success is vital. The follow-
ing areas need to be considered:

® Patient’sconcerns
® Patient’s expectations

® Patient’s motivation.

A patient will only be satisfied if those aspects of their malocclu-
sion which trouble them are addressed. An appropriate history should
reveal which features they are unhappy with and importantly, the
result they are hoping for, or expect, at the end of treatment. Where
possible, the clinician should formulate a plan that addresses the
patient’s area of complaint. However, occasionally the patient’s per-
ception of their problem or expectations may be unrealistic. The role
of the orthodontist is then to counsel the patient carefully to explain
what can or cannot be achieved. If the patient’s expectations are
unrealistic, then treatment should not be undertaken. It is also often
helpful for the orthodontist to explain to the patient the parts of the



4>| Database of information |

i

| Analysis of information

l

| Problem list (diagnosis)

l

l l

Developmental (orthodontic)

problems

* Patient’s concerns

* Facial-and dental aesthetics

* Alignment and symmetry in
each arch

« Skeletal and dental problems
in each plane (transverse,
anteroposterior, and vertical)

Pathological problems
E.g. periodontal disease
and caries

Fig. 7.1 Dividing the problem list into pathological and developmental
problems.

occlusion which are normal and that are therefore not going to be
changed.

Undergoing orthodontics requires a great deal of active participation
and cooperation fromthe patient. No matter how skilful the orthodontist,

Forming an orthodontic problem list

treatment will not succeed unless the patient is sufficiently motivated to
cooperate with all aspects of their orthodontic care. If the patient is not
sufficiently motivated, then treatment should not be undertaken.

Facialland smile aesthetics

Straight teeth-do not necessarily create a good smile and appropri-
ate facial‘aesthetics. The position of the teeth within the face, and the
effectsof tooth movements on the overlying soft tissues of the lips, need
to'be considered. This is a complex area for a number of reasons.

The perception of facial aesthetics is affected by personal and cul-
tural factors and also by fashions and trends. There has been a recent
trend towards more protrusive profiles, with proclination of both the
upper and lower dentitions to produce more lip support. Advocates
suggest that this treatment approach leads to increased lip protrusion
and can produce a more youthful appearance, but it does come with
some potential risks. Firstly, proclination of incisors may move the
teeth into areas of increased instability, with a tendency for the lips and
cheeks to push the teeth back and cause relapse. In addition, excess
expansion and proclination may lead to teeth perforating the buccal
plate, causing bony dehiscences and possibly compromising future
periodontal health. It is also important for patients to understand
that excessive protrusion of the dentition can produce an unaesthetic
result.

The effect of tooth movement on the overlying soft tissues is unpredict-
able. Itis untrue to suggest that extracting teeth and retroclining the upper
incisors will automatically compromise the facial aesthetics-However,
care must be taken in cases where excessive retroclination.of the upper
labial segment is being considered, to avoid flattening of the facial profile.
This would be particularly contraindicated in patients with an increased
nasolabial angle, large nose, and retrognathic mandible (Fig. 7.2).

Fig. 7.2 Consideration of facial aesthetics in orthodontic treatment planning. Patient OP presents with a markedly increased overjet of 12 mm.
Although the patient complained about the prominent upper teeth, a large proportion of the problem is the retrognathic mandible. Simply retracting
the upper labial segment would reduce the overjet, but this would have an unfavourable effect on the facial profile. The soft tissue response to dental
movement is unpredictable, but in this case, with such a large dental movement required and the retrognathic mandible, reducing the overjet by
reduction of the incisors alone would unfavourably flatten the facial profile. The full treatment of this case is shown in Chapter 19.
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Smile aesthetics are discussed in Chapter 5, Section 5.4.4.

Many aspects of facial or smile aesthetics cannot be influenced by
orthodontics alone. This needs to be discussed with the patient, and if
appropriate, surgical and restorative options may need to be considered.

Alignment and symmetry in each arch

The amount of crowding or spacing in each arch needs to be assessed,
as well as the inclination of the upper and lower incisors and any tooth
size discrepancies identified. This will play a major role in assessing the
amount of space required to treat the case. The process of determining
the amount of space required is called ‘space analysis’ (see Section 7.8).
The shape and symmetry within each arch is also noted.

7.4 Aims of orthodontic treatment

The orthodontic problem list provides a logical summary of the informa-
tion collected during the history, examination; and taking of diagnostic
records. The next stage is to work through-the orthodontic problem list
deciding which problems will be addressed and which will be accepted.
Any pathological problems need to be addressed. With the develop-
mental problems, it may be helpfulto put them in priority order, ensur-
ing that the patient’s main_ complaints are addressed. While it is ideal
to be able to address every.problem in the list, this may not always be
possible, particularly with adults. By producing a prioritized problem
list, it ensures that any compromises are acceptable to both the patient
and the orthodontist.

Skeletal and dental relationships in all
three dimensions

Chapter 5 emphasized the importance of assessing the patient in all
three dimensions(transverse, anteroposterior, and vertical). The aim is
to describe the occlusion, distinguishing between the dental and skel-
etal factors contributing to the malocclusion in each plane. Generally,
it is easier to correct malocclusions that are due to dental problems
alone—if there are underlying skeletal problems, these are often more
difficult to treat. The approaches to treating patients with skeletal prob-
lems are discussed in Section 7.5.

This prioritized list of problems can then form the basis of the aims
of treatment. Once the aims have been decided, possible solutions can
be considered, which will lead to the formulation of the final definitive
treatment plan (Fig. 7.3).

There is often more than one treatment plan possible for each
patient. The clinician must discuss the realistic options available to the
patient, explaining the risks and benefits of each approach, including
the effects of no treatment at all. This forms the basis of valid consent
(see Section 7.8).

7.5 Skeletal problems and treatment planning

There are three options for treating malocclusions with underlying skel-
etal problems:

® Orthodontic camouflage
® Growth modification

® Combined orthodontic and surgical approach.

Orthodontic camouflage

Treatment with orthodontic camouflage means that the skeletal dis-
crepancy is accepted, but the labial teeth are moved into a Class |
relationship. The smaller the skeletal contribution to the malocclu-
sion, the more likely that orthodontic camouflage will be possible. It
is easier to camouflage anteroposterior skeletal problems than verti-
cal problems, which in turn are easier to camouflage than transverse
problems.

Growth modification

This type of treatment is also known as dentofacial orthopaedics and is
only possible in growing patients. By use of certain orthodontic appli-
ances, minor changes can be made to the skeletal pattern. Most growth
modification is used to correct anteroposterior discrepancies as it is

harder to make changes in the vertical dimension and even more dif-
ficult to alter transverse skeletal discrepancies.

There is increasing evidence-that any growth modification that does
occur is usually minimal. In-most cases, growth modification is used for
treatment of Class Il malocclusions using headgear (see Chapters 9 and
15) or functional appliances (see Chapter 19). It can also be used for the
early treatmentof patients with a Class lll skeletal pattern with a retrog-
nathic maxilla, using a protraction facemask (see Chapter 11).

5,3 Combined orthodontic and orthognathic
surgical treatment

This involves surgical correction of the jaw discrepancy in combina-
tion with orthodontics, to position the dentition to produce opti-
mum dental and facial aesthetics. This is undertaken on patients
who are fully grown. This may be indicated for patients with severe
skeletal or very severe dento-alveolar problems, who are beyond
the scope of orthodontics alone. It is also sometimes indicated if the
patient is too old for growth modification, and orthodontic camou-
flage would produce a compromised facial result. Combined ortho-
dontics and orthognathic surgical treatment is discussed further in
Chapter 22.
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7.6 Basic principles in orthodontic treatment planning

Once the aims of treatment have been established, treatment planning
can begin. The basic principles are discussed below.

Oral health

The first part of any orthodontic treatment plan is to establish and main-
tain good oral health. While definitive restorations, such as crowns and
bridges, may be placed after alignment of the teeth, all active disease
must be fully treated before beginning any orthodontic treatment.

The lower arch

Traditionally, treatment planning has been based around the lower
labial segment. Once the position of the lower labial segment is deter-
mined, the rest of the occlusion can be planned around this. In most

Developmental problems
(orthodontic problems)

« Patient’s concerns

« Facial and dental aesthetics

» Alignment and symmetry in each arch

« Skeletal and dental problems in each plane
« (transverse, antero-posterior and vertical).

l

Prioritize problems
List the problems in order of priority. Ensure
the patient’s main complaints will be
addressed.

Aims of treatment
These clearly state which of the orthodontic
problems are going to be addressed and
which will be accepted.

l

Options for treatment
Evaluate the risks and benefits of various
treatment approaches. Ideally each treatment
option should address the aims of treatment.

l

Valid consent
Discuss the options for treatment with the
patient. For each option the patient should
be given a clear explanation of the risks and
benefits, commitment required, including
time and financial implications.

l

Definitive treatment plan

Fig. 7.3 Turning the problem list into adefinitive treatment plan.

cases it is advisable to.maintain the current position of the lower labial
segment. This is because the lower labial segment is positioned in an
area of relative stability between the tongue lingually, and the lips
and cheeks labially and buccally. Any excessive movement of the
lower labial segment would increase the risk of relapse. Treatment
planning around the lower incisor position is less rigidly adhered to in
contemporary orthodontic treatment planning, due to the increasing
emphasis on facial and soft tissue aesthetics, in addition to occlusal
goals (see Box 7.1).

Exceptions do exist when the lower labial segment can be either
proclined or retroclined. Here are some examples of where it may be
appropriate to procline the lower incisors:

® Cases presenting with mild lower incisor crowding.

® Treatment of deep overbites, particularly in Class Il division 2 cases
(see Chapter 10, Section 10.3).

® Patients who had a digit-sucking habit (where the lower incisors have
been held back from their natural position by the habit).

® To prevent unfavourable profile changes in reduction of large over-
jets when surgery is not indicated or declined.

The lower incisors can also be retroclined to camouflage a Classli
malocclusion, or in the treatment of bimaxillary dental proclination.

If the anteroposterior position and inclination of lower incisors are
moved excessively this may compromise stability. The patient must be
aware of this and implications for retention discussed.

The upper arch

The upper arch should be positioned within the face to provide the
best facial and dental aesthetic result, within the confines of the exist-
ing skeletal and soft tissue environment. The secret to achieving a Class
| incisor relationship is to get the canines into a Class | relationship. It
is helpful to anticipate the position of the lower canine once the lower

Box 7.1 How:upper incisor position influences
contemporary‘treatment planning

The objectives of any orthodontic treatment are optimal aes-
thetics;.oral health, function, and stability. Traditional ortho-
dontic planning was focused on planning around the lower arch
by ‘maintaining its initial position to increase stability. However,
with greater awareness of facial and smile aesthetics, it has
become apparent that this traditional approach may place the
upper incisors in a less than ideal aesthetic position in some
cases. If the lower arch can be maintained in its current position
without compromising aesthetics, then this is the best approach.
However, in some cases the stability of the lower arch may need
to be compromised to allow better positioning of the upper inci-
sors and hence maximize the aesthetic result. The implications
for stability of this approach would then need to be discussed
with the patient.
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labial segment has been aligned and positioned appropriately. It is then
possible to mentally reposition the maxillary canine so that it is in a
Class | relationship with the lower canine. This gives the clinician an
idea of how much space will be required and how far the upper canine
will need to be moved. This will also give an indication of the type of
movement and therefore type of appliance required, as well as provid-
ing information about anchorage requirements.

Buccal segments

Although the aim is usually to obtain a Class | canine relationship, it is
not necessary to always have a Class | molar relationship. If teeth are
extracted in the upper arch, but not in the lower, the molars will be in a
Class Il relationship. Conversely, if teeth are extracted in the lower arch
butnotinthe upper, the molars will be in a Class Il relationship. Whether
extractions are needed or not will depend upon the space requirement
in each arch. Typically, extractions are more likely to be needed in the
upper arch in Class Il cases, to allow retraction of the upper labial seg-
ment to camouflage the underlying skeletal pattern. However, in Class
Il cases treated orthodontically, extractionsare more likely in the lower
archtoallow retroclination of the lower labial segment. Factors affecting
the need for and choice of extractions are described in the section on
creating space (see Section 7.7.1).

Anchorage

Anchorage planning \is-about resisting unwanted tooth movement.
Whenever teeth are moved, there is always an equal and opposite reac-
tion. This means that when teeth are moved there is often a side effect
of unwanted tooth movement of other teeth in the arch. When planning
a case, it is therefore important to decide how to limit the movement of
teeth that do not need to move. It is vital that anchorage is understood

7.7 Space analysis

Space analysis is a process that allows an estimation of the space
required in each arch to fulfil the treatment aims. Although not an exact
science, it does allow a disciplined approach to diagnosis and treatment
planning, particularly for the more inexperienced clinician. It can also
help to determine whether the treatment aims are feasible, as well as
assisting with the planning of treatment mechanics and anchorage
control.

Space planning is carried out in two phases: the first phase is to deter-
mine the space required and the second calculates the amount of space
that will be created during treatment. This includes creating space for
any planned prostheses.

It must be stressed that space analysis can act only as a guide, albeit
a useful one, as many aspects of orthodontics cannot be accurately
predicted, such as growth, the individual patient’s biological response,
and patient compliance. It should be used in conjunction with other
information collated from the history, examination, andrecords. It does,
however, aid a disciplined approach to treatmentplanning, particularly
for the more inexperienced clinician, or in complex-cases. Before under-
taking a space analysis, the aims of the treatment should be determined
as this will affect the amount of space required or created.

and planned correctly for a treatment plan to work. Anchorage is one
of the most difficult areas in orthodontics and is covered in more detail
in Chapter 15.

Treatment mechanics

Once the aims of treatment are clear, in many cases the final result could
be achieved-using different types of appliances and treatment mechan-
ics. When there is a lack of high-quality evidence to support the choice
of a.particular type of appliance, the choice of treatment mechanics is
often determined by the clinician’s expertise and experience with dif-
ferent techniques. The clinician should utilize mechanics that produce
the desired result in the most efficient and predictable way, while avoid-
ing any risks or undesirable side effects and minimizing the compliance
required from the patient.

It is important to mention that the aims of the treatment should be
determined first, and then the appropriate appliances and treatment
mechanics chosen to deliver these aims. The appliance system and the
treatment mechanics should not be used to determine the treatment
aims.

Retention

At the end of orthodontic treatment almost every case needs to be
retained to prevent relapse back towards the original malocclusion: It
is vital that retention must be considered, planned for, and discussed
at the beginning of treatment. Wearing retainers requires commitment
from the patient and they should be made aware of the need for these
retainers before treatment begins (see Chapter 16). Patients who are
unwilling or unable to commit to safe long-term wearing of retainers
may not be suitable for treatment.

An example of space analysis used in the treatment planning of a
clinical case is shown at the.end of this chapter (see Section 7.10).

Calculating the space requirements
Space is required to correct the following:

® Crowding.

® |ncisor anteroposterior change (usually aiming to achieve a normal
overjet of 2 mm).

® |evelling of occlusal curves (flattening the curve of Spee).
® Arch contraction (expansion will create space).
® Correction of upper incisor angulation (mesiodistal tip).
® Correction of upper incisor inclination (torque).
The space requirements to correct incisor angulation and inclination
are usually minimal and will not be discussed further here (see section

on ‘Principal sources and further reading’ for more details). However,
the other aspects are briefly discussed below.
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Fig. 7.4 Assessment of crowding. These photographs show the method of assessing the degree of crowding by measuring the width of the misaligned
tooth compared with the amount of available space in the arch. In this example, the first photograph shows that the width of the tooth is 6 mm, and
the second photograph shows that the amount of space available in the arch for this tooth is 4 mm. This suggests crowding of 2 mm for this tooth. This
process is repeated for all the misaligned teeth in the arch to give the total extent of crowding. If two adjacent teeth are displaced, then assessment of
crowding can be undertaken by measuring the mesiodistal width of each tooth and determining the combined space available. If digital models are

used, software is available to aid efficient calculation of crowding.

Crowding

The amount of crowding present can be calculated by measuring the
mesiodistal widths of any misaligned teeth in relation to the available
space in the arch (Fig..7.4).

The amount of crowding present is often classified as:

® mild (<4 mm)
® moderate (4-8 mm)

® severe (>8 mm).

Incisor anteroposterior change

It is often necessary to alter the anteroposterior position of the upper
incisors, particularly when reducing an overjet. If incisors are retracted,
this requires space; if incisors are proclined, then space is created. The
aim is to create an overjet of 2 mm at the end of treatment. Every mil-
limetre of incisor retraction requires 2 mm of space in the dental arch.
Conversely, for every millimetre of incisor proclination 2 mm of space
are created in the arch: this is helpful in estimating the proclination
of incisors that will occur when crowded cases are treated on a non-
extraction basis.

For example, if a patient presented with an overjet of 6 mm and the
incisors needed to be retracted to create a normal overjet of 2 mm,

Table 7.1 Approximate space requirement to flatten a curve
of Spee

Depth of curve (mm) Space requirement (mm)

3or less 1
4 1.5
5 or more 2

then this would require space. Every millimetre of retraction requires
2 mm of space. So, to reduce the overjet by 4 mm would require 8 mm
of space.

Levelling occlusal curves

Where there is no occlusal stop, the lower incisors may over-erupt. This
may result in an occlusal curve which runs from the molars to the inci-
sors and is known as a curve of Spee as seen in Fig. 7.5. The amount of
space required to level an increased curve of Spee is controversial, as
it is affected by a number of factors, such as the shape of the archform
and tooth shape. However, as a guide, Table 7.1 gives an estimation of
the space required. The depth of curve is assessed from the premolar
cusps to a flat plane joining the distal cusps of first permanent molars
and incisors (Fig. 7.5).

4 mm distance between line joining
incisor tip and distal of first molar,
and the premolar cusps

Fig. 7.5 Assessment of the space requirement for flattening the curve of
Spee. It has been decided that the curve of Spee should be flattened in
this case, which requires space. The depth of the curve is 4 mm, which
requires 1.5 mm of space.
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Creating space

The amount of space that will be created during treatment can also be
assessed. The aim is to balance the space required with the space cre-
ated. Space can be created by one or more of the following:

® Extractions

® Distal movement of molars

® |nterproximal reduction

® Expansion

Proclination of incisors

® A combination of any or all of the above.

Extractions

Before planning the extraction of any permanent teeth, it is essential to
ensure that all remaining teeth are present and developing appropriately.
The following are factors which affect the choice of teeth for extraction:

® Prognosis

® Position

® Amount of space required and where

® |ncisor relationship

® Anchorage requirements

® Appliances to be used (if any)

® Patient’s profile and the aims of treatment.

Choosingthe appropriate teeth for extraction isa complex decision and
requires understanding of all aspects of orthodontic treatment.

Incisors

Incisors are rarely the first choice for extraction due to the risk of com-
promising aesthetics. It can also be difficult to fit four incisors in one
arch against three incisors in the opposing arch. However, indications
do exist for a lower incisor extraction:

® |ncisor has poor prognosis or compromised periodontal support.

® Buccal segments are Class |, but there is moderate lower incisor
crowding.

® Adult patient who has a mild Class Il skeletal pattern with well-
aligned buccal segments.

Fixed appliances are often required to align the teeth following
extraction of an incisor and a bonded retainer may be required to main-
tain the correction.

Management of missing or enforced extraction of upper incisors is
discussed in greater detail in Chapter 8.

Canines

Canines form the cornerstone of the arch and are important both aes-
thetically and functionally (providing canine guidance in lateral move-
ments). However, if severely displaced or ectopic,they may need to be
extracted. A reasonable contact between the-lateral incisor and first
premolar is possible, particularly in the upper arch, but rarely occurs

without the use of fixed appliances. If a canine is missing, the occlusion
must also be checked to ensure that there are no unwanted displacing
contacts, caused by a lack of canine guidance.

First premolars

These are oftenthe teeth of choice to extract when the space require-
ment is moderate to severe. Also, extraction of a first premolar in either
arch usually gives the best chance of spontaneous alignment. This is
particularly true in the lower arch where, provided the lower canine is
mesially inclined, spontaneous alignment of the lower labial segment
may occur. This spontaneous improvement is most rapid in the first 6
months after the extraction. In the upper arch, the first premolars usu-
ally erupt before the upper canines, so the chances of spontaneous
improvement in the position of this tooth can be achieved if the first
premolar is extracted just before the canine emerges. A space main-
tainer may be required to keep the space open for the upper canine.

Typically, when using fixed appliances, 40-60% of a first premolar
extraction space will be available for the benefit of the labial segment
without anchorage reinforcement. The reason why there is some loss of
the space available from the extractions is due to mesial movement of
the posterior teeth.

Second premolars

Indications for extraction of second premolars include:

® mild to moderate space requirement (3-8 mm space required)

® space closure by forward movement of the molars, rather than retrac-
tion of the labial segments is indicated

® severe displacement of the second premolar of a poor prognosis
second molar.

Extraction of the second premolars is preferable to first premolars
whenthere is a mild to moderate space requirement. This is because the
anchorage balance is altered, favouring space closure by forward move-
ment of the molars. Hence, only an estimated 25-50% of the space cre-
ated by a second premolar extraction is available to allow labial segment
alignment. Fixed appliances are often required to ensure good contact
between the first molarand first premolar, particularly in the lower arch.

Early loss of the second deciduous molars often results in crowding of
the second premolars palatally in the upper and lingually in the lower.
Inthe upper arch, extraction of the displaced second premolar on erup-
tion may.besindicated. Conversely, in the lower arch, extraction of the
first. premolars is usually easier and, in most cases, uprighting of the
second premolars occurs spontaneously following relief of crowding.

First permanent molars

Extraction of first permanent molars often makes orthodontic treat-
ment more difficult and prolonged. However, their extraction may need
to be considered if they have a poor long-term prognosis (see Chapter
5, Fig. 5.18). Extraction of first permanent molars is discussed in greater
detail in Chapter 3, Section 3.3.8.

Second permanent molars

Extraction of second permanent molars has been suggested in the fol-
lowing cases:



® To facilitate distal movement of upper buccal segments.
® Relief of mild lower premolar crowding.

® Provision of additional space for the third permanent molars, thus
avoiding the likelihood of their impaction.

Extraction of the upper second molar will not provide relief of
crowding in the premolar or labial segments, due to mesial drift. Relief
of mild crowding in the lower premolar region may be possible, as
well as providing additional space for eruption of the third perma-
nent molar. The eruption of the third permanent molars is never guar-
anteed, but the chances can be improved by the correct timing of
extraction of the second molar. The following features should ideally
be present (Fig. 7.6):

® Angle between the third permanent molar tooth germ and the long
axis of the second molar is 10-30°.

(a)

(b)

Space analysis

® Crypt of developing third molar overlaps the root of the second
molar.

® The third permanentmolar is developed to the bifurcation.

Even if these criteria are satisfied, eruption of the lower third molar
into occlusion cannot be guaranteed, and it should be made clear to the
patient that.a course of fixed appliance treatment to upright or align the
third molar may be necessary.

Third permanent molars

In the past, early extraction of these teeth has been advocated to pre-
vent lower labial segment crowding. However, itis much more likely that
late lower incisor crowding is caused by subtle growth and soft tissue
changes that continue to occur throughout life (Chapter 16). It is not
acceptable to extract third molars purely on the grounds of preventing
crowding of the lower labial segment (see Chapter 8, Section 8.2.1).

Fig. 7.6 Example of a case where second
permanent molars were extracted. Patient
with mild lower arch crowding who had both
lower second molars removed in an attempt
to treat mild crowding in the lower premolar
region. (a) A dental panoramic tomograph
(DPT) radiograph prior to extraction of both
lower second molars (the upper second
molars were not extracted because of con-
cerns over the prognosis for the upper first
molars); (b) A DPT radiograph 2 years after
the extractions showing eruption of both
lower third molars.
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Distal movement of molars

Distal movement of molars in the upper arch is possible. This move-
ment can be achieved with headgear or by use of fixed appliances
attached to skeletal anchorage in the form of temporary anchorage
devices or plates (see Chapter 15). Extra-oral traction using head-
gear will usually produce up to 2-3 mm per side (creating 4-6 mm
space in total). Distalization with clear plastic aligners has also been
attempted.

Distal movement of molars tends to be used when there is a mild
space requirement where extractions may produce too much space.
It can also be used in addition to extractions when there is a very high
space requirement.

Examples of clinical situations when it may be used include:

® class | incisor relationship with mild crowding in the upper arch

® class Il division 1incisor relationship with minimally increased overjet
and molar relationship of less than half a unit Class Il

® where extraction of first premolars does not'give sufficient space to
complete alignment

® where unilateral loss of a deciduous.molar has resulted in mesial drift
of the first permanent molar.

Interproximal reduction of enamel

Interproximal reduction ¢IPR’) of enamel or ‘stripping’ is the removal of
a small amount of enamel on the mesial and distal aspect of teeth and
is sometimes known as reproximation. In addition to creating space, the
process has been advocated for improving the shape and contact points
of teeth, and possibly enhancing stability at the end of treatment. On the
anterior teeth, approximately 0.5 mm can be removed on each tooth

(a)

Fig. 7.7 Interproximal reduction using abrasive strips.

(0.25 mm mesial and distal) without compromising the health of the
teeth. Slightly more can safely be removed on posterior teeth. Enamel can
be carefully removed with ahand-held abrasive strip (Fig. 7.7) or with discs
or burs (air-rotor stripping). The abrasive strip can be used in conjunction
with pumice mixed with acid etch, to provide a smoother surface finish:

It is felt that interproximal reduction can create an additional 3—6
mm of space in each arch. There is potential for damage to, both
the teeth and the periodontium unless undertaken carefully. It is
important that teeth are reasonably aligned before starting the pro-
cedure, and it may be helpful to open up between teeth, either by
separators or fixed appliances, before the enamel reduction begins
(Fig. 7.8).

(b)

Fig. 7.8 Air-rotor stripping (ARS). This technique aims to'remove interproximal enamel, predominantly in the buccal segments. (a) A small protective
wire lies under the contact point to protect the gingival soft tissues. The teeth are already reasonably well aligned and access space has previously
been created by use of a separator. The enamel-iscarefully removed with an air-rotor from the mesial aspect of the first permanent molar and distal
aspect of the second premolar. In this case, amalgam is also removed from the mesial side of the first permanent molar. (b) The space has been created

and the tooth carefully re-contoured to ensure a good contact point.
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Expansion

Space can be created by expanding the upper arch laterally—approxi-
mately 0.5 mm is created for every 1 mm of posterior arch expansion.
Expansion should be undertaken within the limits of the underlying
alveolar bone support, otherwise there is a danger of moving the tooth
out of the bone, causing areas of bony dehiscence and compromising
the periodontal support.

Expansion of the lower arch may be indicated if a lingual crossbite of
the lower premolars and/or molars exists. Any significant expansion in
the lower arch, particularly the lower intercanine width, is likely to be
unstable.

Proctination of incisors

Space can be created by proclining incisors, but this will be dictated by
the aims of the treatment. Each millimetre of incisor advancement cre-
ates-approximately 2 mm of space within the dental arch.

7.8 Valid consent and the orthodontic treatment plan

Shared decision-making

For some malocclusions there is more than one treatment option, includ-
ing the option of no treatment. In these situations;the clinical team need
to work with the patient and family to determine the best option based
on the clinical presentation and the patient’s values and preferences.
The choice to have no treatment requires that the patient understands
and accepts their malocclusion and any associated dental health risks.
Shared decision-makingis the collaborative process whereby patients,
families, and the clinical team work together to choose the most appro-
priate treatment. This@pproach acknowledges that both the orthodon-
tist and the patient have an important role in reaching the best decision
about treatment. The orthodontist is an expert in diagnosis of malocclu-
sion who can explain the treatment options, by applying research and
clinical evidence, and can help the patient understand this information.
The patient knows the daily impact of their malocclusion, their expecta-
tions from treatment, their values and preferences for treatment, and
their willingness and ability to cope with treatment. Shared decision-
making is required at any treatment point where there is more than one
option to consider. Where research evidence and clinical experience
fail to identify a ‘best’ treatment, it is essential that patient values and
preferences are used to guide decision-making and treatment selection.
Supporting patients to be actively involved in treatment choice has been
shown to improve satisfaction, adherence, and treatment outcome.

Valid consent in orthodontics

For consent to be valid, it must be voluntary and informed and the
patient giving consent must have the capacity to make that decision.
Informed consent in orthodontics means the patient is given informa-
tion to help them to understand the:

® malocclusion
® proposed treatment and alternatives

® commitment required

duration of treatment

cost implications.

Treatment alternatives, which must always-include no treatment as
an option, must be clearly explained, with-the risks and benefits of each

approach carefully discussed. Patient consent was changed in 2015 fol-
lowing the Montgomery case in the UK (see ‘Principal sources and fur-
ther reading’). It is no longer sufficient for the clinician to tell the patient
the average risks that they feel are important—the emphasis is now on
the clinician to find out what the patient wants to know, as well as telling
them what you think they should know, so that the consent process is
tailored to that particular patient.

Patients who are 16 years or older are presumed to have competence
to give consent for themselves. Many orthodontic patients are younger
than this, but provided that they fully understand the process, they
can give consent. If a competent child consents to treatment, aparent
cannot override this decision—this is known as ‘Gillick competence’.
However, it is preferable to have full parental support for the treatment
if possible. If the converse occurs—the parent wants the treatment,
but the child does not—then it is best not to proceed. Orthodontic
treatment requires a great deal of compliance, and unless the patient is
totally committed, it is best to delay until such time as they are.

It is advisable to obtain a written consent for the treatment. A copy
should be given to the patient with clear details of the aims of the treat-
ment, risks, and benefits, types,of appliances to be used, details of any
teeth to be extracted, commitment required, likely duration of treat-
ment, any financial implications, as well as long-term retention require-
ments. When estimating treatment time, it is always better to slightly
overestimate the'likely treatment duration (‘under-promise and over-
deliver’). If the treatment is completed quicker than first promised, the
patient will ‘be pleased. However, if the treatment takes longer, the
patient.may lose interest, resulting in compliance problems.

Asiwell as providing a written record of the aims of the treatment
and'the treatment plan, it is useful to give the patient a summary of
exactly what is expected from them. This involves not only information
about good oral hygiene, appropriate diet, and regular attendance, but
also any specific requirements relevant to their case, such as headgear
wear, turning expansion screws and elastic wear, and any risks that are
particularly important to that particular patient. A fully prepared and
committed patient is more likely to result in more successful orthodon-
tic treatment.

It is also important to remember that consent is an ongoing process,
not a one-off procedure before treatment, so the patient should be kept
informed throughout the treatment. This is particularly important in
orthodontics as there is often a variation in treatment response among
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patients, so the treatment plan may need to be reassessed and dis-
cussed with the patient.

Limited treatment orthodontics

‘Limited treatment orthodontics’ or ‘LTO’ is the term given to compro-
mise orthodontic treatment where there are limited objectives, rather
than trying to correct every aspect of the malocclusion. It is more com-
mon in adults, where the aim is to try and address the patient’s main
concerns, without attempting to provide the ideal result. It has also
been referred to as ‘short-term orthodontics’, a name given to try and
reflect the shorter treatment time (rather than the limited stability of
the result). It has received more attention recently with an increase in
adult patients looking to improve the aesthetics of their smile, typically

7.9 Conclusions

This chapter has discussed how the information collected during the
history, examination, and collection of records can be used to develop
a problem list for each patient. Any pathological problems are treated
initially and then the developmental,or orthodontic problems can be
addressed. The orthodontic problems are divided up into the patient’s
concerns, facial and smile-aesthetics, the alignment and symmetry
of each arch, and occlusal-problems transversely, anteroposteriorly,
and vertically. The skeletal and dental components making up the
occlusal problems are identified. Any skeletal problems that are pre-
sent can be treated by orthodontic camouflage, growth modification,
or combined orthodontic and orthognathic surgery treatment.

Once the prioritized problem list is formed, a list of aims can be drawn
up, deciding which of the problems will be addressed and which will be
accepted. Throughout the planning process, the clinician must consider
aesthetics, function, health, and stability. Different treatment options
should then be considered to address the treatment aims.

Key points about treatment planning

the front six teeth (sometimes referred to as the ‘social six’), without
resorting to the expense and increased treatment time often associated
with more comprehensive treatment.

To consent a patient for limited treatment orthodontics, the ortho-
dontist must ensure the patient understands the limited aims and objec-
tives of treatment, and in particular any compromises that will result. It
is certainly.acceptable to try and address the cosmetic concerns of adult
patients, using limited treatment objectives. However, it is key that all
the alternative restorative and comprehensive orthodontic options are
fully discussed with the patient, and the patient understands any com-
promises that will result. It is not acceptable to undertake orthodon-
tic treatment whose long-term consequences could compromise oral
health, cause tooth wear, lead to temporomandibular complications, or
damage dental restorations.

Space analysis involves assessment of the space required and meth-
ods of creating this space, and although not an exact science, may
help the less experienced orthodontist provide a disciplined approach
to diagnosis and treatment planning. It may also help the clinician to
assess whether the treatment aims are feasible, and also helps in plan-
ning the type of mechanics and anchorage control that are requiredto
treat the case.

The final stage, before formulating the definitive treatment-plan, is
to discuss the options with the patient using a shared decision-making
process. This should lead to valid consent, so the patientiis fully aware of
their orthodontic problems, how these can be addressed, the risks and
benefits of the treatment options, cost implications, the commitment
they will need to give, and the likely duration of treatment.

The complete treatment planning process is illustrated in the case
discussed in Fig. 7.9.

® The information gathered from the history, examination, and collection of records is usédito form a problem list or diagnosis.

® The problem list is divided into pathological and developmental (orthodontic) problems. Pathological problems are addressed first.

® Any skeletal component of the malocclusion can be treated by one of the following: orthodontic camouflage, growth modification, or a

combination of orthodontics and orthognathic surgery.

® By deciding which of the problems will be treated and which accepted, a list of the aims of treatment can be decided upon. Different

treatment options can then be considered.

® A space analysis can help provide a disciplined approach to diagnosis and treatment planning, as well as assessing the feasibility of treat-

ment aims, and helping to plan anchorage and treatment mechanics.

® The options for treatment, including no treatment, should be fully discussed with the patient using a shared decision-making process.

@ Valid consent should be tailored to each individual patient and is obtained by ensuring the patient understands exactly what the treat-
ment will involve, including the risks and benefits, cost implications, the commitment they will need to give, and the likely duration of

the treatment.

® Limited treatment orthodontics is the term given to treatment with more limited treatment objectives and the patient must be fully

aware of likely compromises as well as.other treatment options.
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7.10 Case study: example case to demonstrate treatment planning

Fig. 7.9 (a) Initial presentation of patient SB.Patient SB presented at age 13 years complaining of prominent upper teeth and a gap between her
upper incisors. She was happy to wear fixed appliances and her medical history was clear. She was a regular attendee for dental care and her oral
health was good. Radiographs confirmed the presence of third permanent molars, but no pathology. A lateral cephalometric radiograph confirmed a
mild Class Il skeletal pattern (ANB = 5.5°), normal vertical proportions, proclined upper incisors (117°), and normally inclined lower incisors (92°).
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Problem list for SB
Pathological problems

None.
Developmental (orthodontic) problems

Patient’s concerns: SB was concerned about prominent upper
incisors and a space between the upper incisors. She hoped both
these problems would be addressed and was happy to wear
orthodontic appliances if required. Her expectations were reason-
able and her motivation for treatment was good.

Facial and smile aesthetics: she presented with a slightly
everted and protruding upper lip. Her vertical show of incisors on
full smile was acceptable (nearly total height of upper incisors).
Her mandible was very slightly retrognathic, but acceptable.

Alignment and symmetry in each arch: the lower arch was
symmetrical and showed 5 mm of crowding. Her lower labial seg-
ment was normally inclined. The upper arch-was also symmetrical
and overall showed 2 mm of spacing (3 mm diastema and 1 mm
crowding of the upper left lateral incisor). The upper incisors were
proclined at 117°.

Skeletal and dental problenis in"transverse plane: there was
no skeletal asymmetry. Theower centreline was to the left by 1
mm and the upper centreline was correct. There was no posterior
crossbite.

Skeletal and dental’problems in anteroposterior plane: the
mandible was very slightly retrognathic, but clinically acceptable.
There was an increased overjet of 8 mm. The buccal segments
were % unit Class |l on the left and Class | on the right.

Aims of treatment for SB
The aims of treatment are directly related to the problem list.

Patient’s concerns: address the patient’s concerns about the
prominent upper teeth and upper midline diastema.

Facial and smile aesthetics: accept the slightly retrognathic
mandible (in other words, use orthodontic camouflage). Ortho-
dontic treatment effects on the soft tissues are unpredictable,
but if the upper incisors have to be retracted this will not have
an adverse effect on the facial profile. The vertical position of the
incisors can be maintained.

Alignment and symmetry in each arch: relieve the lower
crowding, correct the angulation of the upper incisors, and close
the residual space in the upper arch.

Skeletal and dental problems in transverse plane: correct the
lower centreline.

Skeletal and dental problems in anteroposterior plane:

reduce the overjet by retracting the upper labial segment. The
anteroposterior position of the lower incisors will be accepted.
This is because they have normal inclination, maintaining their

Table 7.2 Space_required in each arch to achieve the
treatment aims

Upper (mm) Lower (mm)
Cr OW dmgor Spacmg .......... _2 .................. 5 ...................
Levellmgofcur Ve Spee ....... (.) ................... 1 ...................
A AP moveme nt Ofmasors ..... 12 .................. (.) ...................
N Tota| .......................... 10 ................. 6 ...................

position will not compromise facial aesthetics, and the most
stable position is their initial position.

Skeletal and dental problems in the vertical plane: reduce
the overbite by flattening the lower curve of Spee.

Space analysis for SB

Table 7.2 shows the amount of space required in each arch to
achieve the treatment aims. A negative score shows a space gain,
a positive score shows a space requirement.

This space analysis shows a larger space requirement in the up-
per arch, due to the increased overjet. An 8 mm overjet, reduced
to a normal overjet of 2 mm, requires 6 mm each side (a total of
12 mm). A curve of Spee of 4 mm in the lower arch requires 4 mm
of space for correction.

Now the amount of space required in each arch is known, the
methods of creating this space can be considered.

Space creation

The aims of this treatment include achieving an overjet of 2 mm
using orthodontic camouflage (i.e. accepting the existing skeletal
pattern). Space can be created by extractions, distal movement of
molars in the upper arch, enamel stripping, expansion, or procli-
nation of incisors.

In the lower arch, 6 mm of space is required. Expansion of
the arch and proclination of the incisors would be unstable,
and enamel stripping would not give sufficient space. Extrac-
tions are therefore'required. Extraction of lower first premolars
would provide too much space, so the lower second premo-
lars will be extracted. Each premolar is 7 mm wide, but after
anchorage loss (mesial drift of the teeth distal to the second
premolars) extraction will provide the appropriate amount of
space.

In the upper arch, 10 mm of space requirement is beyond the
scope of molar distalization and enamel stripping, and no expan-
sion or incisor proclination is indicated. Therefore, extractions are
also required in the upper arch. On this occasion more space is re-
quired, so the extraction of first premolars is indicated. Although
extraction of first premolars creates a total of 14 mm, part of this



Case study: example case to demonstrate treatment planning

is lost to mesial drift. To resist forward movements of the upper
molars, anchorage reinforcement will be required. In this case, a
palatal arch will help to partially limit the forward movement of
the upper first permanent molars.

Definitive treatment plan for SB

1. Palatal arch fitted to upper first molars for anchorage.

2. Extraction of upper first premolars and lower second premo-
lars.

Fig. 7.9 (b) Fixed appliances in place for SB.

Fig. 7.9 (c¢) End of treatment extra-oral records for SB.

3. Upper and lower fixed appliances.
4. Upper and lower vacuum-formed retainers with a bonded
retainer on thepalatal of the upper incisors.
(The bonded retainer is indicated in this case due to the risk

of relapse of the upper midline diastema. Retention planning is
discussed in more detail in Chapter 16.)



Treatment planning

Fig. 7.9 (d) End of treatment intra-oral records for SB.
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(‘ References for this chapter can also/be found at: www.oup.com/uk/orthodontics5e. Where possible, these are presented as active links
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A Class | incisor relationship is defined by the British Standards Institute
Incisor Classification as follows: ‘the lower incisor edges occlude with
or lie immediately below the cingulum plateau of the upper central
incisors’. Therefore, Class | malocclusions include those where the

8.1 Aectiology

8.1.1 Skeletal

In Class | malocclusions, the skeletal patternis usually Class |, but it can
also be Class Il or Class lll with the inclination of the incisors compen-
sating for the underlying skeletal discrepancy (Fig. 8.1). Marked trans-
verse skeletal discrepancies between the arches are more commonly
associated with Class Il or Class Ill occlusions, but milder transverse
discrepancies are often seen in Class | cases. Increased vertical skeletal
proportions and an anterior open bite can also occur where the anter-
oposterior incisor relationship is Class I.

8.1.2 Soft tissues

In most Class | cases, the soft tissue environment is favourable and is not
an aetiological factor. The major exception to this is bimaxillary procli-
nation, where the upper and lower incisors are proclined. This may be
racial in origin, but can also occur because of lack of lip tonicity, which

8.2 Crowding

Crowding occurs where there is a discrepancy between the size of the
teeth and the size of the arches. Approximately 60% of Caucasian chil-
dren exhibit crowding to some degree. The elective extraction of teeth

anteroposterior occlusal relationship is normal but there is a discrep-
ancy either within the arches, resulting in spacing, crowding, or den-
tal impactions, and/or within the transverse or vertical relationship
between the arches.

results in the incisors being moulded forwards under tongue pressure,
and has implications for planning retention.

8.1.3 Dental factors

Dental factors are the main aetiological influences in Class | malocclu-
sions. The most common are tooth/arch size discrepancies, leading to
crowding or, less frequently, spacing.

The size of the teeth is genetically determined and so, to a great
extent, is the size of the jaws. Environmental factors can also contribute
to crowding or spacing. For example, premature loss of a-deciduous
tooth can lead to a localization of any pre-existing crowding and pos-
sible deviation of centre lines.

Local factors also include displaced or impacted teeth, and anomalies
in the size, number, and form of the teeth. These factors can also be
found in association with Class Il or Class Ill malocclusions.

is one method of alleviating crowding. In a crowded arch, the loss of a
permanent or deciduous tooth will result in the remaining teeth tilting

<

Class | Clasa ||
skaletal pattern skelatal pattarn

(@ (b) (©

Fig. 8.1 (a) Class l incisor relationship on Class |
skeletal pattern; (b) Class | incisor relationship on a
Class Il skeletal pattern with proclination of the lower
incisors; (c) Class | incisor relationship on a Class Il
skeletal pattern with proclination of the upper inci-
sors and retroclination of the lower incisors.

Clazgs 111
skeletal pattern



or drifting into the space created. This tendency is greatest when the
adjacent teeth are erupting.

When planning extractions for the management of crowding, the fol-
lowing should be considered:

® The position, presence, and prognosis of the remaining permanent
teeth.
® The degree of crowding, which is usually calculated in millimetres.

® The patient’s malocclusion and any orthodontic treatment planned,
including anchorage requirements (see Chapter 15).

® The patient’s age and the likelihood of the crowding increasing or
reducing with growth.

® The patient’s profile.
These aspects of treatment planning are considered in more detail

in Chapter 7.

After relief of crowding, a degree of natural spontaneous movement
will take place. In general, this is greater under the following conditions:

® |nagrowing child.

® |fthe extractions are carried out justprior to eruption of the adjacent
teeth.

® Where the adjacent teeth are favourably positioned to upright if space
is made available. For example, considerable improvement will often
occur in a crowded lower labial segment provided that the mandibular
canines are mesially inclined and can tip distally into the space created.

® Where there are no occlusal interferences with the anticipated tooth
movement.

(@ (b)

(d) (e)

Crowding

Most spontaneous improvement occurs in the first 6 months after the
extractions have been undertaken. If alignment is not complete after
1 year, then further improvement will require active tooth movement
with appliances. Fig: 8.2 shows a case which was treated by extraction of
all four first premolars without the utilization of orthodontic appliances,
and Fig. 8.3.shows a patient whose management required extraction of
first molars'and the use of fixed appliances. For most patients, the relief
of crowding will be an integral part of their overall active orthodontic
treatment plan (see Chapter 7).

8 Late lower incisor crowding

In most individuals, the intercanine width increases up to around 12—13
years of age, and this is followed by a very gradual reduction throughout
adult life, with the rate of decrease most noticeable during the mid to
late teens. This reduction in intercanine width results in an increase of
any pre-existing lower labial crowding, or the emergence of crowding in
arches which were previously well aligned or even spaced in the early
teens. Therefore, to some extent, lower incisor crowding can be consid-
ered as a natural consequence of the ageing process.

The aetiology of late lower incisor crowding is recognized as being
multifactorial. The following have all been proposed as being influential
in the development of this phenomenon:

® Forward growth of the mandible (either horizontally or mani-
festing as a growth rotation—see Chapter 4, Section 4.6) when
maxillary growth has slowed, together with soft tissue pressures,
results in a reduction in lower arch perimeter and labial segment
crowding.

(©

)

Fig. 8.2 Class | malocclusion treated by extraction of all four first premolars and no appliances: (a—c) prior to extractions; (d—f) 3 years after extractions.



Class |

(@) (d) (&)
(b) (e) (h)
(c) () @)

Fig. 8.3 Class | malocclusion with severe upper arch crowding, treated by extraction of all four first permanent molars and fixed appliances: (a—c)
pre-treatment; (d—f) during treatment; (g-i) at the end of treatment.

® Soft tissue maturation changing the forces on the incisors. as the original position is likely to be the most stable, because
it lies in the zone of balance between the opposing soft tissue

® Mesial migration of the posterior teeth due to forces from the trans- forces

septal fibres and/or from the anterior component of the forces of

occlusion. The removal of symptomless lower third molars has been advocated

inthe past in order to prevent lower labial segment crowding. However,

analysis of the evidence indicates that the third permanent molar has a

statistically weak association with late lower incisor crowding and that

this crowding can still occur in patients with congenitally absent third

molars.

e Alteration of the original archform with orthodontic treatment. It Current opinion is that prophylactic removal of lower third molars
is generally accepted that the originallower incisor position and to prevent lower labial segment crowding cannot be justified—particu-
archform should be maintained during orthodontic treatment, larly given the associated morbidity with this procedure.

® The presence of a third molar prevents the pressure which is devel-
oped anteriorly (due to either mandibular growth or soft tissue pres-
sures) from being dissipated distally around the arch, that is, the third
molar plays a passive role.



8.3 Spacing

Generalized spacing is rare and is usually due to either hypodontia or
small teeth in well-developed arches. Orthodontic management of
generalized spacing is frequently difficult as there is a tendency for the
spaces to reopen unless permanently retained. In milder cases, it may
be wiser to encourage the patient to either accept the spacing or just to
gather the anterior teeth together, which can be more easily maintained
with bonded retainers, and accept the posterior spacing. Alternatively,
if the teeth are narrower than average, acid-etch composite additions or
porcelain veneers can be used to widen them and thus improve aesthet-
ics and the crowns’ height-to-width ratios. In severe cases of hypodon-
tia, a combined orthodontic—restorative approach to localize space for

(a) (d)
(b) (e)
(c) ()]

Spacing

the provision of prostheses, or implants, may be required (see Fig. 8.4
and Chapter 23, Section 23.7).

Localized spacing may be due to hypodontia; traumatic loss of a
tooth; or.because extraction was indicated due to displacement, mor-
phology, orpathology.

8.3.1 Median diastema

A median diastema is a space between the central incisors, which is
more common in the upper arch (Fig. 8.5). A diastema is a normal physi-
ological stage in the early mixed dentition when the fraenal attachment

(8

(h)

()

Fig. 8.4 Patient with hypodontia (the upper leftlateral incisor and all four second premolars were absent) and a diminutive upper right lateral inci-
sor with associated spacing. Treated with fixed appliances to close the space from the missing premolars, correct the upper centre line, and localize
space for prosthetic replacement of upper left lateral incisor and build-up of the diminutive upper right lateral incisor: (a—c) pre-treatment; (d—f)
mid-treatment showing fixed appliances; (g-i) completed orthodontic treatment and prior to definitive restorative treatment.
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Fig. 8.5 Upper midline diastema with low frenal attachment.

passes between the upper central incisors to attach to the incisive
papilla. In normal development, as the lateral incisors and canines
erupt, this gap closes and'the fraenal attachment migrates labially to the
attached mucosa. If the'upper arch is spaced or the lateral incisors are
diminutive or absent; there is less pressure forcing the upper central inci-
sors together-andthe diastema may persist. Rarely, the fraenal attach-
ment appears to prevent the central incisors from moving together. In
these cases, blanching of the incisive papilla can be observed if tension
is applied to the fraenum, and on radiographic examination a V-shaped
notch of the interdental bone can be seen between the incisors, indicat-
ing the attachment of the fraenum (see Chapter 3, Fig. 3.26). The aetiol-
ogy and management of median diastema is considered in Chapter 3,
Section 3.3.9.

8.4 Early loss of first permanent molars

Decisions about the best options for.the management of first perma-
nent molars of poor prognosis inthe developing dentition can be a chal-
lenging and frequent dilemma.in general dental practice. The fact that
the first molars erupt at around'6—7 years of age, sometimes unnoticed
by the child or their parents, puts them at an increased risk of caries. In
addition, because the crowns of these teeth are forming from birth to
3 years of age, they have a greater susceptibility to a range of enamel
defects. The pooled prevalence of molar—incisor hypomineralization
(MIH) globally has been reported to be 14.2% with even distribution
between the sexes. The aetiology of MIH is unknown, however, it is
suspected that it is multifactorial and there is some evidence that it is
associated with early childhood illnesses, especially fever. The manage-
ment of first permanent molars of poor prognosis will be determined
by many factors including age, associated malocclusion, suitability for
future restorative and orthodontic treatment, and the need for a gen-
eral anaesthetic.

The timing of the first molar extraction and the need to extract the
contralateral tooth within the same arch (balancing extraction) and/
or the first molar in the opposing arch (compensating extraction) are
usually the most fundamental orthodontic-related decisions that need
to be made. The response of second molar eruption to the early loss of
the adjacent first molar is subject to individual variation. However, it is
believed that to achieve the optimum erupted position of the devel-
oping second molar without orthodontic appliances, the best time to
extract a mandibular first permanent molar is between 8 and 10 years
old and prior to the eruption of the second molar. It is suggested that the

8.5 Displaced teeth

Teeth can be displaced for a variety of reasons including the following:

® Abnormal position of the tooth germ: canines (see Chapter 14)
and second premolars are the most commonly affected teeth.
Management depends upon the degree of displacement. If this is

calcification of the bifurcation of the mandibular second molar marks
the best time to extract the first molar. The timing of upper first molar
extractions is usually less critical as the developing second molar has a
natural tendency to migrate mesially and erupt into a reasonable posi-
tion. If a lower first molar is to be extracted, then consideration should
be given to extracting the opposing upper first molar to prevent.it from
over-erupting and creating occlusal interferences. Lower firstmolars are
unlikely to over-erupt therefore when extracting an upperfirst molar of
poor prognosis, the routine extraction of a sound opposing lower first
molar is not recommended. Balancing extractions of sound first perma-
nent molars are not usually indicated as the effect of unilateral extrac-
tions on the centre line is usually minimal.

The patient’s malocclusion will have a bearing on the timing of
extraction. The best spontaneous result will be achieved in Class
| cases with minimal crowding. If the patient has more moderate
crowding, then extraction of the first molars could address the buccal
crowding but will have little spontaneous benefit on anterior crowd-
ing. In these circumstances, the first molars could be maintained and
extracted once the second molars have erupted as part of coordinated
orthodontic treatment. In Class Il cases, maxillary first molars could be
retained as they have the potential to be used for aiding the overjet
reduction.'Class Ill cases are more challenging and a specialist opinion
is often-advisable.

If there is doubt about the best option, especially for patents with a
skeletal discrepancy or moderate to severe crowding, then the opinion
of an orthodontic specialist should be considered.

mild, extraction of the associated primary tooth plus space main-
tenance, if indicated, may result in an improvement in position.
Alternatively, exposure and the application of orthodontic traction
may be used to bring the mildly displaced tooth into the arch. If the
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Fig. 8.6 (a—f) Severely displaced mandibular second premolars.
This was due to the excess space.and lack of guidance, following
the premature loss of mandibular first permanent molars and the
second deciduous molars..Due to the limited alternative restora-
tive options, these teeth-were surgically exposed and orthodonti-
cally aligned. Full space closure was not possible due to the lack of
alveolar bone development as a result of the severity of the original
displacement.

displacement is severe, extraction of the affected tooth may be nec-
essary. Very occasionally, orthodontic traction to very displaced teeth
can be attempted if the alternative options are limited. However, in
these circumstances, the patient must be made fully aware of the
potential limitations of treatment and the alternatives, should treat-
ment not be successful (Fig. 8.6).

Crowding: lack of space for a permanent tooth to erupt within the
arch can lead to or contribute to displacement. Those teeth that
erupt last in a segment, for example, upper lateral incisors, upper
canines (Fig. 8.7), second premolars, and third molars, are most com-
monly affected. Management involves relief of crowding, followed by
active tooth movement where necessary. However, if the displace-
ment is severe, it may be prudent to extract the displaced tooth.

8.6 Vertical discrepancies

Variations in the vertical dimension can occur-in association with any
anteroposterior skeletal relationship. Increased vertical skeletal pro-
portions are discussed in Chapter 9 in-relation to Class Il division 1, in

Vertical discrepancies

(e)

Prolonged retention of aldeciduous predecessor: extraction
of the retained primary.tooth should be carried out as soon as
possible provided that.the permanent successor is not severely
displaced.

Secondary to the presence of a supernumerary tooth or teeth (see
Chapter 3): management involves extraction of the supernumer-
ary followed by tooth alignment, usually with fixed appliances.
Displacements due to supernumeraries have a tendency to relapse,
therefore prolonged retention is required.

Caused by a habit (see Chapter 9).

® Secondary to pathology, for example, a dentigerous cyst.

Chapter 11 in relation to Class Ill, and in Chapter 12 with respect to
anterior open bites.
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Fig. 8.7 Class I malocclusion with severe upper arch and moderate lower arch crowding. In crowded arches, the last teeth in a segment to erupt, in this
case the upper canines, are the most likely to be short of space. (a—c) Initial presentation; (d—f) with fixed appliances /n situ; (g-i) post treatment.

8.7 Transverse discrepancies

A transverse discrepancy between the arches results in a cross-
bite and can occur in association with Class I, Class Il, and Class llI

8.8 Bimaxillary proclination

As the name suggests, bimaxillary proclination is the term used to
describe occlusions where both the upper and lower incisors are pro-
clined. Bimaxillary proclination is seen more commonly in some racial
groups (e.g. Afro-Caribbean), and this needs;to be borne in mind
during assessment (including cephalometric analysis) and treatment
planning.

malocclusions. Classification and management of crossbites is dis-
cussed in Chapter 13.

When bimaxillary proclination occurs in a Class | malocclusion, the
overjet is usually increased because of the angulation of the incisors
(Fig. 8.8). Management is difficult because both upper and lower inci-
sors need to be retroclined to reduce the overjet. Retroclination of
the lower labial segment will encroach on tongue space and therefore
has a high likelihood of relapse following removal of the appliances.



For these reasons, treatment of bimaxillary proclination should
be approached with caution and consideration should be given to
accepting the incisor relationship. If the lips are incompetent, but
have a good muscle tone and are likely to achieve a lip-to-lip seal if
the incisors are retracted, the chances of a stable result are increased.
However, the patient should still be warned that the prognosis for
stability is guarded. Where bimaxillary proclination is associated with
competent lips, or with grossly incompetent lips which are unlikely
to retain the corrected incisor position, permanent retention is
advisable.

8.9 Trauma

Dental trauma is a common eventwith approximately 11% of patients
being affected prior to the commencement of any orthodontic treat-
ment at 12 years of age. Boys'are affected to a greater extent than girls
and the incidence of incisor trauma almost doubles in individuals with
overjets in excess of 9 mm, especially if the lips are incompetent, which
is often the case in this group. With this knowledge, some clinicians
favour early orthodontic intervention with the aim to reduce this risk
of trauma. The evidence regarding the benefits of early treatment is
conflicting. A recent systematic review suggested that early treatment
with a functional appliance reduced the incidence of new trauma from
29% to 20% but that ten patients had to be treated to prevent one epi-
sode of trauma. This reduction in risk has to be balanced by the signifi-
cantly extended treatment time of two-phase treatment compare to a
one-phase treatment in adolescence, with the associated loss of patient
enthusiasm and cooperation as well as the increased cost.

Due to the high incidence of trauma, all orthodontic patients should
be questioned about, and examined for, past episodes of trauma. The
history should include details of the event, the extent of the injury
and any treatment provided, as well as any long-term complications.
Any teeth which have, or are suspected to have, suffered from trauma
should be assessed with long-cone periapical radiographs and a thor-
ough clinical examination including the tooth colour, mobility, tender-
ness to percussion, and tenderness of the associated soft tissues along
with sensibility tests.

Teeth which have undergone an episode of trauma should be moni-
tored prior to commencing any orthodontic treatment. The period of
observation will depend on the severity and occlusal consequences
of the trauma. A minimum of 3 months should be allowed for crown
fractures, concussion, subluxation, extrusion, and mild lateral luxation.
Whereas at least 6 months, and ideally 12 months, should pass before
orthodontic movement is undertaken on teeth which’have suffered a
lateral luxation involving a moderate to severe displacement, intrusion,
and avulsion with reimplantation. The clinician should be constantly
aware of the possibility of ankylosis. If a tooth becomes non-vital then
root canal therapy should be undertaken, with monitoring to ensure the

Trauma

(@ (b)

Fig. 8.8 (a) Class l incisor relationship with normal axial inclination
(inter-incisal angle is 137°); (b) Class | incisor relationship with bimaxil-
lary inclination showing increased overjet (inter-incisal angle is 107°).

treatment has been successful, prior to commencement of orthodon-
tic treatment. The evidence would suggest that orthodontic treatment
on previously traumatized teeth, whether or not they have undergone
root canal therapy, is not more likely to cause root resorption, unless
there was pre-existing evidence of root shortening due to the episode
of trauma itself.

If the dental trauma results in severely displaced tooth positions
which interfere with the occlusion, then they can be manually repo-
sitioned in the immediate aftermath of the incident. If this is not possi-
ble, then consideration can be given to orthodontic repositioning using
very light forces. However, this must be undertaken in the knowledge of
the potential increased risk of worsening any destructive inflammation
present, resulting in ankylosis. Intrusion injuries can be left to spontane-
ously re-erupt (for patients under 17 years old), or be surgically repo-
sitioned or orthodontically extruded. There is some evidence which
indicates that, for intrusive luxation in teeth with incomplete root for-
mation, allowing spontaneous re-eruption is the option of first choice.
This is because it is associated with the best chance of maintaining
vitality and avoiding marginal bone defects, ankylosis, and resorption.
In cases where the apex formation has completed, then allowing spon-
taneous re-eruption can be undertaken when the degree of intrusion
has been less than 3 mm. If no improvement occurs within 2—4 weeks,
then orthodontic or surgical repositioning should be considered before
ankylosis can develop.

Individuals who have suffered dental trauma may benefit from a mul-
tidisciplinary approach. Fig. 8.9 demonstrates a patient who suffered
severe dental trauma following a collapse. The presentation for dental
intervention was delayed due to the required medical investigations
which took priority. He suffered intrusion of the upper incisors and
canines with associated loss of vitality. The maxillary left lateral inci-
sor and canine were ankylosed on presentation with the canine sub-
sequently requiring removal. A good outcome was achieved through
closely coordinated management involving his general dental practi-
tioner, orthodontist, endodontist, restorative dentist, and maxillofacial
surgeon.
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Management following traumatic loss
of an incisor

It is important that these cases are managed in close conjunction with
all the specialties involved and that prior to the removal of the ortho-
dontic appliances, the patient should be seen by the restorative/surgi-
cal specialist, to ensure that the final tooth positions are optimal for any
restorative treatment which is planned.

Following traumatic loss of an incisor, a number of options may be
considered, including orthodontic space closure; autotransplantation,
along with restorative camouflage; or restorative replacement involv-
ing the provision of a removable prosthesis, fixed prosthesis, or implant
retained prosthesis. The various options can be simulated with a diag-
nostic (Kesling) set-up which allows the feasibility of different treat-
ment options to be assessed in advance of any active treatment. This
diagnostic set-up can be carried out using duplicate models where the
teeth to be moved are cut off the model and repositioned in the desired
place using wax with any prosthetic units-inserted (Fig. 8.10). This
allows any number of options to be tested providing an opportunity

Fig. 8.9 Dental trauma resulting in the
intrusion of the maxillary anterior teeth with
delayed presentation. (a, b) Initial presenta-
tion; (c, d) during orthodontic treatment;

(e, f) after treatment with a resin retained
bridge to replace the maxillary left canine and
composite restorations on the incisors. The
slight upper centre-line discrepancy could not
be corrected due to the ankylosed maxillary
left lateral incisor.

to evaluate, in detail, the'amount and nature of any orthodontic and
restorative treatment required by a particular option. This exercise is
often helpful in describing the potential outcome of different options
to the patient.

Fig. 8.10 Diagnostic (Kesling) set-up.
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Fig. 8.11 (a) Patient with early traumatic loss of 1/ and partial space closure. Space for prosthetic replacement of 1/ was gained using a fixed appli-
ance. (b) Result on completion of active treatment. (c) Retainer with prosthetic tooth to replace 1/ (NB stops were placed mesial to both 2/ and /1 to

help prevent relapse).

After assessment of the above factors, a provisional plan can be dis-
cussed with the patient. It is often possible to draw up more than one
option and these should all be discussed thoroughly, along with the
relative advantages and disadvantages, and the long-term maintenance
and associated costs of any prosthetic replacements.

In the immediate post-orthodantic phase of treatment, any pros-
thetic teeth are usually attached to the orthodontic retainer (see
Figs 8.11 and 18.12) to maintain aesthetics while the gingival architec-
ture is settling prior to any definitive restorative intervention.

Implants are becoming more widely available but for most patients
may still be relatively expensive and can only be placed when vertical
facial development has slowed to adult levels. When planning space
opening for placement of an implant, it is wise to bear in mind the
results of a recent study which showed that in growing patients 11% of
orthodontically repositioned roots relapsed (also see Box 8.1).

(a) (b)

(o) (d)

Autotransplantation

This is the surgical repositioning of a tooth into a surgically created
socket within the same patient. In recent years, the success rate of

Box 8.1 Requirements for the placement of an implant
to replace a missing upper incisor

® Growth rate slowed to adult levels.

® Adequate bone height.

® Adequate bone width.

® Adequate space between roots of adjacent teeth.

Adequate space for crown between adjacent crowns and
occlusally.

Fig. 8.12 (a) A traumatically fractured incisor
which has been extruded to allow future
build-up. (b—d) A modified Hawley retainer to
camouflage the fractured tooth.
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(o)

Fig. 8.13 This patient lost both upper central incisors due to trauma. Both upper second premolars were transplanted to replace the missing incisors.
The facial surfaces have been modified with composite to improve the appearance. Permanent aesthetic modifications were deferred until orthodon-
tic treatment had been completed and growth had slowed to adult levels. Reproduced with the kind permission of Nadine Houghton.

this procedure has improved in tandem with the understanding of the
underlying biology. Autotransplantation has ainumber of advantages
over other methods of tooth replacement:

® Biological replacement: avoids the need for a prosthesis—although
the tooth will usually require réstorative modification to camouflage
its underlying morphology.

® Maintains and can create alveolar bone.

® Has a natural periodontal membrane, normal proprioception, and
better gingival contour.

® Can erupt in synchrony with adjacent teeth.

® Can be moved orthodontically once healing is complete.

® Suitable for a growing patient.
However, there are also disadvantages:

® Only feasible if there is a suitable tooth which is planned for
extraction.

® Increased burden of care plus a general anaesthetic may be required
for the procedure.

® Requires skilled surgical technique.

® Transplanted tooth may undergo resorption and/or ankylosis.

It is now appreciated that the timing of the transplant in terms of
the root development of the tooth to be transplanted and a careful

Key points

Box 8.2 Criteria for successful autotransplantation

® Root development of tooth to be transplanted: % to %
complete.

e Sufficient space in arch and occlusally to accommodate trans-
planted tooth.

e Careful preparation of donor site to ensure good root to bone
adaptation.

® Careful surgical technique to avoid damage to root surface of
transplanted tooth.

® Transplanted teeth positioned at same level as donor site and
splinted for 7-10 days.

surgical technique are important (Box 8.2). When these are satisfied,
success rates of the order of 85-90% have been reported by a number
of studies. If a patient has premolar crowding, then the teeth of choice
for transplanting are the lower-premolars or upper second premolars,
because of their single root form (Fig. 8.13). Third molars are useful
teeth for transplantation;but are usually too bulky for use in the labial
segments.

Transplantedteeth should be held in place with a physiological splint
for 7-10 days ensuring there is no occlusal contact. A tooth with a closed
apex can be used, but root canal treatment should be instituted 7-10
days after transplantation.

e Class | incisor relationships can occur in association with any skeletal relationship (anteroposterior, vertical, transverse).

® With the exception of bimaxillary proclination, Class | incisor relationships are usually associated with a favourable soft tissue environ-

ment.

® Following severe dental trauma, the best outcome requires an interdisciplinary approach.
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Class Il division 1

® Understand the aetiological factors contributing to the development of a Class Il division 1-ncisor relationship.

® Appreciate the objectives of treating Class Il division 1 malocclusions.

® Understand factors affecting the different approaches to treating Class Il division 1 malocclusions.

The British Standards classification defines a Class Il division 1 incisor
relationship as follows: ‘the lower incisor edges lie posterior to the cin-
gulum plateau of the upper incisors, there is an increase in overjet and
the upper central incisors are usually proclined’. In a Caucasian popula-
tion, the incidence of Class Il division 1 incisor relationship is approxi-
mately 15-20%.

9.1 Actiology

Skeletal pattern

A Class Il division 1 incisor relationshipiis.usually associated with a Class
Il skeletal pattern, commonly due t0 a retrognathic mandible (Fig. 9.1).
More rarely, itis possible for patients with a Class Il division 1 incisor rela-
tionship to have a Class | (or even a Class lll) skeletal pattern. This can
occur when the upper incisors are proclined and/or the lower incisors
are retroclined, either by the soft tissues (see Section 9.1.2) or a habit
(see Section 9.1.3). The increased overjet could also be due to a buccally
displaced or crowded upper incisor.

A Class Il division 1 incisor relationship is found in association with a
range of vertical skeletal patterns and asymmetries. As a general rule,
the more significant the underlying skeletal discrepancy in any plane,
the more difficult it is to treat.

Soft tissues

The tongue, lips, and cheeks can be aetiological factors in a Class Il
division 1 malocclusion. The influence of the soft tissues on a Class
[l division 1 malocclusion is mainly mediated by the skeletal pattern,
both anteroposteriorly and vertically. However, the resting position
of the patient’s soft tissues and their functional activity can also be
important.

Class Il division 1 malocclusions are the commonest type of malocclu-
sions treated in the Western world and therefore many aspects are covered
in more detail in other chapters. The aims of this chapter are to discuss the
aetiology and presentation of Class Il division 1 malocclusions, and provide
a broad overview on the objectives of treatment and factors affecting treat-
ment planning in these cases. Where appropriate, the reader will be referred
to the relevant chapter elsewhere in the book for more details.

In a Class Il division 1 malocclusion, the lips are often incompetent
due to the prominence of the upper incisors and/or the underlying
skeletal pattern. If the lips are incompetent, a patient can try to achieve
an anterior oral seal in a number of different ways. How this anterior
oral seal is achieved will affect the presentation of the Class Il division
1incisor relationship. The following are different methods of achieving
an anterior seal:

® Circumoral muscular activity to achieve a lip-to-lip seal (Fig. 9.2).
® The mandible is postured forwards to allow the lips to meet at rest.
® The lower lip is drawn up behind the upper incisors (Fig. 9.3).

® The tongue is placed forwards between the incisors to contact the
lower lip, often contributing to the development of an incomplete
overbite.

® A combination of these.

Where the patient can achieve lip-to-lip contact by circumoral mus-
cle activity or the mandible‘is postured forwards, the influence of the
soft tissues is often to moderate the effect of the underlying skeletal
pattern by dento-alveolar compensation. The action of achieving lip-
to-lip contact will tend to mould the upper incisors back, reducing the
overjet.

Fig. 9.1 A Class Il division 1 incisor relation-
ship on a Class Il skeletal pattern with a
retrognathic mandible.



(a)

(d)

Fig. 9.2 Marked circumoral
muscular activity is visible as this
patient attempts to achieve an
anterior oral seal by a lip-to-lip
seal.

(b)

(e)

Aetiology

If lip-to-lip contact is not possible, which is more likely as the skeletal
pattern becomes more severe, the lower lip functions by being drawn
up behind the upper incisors (Fig. 9.4). The effect of this is to retrocline
the lower labial segment and/or procline the upper incisors, resulting in
an incisor relationship that is more severe than the underlying skeletal
pattern.

If the tongue habitually comes forward to contact the lower lip, pro-
clination of the lower incisors may occur, helping to compensate for the
underlying skeletal pattern. This type of soft tissue behaviour is often
associated with increased vertical skeletal proportions and/or grossly
incompetent lips, or a habit which has resulted in an increase in overjet
and an anterior open bite. In practice, it is often difficult to determine

Fig. 9.3 In this patient with a Class Il division
1 malocclusion, the lower lip lies behind

the upper central incisors which have been
proclined, and in front of the lateral incisors
which have been retroclined as a result.

(o)

Fig. 9.4 A Class Il division 1 malocclusion due mainly
to retroclination of the lower labial segment by an
active lower lip. This patient achieved an anterior oral
seal by contact between the tongue and the lower lip.
(a—c) Prior to treatment; (d, €) post treatment.



Class Il division 1

(a) (b)

the degree to which this is adaptive tongue behaviour, or whether a
rarer endogenous tongue thrust exists (see Chapter 12, Section 12.2.2).

Infrequently, a Class Il division 1 incisor relationship occurs as a result
of retroclination of the lower incisors by a very active lower lip some-
times referred to as ‘strap-like’ (Fig. 9.4).

Dental factors

A Class Il division 1 incisor relationshipimay occur as a result of crowd-
ing. Due to the shortage of space, the.upper incisors may be displaced
labially leading to an increased overjet. It is also possible to have an
increased overjet as a result-of an ectopic incisor that has developed
labially. Treatment of the increased overjet in these situations is aimed
at creating space to.relieve the crowding and/or bringing the ectopic
tooth back into the line of the arch.

Habits

(See also Chapter 12, Section 12.2.3.)

An increased overjet can be the result of a persistent digit-sucking
habit. A prolonged force on the teeth from the digit lasting several hours
a day is sufficient to move teeth. The severity of the effects produced
will depend upon the duration and the intensity, but the following are
commonly associated with a determined habit (Fig. 9.5):

® Proclination of the upper incisors.

® Retroclination of the lower labial segment.

Fig. 9.5 The effects of a persistent digit-suck-
ing habit on the occlusion: the upper incisors
have been proclined and the lower incisors
retroclined.

® Anincomplete overbite or a localized anterior open bite.

@ Narrowing of the upper arch thought to be mediated by the tongue
taking up a lower position in the mouth (so it no longer balances
the inward pressure from the cheeks) and also the negative pressure
generated during sucking of the digit.

The effects may be asymmetric if a single finger or thumb is sucked
(Fig. 9.6).

Fig. 9.6 Anasymmetricalincrease in overjet in a patient with a habit of
sucking one finger on'the right hand.

9.2 Objectives of treating Class Il division¥ malocclusions

Like all orthodontic cases, the following areas need to be considered:

® Aesthetics
® Oral health
® Function
® Stability.

Aesthetics

As discussed in Chapter 7, Section 7.3.2, in order to achieve a good aes-
thetic result, it is important to consider the ‘patient’s facial and smile
aesthetics. Simply reducing an overjet, without considering the position

of the teeth within the face and relation to the lips, will not necessarily
produce an aesthetic result. It is important to determine the aetiology of
the Class Il division 1 malocclusion, and identify where the abnormalities
lie (see Chapter 5). For example, the case study in Chapter 19, Fig. 19.1
shows a patient who has a markedly increased overjet, and this is partly
due to proclined incisors, but is also as a result of a retrognathic mandible,
so treatment was planned to address both of these aetiological factors.

Oral health

One major objective for treating Class Il division 1 malocclusions is
to reduce the risk of traumatic injuries. The risk of injury is more than
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doubled inindividuals with an overjet greater than 3 mm, and the risk of
injury increases with overjet size and lip incompetence.

An increased overjet and increased vertical proportions can some-
times lead to grossly incompetent lips which are habitually apart at rest.
This can result in drying of the gingivae, exacerbating any pre-existing
gingivitis. Reducing the overjet to improve lip incompetence may help
reduce this drying effect.

Function

Although aesthetics and health issues may be more common reasons
for treating a Class Il division 1 malocclusion, it is important to aim for a
functional result that allows the patient to incise foods normally.

Stability

The soft tissues are the major determinant of stability following overjet
reduction. Ideally, at the end of overjet reduction the lower lip should
lie on the labial incisal one-third of the upper incisors and the patient
should be able to achieve a competent lip seal. For example, the patient
shown in Chapter 19, Fig. 19.1, has an increased overjet on a Class Il
skeletal pattern with the lower lip functioning behind the upper inci-
sors. However, following treatment, with a functional appliance and
fixed appliances the overjet has been reduced, and the lower lip lies
passively at rest over the lower third of the upper incisors, increasing
the chances of stability.<In.contrast, the patient shown in Fig. 9.7 has a
Class Il skeletal pattern'with increased vertical skeletal proportions and

Fig. 9.7 Class Il division 1 malocclusion with a poor prognosis for the
stability of overjet reduction due to the markedly incompetent lips
and increased vertical proportions. Prolonged retention would be
advisable.

markedly incompetent lips. In this case, overjet reduction is unlikely to
be stable as, following retraction, the upper labial segment would not
be controlled by the lower lip.

If it is not possible to get the upper incisors under the control of the
lower lip at the end of orthodontic treatment, additional fixed retention
may be indicated, or in some cases surgical input may be required.

9.3 Treatment planning for Class Il division 1 malocclusions

A full history, examination, and special tests will have identified a list
of problems, including the increased overjet and any associated Class
Il skeletal discrepancy. From this, a list of aims can be produced, iden-
tifying which problems will be addressed and which will be accepted.
Once the aims are established, possible solutions can be considered. Of
particular relevance to treatment planning for Class Il division 1 maloc-
clusions are:

® aetiology

® age of the patient

® any underlying skeletal problems
® anchorage

® retention.

Aetiology

It is important to identify the aetiology of the increased overjet, as this
will determine the appropriate treatment plan. If there is an underlying
skeletal aetiology then a decision needs to be made whether to accept
the underlying skeletal component and move the teeth'into a Class |
relationship (orthodontic camouflage, see Chapter 7, Fig. 7.9), to try to
modify the skeletal component (growth modification, see Chapter 19,
Fig. 19.1), or to use a combined orthodontics and surgical approach
(orthognathic surgery, see Chapter 22, Fig.22.3).

If there is a soft tissue cause to the malocclusion, then the treatment
plan should aim to place the teeth in such a position that the lips will
meet passively in a competent position at rest.

Addressing underlying dental-causes of an increased overjet are usu-
ally simpler, as this typically involves relieving crowding and/or aligning
irregular teeth.

If habits are contributing to this type of malocclusion it is vital that the
habit is broken before any treatment begins, as the pressures from the
digit are likelyto inhibit the corrective forces of any orthodontic appli-
ances, and certainly would significantly increase the risk of any relapse.

3.2 Age

The patient’s age is important as it will determine whether there will be
any further significant facial growth. This is important for two reasons:

® Future growth—favourable or unfavourable?

® Utilizing favourable growth for treatment.

In the ‘average’ growing child, forward growth of the mandible occurs
during the pubertal growth spurt and the early teens. This is advanta-
geous in the management of Class Il malocclusions. However, correc-
tion of the incisor relationship in a child with increased vertical skeletal
proportions and a backward-opening rotational pattern of growth has a
poorer prognosis. This is because the anteroposterior discrepancy will
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worsen with growth, and in addition an increase in the lower face height
may reduce the likelihood of lip competence at the end of treatment.
In a growing patient, growth modification may be used to correct
underlying Class Il skeletal problems, and it is also makes it easier to treat
other possible aspects of the malocclusion, such as a deep overbite.

Skeletal problems

Patients with an underlying skeletal discrepancy (usually Class II), can
be treated by:

® orthodontic camouflage
® growth modification

® a combined orthodontic and surgical approach.

Orthodontic camouflage can be used to treat Class Il division 1, by
moving the teeth into a Class | relationship, but accepting the under-
lying skeletal discrepancy. This is usually more likely when the skele-
tal contribution to the malocclusion is small and'may involve allowing
the lower incisors to come forwards, or retracting the upper incisors,
or both. Retracting the upper incisors sometimes requires space to
be created to move the incisors into. This space can be created by
removing tooth tissue, using extractions (see Chapter 7, Section 7.7.3)
or interproximal reduction of enamel. Space can also be created by
applying distalizing forces.to-the upper molars with headgear (see
Chapter 15, Section 15.5) or from temporary anchorage devices (see
Chapter 15, Section15.4.8).

Growth modification is possible in growing patients. This can be
undertaken with headgear (see Chapter 15, Section 15.5) or functional
appliances (see Chapter 19). It is likely that any skeletal changes are
minimal and that the majority of changes are dento-alveolar, however
these orthodontic appliances often offer an efficient way to correct the
more severe Class Il division 1 malocclusions. One particularly con-
troversial area of growth modification treatment of Class Il division 1

Key points

malocclusions with functional appliances is the timing of treatment:
should it be early (typically before the age of 10 years in the mixed den-
tition) or in the late mixed dentition? The best research evidence avail-
able would suggest that starting treatment earlier takes longer, requires
more compliance’ from patients, and does not result in a better final
result, either-occlusally or skeletally. Early treatment is however indi-
cated to«educe the risk of incisal trauma or when a patient is being
teased or bullied about their Class Il division 1 malocclusion. Further
details are available in Chapter 19, Section 19.5.

Combined orthodontic and orthognathic surgery treatment is usu-
ally reserved for adults with more severe skeletal discrepancies that
are beyond the scope of orthodontics alone or where orthodontic
camouflage would produce a compromised facial result. Combined
orthodontic and orthognathic surgery treatment is discussed further
in Chapter 22.

Anchorage

Anchorage is the resistance to unwanted tooth movement. Whenever
teeth are moved, there is always an equal and opposite force that may
cause unwanted tooth movement elsewhere in the mouth. Anchorage
is needed to minimize this unwanted tooth movement. In the treatment
of Class Il division 1 malocclusions, there is often a challenge in keeping
the upper posterior teeth still while retracting the upper labial segment
to reduce an overjet. Planning, applying, and monitoring anchorage.is
discussed in detail in Chapter 15.

Retention

Retention is a vital part of any orthodontic treatment plan. Of particular
relevance to retaining the result of corrected Class Il division 1 malocclu-
sions is to ensure the upper incisors are under control of the lower lip at
the end of treatment, to help minimize relapse of the overjet. Retention
is discussed in more detail in Chapter 16.

@ Class I division 1 malocclusions are commonly associated with an underlying Class Il skeletal‘pattern with a retrusive mandible.

® When treating Class Il division 1 malocclusions, it is important to identify the aetiology, which can be skeletal, due to soft tissues, dental

factors, or habits.

® For cases with an underlying Class Il skeletal pattern, the options are growth modification, camouflage, or surgery.

® Growth modification can only be undertaken in growing patients.

® Stability of treated Class Il division 1 malocclusions is improved if the upper incisors are under the control of the lower lip at the end of
treatment.

Relevant Cochrane review

Batista, K. B., Thiruvenkatachari, B., Harrison, J. E.,and O’Brien, K. D. (2018). Orthodontic treatment for prominent upper front teeth (Class Il malocclusion)
in children. Cochrane Database of Systematic Reviews,|ssue 3, Art. No.: CD003452. DOI: 10.1002/14651858.CD003452.pub4 https://www.cochranelibrary.

com/cdsr/doi/10.1002/14651858.CD003452.pub4/full
This systematic review discusses the evidence Behind the treatment of patients with increased overjets, and includes summaries of the best quality
studies using functional appliances.


https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD003452.pub4/full
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD003452.pub4/full
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Nguyen, Q. V., Bezemer, P. D., Habets, L., and Prahl-Andersen, B. (1999). Petti, S. (2015). Over two hundred million injuries to anterior teeth attribut-
A systematic review of the relationship between overjet size and trau- able to large overjet: a meta-analysis. Dental Traumatology, 31, 1-8.[DOI:
matic dental injuries. European Journal of Orthodontics, 21,503-15. [DOI: 10.1111/edt12126] [PubMed: 25263806]
10.1093/€j0/21.5.503] [PubMed: 10565091] These'two papers discuss the increased risk of trauma to the incisors of

patients with increased overjets.

<@ References for this chapter can also be found at: www.oup.com/uk/orthodontics5e. Where possible, these are presented as active links
which direct you to the electronic version of the work, to help facilitate onward study. If you are a subscriber to that work (either individually
or through an institution), and depending on your level of access, you may be able to peruse an abstract or the full article if available.
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® Gain an understanding of the aetiological factors and clinical features of Class Il division 2 maloeclusions.

® Gain an appreciation of the aims of treatment for Class Il division 2 malocclusions based.on.an understanding of the probable aetiology.

® Gain an understanding of the treatment methods for Class Il division 2 malocclusions.

Class Il division 2 incisor relationship is defined by the British Standards
Institute classification as an occlusion where the lower incisor edges
occlude posterior to the cingulum plateau of the upper incisors and

the upper central incisors are retroclined (Fig. 10.1). The overjet may be
normal or increased. The prevalence of this malocclusion in a Caucasian
population is approximately 10%.

Fig. 10.1 Class Il division 2 malocclusion: the lower incisor edges occlude posterior to the cingulum plateau of the upper incisors and the upper central
incisors are retroclined. The lower incisors may be normal inclination (black), retroclined (blue), or proclined (green).

10.1 Aetiology

The majority of Class Il division 2 malocclusions arise from a number of
interrelated skeletal, soft tissue, and dental factors (Table 10.1).

Skeletal pattern

Class Il division 2 malocclusion is commonly associated with a mild
Class Il anteroposterior skeletal pattern, but may also occur in associa-
tion with a Class | or even a Class Ill dental base relationship. Where the
skeletal pattern is more markedly Class Il, the upper incisors usually

Table 10.1 Common aetiological factors in Class Il division 2
malocclusion

Skeletal Class Il anteroposterior skeletal base relationship

Vertical anterior proportion is often reduced

Soft tissue High lower lip line can retrocline the maxillary
incisors
Highly active lips can cause bimaxillary dental
retrusion
Increased masticatory muscle tone is associated
with reduced facial proportion

Lack of occlusal stop resulting in.increased
overbite

Abnormal crown-root is a possible aetiological
factor for increased interzincisor angle

lie outside the control of the lower lip resulting in a Class Il division 1
relationship, but where the lower lip line is high relative to the upper
incisors, a Class Il division 2 malocclusion can result.

The vertical skeletal dimension is important in the aetiology of Class
Il division 2 malocclusions. Typically, the lower anterior face height
(LAFH) and the Frankfort-mandibular plane angle (FMPA) and maxil-
lary-mandibular plane angle (MMPA) are reduced as a result of a for-
ward (anticlockwise) rotational pattern of growth (see Chapter 4). A
reduced LAFH occurring in conjunction with a Class Il jaw relationship
usually results in the absence of an occlusal stop to the lower incisors.
This has the effect of increasing the overbite through further eruption
of the incisors\(Fig. 10.2).

).11.2 Soft tissues

The position and activity of the lips and the activity of the masticatory
muscles have both been suggested as aetiological factors in Class Il
division 2 malocclusions. The influence of the lips in Class Il division 2
malocclusions is usually mediated by the skeletal pattern. If the lower
facial height is reduced, the lower lip line will effectively be higher rela-
tive to the crown of the upper incisors (more than the normal one-third
coverage). A high lower lip line will tend to retrocline the upper inci-
sors (Fig. 10.3). In some cases, the upper lateral incisors, which have a
shorter crown length, will escape the action of the lower lip. In these
cases, the central incisors are retroclined while the lateral incisors are



Fig. 10.4 Typical Class Il division 2 malocclusion with retroclination of
the upper central incisors. The lateral incisors, which are shorter, escape
the effect of the lower lip and lie at an average inclination and are slightly
mesiolabially rotated as a result of crowding.

Aetiology

Fig. 10.2 Lack of an occlusal stop allowed
the incisors to continue erupting, leading to a
significantly increased overbite.

Fig. 10.3 Class Il division 2 malocclusion with
retroclination of all the upper incisors due to a
high lower lip line, which is evident in the view
of the patient smiling.

average inclination or proclined, commonly with mesiobuccal rotation
due to crowding (Fig. 10.4). Class Il division 2 incisor relationships may
also result from bimaxillary retroclination caused by active muscular lips
(Fig. 10.5), irrespective of the skeletal pattern.

Increased masticatory muscle force has been associated with anti-
clockwise rotational growth patterns and reduced vertical facial pro-
portions. The cause-effect relationship is unclear and it is possible
that altered muscular activity is a result of the underlying skeletal
pattern or that it contributes to the development of the skeletal pat-
tern. The potentially increased muscular force is an important con-
sideration during treatment planning and management, particularly
in non-growing patients,-as:this may pose challenges for correction
of the deep bite.

Dental factors

The increased overbite seen in Class Il division 2 malocclusion arises
from the.lack of effective occlusal stop to limit eruption of the lower

Fig. 10.5 Patient with bimaxillary retroclination
due to the action of the lips.
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incisors. This results in their continued eruption and an increased inter-
incisal angle. This effect may be secondary to a Class Il skeletal pattern
or a result of retroclination of the incisors by the action of the lips. In
some cases the increased inter-incisal angle arises from an abnormal
crown-root angulation in the central incisors (Fig. 10.6). However, it has
not been established whether the acute crown-root angulation causes
the incisor relationship or is itself a result of root development arising
from deflection of the crown of the tooth relative to the root after erup-
tion by a high lower lip line.

Fig. 10.6 Altered root crown angulation in the max-
illary incisors has been suggested as an aetiological
factor in Class Il division 2 incisal relationship.

10.2 Common features of Class Il division 2 malocclusion

10.2.1 Extra-oral features

Typically, Class Il division 2 malocclusions are associated with a mild
Class Il skeletal pattern with reduced vertical proportions. A forward
rotational pattern of growth tends to resultin the mandible becoming
more prognathic and this can be helpfulin,camouflaging the underly-
ing anteroposterior discrepancy. Reduced LAFH and forward rotation
of the mandible commonly results.in-a more pronounced labio-mental
fold (Fig. 10.7).

10.2.2 Occlusalfeatures

The skeletal, soft tissue and dental aetiological factors in Class Il divi-
sion 2 malocclusion result in a number of typical occlusal features
(Box 10.1).

Classically, in Class Il division 2 malocclusions the upper central inci-
sors are retroclined and the lateral incisors are at average angulation or
proclined, depending upon their vertical position relative to the lower
lip. Crowding is commonly seen in conjunction with a Class Il division 2
incisor relationship as any existing shortage of space is exacerbated by
the retroclination of the upper central incisors, resulting in the incisors

Fig. 10.7 Deep labiomental fold is typical of a forward (anticlock-
wise) rotational growth pattern, often seen with.Class Il division 2
malocclusions.

being positioned in an arc of smaller circumference. This usually mani-
fests as a lack of space for the upper lateral incisors, which typically
rotate mesiolabially out of the arch (Fig. 10.4). Lower arch crowding is
similarly exacerbated by retroclination of the lower labial segment, in
cases where the lower labial segment has become ‘trapped’ behind the
upper labial segment by an increased overbite (Fig. 10.8). The sagittal
curvature of the occlusal plane, known as the curve of Spee, is com-
monly increased in Class Il division 2 malocclusions.

In mild Class Il skeletal patterns, the lower incisors occlude with the
upper incisors, but in patients with a more severe skeletal discrepancy,
the overbite may be complete to the palatal mucosa. In a small propor-
tion of Class Il division 2 incisor relationships, a ‘traumatic’ overbite may
occur, where the lower incisors cause ulceration of the-palatal tissues,
or retroclination of the upper incisors causes stripping of the labial gin-
givae of the lower incisors (Fig. 10.9).

Another feature associated with a more severe underlying Class Il
skeletal pattern is lingual crossbite of the first and occasionally the sec-
ond premolars (Fig. 10.10). This may be a consequence of the relative
positions and widths of the arches and/or trapping of the lower labial
segment within a retroclined upper labial segment.

Box 10.1 Common occlusal features in Class Il division
2 malocclusion

® Retroclined central maxillary incisors, which are often
vererupted.

® Normal, proclined, or retroclined maxillary lateral incisors—
lateral incisors are often rotated due to crowding.

® Retroclined mandibular incisors due to ‘trapping’ behind
maxillary incisors.

® Crowding—this can be exacerbated by retroclined incisors.
® |ncreased overbite.

® Increased curve of Spee.

® |ingual crossbite in premolar region.

® Buccal segment relationship is commonly Class Il



Fig. 10.8 ‘Trapping’ of the lower incisor teeth behind the cingulum of
the upper incisors in a Class Il division'2 malocclusion. Note the space
created labial to the lower incisor.crown by reduction of the overbite
(blue line) within the soft tissue environment.

(@) (b)

10.3 Aims of treatment

Class Il division 2 malocclusion is one of the most challenging occlusal
anomalies to manage due to the underlying aetiological skeletal and soft
tissue factors. A recent Cochrane review was unable to find any high-
quality evidence to advocate any treatment approach over another and
much of the evidence around treatment effectiveness comes from case
series, clinical experience, and expert opinion.

Stable correction of a Class Il division 2 incisor relationship has two
key components to prevent re-eruption of the incisors after treatment
(Fig. 10.11):

1. Correction of the inter-incisal angle.
2. Reduction of the increased overbite.

These treatment objectives can be addressed simultaneously along
with other aspects of the malocclusion.but are discussed separately
here for clarity.

Aims of treatment

Fig. 10.10 Particularly severe lingual crossbite of the entire left buccal
segment due to a Class Il skeletal pattern resulting in wider portion of
upper arch occluding with narrower section of lower arch.

Fig. 10.9 ‘Traumatic overbite’ caused by
Class Il division 2 incisor relationship. (a)
Ulceration of the palatal mucosa of 1/1
caused by the occlusion of the lower incisor
edges. (b) Stripping of the labial gingivae
of the lower incisors caused by the severely
retroclined upper incisors.

Class Il division 2 malocclusions are often associated with an underly-
ing Class/ll skeletal discrepancy and the decision whether to correct or
camauflage the anteroposterior discrepancy will depend on the desired
finalincisor position relative to the face and upper lip. Similarly, the ver-
tical component of the malocclusion will determine the preferred treat-
ment mechanics for correcting the overbite.

Correction of inter-incisal angle

If re-eruption of the incisors and an increase in overbite is to be
resisted, the inter-incisal angle needs to be reduced, preferably close
to 135°, to create an effective occlusal stop. It has been suggested
that stability is increased if, at the end of treatment, an edge—centroid
relationship is achieved (Fig. 10.12), where the lower incisor edge lies
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Fig. 10.12 Edge—centroid relationship: the midpoint of the maxillary
incisor root axis (centroid) lies palatal to the lower incisor incisal edge.

0-2 mm anterior to the midpoint of the root axis of the upper incisors,
known as the centroid.

Incisor inclination can be corrected by movement of the crown,
root, or both (Fig. 10.13). As a result, there are a number of possible
approaches to reducing the inter-incisal angle. The preferred treatment
approach will depend upon the aetiology of the malocclusion, the

(a) (b) (©

Fig. 1011 If a Class Il division 2 incisor relationship is to be
corrected, not only the overbite but also the inter-incisal
angle must be reduced to prevent re-eruption of the incisors
after treatment: (a) Class Il division 2 incisor relationship; (b)
reduction of the overbite alone will not be stable as the inci-
sors will re-erupt following removal of appliances; (c) reduc-
tion of the inter-incisal angle in conjunction with reduction of
the overbite has a greater chance of stability.

©
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Fig. 10.13 Correction of the upper incisor inclination can be achieved in
two ways: (a) proclination of the incisor crown while the root position is
maintained; (b) palatal torque of the incisor root while the crown posi-
tion is maintained.

presence and degree of crowding, the extra-oral profile and subsequent
preferred incisor position, and the patient’s age and wishes.

Inter-incisal correction can be achieved through one or a combina-
tion of the following approaches (Fig. 10.14):

® Torquing the incisor roots palatally/lingually.

Fig. 10.14 Effect of correcting the inclination of the incisors.
Black lines = pre-treatment; red lines = treatment effect. (a) Pro-
clination of both upper and lower incisors corrects the inter-incis-
al angle and reduces the overbite (e.g. in cases with bimaxillary
retrusion). (b) Correction of overjet and overbite by proclination
of the lower labial segment and torque of the upper incisor (e.g.
in a more severe Class Il malocclusion). (c) Proclination of the
upper incisors without alteration of the lower incisor position
usually leads to an increased overjet. This malocclusion can then
be treated as a Class Il division 1 malocclusion.



® Proclination of the lower labial segment.

® Proclination of the upper labial segment, then managing as a Class Il
division 1 malocclusion.

Torquing the incisor roots

Fixed appliances can be used to torque the incisor roots palatally or
lingually while maintaining the crown position. Theoretically, if the inci-
sor crown position is unchanged, treatment will have little effect on lip
support and facial profile. Torquing incisor apices is dependent upon
the presence of sufficient cortical bone palatally/lingually and places a
considerable strain on anchorage. This type of movement is also more
likely to result in resorption of the root apices than other types of tooth
movement. Palatal and lingual incisor root torque requires space in the
arch due to the palatal/lingual shift in the contact points of the teeth,
leading to a reduction in the arc circumference and a relative reduction
in the arch length.

Proclination of incisors

An alternative method for correcting the incisor angulation involves
proclination of the teeth. This moves the crown of the tooth labially
while maintaining the root position;resulting in space gain by increasing
the arc circumference. The relative proclination or torque of upper and/
or lower incisors will determine the final incisor relationship.

Proclination of the lower.incisors may gain space for alignment and
assist overjet and overbite reduction; however, excessive movement
of the lower labial segment increases the risk of relapse, bony dehis-
cence through the labial bone, and gingival recession (see Chapter 1,
Section 1.6). Lower incisor proclination is discussed in more detail in
Section 10.4.2.

In the upper arch, proclination of the incisors will convert the incisal
relationship into a Class Il division 1 malocclusion, usually with an
increased overjet. In cases where lip support is reduced, labial move-
ment of the upper incisors may be desirable. Where proclination of the
upper labial segment results in an increased overjet, management for
correcting the anteroposterior inter-arch discrepancy to achieve a Class
| incisor relationship follows the same principles as a Class Il division 1
malocclusion (see Chapter 9).

Reduction of overbite

The levelling phase of treatment aims to correct the overbite and the
increased curve of Spee associated with Class Il division 2 malocclusion.
A number of approaches can be used to correct the overbite:

® |ntrusion of incisors
® FEruption of molars
® Extrusion of molars
® Proclination of incisors.

Due to the difficulty in creating isolated effects with orthodon-
tic appliances, it is likely that, in reality, any mechanies.will result in a
combination of these tooth movements to varying degrees. The deci-
sion whether anterior or posterior vertical tooth movement is pre-

ferred depends on the amount of incisor. and gingival show at rest and
smiling and the LAFH. Considerations for proclination of incisors are

Aims of treatment

Fig. 10.15 Incisor intrusion with fixed appliance with a continuous
archwire will lead to some molar extrusion.

discussed in Section 10.4.2. Levelling the curve of Spee requires space
(see Chapter 7, Section 7.7.1) and may result in proclination of the lower
labial segment unless there is space in the arch.

Incisor intrusion

True intrusion of the incisors is difficult to achieve with fixed appliances
alone, as the mechanics tend to pit intrusion of the incisors against
extrusion of the buccal segment teeth (Fig. 10.15). It is easier to.move
molars occlusally than to intrude the incisors into bone and conse-
quently, the former tends to predominate. In practice, relative intrusion
isachieved, where the incisors are held while vertical growth of the face
occurs with additional extrusion of the molars. Where there is a step in
the occlusion, arches such as the utility arch can be used (Fig. 10.16).
This bypasses the canines and premolars to enable levelling of the labial
segment and reduction of overbite by intrusion of the incisors, although
some molar extrusion does occur.

Molar extrusion alongside incisor intrusion may be acceptable, or
even desirable, for example, in-cases with reduced vertical propor-
tions. However, in those with normal or increased facial proportions, it

Fig. 10.16 Lower utility arch for overbite reduction. Note the difference
in level between the lower incisor brackets and the buccal segment
teeth.
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Fig. 10.17 Altering the anchoragebalance to increase incisor intru-
sion with minimal molar extrusion: (a) increasing posterior anchorage
by including more teeth in the anchor unit or using posterior skeletal
anchorage; (b) providing a stable force for application of intrusive force,
such as anterior skeletal'anchorage.

may be undesirable to have molar movement and methods may be
used to alter the anchorage balance and increase true incisor intru-
sion (Fig. 10.17). Posterior anchorage can be increased to limit recipro-
cal molar extrusion during incisor extrusion. The two most common
methods to increase posterior anchorage are increasing the number
of molars included in anchorage unit, for example, bonding the sec-
ond molars, and use of skeletal anchorage ligated to the fixed appliance
in the molar region to restrict molar movement. Alternatively, skeletal
anchorage in the incisor region allows direct application of intrusive
forces to the upper labial segment with minimal effect on the molars.
However, care must be taken not to apply excessive intrusive force, as
this increases the risk of root resorption (see Section 4.10). Temporary
anchorage devices (TADs) are the most common method for gaining
skeletal anchorage and can be used in conjunction with fixed or remov-
able appliances (see Chapter 15, Section 15.4.8).

10.4 Treatment methods

The decision to embark on orthodontic treatment should be based on a
thorough risk-benefit analysis. In milder Class Il division 2 cases, where
the overbite is only slightly increased, the arches arenot significantly
crowded, and the aesthetics acceptable, it may be preferable to accept
the malocclusion (Fig. 10.19).

Where treatment is indicated, the overall. malocclusion will deter-
mine the treatment objectives. Treatment modalities for Class Il division

Eruption of the molars

Eruption of the buccal segment will aid levelling of the curve of Spee
and overbite reduction but this is limited to growing patients. Methods
can be used to encourage molar eruption while simultaneously limit-
ing further eruption of the incisors (Fig. 10.18). This is most commonly
achieved with-an upper removable appliance that incorporates a flat
anterior bite-plane (FABP) or a functional appliance that frees the
occlusion of the posterior teeth, such as a medium opening activator
(see-Chapter 19, Section 19.7.3). If worn conscientiously, these appli-
ances result in rapid reduction of the overbite.

Eruption of the molars to correct the overbite results in an increase
in the vertical dimension. This must be judged to be favourable to the
overall facial balance and in addition, the patient must still be growing
to enable adaptation and prevent re-intrusion of the molars under the
forces of occlusion once the appliance is withdrawn. Resistance to re-
intrusion is aided if the treatment creates an effective occlusal stop and
reduces the inter-incisal angle.

Extrusion of the molars

As previously described, the major effect of attempting intrusion of the
incisors is often extrusion of the molars. This is advantageous in Class
Il division 2 cases with reduced vertical proportions. Vertical growth is
required if the overbite reduction achieved is to be stable and it can be
very difficult to extrude the molars in a stable manner in adult patients
due to the lack of growth.

Correction of other aspects
of malocclusion

When determining the aims of treatment for Class Il division 2 maloc-
clusions, it is important to consider all aspects of the malocclusion
and how these may be corrected, as this may have implications for the
best method for correcting the inter-incisal angle and overbite. Space
requirements need to be judged-based on crowding, change in incisor
inclination, and any anteroposterior, vertical, or transverse discrepan-
cies (see Chapter 7, Section 7.7).

Lingual crosshites often affect the first premolars only and may be
inadvertently managed by extraction of the upper first premolars. If
extractions are notindicated or if multiple teeth are involved, elimina-
tion of the crossbite will commonly involve fixed appliances to achieve a
combination of contraction across the affected upper teeth and expan-
sionof the lower premolar width.

2 malocclusion include fixed appliances, functional appliances, and
orthognathic treatment (Table 10.2).

Extractions

The decision to extract in Class Il division 2 malocclusion cases
depends on the overall space requirements to correct all aspects of the
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Fig. 10.19 An acceptable mild Class Il division 2 incisor relationship.

Treatment methods

Fig. 10.18 (a) The effect of ‘opening the
bite’. Further eruption of the incisors:is
limited while the molars are encouraged to
erupt to reduce the overbite..(b) An upper
removable appliance with a flatanterior
bite plane. The posterior teeth are out of
occlusion, providing space for eruption. The
levelling effect can be increased by placing
alower fixed appliance. (c) A similar effect
can be achieved using a functional appliance
that separates the posterior teeth, such as a
medium opening activator.

malocclusion and-the proposed final position of the incisors based on
optimizingfacial aesthetics.

In the Jlower arch, it is preferable to limit any lingual movement of
theilower incisors to avoid worsening the overbite. In cases with little
space requirement, it may be preferable to accept proclination of the
lower incisors rather than risking lower incisor retraction. Clinical expe-
rience suggests that space closure occurs less readily in patients with
reduced vertical skeletal proportions and, as this is a common feature
of Class Il division 2 malocclusions, this is often cited as a further reason
to avoid lower arch extractions. In cases where lower arch extractions
are necessary, treatment mechanics must be planned and executed to
ensure space closure without lingual movement of the lower incisors
(Fig. 10.20). Most commonly, lower second premolars rather than first
premolars are the extraction choice.

In the upper arch, extractions may be required to provide space and
anchorage for torquing the incisor roots palatally or for retracting the
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Table 10.2 Treatment methods in Class |l division 2
malocclusion

Method Aim

Fixed appliances Torque incisor roots to correct
inter-incisal angle
Procline lower incisors to correct
inter-incisal angle, reduce
overbite, and create space
Intrusion of incisors and/or
extrusion of molars to reduce
overbite

Flat anterior bite plane—eruption
of molars and allow lower incisors
to spontaneously procline

Use with TADS as a splint to
intrude upper labial segment

Distalization of buccal segments
Extrusion of molars
Anchorage

Temporary anchorage Provide anchorage to support

device (TAD) desiredtooth movements
Inter-arch elastic Anteroposterior or vertical
traction correction

Anchorage

Modifications to procline upper
incisors

Anteroposterior inter-arch
correction

Orthognathic surgery Manage severe anteroposterior
and vertical skeletal discrepancy

labial segment. Care must be taken to determine the desired maxillary
incisor crown position relative to the face and upper lip to prevent over-
retraction of the upper labial segment. Identifying the proposed incisor
position at the outset ensures the treatment plan is feasible, identifies
any additional anchorage requirements, and helps to plan mechanics.

Lower incisor proclination

Proclination of the lower incisors is helpful in reducing both overbite
and the inter-incisal angle. In general, proclination of the lower labial
segment should be considered unstable but it has been argued that
in some Class Il division 2 malocclusions, the lower labial segment is
trapped behind the upper labial segment by the increased overbite.
This results in retroclination of the lower incisors and constriction of the
lower intercanine width during growth. In these cases, it is suggested
that alimited increase in intercanine width and a degree of proclination
of the lower labial segment can be stable. In the majority of patients,
movement of the lower labial segment labially increases the likelihood
of relapse and therefore carefully planned retention is particularly
important (see Chapter 16).

If the treatment plan involves proclination.of the lower labial seg-
ment, it is critical that the lower labial supporting tissues are assessed.

Fig. 10.20 Residual extraction space in the lower arch is ideally closed
by protraction of the buccal segments to prevent labial segment retrac-
tion and worsening of the overbite.

Reduced buccal alveolar bone and thin gingival biotype are associated
with iatrogenic gingival recession, particularly in the presence of poor
plague control. In non-growing patients with an underlying skeletal dis-
crepancy, lower labial segment proclination is often desirable; however,
the increased risk of gingival recession may be inhibitory.

Fixed appliances

Fixed appliances can be used to correct the inter-incisal angle and
reduce the overbite, as well as correcting other aspects of the malocclu-
sion such as malalignment and crossbites (Fig. 10.21). Fixed appliances
can be used alone or in conjunction with other appliances.

Headgear can be used alongside fixed appliances to provide additional
anchorage or for distal movement of the buccal segments. A direction
of pull below the occlusal plane (cervical pull) is indicated in Class Il
division 2 malocclusions with reduced vertical facial proportions to aid
extrusion of molar and increase face height.

Skeletal anchorage from TADs has increased the scope for correction
of more severe Class Il division 2 malocclusions with orthodontics alone.
TADs can be used with fixed or removable appliances to provide a point
for direct application of force or to increase anchorage (see Chapter 15,
Section 15.4.8).

Remeovable appliances

Removable appliances are useful as a stand-alone treatment or as an
adjunct to other appliances. In cases where the lower incisors have
been trapped behind the upper labial segment by an increased over-
bite, fitting an upper removable appliance (URA) with FAPB may allow
the lower labial segment to procline spontaneously.

URAs can also be used in conjunction with other treatment
modalities:

® URA with FABP used with a lower fixed appliance to eliminate inter-
ference from the upper incisors while the lower arch is aligned and
levelled

® URA with headgear to gain buccal segment correction

® URA with anterior capping with traction to anterior temporary
anchorage devices to intrude the labial segment.
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Fig. 10.21 (a) A 12-year-old female with a Class Il division 2 incisor relationship on a Class | skeletal pattern with crowded and rotated incisors. (b) The
second premolars were extracted and fixed appliances were used. (c) At the end of treatment, the deep bite and crowding were corrected and some

favourable mandibular growth is also evident (d, ).

Functional appliances

See also Chapter 19, Section 19.6.2.

Functional appliances can be utilized in the correction of Class Il
division 2 malocclusions in growing patients with a mild to moder-
ate Class Il skeletal pattern. Reduction of the inter-incisal angle is
achieved mainly by proclination of the upper incisors, although some
proclination of the lower labial segment may also occur. In some cases
a removable appliance might be used prior to the functional appli-
ance to procline the incisors and expand the upper arch to ensure
the correct buccolingual arch relationship at the end of treatment
(Fig. 10.22).

Alternatively, to eliminate the need for an additional treatment
stage, modifications can be incorporated into some-types of func-
tional appliance. Twin-block functional appliances can be designed
to incorporate a spring and a midline expansion screw into the
upper block to procline the incisors and gain-expansion respectively.
Alternatively, a sectional-fixed appliance can be placed on the upper

Fig. 10.22 A URA can be used prior to functional appliance treatment to
procline the upper incisors and gain upper arch expansion, known as the
‘Expansion and Labial Segment Alignment Appliance’ (ELSAA).



Class Il division 2

(a)

(b)

(o

(d)

labial segment teeth to achieve alignment during the functional
phase (Fig. 10.23). After anteroposterior correction with the func-
tional appliance, fixed appliances are nearly always required to detail
the occlusion.

Surgery

See Chapter 22.
A stable aesthetic orthodontic correction may not be possible in
patients with an unfavourable skeletal pattern anteroposterior or

Fig. 10.23 (a) A Class Il division 2 malocclu-
sion. (b) A sectional fixed was used in conjunc-
tion with a twin-block appliance to procline the
upper labial segment and gain anteroposterior
correction. (c) Following this, fixed appliances
were used to correct all remaining aspects

of the malocclusion. (d) The cephalometric
superimposition demonstrates the maxillary
incisors have been torqued and the lower inci-
sors proclined to correct the inter-incisal angle,
alongside reduction of the overbite (black =
pre-treatment, green = post-functional, red =
near end of treatment).

vertical, particularly if growth is complete (Fig. 10.24). In these cases,
surgery may be necessary. A phase of pre-surgical orthodontics is
required to align the teeth. However, arch levelling is usually not com-
pleted as extrusion of the molars is much more easily accomplished
after surgery (see Chapter 21, Section 21.8.2).

Retention

In cases where the lower incisors have been proclined, the stability of
their position should be assessed. Permanent retention is advised after
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Fig. 10.24 Adult patient with severe Class Il division 2 malocclusion on a marked Class Il skeletal pattern with reduced vertical proportions. It was
decided that a combined orthodontic and orthognathic surgery approach was required to correct this malocclusion.

most orthodontic correction and retention phase is particularly impor- ® maintaining alignment of the lower labial segment, particularly if it
tantin Class Il division 2 malocclusions, with regard to: has been proclined during treatment.

¢ preventinganincrease in overbite For further details, see Chapter 16.
® retaining any de-rotated teeth, for example, the upper lateral incisors

Key points

e Careful assessment.efithe aetiological factors contributing to the incisor relationship and the degree to which they can be reduced or
eliminated is essential if treatment is to be successful.

® The threshold for extractions in the lower arch is higher than other malocclusions.

® The inter-incisal angle needs to be reduced and an adequate occlusal stop for the lower incisors created to increase the chances of a
stable overbite reduction.

Relevant Cochrane review

Millett, D. T., Cunningham, S. J., O’Brien, K. D., Benson, P.E., and de Oliveira, C. M. (2018). Orthodontic treatment for deep bite and retroclined upper front
teethin children. Cochrane Database of Systematic Reviews, Issue 2, Art No.: CD005972. DOI: 10.1002/14651858.:CD005972.pub4 https://www.cochraneli-

brary.com/cdsr/doi/10.1002/14651858.CD005972.pub4/full
The authors concluded it was not possible to provide any evidence-based guidance for the management'of this malocclusion in children.

O
A Q)Q

Baccetti, T., Franchi, L., and McNamara, J. (2011). Longitudinal growth Dyer, F. M., McKeown, H. F, and Sandler, P. J. (2001). The modified twin
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. . . . ) functional and fixed appliances with excellent illustrations.
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overbite.
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10.1177/154405910208100507] [PubMed: 12097445]
Evidence to suggest that high pressure fromt ahigh lip line is an impor-
tant aetiological factor in Class Il division 2{malocclusion.

Melsen, B. and Allais, D. (2005). Factors of-importance for the develop-
ment of dehiscence during labial mevement of mandibular incisors: a

retrospective study of adult orthodontic patients. American Journal of

Orthodontics and Dentofacial Orthopedics, 127,552—61. [DOI: 10.1016/j.

2j0do.2003.12.026] [PubMed: 15877035]
Although this is a retrfospective study, it does have a sample size of 150
adults. The authors'concluded that thin gingivae pre-treatment, pres-
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M. (2012). Treatment and stability of Class Il division 2 malocclusion in
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The-authors provide guidelines for treatment of Class Il division 2 mal-
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Mills, J. R. E. (1973). The problem of overbite in Class Il division 2 malocclu-

sion. British Journal of Orthodontics, 1, 34-48 [DOI: 10.1179/bjo.1.1.34]
A classic paper describing the aetiology of malocclusion and aims of
treatment.

Ng, J., Major, P. W., Heo, G., and Flores-Mir, C. (2005). True incisor intrusion
attained during orthodontic treatment: a systematic review and meta-
analysis. American Journal of Orthodontics and Dentofacial Orthopedics,
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that direct you to the electronic version of the work, to help facilitate onward study. If you are a subscriber to that work (either individually or
through an institution), and depending on your level of access, you may be able to peruse an abstract or the full article if available.

(‘ References for this chapter can also be found at: www.oup.com/uk/orthodontics5e. Where possible, these are presented as active links
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Class I

of the aetiological factors which contribute to the development of a C@%II malocclusion.
modern approaches to the management of Class lll malocclusi

il

The British Standards definition of Class Ill incisor relationship includes
those malocclusions where the lower incisor edge occludes anterior to

11.1 Aetiology

11.1.1 Skeletal pattern

The skeletal relationship is often the most important aetiological factor,
with the majority of Class lll incisor relationships being associated with
an underlying Class lll skeletal relationship. Cephalometric studies have
shown that, compared with Class | occlusions, Class Ill malocclusions
exhibit the following:

® |ncreased mandibular length.

® A more anteriorly placed glenoid fossa so that the condylar head is
positioned more anteriorly leading to mandibular prognathism.

® Reduced maxillary length.

® A more retruded position of the maxilla leading to maxillary
retrognathia.

The first two of these factors are the most influential. Fig. 11.1 shows
apatient with a Class Ill malocclusion with mandibular prognathism and
Fig. 11.2 illustrates maxillary retrognathia (maxillary retrusion). To help
determine the extent to which the maxilla and mandible are contribut-
ing to the facial Class Ill appearance, the zero meridian can be used.
This animaginary line dropped vertically from the soft tissue nasion and
perpendicular to the true horizontal, when the individual is in natural
head position. In a Class | skeletal relationship the chin point should lie
on the line or slightly behind it (see Chapter 5, Fig. 5.2).

Fig. 11.1 Patient with mandibular prognathism.

the cingulum plateau of the upper incisors. Class lll malocclusions affect
around 3% of Caucasians.

Class Ill malocclusions occur in association with a range of vertical
skeletal proportions, ranging from increased to reduced. A backward,
opening rotation pattern of facial growth will tend to result in a reduc-
tion of overbite with a longer lower face height but less mandibular
forward projection; whereas, a forward rotating pattern of facial growth
will lead to a more marked increase in the prominence of the chin.

There is evidence to indicate that Class Il skeletal patterns exhibit less
maxillary growth and more mandibular growth than Class | skeletal patterns.

11.1.2 Soft tissues

In the majority of Class Ill malocclusions, the soft tissues do not play a
major aetiological role. In fact, the reverse is often the case, with the soft
tissues tending to tilt the upper and lower incisors towards each.other
so that the incisor relationship is often less severe than the underlying
skeletal pattern. This dento-alveolar compensation occurs’in Class Il
malocclusions because an anterior oral seal can frequently’be achieved
by upper to lower lip contact. This has the effect of moulding the upper
and lower labial segments towards each other. The main exception

Fig. 11.2 Patient with maxillary retrognathia.
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to this occurs in patients with increased vertical skeletal proportions
where the lips are more likely to be incompetent.and an anterior oral
seal is often accomplished by tongue to lower lip contact, resulting in
less dental camouflage being generated.

Dental factors

Class Il malocclusions are oftenassociated with a narrow upper arch
and a broad lower arch, with'the result that crowding is seen more com-
monly, and to a greater'degree, in the upper arch compared with the
lower. Frequently, the lower arch is well aligned or even spaced.

11.2 Occlusal features

By definition, Class Ill malocclusions occur when the lower incisors are
positioned more labially relative to the upper incisors. Therefore, an
anterior crossbite of one or more of the incisors is a common feature
of Class Il malocclusions. Generally, the more anterior teeth that are in
crossbite, the more severe the underlying skeletal Class lll base. As with
any crossbite, it is essential to check for a displacement of the mandi-
ble on closure from a premature contact into maximal interdigitation
(Fig. 11.3). In Class Ill malocclusions, this can be ascertained by asking
the patient to try to achieve an edge-to-edge incisor position. If such a
displacement is present, the prognosis for correction of the incisor rela-
tionship is more favourable. In the past, it was thought that such a dis-
placement led to overclosure and greater prominence of the mandible,
with the condylar head displaced forward. In fact, cephalometric stud-
ies suggest that in most cases, although there is a forward displacement
of the mandible, to allow disengagement from the premature contact of
the incisors, as closure into maximum occlusion occurs, the mandible
subsequently moves backwards until the condyles regain their normal
position within the glenoid fossa (Fig. 11.4).

Another common feature of Class Ill malocclusions is buccal crossbite,
which can occur for two main reasons. Due to the relationship between
the upper and lower jaws, there is a discrepancy in the relative width of
the arches, with the lower arch being positioned:relatively more anteri-
orly in Class Il malocclusions. In addition, the.upper jaw can be intrinsi-
cally small both in the anteroposterior and transverse dimensions which
will often result in severe crowding of the upper arch (Fig. 11.5).

Occlusal features

Fig. 11.3 (a) Initial contact on the incisors in
retruded contact position; (b) anterior
displacement resulting in a full anterior
crosshite in maximum intercuspation.

Fig. 11.4 Diagram illustrating the path of closure in a Class Il malocclu-
sion from an edge-to-edge incisor relationship into maximal.occlusion.
Although the mandible is displaced forwards from the initial contact of
the incisors to achieve maximal interdigitation, the condylar head is not
displaced out of the glenoid fossa.

As mentioned previously, Class lll malocclusions often exhibit dento-
alveolar compensation with the upper incisors proclined and the lower
incisors retroclined, which reduces the severity of the incisor relation-
ship when compared to the underlying skeletal position (Fig. 11.6).

Fig. 11.5 A Class Ill malocclusion with a narrow crowded upper arch and
a broader less crowded lower arch with associated buccal crossbite.
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(a) (b)
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Fig. 11.6 (a—c) Dento-alveolar compensation; (d) lateral cephalogram demonstratingthe
severity of the skeletal relationship.

(d)

11.3 Treatment planning in Class lll malocclusions

A number of factors should be considered when planning treatment:

The patient’s opinion regarding their occlusion and facial appearance
must be taken into account, as facial concerns will have a significant
bearing on the appropriateness of an orthognathic surgical approach.
This subject needs to be approached with some tact.

The severity of the skeletal pattern, in all three planes of space, anter-
oposteriorly, transversely, and vertically, should be assessed. This is the
major determinant of the difficulty and prognosis of orthodontic treatment.

The amount and expected pattern of future growth, both anteropos-
teriorly and vertically, should be considered. It is important to remember
that average growth will tend to result in a worsening of the relationship
between the arches as the maxilla completes its growth before the man-
dible, and a significant deterioration can be anticipated if growth is unfa-
vourable (see Chapter 4, Section 4.5). When evaluating the likely direction
and extent of facial growth, the patient’s age, sex, facialpattern, and fam-
ily history of Class lll malocclusions should be taken into consideration
(see Chapter 4). Children with increased vertical skeletal proportions may
continue to exhibit a vertical pattern of growth, which often leads to the
increases in mandibular length being split between anteroposterior and

vertical projection, resulting in relatively less mandibular prognathism,
but an increased lower face height with reduced incisor overbite. For
patients on the borderline between different management regimens, it is
wise to err on the side of pessimism (as growth will often prove this to be
correct) and.aperiod of monitoring is advisable (Fig. 11.7).

In Class H'malocclusions, a normal or increased overbite is an advan-
tage, as sufficient vertical overlap of the upper and lower incisors after
treatment is vital for stability.

If the patient can achieve an edge-to-edge incisor contact and then
displaces forwards into a reverse overjet, this increases the prognosis
for correction of the incisor relationship with orthodontic camouflage.

In general, orthodontic management of Class Ill malocclusion will
aim to increase dento-alveolar compensation. Therefore, if consid-
erable dento-alveolar compensation is already present, trying to
increase it further may not be an aesthetic or stable treatment option.
Cephalometrically, it has been suggested that, for the majority of
patients, an upper incisor angle of 120° to the maxillary plane and a
lower incisor angle of 80° to the mandibular plane, are the limits of an
acceptable compromise.
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The degree of crowding in each arch should be considered. In Class
Il malocclusions, crowding occurs more frequently, and to a greater
degree, in the upper‘arch than in the lower. Extractions only in the
upper arch should be resisted as this will often lead to a worsening of
the incisor relationship. Where upper arch extractions are necessary,
it is advisable to extract at least as far forwards in the lower arch, to
allow maximum opportunity to establish a positive overjet at the end
of treatment. Using headgear for distal movement of the upper buccal
segments to gain space for alignment is inadvisable in Class Ill maloc-
clusions as this may have the effect of restraining growth of the maxilla
which could worsen the underlying skeletal relationship.

Functional appliances are less widely used in Class Ill malocclusions
because it is difficult for patients to posture posteriorly to achieve an
active working bite. However, they can be useful in mild cases in the
mixed dentition where a combination of proclination of the upper inci-
sors together with retroclination of the lower incisors is required.

In patients with a severe Class Ill skeletal pattern and/or reduced
overbite, the possibility that a surgical approach may ultimately be

11.4 Treatment options

Accepting the incisor relationship

In mild Class Il malocclusions, particularly those cases where the over-
bite is minimal, it may be preferable to accept the incisor relationship
and direct treatment towards achieving arch alignment.

For younger patients, who present with a more severe Class Il incisor
relationship with upper arch crowding, an initial course of orthodontic
treatment may be undertaken to align the upper teeth. This provides

Treatment options

Fig. 11.7 Worsening of the occlusal relation-
ship in both the anteroposterior and vertical
dimensions. (a, b) Initial presentation; (c, d)
presentation 4 years later.

Box 11.1 Summary of factors to be considered when
planning treatment

® Patient’s concerns and motivation towards treatment:

® Severity of skeletal pattern.

® Amount and direction of any future growth.

® (Can patient achieve edge-to-edge incisor contact?

® Qverbite.

Amount of dento-alveolar compensation present.
® Degree of crowding.

required must be considered, particularly before any permanent tooth
extractions areundertaken (see Chapter 11, Section 11.4.4).

Box 11.1 summarizes those features which need to be considered
when planning treatment in Class lll patients.

the psycho-social benefits of an improved dental appearance during
the early teenage years, while awaiting the completion of facial growth.
At this stage, the options may be to accept the residual malocclusion,
undergo orthodontic camouflage, or proceed with full comprehensive
treatment involving further orthodontic treatment and orthognathic
surgery. The most appropriate option would be dependent on the
degree of adverse growth and the concerns of the patient.
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Early orthopaedic treatment pubertal growth spurt. The techniques in most common usage are as

follows:
Orthopaedic correction of Class Ill malocclusions aims to enhance or

encourage maxillary growth and/or restrain or redirect mandibular ® Protraction face-mask used to advance the maxilla. The forces

growth. Although a number of different treatment modalities have been applied in thisitechnique are in the region of 400 g per side and a
shown to be successful in the short to mid term, given the propensity for cooperative patient is necessary to achieve the 14 hours per day wear
unfavourable growth in skeletal Class Ill, the results of long-term follow- required (Fig. 11.8). A recent multicentre randomized controlled trial
up are awaited with interest. in patients under the age of 10 years showed a success rate of 70%

There is an increasing body of evidence that orthopaedic correction in‘terms of achieving a positive overjet over a follow-up period of 15
treatment is more likely to be successful if it is carried out prior to the months. They reported that by the average age of 15 years, despite

Fig. 11.8 Patient treated by reverse headgear and
rapid maxillary expansion. (a—g) pre-treatment;
(h—k) showing face mask and rapid maxillary
expansion appliance which was cemented in posi-
tion. Elastic traction was applied from the hooks
on the intra-oral appliance adjacent to the first
deciduous molars to hooks on the face frame; (I-n)
after 10 months of treatment; (0-s) 2 years after
(a-g) completion of treatment showing good stability.
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Fig. 11.8 (Continued)

the initial skeletal benefits not being maintained, 68% of patients
still maintained a positive overjet and remarkably only a third of
patients who had undergone face-mask treatment had, at this age, a
perceived need for orthognathic surgery, compared with two-thirds
of the control group. It is hypothesized that this difference in the
perceived need for surgery could be due to the maintained clock-
wise rotation of the maxilla and mandible, along with the increase
prevalence of a positive overjet with the associated elimination of
the mandibular displacement in the face-mask treatment group. A
number of workers advocate the use of rapid maxillary expansion
(see Chapter 13, Section 13.4.6) in conjunction with protraction face-
mask therapy even if no posterior crossbites are present initially. This
is in the belief that the expansion will disrupt the circum-maxillary
sutures and enhance the skeletal effects. Although more recent work
has suggested that this additional appliance is not essential to suc-
cess, some trials have indicated that alternative expansion and con-
striction of the maxilla during the protraction phase may confer an
advantage in the short term.

® Bone-anchored maxillary protraction (known as BAMP). Screws or
mini-plates are used in the posterior maxilla and anterior mandible
for Class Il elastics. There is some evidence to show.that a greater
degree of maxillary advancement is achieved than-with face-mask
therapy alone, but further research is required.inthis area.

® A combination of these two techniques—elastics are run between
skeletal anchorage in the maxilla and aface mask.

(p)

(s)

® Chin-cup—this has the effect of rotating the mandible downwards
and backwards, reducing the overbite but with no reported ortho-
paedic change, so is a largely historic technique.

Orthodontic camouflage

Correction of an anterior-crossbite in a Class | or mild Class Ill skeletal
pattern can be undertaken in the mixed dentition when the unerupted
permanent canines are high above the roots of the upper lateral inci-
sors. This is often achieved with an upper removable appliance which
results in tipping of the upper incisors labially to correct the anterior
crossbite; this also has the benefit of moving the apices of these teeth
palatally and away from the developing canines (Fig. 11.9). This can
also be achieved with an upper fixed appliance. Using a fixed appliance
may be cheaper and quicker, with less effect on speech than the remov-
able appliance, but patients may complain of more difficulty biting
and chewing initially with the fixed appliance. Extraction of the lower
deciduous canines at the same time may allow the lower labial segment
to move lingually slightly. Early correction of a Class Ill incisor relation-
ship has the advantage that further forward mandibular growth may be
counterbalanced by further dento-alveolar compensation (Fig. 11.10).
Later in the mixed dentition when the developing canines drop down
into a buccal position relative to the lateral incisor root, there may be a
risk of resorption if the incisors are moved labially. In this situation, cor-
rection is then best deferred until the permanent canines have erupted.



(@ (b)

(@

(b)

Fig. 11.10 (a) Forward growth rotation is the most common pattern of
mandibular growth. In a Class lll malocclusion, this will lead to a worsen-
ing of the skeletal pattern and the incisor relationship. (b) If a Class llI
incisor relationship is corrected in the mixed dentition, dento-alveolar
compensation may help to mask the effects of further growth provided
that this is not marked.

Orthodontic correction ofa Class lll incisor relationship can be achieved
by proclination of the upper incisors, retroclination of the lower incisors,
or a combination of both. Proclination of the upper incisors reduces the
overbite (Fig. 11.11) whereas retroclination of the lower.incisors helps to
increase overbite (Fig. 11.12). Although the pitfalls of significant move-
ment of the lower labial segment have been emphasized in earlier chap-
ters,inthe correction of Class lll malocclusions;ifthe positions of the upper
and lower incisors are adjusted within the zone of soft tissue balance

Treatment options

Fig. 11.9 Mild Class lll malocclusion that was
treated in the mixed dentition by proclination
of the upper labial segment with a removable
appliance: (a) prior to treatment; (b) post
treatment.

Fig. 11.11 Diagram to show how proclination of the upper incisors
results in a reduction of overbite.

Fig. 11.12 Diagram to show how retroclination of the lower incisors
results in an increase of overbite.

then, provided that there is an adequate overbite and further growth is
not unfavourable, the corrected incisor relationship has a good chance
of stability. Although functional appliances can be used to advance the
upper incisors and retrocline the lower incisors, in practice these tooth
movements are accomplished more efficiently with fixed appliances.
Space for relief of crowding in the upper arch can often be gained by
expansion of the arch anteriorly to correct the incisor relationship and/
or buccolingually to correct buccal segment crossbites. Therefore, it may
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be prudent to delay permanent extractions until after the crossbite is cor- tilting the upper premolars and molars buccally, which results in the pala-
rected and the degree of crowding is reassessed (Fig. 11.13). Expansion tal cusps of these teeth swinging down and ‘propping open’ the occlu-
of the upper arch to correct a crossbite will have the effect of reducing sion (see Fig. 13.11). Therefore, if upper arch expansion is indicated and
overbite, which is a disadvantage in Class Ill cases. This reduction in over- the overbite is reduced, expansion should be achieved using rectangular
bite occurs because expansion of the upper arch is achieved primarily by archwires with buccal root torque added to try and minimize this sequela.

(a) (b) (©)

(d) (e) ()

(8) (h) (i)
® (k)

Fig. 11.13 Correction of a Class lll malocclusion with severely displaced maxillary right canine and associated upper centreline shift to the right.
(a—c) Initial presentation; (d—f) appliances in situ; (g-i) completed treatment with arch alignment and correction of the anterior and posterior crossbites;
(j, k) before and after maxillary arch alignment:



Space is required in the lower arch for retroclination of the lower
labial segment, and therefore extractions may be required unless the
arch is naturally spaced. Use of a round archwire in the lower arch and
a rectangular arch in the upper arch along with judicious space closure
can be used to help correct the incisor relationship (Fig. 11.14).

(@) (b)
(d) (e)
(®) (h)
() (k)

Treatment options

Intermaxillary Class Il elastic traction (see Chapter 15, Section 15.4.6)
fromthe lower labial segment to the upper molars can also be used to help
move the upper arch forwards and the lower arch backwards, but care is
required to avoid extrusion of the molars which will reduce the overbite.

A patient treated using orthodontic camouflage is shownin Fig. 11.14.

(o)

®

()

0}

Fig. 11.14 Patient with Class Il malocclusion on a Class lll skeletal pattern with increased vertical skeletal proportions and crowding. Orthodontic
camouflage was the approach used and involved the extraction of the mandibular first premolars and fixed appliances. (a—c) Initial presentation;
(d-f) upper fixed appliance and lower sectional appliance to conserve mandibular posterior anchorage; (g-i) upper and lower fixed appliances with
round wire in the mandibular arch to help-control reverse overjet correction; (j-I) post treatment.
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(a) (b)
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Fig. 11.15 (a) Severe Class Ill malocclusion with dento-alveolar compensation. (b) Without reduction of the dento-alveolar compensation, surgery to
produce a Class | incisor relationship will only achieve a limited correction of the underlying skeletal pattern, thus constraining the overall aesthetic
result. (c) Decompensation of the incisors to bring them nearer to their correct axial inclination allows a complete correction of the underlying skeletal

pattern.

Surgery

In a proportion of cases, the severity of ‘the skeletal pattern and/or
the presence of a reduced overbite.or an anterior open bite preclude
orthodontics alone, and surgery'is'necessary to correct the underlying
skeletal discrepancy. Itisimpossible to produce hard and fast guidelines
as to when to choose surgery'rather than orthodontic camouflage, but
it has been suggested that surgery is almost always required if the value
for the ANB angle is below —4° and the inclination of the lower incisors
to the mandibular plane is less than 80°. However, the cephalometric
and clinical findings, in all three planes of space, should be considered in
conjunction with the patient’s concerns and facial appearance.

For those patients where orthodontic camouflage treatment will be
challenging due to the severity of the skeletal pattern and/or a lack of
overbite, a surgical approach should be considered before any perma-
nent extractions are carried out, and preferably before any appliance
treatment. The reason for this is that management of Class Ill maloc-
clusions by orthodontics alone involves dento-alveolar compensa-
tion of the underlying skeletal pattern. However, in order to achieve
a satisfactory occlusal and facial result with a surgical approach, any

Key points

® Growth is often unfavourable in Class Ill malocclusions.

dento-alveolar compensation must first be removed or reduced (Fig.
11.15). For example, if lower premolars are extracted in an attempt to
retract the lower labial segment but this fails and a surgical approach is
subsequently necessary, the pre-surgical orthodontic phase will proba-
bly involve proclination of the incisors to a more average inclination with
reopening of the extraction spaces and possible subsequent restoration.
This is a frustrating experience for both patient and operator.

Because the actual surgery needs to be delayed until the growth
rate has diminished to adult levels, planning and commencement of a
combined orthodontic and orthognathic approach is best delayed until
around the age of 16 years. This has the advantage that the patient is
of an age when they can make up their own mind as to whether they
wish to proceed with a combined approach. As the pre-surgical phase of
orthodontic treatment is likely to take 18-24 months, this will allow for
any further adverse facial growth to occur prior to surgery at around 18
years old. The patient will then undergo finishing orthodontic treatment
for about 6-12 months postoperatively to optimize the occlusal result.
An example of a patient treated by a combination of orthodontics and
surgery is shown in Fig. 11:16. Surgical approaches to the correction of
Class Ill malocclusions are considered in Chapter 22.

e [f orthopaedic treatment might be an option then it is important to refer thepatient to a specialist before 10 years of age.

Relevant Cochrane review

Watkinson, S., Harrison, J. E., Furness, S., and Worthington, H. V. (2013). Orthodontic treatment for prominent lower front teeth (Class Ill malocclusion) in
children. Cochrane Database of Systematic Reviews lIssue 9, Art. No.: CD003451. DOI: 10.1002/14651858.CD003451.pub2 https://www.cochranelibrary.

com/cdsr/doi/10.1002/14651858.CD003451.pub2/full

This review included seven randomized controlled tfials’and indicated that there was some evidence that the use of a face mask to correct a Class Il
incisor relationship was effective on a short-termbasis. There was no evidence to show whether the short-term benefits will be maintained when the
child is fully matured and the use of rapid maxillary expansion solely as an adjunct to improve the efficacy of face-mask treatment cannot be recom-
mended. The studies were generally of poor quality with further research required.
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Fig. 11.16 Patient with a severe Class lll skeletal pat-
tern, further complicated by developmentally absent
maxillary second premolars and grossly infra-occluded
deciduous predecessors, treated with a combination
of orthodontics and bimaxillary orthognathic surgery:
(a—e) initial presentation; (f-j) post-orthodontic
decompensation; (k-0) post treatment.
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Anterior open bite and posterior open bite

Learning objectives for this chapter

{
ors which contribute to the development of a&

n anterior open bite based on an unde@ingo
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12.1 Definitions

® Anterior open bite (AOB): there is no vertical overlap of the inci-
sors when the buccal segment teeth are in occlusion (Fig. 12.1).
® Posterior open bite (POB): when the teeth are in occlusion there is

a space between the posterior teeth (Fig. 12.2). This can sometimes
be referred to as a lateral open bite (LOB).

12.2 Aectiology of anterior open bite

In common with other types of malocclusion, both inherited and envi-
ronmental factors are implicated.in the aetiology of an AOB. These

Fig. 12.1 Anterior open bite.

Fig. 12.2 Posterior open bite.

® Incomplete overbite: the lower incisors do not occlude with
the opposing upper incisors or the palatal mucosa when the buc-
cal segment teeth are in occlusion (Fig. 12.3). The overbite may be
decreased or increased.

factors include the skeletal pattern, soft tissues, habits, trauma, and a
localized failure of development. In many cases, the aetiology is mul-
tifactorial, and in practice it can be difficult to determine the extent
to which each of these potential influences has had as the presenting
malocclusions often appear similar (Box 12.1). However, a thorough his-
tory and examination, perhaps with a period of observation,'may be
helpful.

12.2.1 Skeletal pattern

Individuals with a tendency to vertical rather than horizontal facial
growth exhibit increased vertical skeletal proportions (see Chapter 4).
Where the lower face height is increased, there will be an increased

~

Box 12.1 Prevalence t@rs between racial groups
® Caucasians: 2—4%: (Z}'
. Afro-Caribbe@é—m%.

® Chinese: 1.5-6%.
S

Fig. 12.3 Incomplete overbite.



(a)

(b)

Fig. 12.4 A patient with increased vertical skeletal proportions and an
anterior open bite. (a) Initial presentation; (b) deterioration 2.5 years
later due to adverse vertical growth and eruption of second molars.

inter-occlusal distance between the maxilla and mandible. Although
the labial segment teeth appear to be able to compensate for this to
a limited extent by further eruption, where the inter-occlusal distance
exceeds this compensatory ability an AOB will result. If the vertical,
downwards, and backwards pattern of growth continues, the AOB will
become more marked.

In this group of patients, the AOB is usually symmetrical and in the
more severe cases may extend distally around thearch so that only
the most posterior molars are in contact when the patient is in maxi-
mal interdigitation. The AOB can also deteriorate with the eruption of
the second and third molars and vertical growth (Fig. 12.4). The verti-
cal development of the labial segments.results in typically extended

Aetiology of anterior open bite

Fig. 12.5 Lateral cephalometric radiograph of a patient with a marked
Class Il division 1 malocclusion on a Class Il skeletal pattern with
increased vertical skeletal proportions. Note the thin dento-alveolar
processes.

alveolar processes when viewed on a lateral cephalometric radiograph
(Fig. 12.5).

AOBs can also be present in individuals as a consequence of damage
to the condylar anatomy either due to local problems such as osteo-
arthritis, necrosis, and trauma, or due to systemic problems involving
connective tissue or autoimmune disease, for example, rheumatoid
arthritis.

12.2.2 Soft tissue pattern

In order to be able to swallow, itis necessary to create an anterior oral
seal. In younger children the_lips are often incompetent and a pro-
portion will achieve an anterior seal by positioning their tongue for-
ward between the anterior teeth during swallowing. Individuals with
increased vertical-skeletal proportions have an increased likelihood of
incompetent lips.and may continue to achieve an anterior oral seal in
this manner even when the soft tissues have matured. This type of swal-
lowing pattern is also seen in patients with an AOB due to a digit-suck-
ing'habit (see Section 12.2.3). In these situations, the behaviour of the
tongue is adaptive and as such can potentially revert to a conventional
swallowing pattern once the AOB has been closed. An endogenous or
primary tongue thrust is rare, but it is difficult to distinguish it from an
adaptive tongue thrust as the presenting occlusal features are similar.
However, it has been suggested that an endogenous tongue thrust is
associated with sigmatism (lisping), and in some cases, both the upper
and lower incisors are proclined by the action of the tongue.

The facial and masticatory soft tissue environment can also be
affected by generalized muscular dysfunctionality as demonstrated in
individuals with cerebral palsy and muscular dystrophy. These condi-
tions tend to lead to low tonicity of the facial muscles and uncoordi-
nated movements of the lips and tongue with lip incompetency, which
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(@) (b)

could explain the increased finding of AOBs and increased vertical pro-
portions in these individuals

Habits

See also Chapter 9, Section 9.1.4

Oral habits are common in young children and the consequences of
a habit will depend upon its duration and intensity. If a persistent digit-
sucking habit continues into the mixed and permanent dentitions, this
can result in an AOB due to restriction of development of the incisors
by the finger or thumb (Fig. 12.6). Characteristically, the AOB produced
is asymmetrical (unless the patient sucks two fingers) and it is often
associated with a posterior crossbite due to constriction of the upper
arch which is believed to be caused by cheek pressure and a low tongue
position.

After a sucking habit stops the open bite tends to at least partially
resolve (Fig. 12.7), although this may take several months. During this
period, the tongue may continue to come forward during swallowing to
achieve an anterior seal and as a consequence may limit spontaneous
AOB correction. In a small proportion of cases, where the habit has con-
tinued until growth is complete, the open bite may persist.

Localized failure of development

Thisisseenin patients with a cleft of the lip and alveolus (see also Chapter
24, Fig. 24.3), although rarely it may occur for no apparent reason.

Mouth breathing

It has been suggested that the open-mouth posture adopted by
individuals who habitually mouth breathe, either due to nasal

Fig. 12.6 The occlusal effects of a persistent
digit-sucking habit. Note the anterior open bite
and the unilateral posterior crossbite.

Fig. 12.7 A patient aged 10 years with a
dummy-sucking habit: (a) at presentation; (b) 4
months after habit stopped.

obstruction or habit, results in overdevelopment of the buccal seg-
ment teeth. This leads to an increase in the height of the lower third
of the face and consequently a greater incidence of an AOB. In sup-
port of this argument, it has been shown that patients referred for
tonsillectomy and adenoidectomy had significantly increased lower
facial heights compared with controls, and that postoperatively, the
disparity between the two groups diminished. However, the differ-
ences demonstrated were small. Other workers have shown that chil-
dren referred to ear, nose, and throat clinics exhibit the same range
of malocclusions as the generalpopulation, and no relationship has
been demonstrated between nasal airway resistance and skeletal
pattern in normal individuals.

On balance, it would-appear that mouth breathing per se does not
play a significant role in the development of AOB in most patients.

Trauma

See-alsoChapter 8, Section 8.9.

Trauma to the upper anterior teeth can lead to intrusion injuries
which can result in an AOB. Traumatically intruded teeth can some-
times have the potential to erupt spontaneously, especially in young
patients with incomplete root development. Alternatively, surgical
repositioning or an interceptive course of orthodontic treatment can
be undertaken to reposition the teeth and gently extrude them back to
their original vertical position. If the episode of trauma resulted in avul-
sion of a permanent tooth/teeth with subsequent reimplantation, then
there is a risk of ankylosis occurring. Depending on the age and skeletal
maturity of the patient when the ankylosis occurs, then this can result
in a marked restriction of the future development of the dento-alveolar
complex.



Management of anterior open bite

12.3 Management of anterior open bite

Notwithstanding the difficulties faced in determining the aetiology,
treatment of an AOB is one of the more challenging aspects of ortho-
dontics. Management of an AOB due purely to a digit-sucking habit can
be straightforward, but where the skeletal pattern, growth, and/or soft
tissue environment are unfavourable, correction without resorting to
orthognathic surgery may not be possible.

In the mixed dentition, a digit-sucking habit that has resulted in an
AOB should be gently discouraged. If a child is keen to stop, aremovable
or bonded appliance can be fitted to act as a reminder. However, if the
child derives emotional support from their habit and does not want to
stop, forcing them to wear an appliance to discourage it is unlikely to be
successful, and even if the habit did stop in the short term, it is very likely
that it would recommence on discontinuing the appliance. The simplest
type of appliance is a removable plate with a long labial bow for anterior
retention and cribs on the first molars. After fitting, the acrylic behind
the upper incisors should be trimmed to allow.any spontaneous align-
ment. Once the permanent dentition is established, more active steps
can be taken, usually in combination with treatment for other aspects
of the malocclusion.

A period of observation may‘be helpful in the management of chil-
dren with an AOB which is not associated with a digit-sucking habit
(Fig. 12.4). In some cases, annAOB may reduce spontaneously, possibly
due to the maturation©f the soft tissues and improved lip competence,
or favourable growth./Skeletal open bites with increased vertical pro-
portions are often associated with a downward and backward rotation
of the mandible with growth. Obviously, if growth is unfavourable, it is
better to know this before planning treatment rather than experiencing
difficulties once treatment is under way.

There is no evidence to show that correction of AOB improves lisp-
ing/speech problems and this is best managed by the involvement of
a speech and language therapist after any orthodontic intervention to
correct the malocclusion.

The best predictor of stability following correction is the extent of
the AOB at the outset. Some advocate active retention, for example,
continuing with high-pull headgear if this has been used during treat-
ment. Certainly, there is some evidence to suggest that this can be an
advantage when molar intrusion has been achieved using temporary
anchorage devices (see Section 12.3.1).

Approaches to the management of
anterior open bite

There are three possible approaches to management.

Acceptance of the anterior open bite

In this case, treatment is aimed at relief of any crowding and alignment
of the arches. This approach can be considered in the following situa-
tions (particularly if the AOB does not present a problemto the patient):

® Mild cases.

® Where the soft tissue environment is not faveurable, for example,
where the lips are markedly incompetent-and/or an endogenous
tongue thrust is suspected (Fig. 12.8)..Sometimes it is possible to

Fig. 12.8 A forward lying tongue at rest rather than just when
swallowing which suggests a greater risk of relapse if any intervention
was undertaken, unless the tongue position can be retrained using a
tongue crib (not shown here).

retrain the tongue position with a tongue crib, encouraging the
patient to keep the tongue tip on the anterior palate, rather than
between the incisors.

® More severe malocclusions where the patient is not motivated
towards surgery.

Orthodontic correction of the anterior open bite

If growth and the soft tissue environment are favourable, an orthodontic
solution to address the AOB can be considered. A careful assessment
should be carried out, including the anteroposterior and vertical skel-
etal pattern, the feasibility of the tooth movements required, and the
likelihood of post-treatment stability.

Extrusion of the incisors to close an AOB is generally inadvisable
as there is a significant risk of vertical relapse once the appliances are
removed. The few-occasions when incisor extrusion could be consid-
ered are in caseswhere there has been a previous non-intrinsic intrusion
force whichthas been subsequently removed, such as a digit-sucking
habit or after an episode of trauma. Rather, treatment should aim to try
and intrude the molars, or at least control their vertical development
(Box12.2). This will allow for a mandibular clockwise forward rotation
to close the AOB.

Box 12.2 Methods of intruding the molars
® High-pull headgear

® Fixed appliance mechanics

® Buccal capping on a removable/functional appliance
® Repelling magnets

® Temporary anchorage devices (TADs).
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Fig. 12.9 Patient with an anterior open bite treated using.temporary screw anchorage (TADs) in the upper arch and fixed appliances: (a—c) placement
of TADs buccally and elastic chain to arms on a transpalatal arch (TPA). Note the sectioned wires in the upper arch which allow the upper incisors to
act as a reference point to judge the amount of posterior intrusion. If the whole arch is connected there is a risk of extruding the incisors and an ante-
rior rotation of the maxillary plane. (d—f) True intrusion of the buccal segments with a positive overjet established—note the vertical movement of the
canines relative to the lateral incisors. (g-i) Following one visit of settling elastics. The buccal wires are sectioned to allow the settling elastics to bring
the premolars and canines into occlusion..(j) TPA in situ to prevent buccal flaring of the molars when the intrusion elastics are placed. (k, I) Close-up
views on the lateral cephalographs before‘and after intrusion—note the vertical movement of the molar apices.



In the milder malocclusions, the use of high-pull headgear during
conventional treatment may suffice. In cases with a more marked AOB
associated with a Class Il skeletal pattern, a removable appliance or a
functional appliance incorporating buccal blocks and high-pull head-
gear can be used to try to restrain vertical maxillary growth. In order to
achieve true growth modification, it is necessary to apply an intrusive
force to the maxilla for at least 14—16 hours per day during the pubertal
growth spurt, and preferably this would be continued until the growth
rate has slowed. This is only achievable with excellent patient coopera-
tion and favourable growth.

Modified functional appliances are also used for Class Il malocclu-
sions with increased vertical proportions. A number of designs have
been described, but usually they incorporate high-pull headgear and
buccal capping (see Chapter 19, Section 19.7).

Successful reduction of AOB has been achieved using fixed appli-
ance mechanics that tip the molar teeth distally. This can be achieved
using multi-loop archwires, otherwise known as ‘Kim mechanics’, or
continuous ‘rocking-horse’ archwires in conjunction with anterior verti-
cal elastics. The rationale is that as the molars tip distally, the posterior
vertical dimensions reduce and the vertical elastics prevent the incisors
from intruding and allow them to come together as the posterior teeth
intrude.

The introduction of skeletal anchorage devices has also expanded
the envelope in terms of the-severity of AOB that can be treated non-
surgically. A greater degree of molar intrusion can be achieved utilizing
bone anchorage either-with screws (Fig. 12.9) or plates (see Chapter
15, Fig. 15.18). There is a risk of tipping the molars towards the traction
force so some advocate using both palatal and buccal implants. Not
surprisingly the evidence suggests that relapse following this mode of

(@) (b)

(d) (e)
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treatment is greatest in the first year, so active retention is often advo-
cated. This involves continuing with an intrusive force from the skel-
etal anchorage to the retention appliances. Further work is required
to determine if thisjust offsets the timing of, rather than the extent of,
relapse.

In cases with.bimaxillary crowding and proclination, relief of crowding
with retraction and alignment of the incisors can result in a reduction
of an open bite (Fig. 12.10). Stability of this correction is more likely if
the lips were incompetent prior to treatment but become competent
following retroclination of the incisors.

If it is difficult to ascertain the exact aetiology of an AOB but a pri-
mary tongue thrust is suspected, even though these are uncommon, it
is wise to err on the side of caution regarding treatment objectives (and
extractions) and to warn patients of the possibility of relapse with the
re-establishment of an AOB and intra-arch spacing if extractions were
undertaken. An alternative is to try and retrain the tongue position with
acrib appliance.

Surgery

This option can be considered, once growth has slowed to adult lev-
els, for severe problems with a skeletal aetiology and/or where den-
tal compensation will not give an aesthetic or stable result. In some
patients, an AOB is associated with a ‘gummy’ smile which can be
difficult to reduce by orthodontics alone, necessitating a surgical
approach. The same principle is utilized as when using temporary
anchorage devices. The maxillary posterior teeth are moved up
vertically allowing the mandible to auto-rotate and close the AOB
(Fig. 12.11). The assessment and management of such cases is dis-
cussed in Chapter 22.

(o)
Fig.12.10 Closure of an AOB with retrocli-
nation of the incisors and protraction of the
posterior teeth: (a) initial presentation (note
five lower incisors); (b) initial placement of
fixed appliances following extraction of the
supplement lateral incisor; (c) deteriorated
AOB during alignment; (d) immediately after
extraction of all four first molars—note the
spontaneous improvement in the overbite
following the removal of the ‘wedge’ effect
posteriorly; (e) post treatment.
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Class Il Division 1 incisors. Maxillary differential impaction Maxillary differential impaction
Skeletal Il base. with greater impaction posteriorly. completed, resulting in
Anterior open bite The planned bone removal is occlusal space
Indicated in red
(a) (b) (o)
Mandibular Mandibular Postoperatively:
autorotation advancement Class | incisors.

Skeletal | base.
Positive overbite

(d) (e) U]

Fig. 12.11 Diagrams showing the surgical management of an AOB on a skeletal Class Il base: (a) initial presentation; (b) maxillary differential
impaction where the posterior teeth are lifted up; (c) occlusal space generated by the maxillary differential impaction; (d) mandibular autorotation to
close the AOB; (e) mandibular advancement to address the retrognathia; (f) post-surgical correction.



Management of patients with increased
vertical skeletal proportions and reduced
overbite

The treatment specifics of patients with increased vertical skeletal
proportions will obviously be influenced by the other aspects of their
malocclusion (see appropriate chapters), but management of the
mechanics requires careful planning to try and prevent an iatrogenic
deterioration of the vertical excess. The following points should be
borne in mind:

® Space closure appears to occur more readily in patients with
increased vertical skeletal proportions. This will have an influence on
anchorage considerations (see Chapter 15).

12.4 Posterior open bite

POBs affecting the permanent dentition occur more rarely than an AOB
and the aetiology is less well understood.-In some cases, an increase in
the vertical skeletal proportions is-a factor, although this is more com-
monly associated with an AOB which also extends posteriorly. A LOB is
occasionally seen in association with early extraction of first permanent
molars (Fig. 12.12), possibly-eccurring as a result of lateral tongue spread.

Infra-occluded deciduous molars

Infra-occlusion, due to ankylosis, of the deciduous molars, which affects
8-14% of children aged 6 to 11 years, can result in a localized POB
(Fig.12.13) The current evidence suggests that this is best managed with
observation as up to 96% of ankylosed deciduous molars, which have a
permanent successor developing in a reasonable position, will undergo
spontaneous exfoliation within 12 months of their normal range of exfo-
liation. However, if there is evidence of significant infra-occlusion of the
deciduous tooth, ectopic development of the permanent successor, sig-
nificant tipping of adjacent teeth, and relative spacing or infra-occlusion
of the adjacent permanent dentition, then the extraction of the infra-
occluded deciduous molar should be considered.

Fig.12.12 POB in a patient who had all four first permanent molars
extracted in the mixed dentition.

Posterior open bite

® Avoid extruding the molars as this will result in an increase of the
lower facial height. If headgear is required, a direction of pull above
the occlusal plane is.necessary, that is, high-pull headgear. Cervical-
pull headgear is'contraindicated.

® Upper arch_expansion should be undertaken with care. When
the upper arch is expanded, the upper molars are tilted buccally
which‘may result in the palatal cusps being tipped downwards (see
Chapter 13, Fig. 13.11). If arch expansion is required, this is best
achieved in combination with a fixed appliance so that buccal root
torque can be used to limit this downward tipping of the palatal
cusps.

® Use Class Il or Class Ill intermaxillary traction minimally as this may
extrude the molars.

If there is no permanent successor, then the deciduous molar is
unlikely to exfoliate naturally within the usual age range. As such, there
is an increased risk of ankylosis and subsequent infra-occlusion. These
situations are best managed on a case-by-case basis taking into consid-
eration the factors mentioned above as well as the patient’s age and the
long-term orthodontic and restorative implications of the hypodontia
(see Chapter 23).

Eruption disturbances of permanent
teeth

A POB can also be seen in cases with eruption disturbances. The two
main categories of eruption disorder are primary failure of eruption
(PFE) and mechanical failure of eruption (MFE). PFE is a condition
which almost exclusively affects molar teeth and affects all teeth dis-
tal to the most mesially affected tooth (Fig. 12.14). Although these
teeth are not ankylosed they do not respond normally to orthodontic
forces and indeed usually"become ankylosed if traction is applied.

Fig. 12.13 Lateral open bite due to infra-occluded deciduous teeth.
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Fig. 12.14 (a—c) Primary failure of eruption of the posterior teeth on
the right-hand side—note that the open bite increases as you progress
further back into the mouth.

PFE has recently been linked to a specific gene in several familial
cases. In contrast, MFE is associated with radiographical signs of anky-
losis and often affects the first permanent molar with the more distal
teeth developing and erupting normally (Fig. 12.15). In both types, the
affected teeth may erupt and then cease to keep pace with continued
vertical development becoming relatively infra-occluded, or may fail
to erupt at all. Extraction is often the only treatment alternative.

Key points

(@ (b)

(0

Fig. 12.15 (a—c) Mechanical failure of eruption of the mandibular right
first permanent molar and the appearance on the OPT radiograph—
note that the mandibular right second molar has continued to erupt.

12.4.3 Condylar hyperplasia

More rarely, POB can be seen in association with unilateral condylar hyper-
plasia, which also results in facial asymmetry. If this problem is suspected,
abone scan may be required. If the scan indicates excessive cell division in
the condylar head region, a condylectomy alone, or in combination with
orthognathic surgery to correct the resultant deformity, may be required.

® The definitive aetiology of AOBs and POBs can be difficult to confirm as the resulting presentation will often have similar appearances.

® Cessation advice should be given as soon as possible to help stop any oral habits which are thought to contribute to the malocclusion.

® Adverse facial growth can worsen AOB and POB so a period of monitoring can be useful:

® There is generally a higher risk of relapse following treatment for AOB, especially if there is‘a persistent soft tissue component to the aetiology.
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13.1 Definitions

® Crosshite: a discrepancy in the buccolingual relationship of the
upper and lower teeth. By convention, the transverse relationship of
the arches is usually described in terms of the position of the lower
teeth relative to the upper teeth. However, more recently, some clini-
cians describe the crossbite by using the individual upper teeth, as it
is these teeth that often need to be moved to correct the crossbite.

® Buccal crossbhite: the buccal cusps of the lower teeth occlude buc-
cal to the buccal cusps of the upper teeth (Fig. 13.1).

13.2 Aectiology

A variety of factors acting either singly or in combination can lead to the
development of a crosshbite.

13.2.1 Local causes

The most common local cause is crowding where one or two teeth are
displaced from the arch. For example, a crossbite of an upper lateral
incisor often arises due to lack of space between the upper central inci-
sor and the deciduous canine, which forces the lateral incisor to erupt
palatally and in linguo-occlusion with the opposing teeth. Posteriorly,
early loss of asecond deciduous molar may result in forward movement
of the upper first permanent molar, with the resulting loss of space
forcing the second premolar to erupt palatally. Also, the retention of

Fig. 13.1 A buccal crossbite.

® Lingual crosshite: the buccal cusps of the lower teeth occlude lin-
gual to the lingual cusps of the upper teeth. This is also known as a
scissors bite (Fig. 13.2).

® Displacement: on closing from the rest position, the mandible
encounters a deflecting contact(s) and is displaced to the left or the
right, and/or anteriorly, into maximum interdigitation (Fig. 13.3).

a primary tooth or the presence of a supernumerary tooth can deflect
the eruption of the permanent successor leading to a crossbite.

13.2.2 Skeletal

Generally, the greater the number of teeth in crossbite, the greater the
skeletal component of the aetiology. A crossbite of the buccal segments
may be due to a true transverse discrepancy between the arches, or
as a result of an anteroposterior discrepancy, which results in a rela-
tive mismatch of arch widths with a wider part of one arch occluding
with a narrower part of the opposing jaw. For this reason, buccal cross-
bites of an entire buccal segment are most commonly associated with
Class lll malocclusions (Fig. 13.4), and lingual crossbites are associated

Fig. 13.2 Alingual (scissors) crossbite.



with Class Il malocclusions. Anterior crossbites involving all the inci-
sors are also predominantly associated with Class Ill skeletal patterns.
Crossbites, usually unilateral, can also be associated with true skeletal
asymmetry and/orasymmetric mandibular growth.

Soft tissues

Non-nutritive sucking habits are often associated with a posterior cross-
bite because the habit leads to a lowered position of the tongue with a
negative pressure being generated intra-orally.

13.3 Types of crossbite

Anterior crossbite

An anterior crossbite is present when one or more of the upper inci-
sors is in linguo-occlusion (i.e. in reverse overjet) relative to the lower
arch (Fig. 13.5). Anterior crossbites involving only one or two incisors
are considered in this chapter, whereas management of more than two
incisors in crossbite is covered in Chapter 11 (Class lll malocclusions).
Anterior crossbites are frequently associated with displacement on clo-
sure which isimportant to identify to ensure correct diagnosis and treat-
ment planning (see Fig. 13.3).

Posterior crossbites

Crossbites of the premolar and molar region, involving one or two teeth
oran entire buccal segment, can be subdivided as follows (see Fig. 13.6).

Unilateral buccal crossbite with or withoutan
associated mandibular displacement,

This type of crosshite may affect only one ortwo teeth per quadrant,
or the whole of the buccal segment.<When a single tooth is affected,

Types of crossbite

Fig. 13.3 Displacement on closure into
crosshite.

Fig. 13.4 A Class lll malocclusion with buccal
crossbite.

Rarer causes

These include cleft lip and palate, where growth in the width of the
upper arch is restrained by the scar tissue of the cleft repair. Trauma to,
or pathology of, the temporomandibular joints can lead torestriction
of growth of the mandible on one side, leading to a skeletal-asymmetry
with an associated crossbite generation.

the problem usually arisesbecause of the displacement of an individual
tooth from the line of the arch, plus or minus the opposing tooth. This
may lead to a deflecting contact on closure into the crossbite.

When the whole of the buccal segment is involved, the underlying aeti-
ology is usually that the maxillary arch is of a similar width to the mandibu-
lar arch(i.e: it is too narrow) with the result that on closure from the rest
position into maximum occlusion the buccal segment teeth initially meet
cusp’to cusp and, in order to achieve a more comfortable and efficient
intercuspation, the patient displaces their mandible to the left or right. It
is often difficult to detect this displacement on closure as the patient soon
learns to close straight into the position of maximal interdigitation. This
type of crossbite may be associated with a centreline shift in the lower
arch in the direction of the mandibular displacement (Fig. 13.7).

Occasionally, a patient may present with the buccal segment teeth in
unilateral crossbite with no associated mandibular displacement. This
category of crossbite is less common and can arise as a result of a deflec-
tion of two (or more) opposing teeth during eruption, but the greater
the number of teeth in a segment that are involved, the greater the
likelihood that there is an underlying skeletal asymmetry.
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(a) (b) ()
Fig. 13.5 Correction of an anterior crossbite, using a removable appliance: (a) pre-treatment with
a.crossbite affecting UL12. (b, c) Removable appliance in situi—note the posterior bite blocks to
free the anterior occlusion and the Southend clasp on UL1 and UL2 to aid anterior retention with a
screw to move these teeth anteriorly to correct the crossbite. (d) post treatment.
(d)
Normal posterior occlusion Bilateral posterior crosshite Unilateral posterior crossbite
without displacement
(a) (b) (o)
The black tooth outline
shows the initial cusp-to-cusp
contact and the red‘outlines
demonstrate the displacement
to the left to achieve
maximum intercuspation
Unilateral posterior crossbite Lingual/scissor crossbite
with displacement
(d) (e)

Fig. 13.6 (a—e) Diagrams representing the different types of posterior crossbite.
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Bilateral buccal crossbite

Bilateral crossbites (Fig. 13.8) are more likely to be associated with a
skeletal discrepancy, either in the anteroposterior or transverse dimen-
sion, or in both.

Lingual crossbites

If this type of crosshite is associated with‘one or two teeth, then it is
usually due to their individual displacement as a result of crowding or
retention of the deciduous predecessor.

Where the whole buccal segment is involved, either unilaterally or
bilaterally, then this is usually described as a scissor bite and there is
typically an underlying skeletal component. This type is most often seen
in Class Il malocclusions where a wider part of the maxillary arch is fur-
ther forward relative to the mandibular arch resulting in the lower buc-
cal teeth occluding lingual to the maxillary palatal cusps.

13.4 Management

Rationale for treatment

There is some evidence that a mandibular displacement associated with
a crosshite, sometimes known as a ‘functional crossbite” may predispose
towards temporomandibular joint dysfunction syndrome in a susceptible
individual (see Chapter 1, Section 1.4.6). Recent work has also suggested
that unilateral crossbites associated with mandibular displacement can
result in asymmetric mandibular growth. Therefore, some argue that a
crossbite which is associated with a mandibular displacement is a functional
indication for orthodontic treatment. However, treatment for a bilateral

(@ (b)

Management

Fig. 13.7 Unilateral crossbite with displace-
ment. (a) Initial contact of the teeth in a cusp-
to-cusp relationship—note that the centrelines
are coincident. (b) Mandibular displacement
to the right to achieve maximum intercuspa-
tion—note lower centreline has also moved to
the right.

Fig. 13.8 A bilateral buccal crossbite.

crossbite without displacement should be approached with caution, as par-
tial relapse may result in a unilateral crossbite with displacement. In addi-
tion, a bilateral crossbite is probably as efficient for chewing as the normal
buccolingual relationship of the teeth. The same cannot be said of a lingual
crossbite where the cusps of affected teeth do not meet together at all.

Anterior crossbites;.as well as being frequently associated with dis-
placement, can lead to movement of a lower incisor labially through
the labial supporting tissues, resulting in gingival recession (Fig. 13.9).
In this case;-early treatment is advisable to reduce or eliminate these
unwanted gingival effects.

Fig. 13.9 Ananterior crossbite which has
resulted in forward movement of LL1 with
associated gingival recession.
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Itisimportant to identify a mandibular displacement associated with
any crossbite as it will potentially affect the treatment modality chosen
to manage it.

Treatment of anterior crossbite

When deciding on the most appropriate treatment for an anterior cross-
bite, the following factors should be considered:

® What type of movement is required? If bodily or apical movement is
required then fixed appliances are indicated; however, if in the mixed
dentition, tipping movements will suffice, then a removable appli-
ance can be considered.

® How much overbite is expected at the end of treatment? For treatment to
be successful there must be some overbite present to retain the corrected
incisor position. When planning treatment, it should be remembered that
proclination of an upper incisor will result in a reduction of overbite com-
pared with the pre-treatment position (see Fig. 11.11).

® |s there space available within the arch to accommodate the tooth/
teeth to be moved? If not, are extractions required and if so, which teeth?

® [sreciprocal movement of the opposing tooth/teeth required?

(a) (b)
(d)
(e) )

In the mixed dentition, provided that there is sufficient overbite and
tilting movements will suffice, treatment can often be accomplished
with a removable appliance. The appliance should incorporate good
anterior retention to counteract the displacing effect of the active ele-
ment (where two‘or-more teeth are to be proclined, a screw appliance
may circumvent this problem — see Fig. 13.5) and buccal capping just
thick enough-to free the occlusion with the opposing arch and prevent
any unwanted differential eruption of the posterior teeth which would
inadvertently reduce the post-treatment overbite (see Chapter 17). A
fixed appliance can also be used in the mixed dentition, and may be
quicker, cheaper, and have less effect on speech.

An anterior crossbite can also be corrected in the permanent denti-
tion, when comprehensive fixed appliance treatment can be carried out
(Fig. 13.10). If there will be insufficient overbite to retain the corrected
incisor(s), then consideration should be given to moving the lower inci-
sors lingually within the confines of the soft tissue envelope in order to
try and increase overbite (Fig. 11.12).

If the upper arch is crowded, the upper lateral incisor often eruptsin a
palatal position relative to the arch. If the lateral incisor is markedly bod-
ily displaced, relief of crowding by extraction of the displaced tooth itself
may sometimes be an option, but it is wise to seek a specialist opinion

(0

(8

Fig. 13.10 A patient with a crossbite of the upper right lateral incisor who was treated by extraction of all
four second premolars and fixed appliances: (a—d) prior to treatment; (e-g) post treatment.



Fig. 13.11 Expansion of the upper arch results in the palatal cusps of the
buccal segment teeth swinging down occlusally which can lead to an
opening of the bite as highlighted by the difference between the black
and red lines.

before taking this step due to the aesthetic and occlusal ramifications
that this can have.

Treatment of posterior crossbite

It is important to consider the agetiology of this feature before embark-
ing on treatment. For example, is.the crossbite due to displacement of
one tooth from the arch, in‘which case correction will involve aligning
this tooth, or is reciprocal.movement of two or more opposing teeth
required? Also, if there-is a skeletal component, will it be possible to
compensate for this by tooth movement? The inclination of the affected
teeth should also be evaluated. Upper arch expansion is more likely to
be stable if the teeth to be moved were initially tilted palatally.

Expansion of the upper buccal segment teeth will result in some tip-
ping down or ‘dumping’ of the palatal cusps (Fig. 13.11). This has the
effect of hinging the mandible downwards leading to an increase in
lower face height, which may be undesirable in patients who already
have an increased lower facial height, and/or a reduced overbite. If
expansion is indicated in these patients, fixed appliances are required
to apply buccal root torque to the buccal segment teeth in order to try
and resist this tendency, perhaps supported with high-pull headgear or
temporary anchorage devices to enhance vertical control of the molar
teeth.

Recent work has indicated that transverse problems which are ame-
nable to orthodontic correction are best treated in the prepubertal
growth spurt. But the actual timing of treatment will depend upon other
features of the malocclusion.

As expansion will create additional space, it may be advisable to
defer a decision regarding extractions until after the expansion phase
has been completed (see Chapter 11, Fig. 11.13).

Where a crossbite is due to skeletal asymmetry, then a thorough
assessment is required to determine the aetiology and contribution of
both the maxilla and mandible to the presenting features. Full correc-
tion of the malocclusion may require a combined approach involving
orthognathic surgery (see Chapter 22) once growth has slowed to adult
levels.

Interestingly, a Cochrane review on this_topic reported that due
to a paucity of good quality evidence, the authors were only able to
make limited conclusions. They found. that there was some low- to

Management

moderate-quality evidence to suggest that the quadhelix appliance
may be more successful than removable expansion plates at correcting
posterior crossbites and expanding the inter-molar width for children in
the early mixed dentition.

Unilateral buccal crossbite

Where this problem has arisen due to the displacement of one tooth
from the arch, for example, an upper premolar tooth which has been
crowded palatally, treatment will involve movement of the displaced
tooth into the line of the arch, relieving crowding as required. If the
tooth’s displacement is marked, consideration can be given to extract-
ing the displaced tooth itself.

If correction of a crossbite requires movement of the opposing teeth
in opposite directions, this can be achieved by the use of cross elastics
(Fig. 13.12) attached to bands or bonded brackets on the teeth involved.
If this is the only feature of a malocclusion requiring treatment, it is wise
to leave the attachments in situ following correction, stopping the elas-
tics for amonth to review whether the corrected position is stable. If the
crossbite relapses, the cross elastics can be reinstituted and an alterna-
tive means of retention or more comprehensive treatment considered.

A unilateral crossbite involving all the teeth in the buccal segment
is usually associated with a mandibular displacement, and treatment
is directed towards expanding the upper arch so that it fits around the
lower arch at the end of treatment, correcting the transverse discrep-
ancy and eliminating the associated mandibular displacement._If the
upper buccal teeth are tilted palatally, this can be accomplished with an
upper removable appliance incorporating a midline screw.and buccal
capping. More commonly, a quadhelix appliance (see Fig. 13.13 and
Section 13.4.4) can be used, particularly if comprehensive fixed appli-
ance treatment is indicated. As a degree of relapse can be anticipated,
some slight overexpansion of the upper arch is advisable. It is wise to

Fig. 13.12 Correction of an isolated crossbite of the first molars on the
left-hand side using cross elastics from an attachment on the palatal
surface of the maxillary first molar to the hook on the tube on the man-
dibular first molar.
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(a) (b)
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Fig. 13.13 A removable quadhelix appliance used to correct a unilateral crossbite with displacement. (a) Initial presentation—note the lower centre-
line shift to the right; (b) removable quadhelix appliance secured with blue separating elastics; (c) corrected posterior crossbite—note the centrelines

are now coincident.

remember that stability is aided by good cuspal interdigitation and that
itisimportant to avoid too much overexpansion asa lingual crossbite or
fenestration of the buccal periodontal support may result.

Bilateral buccal crossbite

Unless the upper buccal segment teeth are tilted palatally to a signifi-
cant degree, bilateral buccal crossbites are often better accepted. Rapid
maxillary expansion (RME) (see Section 13.4.6) can be used to try and
expand the maxillary basalbone, but even with this technique, a degree
of relapse in the buccopalatal tooth position occurs following interven-
tion, with the risk of déveloping a unilateral crossbite with associated
mandibular displacement. Surgically assisted RME can also be consid-
ered (see Fig. 13.20).

Bilateral buccal crossbites are common in patients with a repaired
cleft of the palate. Expansion of the upper arch by stretching of the scar
tissue is often indicated in these cases (see Chapter 24) and is readily
achieved using a quadhelix appliance (Fig. 13.14).

Lingual crossbite

If a single tooth is affected, this is often the result of displacement due
to crowding. If extraction of the displaced tooth itself is not indicated

Fig. 13.14 Expansion of a repaired cleft maxilla with a quadhelix
appliance.

to relieve crowding, then fixed appliances can be used to move the
affected tooth into the line of the arch. More severe cases with a
greater skeletal element usually need a combination of buccal move-
ment of the affected lower teeth and palatal movement of the upper
teeth with fixed appliances. Treatment is not straightforward and
should only be tackled by the experienced orthodontist, particularly
as a scissors bite will often dislodge fixed attachments on the buccal
aspect of the lower teeth until the crossbite is eliminated. Fig. 13.15
demonstrates the correction of a unilateral scissor bite with an upper
removable appliance to provide inter-occlusal space and cross elastics
to correct the crossbite.

The quadhelix appliance

The quadhelix is a very efficient, fixed, slow expansion appliance. The
quadhelix appliance can be adjusted to give more expansion anteriorly
or posteriorly as required, and can also be used to de-rotate rotated
molar teeth. When active expansion is complete, it can be made passive
to aid retention of the expansion:

A quadhelix is fabricated-in‘1 mm stainless steel wire and comprises
four loops which increase the overall length of wire, giving the appli-
ance more flexibility. It is attached to the teeth by bands cemented
to a molar tooth on‘each side. Preformed types are available, made of
0.9 mm stainless-steel, which slot into rectangular palatal attachments
welded onto'bands on the molars and can be readily removed by the
operator-for’adjustment. An additional advantage of removable quad-
helix appliances is that, because it inserts into rectangular slots, it can be
manipulated so that additional torque can be more easily placed onto
the first molars to limit unwanted tipping of the palatal cusps or to help
achieve asymmetry expansion (Fig. 13.16). The appliance can also be
custom-made in a laboratory.

The usual activation is about half a tooth width each side.
Overexpansion can occur readily if the appliance is overactivated, and
therefore its use should be limited to those who are experienced with
fixed appliances.

A tri-helix has only one anterior coil and is therefore less efficient. Its
use is limited to cases with narrow and/or high palatal vaults, for exam-
ple, in cleft lip and palate patients.
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Fig. 13.15 Cross elastics to correct a lingual crossbite. (a) Initial presentation; (b, ) cross elastics with
an upper removable appliance to create occlusal space; (d) corrected scissor bite—note the tipping of
the posterior teeth towards each other and their extrusion has generated an anterior open bite and left
posterior open bite; (e) fixed appliances in situ 4 weeks after initial placement which has correctedthe
open bites; (f) following the completion of active treatment.

(a) (b) (0

(d) (e) ®

(a) (b)

Fig. 13.16 Aremovable quadhelix appliance. (a) Appliance in situ—note it is secured with metal ties to prevent it inadvertently becoming detached.
(b) Diagram showing the connection into the rectangular sleeves on the palatal aspect of the first molar teeth which allows the application of torque.

The expansion arch central incisors. Additional circles can be bent into the wire mesial to
the maxillary first molars to allow for metal ligatures to be secured from
The expansion or E arch (Fig. 13.17) is 2 0.9-1.135 mm diameter wire  the hooks on the first molar brackets. This appliance is made at the
that is placed into the headgear tubes buccal to-the fixed appliances  cpairside and can be a used as an alternative to the quadhelix appli-
and can be kept away from the brackets by a-small inset bend placed ance. However, it can result in more buccal tipping of the crowns.
mesial to the first molars. It is securedvia-a metal ligature between the
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(a)

(b)

Fig. 13.17 (a, b) Expansion archiin situ.

Rapid maxillary expansion

This upper appliance incorporates a Hyrax screw (similar to the type
used for expansion in removable appliances) soldered to bands, usually
to both a premolar and molar tooth on both sides. The screw is turned
twice daily, resulting in expansion of the order of 0.2—-0.5 mm/day, usu-
ally over an active treatment period of 2 weeks (Figs 13.18 and 13.19).
The large force generated is designed to open the midline palatal suture
and expand the upper arch, particularly more anteriorly, by skeletal
expansion rather than by movement of the teeth. For this reason, some
advocate limiting this approach to patients in their early teens before

Fig. 13.18 Arapid maxillary expansion appliance being used to expand
arepaired cleft maxilla.

the suture fuses, or in cleft palate patients where it can be utilized to
expand the cleft segments by stretching the scar tissue. If considering
this approach, it is advisable to check that there is adequate supporting
buccal bone and soft tissues. The patient should also be warned of the
temporary appearance of a midline diastema.

Once expansion is complete, the appliance is left in situ as a retainer,
usually for several months. Bony infill of the expanded suture has been
demonstrated but in the long term it has been shown that approxi-
mately 50% of the skeletal expansion which has been gained-is subse-
quently lost, and for this reason some overexpansion is indicated. This
appliance should only be used by the experienced clinician.

Surgically assisted RME (Fig. 13.20) or surgically assisted rapid pala-
tal expansion (SARPE) is gaining acceptance as it is believed that this
technique delivers a greater amount of skeletal expansion; however,
claims of reduced periodontal support loss (compared with conven-
tional expansion) and improved nasal airflow are unsubstantiated. This
approach involves surgically cutting the mid-palatal suture and buccal
corticotomies prior to expansion (see Chapter 22).

Separated
Palate suture palate suture
Palate suture separates relapses
Midpalatal Midpalatal Midpalatal
expansion screw expansion screw expansion screw
activated secured

(a) (b)

(o)

Fig. 13.19 Diagram demonstrating the effects of RME. (a) RME device in situ. (b) Expansion of the screw (X) results in lateral movement of the buccal
teeth and the palatal shelves, separating the mid-palatal suture (Y). (c) During the healing period, some loss of the skeletal expansion occurs (Y) due to
the stretched gingival and palatal mucosa exerting a medial force, which also results in some tipping of the buccal teeth (Z) as the intermolar width is

fixed—these changed are shown in red.
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(a) (b)
(c) (d)
(e) ()
€ (h)
0] () (k)

Fig. 13.20 Surgically assisted RME. (a, b) Initial presentation. (c, d) RME device in situ and sectional fixed appliances have created a midline diastema
to allow the surgical access to cut the mid-palatal suture. (e, f) Post expansion with device secured. (g, h) After 3 months of healing—note the sponta-
neous reduction in the size of the midline diastema. (i) Initial occlusal radiograph. (j) Occlusal radiograph prior to expansion. (k) Occlusal radiograph
post expansion—note bony void between palatal shelves.
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Key points

e Whenever a crossbite is present, it is critical to check for an asso-
ciated mandibular displacement as this will have a fundamental
bearing on the treatment options available and the prognosis of
any treatment undertaken.

Relevant Cochrane review

® Expansion to correct.aposterior crossbite will often lead to a
reduction in the'overbite.

® When treating an anterior crossbite it is essential that there is

sufficient'overbite present at the end of treatment to maintain
the correction achieved.

Agostino, P, Ugolini, A., Signori, A., Silvestrini-Biavati, A., Harrison, J. E., and Riley, P. (2014). Orthodontic treatment for posterior crossbites. Cochrane
Database of Systematic Reviews, Issue 8, Art. No.: CD000979. DOI: 10.1002/14651858.CD000979.pub2 https://www.cochranelibrary.com/cdsr/

doi/10.1002/14651858.CD000979.pub2/full

The authors concluded that there is some evidence which suggests the quadhelix appliance may be more successful than removable expansion plates

at correcting posterior crossbites and expanding the intermolar width for children in the early missed dentition (aged 8-10 years).

o
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Birnie, D. J. and McNamara, T-G. (1980). The quadhelix appliance. British
Journal of Orthodontics,7,115-20. [DOI: 10.1179/bj0.7.3.115] [PubMed:

7002208].
The fabrication, mahagement, and modifications of the quadhelix
appliance are described in this paper.

Bucci, R., D’Anto, V., Rongo, R., Valletta, R., Martina, R., and Michelotti, A.
(2016). Dental and skeletal effects of palatal expansion techniques: a sys-
tematic review of the current evidence from systematic reviews and meta-
analyses. Journal of Oral Rehabilitation, 43, 543-64. [DOIl: 10.1111/

joor.12393] [PubMed: 27004835]

An interesting systematic review which looked at all the previous sys-
tematic reviews on this topic. They concluded that palatal expansion
is effective in the correction of posterior crossbites in the short term.
There is more evidence to support the use of RME rather than slow max-
illary expansion. The amount of skeletal expansion is less than dento-
alveolar expansion. More evidence is required on the long-term effects.

Hermanson, H., Kurol, J., and Ronnerman, A. (1985). Treatment of unilateral
posterior crossbites with quadhelix and removable plates. A retrospec-
tive study. European Journal of Orthodontics, 7, 97-102. [DOI: 10.1093/

€jo/7.2.97] [PubMed: 3926519].

In this study it was found that the clinical results achieved were simi-
lar with the two types of appliance. However, the number of visits and
chairside time were greater for the removable appliance. The authors
calculated that the mean cost of treatment was 40% greater for the
removable appliance compared with the quadhelix.

Herold, J. S. (1989). Maxillary expansion: a retrospective study of three meth-
ods of expansion and their long-term sequelae. British Journal of Ortho-
dontics, 16, 195-200. [DOI: 10.1179/bjo.16.3.195] [PubMed: 2669948].

Kilic, N., Kiki, A., and Oktay, H. (2008). Condylar asymmetry in unilateral
posterior crossbite patients. American Journal of ‘Orthodontics and
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[PubMed: 18331937].
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Transverse, vertical and anteroposteior changes from bone-anchored
maxillary expansion vs traditional rapid maxillary expansion; a ran-
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Med: 20197161]
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dontics and Dentofacial Orthopedics, 115, 305-13. [DOI: 10.1016/5S0889-
5406(99)70334-3] [PubMed: 10066980].

Linder-Aronson, S. and Lindgren; J.(1979). The skeletal and dental effects of
rapid maxillary expansion: British Journal of Orthodontics, 6, 25-9. [DOI:
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trolled trial comparing the quadhelix and the expansion arch for the
correction of crossbite. Journal of Orthodontics, 32, 29-35. [DOI:
10.1179/146531205225020769] [PubMed: 15784941]
This study found that both appliances were equally effective, but that
the expansion arch could be made at the chair side, did not require
additional attachments, and was cheap to fabricate. However, 70% of
patients disliked the appearance of the expansion arch.

which direct you to the electronic-version of the work, to help facilitate onward study. If you are a subscriber to that work (either individually
or through an institution), and.depending on your level of access, you may be able to peruse an abstract or the full article if available.

(‘ References for this chapter can also-be found at: www.oup.com/uk/orthodontics5e. Where possible, these are presented as active links
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Canines

Learning ob

the normal development of the maxillary permanent canine and the importa e@%e early detection of displaceme
oreciation of the different methods for localizing the position of an unerupte ’&axillary permanent canine.
derstanding of the treatment options for buccally and palatally displaceAd\§a»<|llary canines.

14.1 Facts and figures

Development of the upper and lower canines commences between 4
and 5 months of age. The upper canines erupt, on average, at 11-12
years of age. The lower canines erupt, on average, at 10—11 years of age.

In a Caucasian population (Gorlin et al. 1990): congenital absence
of upper canines, 0.3%; congenital absence of lower canines, 0.1%;

14.2 Normal development

The development of the maxillary canine commences around 4-5
months of age, high in the maxilla. Crown calcification is complete
around 6-7 years of age. The permanent canine then migrates forwards
and downwards to lie buccal and mesial to the apex of the deciduous
canine before erupting down the distal aspect of the root of the upper

impaction of upper canines, 1-2%, of which 8% are bilateral; impaction
of lower canines, 0.35%; resorption of upper incisors due to impacted
canine, 0.7% of 10-13-year-olds. A recent meta-analysis found a preva-
lence of transposition of 0.33%.

lateral incisor. Pressure from the unerupted canine on the root of the
lateral incisor, leads to flaring of the incisor crowns, which resolves as
the canine erupts. In normal development, the maxillary canines should
be palpable in the labial sulcus by age 11 years.

14.3 Actiology of maxillary canine displacement

Canine displacement is generally classified into buccal or palatal dis-
placement. More rarely, canines can be found lying horizontally above
the apices of the teeth of the upper arch (Fig. 14.1) or displaced high
adjacent to the nose (Fig. 14.2).

The aetiology of canine displacement is still not fully understood (see
also Box 14.1). The following have been suggested as possible causative
factors:

® Displacement of the crypt. This is the probable aetiology behind
the more marked displacements such as those shown in Figs 14.1
and 14.2.

LT IS .

Fig. 14.1 Ectopic upper maxillary canines—with the upper right being
significantly displaced. NB: absent upper right lateral incisor, a peg-
shaped upper left lateral incisor.

® Long path of eruption.

® Short-rooted or absent upper lateral incisor. A 2.4-fold increase
intheincidence of palatally displaced canines in patients with absent
or short-rooted lateral incisors has been reported (Becker et al. 1981)
(Fig.14.1). It has been suggested that a lack of guidance during erup-
tion is the reason behind this association. Because of the association

Fig. 14.2 Severely displaced maxillary canine.



Box 14.1 Aetiology of canine displacements

® Palatal:
® Polygenic
® Multifactorial

® Buccal: crowding.

of palatal displacement of an upper canine with missing or peg-
shaped lateral incisors, it is important to be particularly observant in
patients with this anomaly.

® Crowding. Jacoby (1983) found that 85% of buccally displaced
canines were associated with crowding, whereas 83% of palatal
displacements had sufficient space for eruption. If the upper arch
is crowded, this often manifests as insufficient space for the canine,
which is the last tooth anterior to the molar to erupt. In normal devel-
opment, the canine comes to lie buccal to the arch and in the pres-
ence of crowding will be deflected buccally.

® Retention of the primary deciduou$anine. This usually resultsin
mild displacement of the permanent-tooth buccally. However, if the
permanent canine itself is displaced, normal resorption of the decid-
uous canine will not occur. In this situation, the retained deciduous
tooth is an indicator, rather than the cause, of displacement.

® Genetic factors.|thas been suggested that palatal displacement of
the maxillary canine is an inherited trait with a pattern that suggests
polygenic inheritance. The evidence cited for this includes:

(a) the prevalence varies in different populations with a greater
prevalence in Europeans than other racial groups

(b) affects females more commonly than males
(c) familial occurrence

Interception of displaced canines

Box 14.2 Dental anomalies associated with palatally
displaced canines

® Hypodontia
® Tooth sizefreduction including peg-shaped lateral incisors

Transposition

Impacted upper first permanent molars

Ectopic position of other teeth

Infra-occluded deciduous molars

Late developing dentition.

Fig. 14.3 OPT radiograph of patient with a displaced upper left canine
and absent lower second premolars.

(d) occurs bilaterally with a greater than expected frequency

(e) occursin association with other dental anomalies (Figs 14.1 and
14.3; Box 14.2).

14.4 Interception of displaced canines

Because management of ectopic canines is difficult and early detection
of an abnormal eruption path gives the opportunity, if appropriate, for
interceptive measures, it is essential to routinely palpate for unerupted
canines when examining any child aged 10 years and older. It is also
important to locate the position of the canines before undertaking the
extraction of other permanent teeth.

Canines, which are palpable in the normal developmental position
(buccal and slightly distal to the upper lateral incisor root), have a good
prognosis for eruption. Clinically, if a definite hollow, or asymmetry,
or both are found on palpation, further investigation is warranted. On
occasion, routine panoramic radiographic examination may demon-
strate asymmetry in the position and development of the canines.

A number of studies have investigated the widely held belief that
extraction of the deciduous canine facilitates an improvement in the
position of a palatally displaced canine (Fig. 14.4) where the unerupted
tooth is not markedly ectopic. However, a recent Cochrane review con-
cluded that there were deficiencies in the design and reporting of these
studies and that there is currently no robust evidence to support this

practice. It must be borne in mind that this is not to say that extract-
ing the deciduous.canine does not favour improvement, rather that
there is currently no data from controlled trials upon which to base this
approach. Clinical experience suggests that interceptive measures are
more successful between the developmental ages of 10-13 years and
whenthere is space available for the unerupted canine, therefore space
maintenance or even space creation should be considered in crowded
dentitions if this approach is being contemplated.

If a palatally displaced canine is detected in the mixed dentition,
then the orthodontist should discuss with the patient and their parent/
guardian:

® the evidence base (including clinical experience)

® the potential benefits (i.e. successful eruption of the permanent
canine or improvement in its position)
® the negative aspects (i.e. an extraction and the commitment to

proceed to exposure and orthodontic alignment if the hoped for
improvement in position does not occur).
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Fig. 14.4 OPT radiographs of a patient whose displaced maxillary permanent canines improved following the extraction of the upper deciduous

canines.

14.5 Assessing maxillary canine position

The position of an unerupted canine should initially be assessed clini-
cally, followed by radiographic examinationif displacementis suspected.

14.5.1 Clinically

It is usually possible to obtain a good estimate of the likely location of
an unerupted maxillary canine by palpation (in the buccal sulcus and
palatally) and by the inclination of the lateral incisor (Fig. 14.5).

14.5.2 Radiographically

The views commonly used for assessing ectopic canines (Box 14.3)
include the following.

(a) (b)

Box 14.3 The radiographic assessment of a displaced
canine should include the following

® |ocation of the position of both the canine crown and the root
apex relative to adjacentteeth and the arch.

® Prognosis of adjacent teeth and the deciduous canine, if
present.

® Presence ofresorption, particularly of the adjacent central
and/orlateral incisors.

AN

Fig. 14.5 (a) Patient aged 9 years showing
distal inclination of the upper lateral incisor
caused by the position of the unerupted canine;
(b) the same patient aged 13 years showing the
improvement that has occurred in the inclina-
tion of the lateral incisor following eruption of
the permanent canine.



(a)

(b)

Assessing maxillary canine position

(©

Fig. 14.6 The radiographs of a patient with displaced maxillary canines (note that the upper right lateral incisor is absent and the upper left lateral
incisor is peg shaped): (a) OPT radiograph; (b) periapical radiographs (note that both maxillary canines are palatally positioned as their position
changes in the same direction as the tube shift); (c) lateral cephalometric radiograph.

® Dental panoramic tomogram (OPT, OPG, or DPT). This film gives
a good overall assessment of the development of the dentition and
canine position. However, this view suggests that the canine is fur-
ther away from the midline and at a slightly less acute angle to the
occlusal plane (i.e. more favourably positioned for alignment) than is
actually the case (Fig. 14.6a). This view should be supplemented with
an intra-oral view.

® Periapical. This view is useful for assessing the prognosis of a
retained deciduous canine and for detecting resorption (Fig. 14.6b).

® Upper anterior occlusal. To facilitate the use of vertical parallax in
conjunction with an OPT radiograph, the angle of the tube should be
increased to 70-75° (rather than the customary 60-65°).

® Lateral cephalometric. For accurate localization;this view should
be combined with an anteroposterior view (e.g.an OPT) (Fig. 14.6¢).

® Cone beam computed tomography (CBCT). Although there is an
increased radiographic dose with this.view, the three-dimensional

(3D) images produced provide useful information on the exact posi-
tion of the impacted tooth, especially in relation to other teeth and
whether there is any associated root resorption. However, clinicians
need to be able to justify the increased dosage and follow CBCT
guidelines when using this type of investigation (see Chapter 5,
Fig.5.17).

The principle of parallax can be used to determine the position of
an unerupted tooth relative to its neighbours. To use parallax, two
radiographs are required with a change in the position of the X-ray
tube between them. The object furthest away from the X-ray beam will
appear to move in the same direction as the tube shift. Therefore, if the
canine is more palatally positioned than the incisor roots it will move
with the tube shift (Fig. 14.6b). Conversely, if it is buccal it will move
in the opposite direction to the tube shift. Examples of combinations
of radiographs which can be used for parallax include two periapical
radiographs (horizontal parallax) and an OPT and an upper anterior
occlusal (vertical parallax).
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Fig. 14.7 Mildly buccally displaced maxillary canine which erupted spontaneously into a satisfactory position following relief of crowding.

14.6 Management of buccal displacement

NB: the width of the maxillary canine is greater than that of the first
premolar which in turn is greater than that of the deciduous canine.

Buccal displacement is usually associated with'crowding, and there-
fore relief of crowding prior to eruption of theicanine will usually effect
some spontaneous improvement (Fig. 14.7).‘Buccal displacements are
more likely to erupt than palatal displacements because of the thinner
buccal mucosa and bone. Erupted, buccally displaced canines are man-
aged by relief of crowding, if indicated, and alignment—usually with a
fixed appliance.

In severely crowded cases where the upper lateral incisor and first
premolar are in contact and no additional space exists to accommodate
the wider canine tooth, extraction of the canine itself may be indicated.
In some patients, the canine is so severely displaced that a good result is

unlikely, necessitating removal of the canine tooth and the use of fixed
appliances to close any residual spacing.

More rarely, a buccally displaced canine tooth does not erupt or its
eruption is so delayed that treatment for other aspects of the malocclu-
sionis compromised. Inthese situations, exposure of the impacted tooth
may be indicated. If the crown is located below the mucogingival junc-
tion, an open procedure to expose the crown is sufficient. However, if
the crown is above the mucogingival junction, then a different approach
is required. To ensure an adequate width of attached gingiva either.an
apically repositioned or, preferably, a replaced flap should be used. In
the latter case, in order to be able to apply traction to align the-canine,
an attachment can be bonded to the tooth at the time of surgery. A gold
chain or a stainless steel ligature can be attached to the bond and used
to apply traction.

14.7 Management of palatal displacement

The treatment options available are as follows (see also Box 14.4).

Surgical removal of canine
This option can be considered under the following conditions:

® The retained deciduous canine has an acceptable appearance and
the patient is happy with the aesthetics and/or reluctant to embark
on more complicated treatment (Fig. 14.8). The clinician must

Box 14.4 Factors affecting treatment decision

® Patient’s opinion of appearance and motivation towards ortho-
dontic treatment.

® Malocclusion.

@ Position of displaced canine: is it within range of orthodontic
alignment?

® Presence of spacing/crowding.
e Condition of retained deciduous canine, if present.
e Condition of adjacent teeth.

ensure that the patient understands that the primary canine will be
lost eventually and a prosthetic replacement required. However, if
the occlusion is unfavourable, for example, a deep and increased

Fig. 14.8 This patient decided that the appearance of her retained
deciduous canine was satisfactory and elected to have her unerupted
displaced maxillary canine removed.



Fig. 14.9 Aesthetic result following removal of the displaced upper left
permanent canine.

overbite is present, this may affect the feasibility of bridgework later,
necessitating the exploration of alternative options.

® The upperarchis very crowded and the upper first premolar is adjacent
tothe upper lateral incisor. Providedthat the first premolar is not mesio-
palatally rotated, the aesthetic result can be acceptable (Fig. 14.9).

® The canine is severely displaced. Depending upon the presence of
crowding and the patient’s wishes, either any residual spacing can
be closed by forward'movement of the upper buccal segments with
fixed appliances, or a prosthetic replacement can be considered.

If space closure is not planned, it may be preferable to keep the
unerupted canine under biannual radiographic observation until the
fate of the third molars is decided. However, if any pathology, for exam-
ple, resorption of adjacent teeth or cyst formation, intervenes, removal
should be arranged as soon as possible.

Surgical exposure and orthodontic
alignment

Indications are as follows:

Well-motivated patient

® Well-cared-for dentition

Favourable canine position

® Space available (or can be created).

Whether orthodontic alignment is feasible or not depends upon the
3D position of the unerupted canine:

® Height: the higher a canine is positioned relative to the occlusal
plane, the poorer the prognosis. In addition, the access for surgical
exposure will be more restricted. If the crown tip is at or above the
apical third of the incisor roots, orthodontic alignment will be very
difficult.

® Anteroposterior position: the nearer the canine crown is to the
midline, the more difficult alignment will be. Most operators regard
canines which are more than halfway acrossthe upper central incisor
to be outside the limits of orthodontics.

Management of palatal displacement

® Position of the apex: the further away the canine apex is from nor-
mal, the poorer the prognosis for successful alignment. If it is distal to
the second premolar, other options should be considered.

® |nclination: the.smaller the angle with the occlusal plane, the
greater the need for traction.

If these factors are favourable, the usual sequence of treatment is as
follows:

1.-Make space available (although some operators are reluctant to
embark on permanent extractions until after the tooth has been
exposed and traction successfully started).

2. Arrange exposure.
3. Allow the tooth to erupt for 2-3 months.

4. Commence traction.

With deeply buried canines there is a danger that the gingivae may
cover the tooth again. If this is likely to be a problem, either an attach-
ment plus the means of traction (e.g. a wire ligature or gold chain) can
be bonded to the tooth at the time of exposure or about 2 days after
pack removal.

Tractioncanbeapplied usingeitheraremovable appliance (Fig. 14.10)
or a fixed appliance (Fig. 14.11). To complete alignment, a fixed appli-
ance is necessary, as movement of the root apex buccally is required to
complete positioning of the canine into a functional relationship with
the lower arch. The chances of success are reduced and the duration of
traction increased in adult patients.

Transplantation

In the past, the long-term results of transplantation have been disap-
pointing. Recent work has highlighted the importance of timing, in
view of the stage of root development of the canine and careful surgical
technique. Transplantation should be carried out when the canine root
is two-thirds to three-quarters of its final length; unfortunately, by the
time most ectopic canines are diagnosed, root development is further
advanced.

Fig. 14.10 Traction applied to an exposed canine using a removable
appliance.
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Fig. 14.11 Afixed appliance being used to move an exposed canine
towards the line of the arch.

14.8 Resorption

Unerupted and impacted caninéscan cause resorption of adjacent lat-
eral incisor roots and may sometimes progress to cause resorption of the
central incisor. The increasing use of CBCT has shown that the preva-
lence of root resorption’is greater than previously thought. A recent
study indicated that two-thirds of upper lateral incisors associated with
ectopic canines showed signs of resorption. This sequela is more com-
mon in females than males.

14.9 Transposition

Transposition is the term used to describe interchange in the position
of two teeth. This anomaly is comparatively rare, but almost always
affects the canine tooth. It affects males and females equally and is

(a)

If transplantation is to be attempted, it must be possible to remove
the canine intact and there must be space available to accommo-
date the canine withinthe arch and occlusion. In some cases, this
will mean that some orthodontic treatment will be required prior to
transplantation.

The main.causes of failure of transplanted canines are replacement
resorption.and inflammatory resorption. Replacement resorption, or
ankylosis, occurs when the root surface is damaged during the surgical
procedure and is promoted by rigid splinting of the transplanted tooth,
which encourages healing by bony rather than fibrous union. A more
recent study has indicated that a careful surgical technique is essen-
tial to prevent damage to the root surface and the transplanted canine
should be positioned out of occlusion and splinted with a sectional arch-
wire for 6 weeks.

Inflammatory resorption follows death of the pulpal tissues, and there-
fore the vitality of the transplanted tooth must be carefully monitored.

Generally speaking, this approach is usually one of last resort.

Swift intervention is essential, as resorption often proceeds at a rapid
rate. If it is discovered on radiographic examination, specialist advice
should be sought quickly. Extraction of the canine may be necessary to
halt the resorption. However, if the resorption is severe, it may be wiser
to extract the affected incisor(s), and if appropriate, exposure-and trac-
tion to bring the canine into the arch (Fig. 14.12).

more common in the maxilla. In the upper arch, the canine and the
first premolar are most commonly involved; however, transposition of
the canine and lateral incisor is.also seen (Fig. 14.13). In the mandible,

(b)

Fig. 14.12 (a) Resorption of the upper right lateraliincisor by an unerupted maxillary canine; (b) following extraction of the lateral incisor the canine

erupted adjacent to the central incisor.
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the canine and lateral incisor appear to be almost exclusively affected
(Fig. 14.14). The aetiology.of this condition is not understood.

Management depends upon whether the transposition is com-
plete (i.e. the apices of the affected teeth are transposed), or partial;
the malocclusion; and the presence or absence of crowding. Possible
treatment -options include acceptance (particularly if transposition
is complete), extraction of the most displaced tooth if the arch is
crowded, or orthodontic alignment. In the last case, the relative posi-
tions; of the root apices will be a major factor in deciding whether
the affected teeth are corrected or aligned in their transposed
arrangement.

Fig. 14.13 Transposition of the upper left maxillary canine and lateral
incisor.

Fig. 14.14 Patient with transposition of lower
left canine and lateral incisor.

Key points

® |tisimportant that the position of the maxillary canine is assessed from age 10 years onwards and if displacement is suspected, further
investigation instigated.

® Palatal displacement is associated with a number of common dental anomalies therefore.it is especially important to check the position
of the canine in patients with these anomalies.

Relevant Cochrane reviews

Parkin, N., Benson, P. E., Thind, B., Shah, A., Khalil, I., and Ghafoor, S. (2017). Open versus closed surgical exposure of canine teeth that are displaced in
the roof of the mouth. Cochrane Database of Systematic Reviews, Issue 8, Art. No.: CD006966. DOI: 10.1002/14651858.CD006966.pub3 https://www.

cochranelibrary.com/cdsr/doi/10.1002/14651858.CD006966.pub3/full
This review concluded that currently, there is no evidence to support one surgical technique over the other in terms of dental health, aesthetics, eco-
nomics, and patient factors.


https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD006966.pub3/full
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD006966.pub3/full
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Brough, E., Donaldson, A. N., and Naini, F. B. (2010). Canine substitution
for missing maxillary lateral incisors: the influence of canine morphol-
ogy, size, and shade on perceptions of smile attractiveness. American
Journal of Orthodontics and Dentofacial Orthopedics, 138, 705-7. [DOI:
10.1016/j.2jod0.2010.08.004] [PubMed: 21130320].
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cally erupt a palatal canine. Journal of Orthodontics, 37, 262-71. [DOI:
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palatal canine following exposure.

Gorlin,R.J., Cohen, M. M., and Levin, L. S. (1990). Syndromes of the Head and
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Ectopic Maxillary Canine. London: Faculty of Dental Surgery of the Royal
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ties/fds/publications-guidelines/clinical-guidelines/).
This recently updated review evaluates the evidence relating to the
management of palatally displaced canines.

Jacobs, S. G. (1999). Localisation of the unerupted maxillary canine: how to
and when to. American Journal of Orthodontics and Dentofacial Ortho-
pedics, 115, 314-22. [DOI: 10.1016/5S0889-5406(99)70335-5] [PubMed:

10066981].
An interesting discussion of different radiographic approaches to local-
izing unerupted maxillary canines.

O

Kokich, G. and Mathews, D. P. (2014). Orthodontic and Surgical Manage-
ment of Impacted Teeth. Chicago, IL: Quintessence.
A beautifQlly. iHustrated book which covers the whole gamut of possible
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McSherry, P.F. (1998). The ectopic maxillary canine: a review. British Journal
of-Orthodontics, 25, 209-16. [DOI: 10.1093/0rtho/25.3.209] [PubMed:
9800020]

McSherry, P. F. and Richardson, A. (1999). Ectopic eruption of the maxillary
canine quantified in three dimensions on cephalometric radiographs
between the ages of 5 and 15 years. European Journal of Orthodontics,
21,41-8.[DOI: 10.1093/€jo/21.1.41] [PubMed: 10191576]

This interesting study found that differences in the eruption pattern of
palatally ectopic canines were evident from as early as 5 years of age.
Naoumova, J., Kurol, R., and Kjellberg, H. (2015). Extraction of the decidu-
ous canine as an interceptive treatment in children with palatally dis-
placed canines — part |: shall we extract the canine or not? European
Journal of Orthodontics, 37, 209-18. [DOI: 10.1093/ejo/cju040] [Pub-

Med: 25246604]

Naoumova, J., Kurol, R.,and Kjellberg, H. (2015). Extraction of the deciduous
canine as an interceptive treatment in children with palatally displaced
canines — part Il possible predictors of success and cut-off points for<a
spontaneous eruption. European Journal of Orthodontics, 37, 219-29.

[DOI: 10.1093/€jo/cju102] [PubMed: 25700993]

The results of this well-designed randomized controlled trial,appear to
support the extraction of the deciduous canine to improvethe position
of palatally impacted permanent canines.

Parkin, N. and Benson, P. (2011). Current ideas on the management of pala-

tally displaced canines. Faculty Dental Journal, 2,24-9. [DOI: 10.1308/20
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An excellent article by the authors of the two Cochrane reviews putting
their findings into context.
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which direct you to the electronic version of the work, to help facilitate onward study. If you are a subscriber to that work (either individually
or through an institution), and depending on your level of access, you may be able to'peruse an abstract or the full article if available.
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Anchorage planning

Learning objectives f

g of the definitions associated with anchorage. '\OQ
of types of anchorage used in orthodontic care. ()(b
g of the approaches available to reinforce anchorage dur@atment.

or anchorage during orthodontic treatment.

15.1 Introduction

Orthodontic anchorage is defined as the resistance to unwanted tooth
movement.

Orthodontic tooth movement is achieved through the forces gener-
ated by an orthodontic appliance. However, the desired force which is
generated has an equal and opposite reactionary force, as described by
Newton’s third law, which will be spread over the other teeth that are
contacted by the appliance and which can result in unwanted tooth
movement. The aim of controlling orthadontic anchorage is to resist
these reactionary forces to minimize the unwanted tooth movement
and maximize the desired tooth movements.

An analogy which may help to simplify this difficult concept is that of
ice skating. Imagine that you are standing on the ice and push against
the barrier of the rink. You will move backwards and the barrier will
remain stationary. The barrier, in this instance, is analogous to absolute
anchorage (see Section 15.3), for example, an ankylosed tooth or osse-
ointegrated implant.

If two skaters push against each other equally, and they themselves
are of similar size, both will move backwards by an equal amount. This
is an equal and opposite reaction. If one skater is larger than the other,
the smaller skater will be pushed away, whereas the larger skater will
only move slightly, or not at all. However, if the larger skater now pushes
against two smaller skaters then the larger skater will move more. This
can be considered similar to pitting one larger tooth against a smaller

Fig. 15.1 Diagram showing the effect upon the anchor teeth of
retracting upper canines with a fixed appliance.

tooth, or against two smaller teeth. The more teeth you try to move, the
more likely your anchorage unit will move as well.

Aclinical scenarioisthe retraction of upper canines using afixed appli-
ance, with all the available teeth involved in the appliance. An equal and
opposite force to that being generated by retracting canines will also
be acting on the remaining upper arch teeth to move them anteriorly,
which can compromise the anchorage unit causing unwanted forward
tooth movement of the rest of the dentition (Fig. 15.1).

15.2 Assessing anchorage requirements

Anchorage requirements should be considered in all three dimensions:
anteroposteriorly, vertically, and transversely. Planning anchorage is a
fundamental part of treatment planning and needs to be undertaken
as part of managing the space requirements of orthodontic treatment.
When considering anchorage management, it is important to assess the
following factors.

15.2.1 Space requirements

The amount of crowding or spacing should be assessed as part of treat-
ment planning. This can be done using either a visual assessment or
more formally using a structured space analysis (see Chapter 7, Section
7.7). The results of this assessment will guide the clinician when decid-
ing the most appropriate method of space creation;the potential treat-
ment mechanics, and also the need for any.anchorage reinforcement.
For example, the extraction of maxillary first-premolar teeth will result
in 7. mm of space being generated on each side which can be used for

tooth alignmentor retraction of the upper labial segment. This may be
too much space, the exact amount required, or too little. If it results in
too much space, then the clinician needs to plan the controlled loss of
anchorage to allow the posterior teeth to move mesially while the ante-
rior teeth are being retracted into the optimum position. If the space
created by the extractions is just sufficient, then the clinician needs to
maintain all the space for tooth alignment or retraction of the incisors,
ensuring good anchorage control of the posterior teeth. If the extrac-
tion space is insufficient, then additional space needs to be generated
with further extractions, expansion, interproximal enamel reduction, or
distalization of posterior teeth.

15.2.2 The type of tooth movement to
be achieved

There are six different types of tooth movement: tipping, bodily move-
ment, rotation, torqueing, intrusion, and extrusion. Tipping occurs



Fig. 15.2 Diagram showing the effect of a tipping force applied to the
crown of a tooth (+ = pressure; —=tension). The red circle represents the
tooth’s centre of resistance.

when the crown of a tooth moves in one direction and the root apex
moves, by a lesser amount, in the opposite direction rotating around
the tooth’s centre of resistance (Fig. 15.2). Bodily movement occurs
when both the crown and the root move in the same direction equally
(Fig. 15.3). In practice, this is often‘achieved by a series of small tipping
and uprighting movements due to the ‘play’ between the archwire and
the bracket slot (see Chapter 18). Rotational movement occurs when a
force is applied mesially.or distally to the labial aspect of a tooth.

Teeth have a centre of resistance around which movement occurs. If
force is applied directly through the centre of resistance then the tooth
will move bodily, however, because the centre of resistance lies within
the root this cannot occur. A simple force applied to the crown of a tooth
with a round wire will cause the tooth to tip (see Chapter 18, Fig. 18.1);
however, with a fixed appliance in place, the built-in programme of the
bracket interacting with a rectangular orthodontic wire causes the force
to act as a ‘couple’, which can be used to change the inclination of teeth
or to produce bodily tooth movement.

Bodily movement requires more force to be placed onto a tooth than
tipping movements and is therefore more anchorage demanding on the
remaining teeth.

Fig. 15.3 Diagram showing the distribution of the applied force with
bodily movement (+ = pressure; —=tension).

Assessing anchorage requirements

The number of teeth to be moved

As the number of teeth to be moved increases, so does the anchor-
age demand. If the anchorage requirements of treatment are high, then
consideration shouldbe given to moving a single tooth in stages or only
a few teeth at.a time to conserve anchorage. However, although the
theoreticalprinciples are sound and this is a commonly applied method
of preventing unwanted tooth movement, there is some debate within
the-literature about the level of anchorage conservation that this tech-
nigue actually achieves by the end of treatment when all the active
tooth movements have been completed.

The distance of the movement
required

The greater the distance the teeth are to be moved, the greater the
strain on the anchorage, and the greater the risk of unwanted tooth
movement.

Aims of treatment

The aims of treatment can fundamentally alter the complexity of treat-
ment and also the prognosis for success. The aims of treatment need
to be specific and achievable, with the treatment mechanics thatwill
be required to achieve the aims being acceptable to the individual
patient. The fewer teeth that need to be moved to achieve the aims
of treatment then the less the anchorage demand; however, if treat-
ment is complex and multiple teeth are to be moved, there will be a
greater anchorage demand and often a greater demand on the level
of cooperation from the patient. In cases with a Class Il molar relation-
ship on initial presentation, the anchorage needs will be far greater if a
Class I molar (and canine) relationship is to be achieved rather than a
Class I molar (and Class | canine) relationship at the end of treatment
(Fig. 15.4). The need to achieve a Class | canine relationship is usually

Fig. 15.4 Anchorage requirements will alter dramatically in this patient
depending on whether you aim to treat Class | or Class Il molars, as

to achieve a Class | molar relationship will require active distal move-
ment of the maxillary molars. For both potential outcomes, this is a
high anchorage case as the initial molar relationship is a full unit Class

Il and so no mesial movement can be allowed without resulting in a
compromised occlusal finish.
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Fig. 15.5 This case demonstrates significant upper and lower arch
crowding. Extractions will therefore be required in both arches with the
lower canines moving distally during treatment to allow the alignment
of the lower incisors. In order to achieve a Class | canine relationship at
the end of treatment, the upper canines will require significant distal
movement and anchorage reinforcement, for example, with headgear or
temporary anchorage devices, is indicated.

very important for treatment success, therefore it is critical that anchor-
age planning should focus not only.on the intended molar movements
but also on the required movements of the canines to achieve this goal
(Fig. 15.5).

Root surface area of the teeth to
be moved

The size of the root surface area of the tooth or teeth to be moved
influences the anchorage requirements—the larger the root surface
area, the greater the demand (Fig. 15.6). Teeth are maintained in
a position of balance between the opposing forces of the lips and
tongue, with the periodontal ligament, and the surrounding bone,
resisting any tooth movement; therefore, for tooth movement to
occur, a threshold of force must be achieved. This applies equally
to the teeth in the anchorage unit, and if the threshold is exceeded,
unwanted movement of the anchor teeth will occur and anchor-
age will be lost. As such, the forces applied to achieve the desired
tooth movements must be carefully selected to try and ensure they
remain below the threshold of the teeth acting as the anchorage
unit. Increasing the number of teeth acting in an anchorage unit (e.g.

15.3 Classification of anchorage

® Simple anchorage: one tooth pitted against another.

® Reciprocal anchorage: two teeth or groups of teeth of equal size or
equivalent anchorage value are pitted against each-other, resulting
in movement of both units by a similar amount.Forexample, a quad-
helix used to expand the maxillary arch (Fig. 15.7) or applying power
chain on an upper fixed appliance to two-central incisors to close a
median diastema (Fig. 15.8).

including the second molars in a fixed appliance) is one method of
increasing this threshold.

Growth%otation and skeletal pattern

Anincreased rate oftooth movement has been associated with patients
who have an'increased vertical dimension or backward growth rota-
tion. It has'been suggested that space closure or anchorage loss may
occur.more rapidly in these high-angled cases and so the requirement
for-anchorage reinforcement needs to be considered in these individu-
als. Conversely, in a patient with reduced vertical dimensions or a for-
ward growth rotation, space closure or anchorage loss may be slower;
therefore, the planned extraction pattern or the treatment mechanics
may need to be altered to accommodate this. One hypothesis which
has been proposed for this observation is the relative strength of the
facial muscles, with individuals with reduced vertical dimensions having
a stronger musculature.

Occlusal interdigitation and occlusal
interferences

Occlusal interdigitation or occlusal interferences can prevent or slow
down tooth movement. This can lead to an increased anchorage
demand which may prevent the desired tooth movement and increase
the likelihood of unwanted tooth movement. This phenomenon can
be utilized to an orthodontist’s advantage, as it has been suggested
that if teeth in the anchorage unit have a good interdigitation with the
opposing dentition, this may increase their anchorage value by.reducing
mesial movement of the anchorage unit.

Bone quality

Maxillary bone is less dense than mandibular bone so the threshold for
tooth movement in the maxillary teeth is lower than that in the mandib-
ular teeth. Teeth move more readily through cancellous bone than cor-
tical bone and the anchorage value of teeth can be increased by moving
their roots closer to the cortical plate; however, this can put them at
increased risk of root resorption, and as such, should be done with care.
Certain groups of patients;such as individuals with hypodontia or previ-
ous experience of periodontal disease, can have reduced quantity and/
or quality of alveolarbone. This will affect the anchorage balance when
undertaking orthodontic treatment and must also be taken into consid-
eration when planning the retention phase of treatment.

® Anchorage reinforcement: a variety of methods can be utilized:

Intramaxillary compound anchorage: multiple teeth are used
in an anchorage unit within the same arch, for example, using a
molar and a second premolar as an anchorage unit for the retrac-
tion of a canine.

Intermaxillary compound anchorage: multiple teeth in oppos-
ingarches, for example, the use of intermaxillary elastics (Fig. 15.9).
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Fig. 15.6 Diagrammatic representation

of the relative root surface areas of the
permanent dentition and the effect on
anchorage requirements. (a) Root surface
areasfor the permanent dentition (excluding
third molars). (b) Anchorage balance follow-
ing the extraction of all four first premolars.
If the second molars are not included then
space closure will occur equally from the
posterior teeth moving mesially and the
anterior teeth moving distally, due to the
similar root surface areas of the anterior
teeth, and the second premolar and first
permanent molar. However, if the second
permanent molar is included in the appliance
then the anchorage balance will be shifted to
favour distal movement of the anterior teeth.
(c) Anchorage balance following removal of
second premolars. If the second permanent
molars are not included in the appliance,
most of the space closure will occur by the
first permanent molars moving mesially.
Adapted from Acta Odontologica Scandinavica,
21, Jepsen, A., Root surface measurement
and a method for X-ray determination of
root surface areas, pp. 35-46. Copyright ©
Acta Odontologica Scandinavica Society,
reprinted by permission of Taylor & Francis
Ltd, www.tandfonline.com on behalf of Acta
Odontologica Scandinavica Society.
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Fig. 15.7 Quadhelix fixed appliance to expand the upper arch.

(a)

(d)

(a)

(b)

Differential tooth movements: tipping movements are less
anchorage demanding than bodily movement. This concept can be
utilized when planning tooth movements to increase the relative
anchorage value'of specific teeth.

Use of intra-oral adjuncts: this incorporates non-tooth structures
such as the palatal vault when using a Nance button in conjunction
with a transpalatal arch (Fig. 15.10), or bone when using temporary
anchorage devices (TADs).

Use of extra-oral adjuncts: this incorporates devices utilizing
extra-oral structures to place a force upon the teeth. For example,
headgear systems.

Stationary/absolute anchorage: this can only be achieved
when using an osseointegrated implant or ankylosed tooth as an
anchorage unit.

(©

Fig. 15.8 Reciprocal anchorage—diastema closure: (a) initial presentation; (b) placement of
sectional fixed appliances; (c) approximation.of the central incisors; (d) approximation of the

lateral incisors.

(b)

Fig. 15.9 (a, b) Use of intermaxil-
lary elastics to retract a canine.
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Soft tissue
overlying

Nance button palatal vault

Fig. 15.10 (a, b) Transpalatal arch with Nance button. The anterior palatal vault is used as additional anchorage with the addition of an acrylic button.

15.4 Intra-oral anchorage

Anchorage reinforcement can be achieved.by utilizing the teeth, soft
tissues, and skeletal structures intra-orally:

Increasing the'number of teeth in the
anchorage unit

Incorporating as many teeth as possible into an anchorage unit will aid
in reducing anchorage’loss. If the anchorage demand is high, then con-
sideration should be given to moving one tooth at a time to prevent
strain of the anchorage unit (conserving anchorage). This will also allow
better monitoring of any anchorage loss, allowing additional anchorage
re-enforcing mechanics to be utilized if required.

Differential extraction pattern

The extraction pattern planned for the patient can influence the anchor-
age balance of a case. Extracting teeth closer to the area of crowding
reduces the amount of tooth movement required and thus the risk of
anchorage loss. Also, by careful selection of the appropriate teeth to be
extracted, the anchorage balance can be changed in such a way that it
is possible to make some teeth more resistant to unwanted movement
(Fig. 15.6).

A differential extraction pattern, between arches, can aid in anchor-
age management. One such example is the treatment of Class Il division
1 cases where the upper first premolars are extracted to aid reduction
of an overjet and correction of the canine relationship to Class I. This
becomes possible as the anchorage unit is greater posteriorly in the
maxilla with the upper first molars and second premolars incorporated
within the appliance. In the lower arch, the extraction of the lower sec-
ond premolars will not only reduce the retraction of the lower labial
segment but also work favourably for molar correction with the lower
molars more likely to move mesially. These desired tooth movements
can be enhanced with inter-arch (Class Il) elastic use: This extraction
pattern can be reversed in the treatment of Class Il cases with the
extraction of lower first premolars and upper‘second premolars. This
differential extraction pattern will aid the camouflage of the reverse
overjet with retroclination of the lower labial segment.

Care with initial intra-arch orthodontic
mechanics

A number of factors may increase the demands on the anchorage units,
such as the engagement of severely displaced teeth in the early stages
of alignment. Anchorage loss will also occur if there is friction in the
system as a greater force needs to be exerted to overcome friction and
achieve the planned tooth movement. As a result of this higherapplied
force, the reactionary force is greater, which may result in’unwanted
tooth movement of the anchorage unit.

Bodily movement of teeth

Bodily movement requires more force than tipping movements and is
therefore more anchorage demanding. Use of large, rectangular stain-
less steel archwires will ensure bodily movement occurs rather than
tipping, as the archwire will filllmore of the bracket slot (see Chapter
18, Fig. 18.4). Differential tooth movements can be undertaken in an
effort to limit unwanted tooth movements. This involves restricting the
anchorage teeth to bodily movement while allowing the teeth you do
wish to move to tipjinto place. As tipping movements occur more read-
ily, differential tooth movement should occur. This is a concept which is
fundamental'to certain appliance systems such as Begg and Tip-Edge
(see Chapter 18, Section 18.6.2).

Transpalatal and lingual arches

Both a transpalatal arch (usually connecting the upper first molars)
and a lower lingual arch (usually connecting the lower first molars) can
be used to reinforce anchorage by linking contralateral molar teeth
(Figs 15.11 and 15.12). The teeth are joined with an arch bar, usually
1 mm diameter stainless steel, which connects across the vault of the
palate or around the lingual aspect of the lower arch. This linking of
teeth helps to prevent or reduce unwanted mesial molar movement.
By fixing the intermolar width, which aids transverse anchorage, any
mesial movement of the molars means that the buccal roots are more
likely to come into contact with the cortical plate of the bone which,
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Fig. 15.11 Transpalatal arch.

as mentioned previously, resists subsequent.mesial tooth movement,
but can also increase the risk of root resorption. Anchorage can poten-
tially be further increased by adding an-acrylic button, or Nance button,
which lightly contacts the anterior palatal mucosa (Fig. 15.10). Caution
should be taken with all these appliances, because if anchorage is lost
and the molars move mesially then the lingual arch can cause procli-
nation of the lower-labial segment, or the U-loop of the transpalatal
arch or acrylic of the Nance button may become engaged in the palatal
mucosa. It is with this in mind that the palatal loop of the transpalatal
arch would normally face distally.

The amount of anchorage reinforcement these devices provide has
been questioned in the literature and it is advisable for the clinician to
carefully monitor for any anchorage loss during treatment.

Intermaxillary anchorage

Anchorage from one arch can be used to reinforce anchorage in the
other. In addition to occlusal interlocking mentioned earlier, the two
main adjuncts which can be utilized to achieve this is with the use of
intermaxillary elastic traction (see Chapter 18, Section 18.3.4) or Class

Fig. 15.13 Class Il intermaxillary traction (elastics).

Fig. 15.12 Lingual arch.

Il correctors, which are metal pistons connected between the arches.
Intra-oral elastics are available in a variety of sizes and strengths. Class
Il elastics will be run from an anterior attachment in the upper arch to a
posterior attachment in the lower arch. Class Ill elastics are the reverse,
located anteriorly in the lower to posteriorly in the upper (Figs 15.13
and 15.14).

As with any force applied there can be unwanted effects, and-inter-
maxillary traction is not without this problem. Class Il or Class/Ilelastics
can lead to extrusion of the molars, which will in turn reduce the over-
bite and can also cause an increase in the face height, this might be
beneficial in afew patients but for the majority these movements would
be unwanted. The other significant consequence is that in an unspaced
lower arch, the use of Class Il elastics and Class Il correctors will result in
proclination of the lower labial segment.

Removable and.functional appliances

Removable appliances can be used alone or in conjunction with a fixed
appliance to reinforce anchorage (Fig. 15.15). By virtue of their palatal
coverage, they have an.increased anchorage value to resist unwanted

Fig. 15.14 Class lll intermaxillary traction (elastics).



Fig. 15.15 Nudger removable appliance used as an adjunct to fixed
appliance treatment. The nudger is worn full time, holding the distal
movement achieved during the part-time (12-14 hours) headgear wear.

tooth movement. Other design features which reinforce anchorage
include the following:

® Anteroposteriorly: by colleting around the posterior teeth with
acrylic, inclined bite-blocks, or the use of incisor capping.

® Transversely: the pitting of one side of the arch against the other
can reinforce transverse anchorage, typically seen where an expan-
sion screw is used for increasing the palatal transverse dimension
(Fig. 15.16), usually resulting in reciprocal anchorage.

® Vertically: by either reducing the vertical dimensions during treat-

ment of a high-angle patient by intruding the posterior teeth, often
aided with high-pull headgear (see Chapter 12, Section 12.3.1); or

Fig. 15.16 Upper removable appliance with midline expansion
screw—demonstrates reciprocal anchorage:

Intra-oral anchorage

Box 15.1 Classification of TADs

e (Osseointegration

® Mechanical retention:
— Plate design
— Screw design.

increasing the vertical dimension by allowing differential tooth erup-
tion with the use of an anterior bite-plane.

All of these three-dimensional features can be incorporated into
functional appliances, which additionally can be used to gain anchor-
age in the anteroposterior direction to aid in the treatment of a Class Il
malocclusion, often reducing the complexity during the fixed appliance
phase of treatment.

Temporary anchorage devices

The use of temporary anchorage devices (TADs), also known as ortho-
dontic bone anchorage devices, is becoming increasingly common in
contemporary orthodontics. They first became popular in the 1990s and
were developed from the dental implants used in restorative dentistry.
and maxillofacial bone plates. There are three distinct types (Box 15.4):

® QOsseointegrated implants

These were modified from dental implants, making them shorter,
with a wider diameter than those used in restorative dentistry.
Osseointegrated implants can be used to provide maximum anchor-
age and are useful if large or difficult tooth movements are required.
Thistype of implant, placed in the mid-palatal region and attached to a
palatal arch (Fig. 15.17), was compared with conventional headgear in
arandomized controlled trial. The authors concluded that mid-palatal
implants are an acceptable technique for reinforcement of anchorage.

Fig. 15.17 Osseointegrated mid-palatal implant used in conjunction
with a transpalatal arch to achieve absolute anchorage.
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(a) (b)
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Fig. 15.18 (a, b) Bone plate in situ with the exposed attachment bucco-gingival to the maxillary first molars. (c) Diagram showing a miniplate in situ.

They have three principal disadvantages:

(1) They need to be left for 3 months after placement to allow
osseointegration.

(2) Duetotheirsize,they are restricted to being used in edentulous
areas.

(3) Since the implant osseointegrates, it requires a complex
surgical procedure together with bone removal at the
completion of treatment and some patients may find this
unacceptable.

® Miniplate systems

These are based on maxillofacial bone plates, with a transmucosal
portion projecting into the mouth to allow connection to the fixed
appliance. They can provide reliable anchorage, but require a surgi-
cal procedure to both place and remove them (Fig. 15.18).

® Mini-screws

These were developed from the screws of maxillofacial plating
systems, but are smaller in size (typically 6-12 mm in length and
1.2-2 mmin diameter), hence the term mini-screw. No osseointegra-
tion is required (or desired) which means that they do not provide
absolute anchorage as there is the possibility that they can move
during treatment. Their head and neck configuration has been
adapted to facilitate placement of auxiliaries to the fixed appliance
(Fig. 15.19).

Dueto their ease of use—for both the patient and the orthodontist—
the mini-screw approach is now the most popular. There is a range of
different systems available with various claimed strengths and weak-
nesses. Their designs and the associated treatment mechanics are
under constant review. They are usually placed under local anaes-
thesia and can often be removed at the end of treatment without
requiring any anaesthetic.

Bone anchorage devices have the ability to provide anchorage in
three dimensions: anteroposteriorly, vertically;/and transversely. They
can provide anchorage either directly of indirectly:

® Direct anchorage is achieved when forces are applied directly to the
TAD (Fig. 15.20).

® |ndirect anchorage is achieved when the TAD is linked to the anchor-
age teeth, and then the orthodontic forces are applied to this anchor-
age unit (Fig. 15.21).

Fig. 15.19 Mini-screw temporary anchorage device with modified head
to allow the attachments of orthodontic auxiliaries.
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Intra-oral anchorage

Fig. 15.20 Direct anchorage using a temporary anchorage device to conserve anchorage in maximum anchorage case: (a) at commencement of space

closure; (b) 3 months later.

(a)

(o

The benefit of using TADs for indirect anchorage is that conven-
tional treatment mechanics can be utilized, however, the disadvan-
tage is that if the TAD moves or becomes loose between visits, then
some anchorage loss could have occurred before:it is noticed and
rectified.

The use of TADs is allowing different.approaches to anchorage, as
well as possibly altering the scope of what was previously thought

(b)

(d)

Fig. 15.21 (a—d) Indirect anchorage using a temporary anchorage device attached to-a TPA to reinforce the posterior anchorage following the
enforced extraction of a compromised maxillary left second premolar, allowing arch alignment and centreline correction.

possible with fixed appliances. However, as with all these adjuncts,
there are risks associated with their use which the patients must be
made aware of. These include the risk of damage to adjacent struc-
tures such as blood vessels, nerves, and tooth roots; the risk of fracture;
the risk of gingival inflammation; and the risk of them becoming loose
with subsequent anchorage loss or need for replacement/use of other
means of anchorage reinforcement.
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15.5 Extra-oral anchorage

15.5.1 General principles
Headgear can be used for:

® extra-oral anchorage

® extra-oral traction.

Extra-oral anchorage holds the posterior teeth in position, preventing
unwanted mesial movement of the anchorage unit.

Extra-oral traction applies a force to the posterior teeth to achieve
tooth movement, usually in a distal direction. Traction can also be used
to attempt to achieve an orthopaedic effect by using conventional
headgear to restrict the growth of the maxilla in a forwards and down-
wards direction, or using reverse headgear (see Section 15.5.4) to pro-
tract the maxilla. In simple terms, traction requires greater forces, for
longer periods of time, than that required to maintain the position of
the posterior teeth.

There are three directions of pull that can be achieved with head-
gear and these should be considered at the time of treatment planning
(Box 15.2):

® High- or occipital-pull headgear which helps to control the verti-
cal as well as anteroposterior anchorage and is typically used in cases
with increased vertical proportions (Fig. 15.22).

Box 15.2 Factors that need to be considered for
effective headgear planning
1. Forces:
(a) Direction
(b) Magnitude
(c) Duration

2. Centre of resistance.

Fig. 15.22 High-pull headgear attached to.face-bow with snap-away
design.

® Straight- or combination-pull headgear which controls the anter-
oposterior and is typically used in cases with average vertical propor-
tions (Fig. 15:23).

® Low- or cervical-pull headgear which aids in the control of anter-
oposterior anchorage but is also used to increase the vertical dimen-
sionby having an extrusive effect on the molars in cases of reduced
vertical proportions (Fig. 15.24). Care should be taken with low-pull
headgear in a Class Il skeletal pattern as extrusion of the maxillary
molars may lead to a clockwise rotation of the mandible making the
class Il skeletal pattern worse as the mandible rotates downwards
and backwards.

The amount of force applied to the headgear is controlled by adjust-
ing the attachment straps and should be carefully monitored at each

Fig. 15.23 Combination headgear using high pull and cervical pull

together.

Fig. 15.24 Cervical-pull headgear with neck strap.



visit. For orthodontic change, it is normal to apply 250-350 g to achieve
anchorage reinforcement, increasing to 400-450 g to obtain extra-oral
traction. For orthopaedic change, often termed maxillary restraint, the
forces are increased to 500 g.

The duration of force also varies according to the purpose. Extra-oral
anchorage requires a minimum of 10 hours per day, which is usually
best achieved at bedtime. Extra-oral traction requires an increased
duration and a minimum of 12 hours of wear per day is required though
most operators ask for 14 hours. For orthopaedic changes, the duration
of wear requested is also normally 14 hours, but the length of treat-
ment with the headgear appliance is longer when compared to extra-
oral traction (which may be achieved, in a cooperative patient, within
6-9 months).

The effect of a force depends on where it is applied in relation to the
centre of resistance. If the force passes directly through the centre of
resistance then pure translation will occur. If not, then tipping will arise.

The centre of resistance for forces applied to the upper first molars is
felt to be at the trifurcation of their roots. The centre of resistance for the
maxilla as a whole is further forward, and is'suggested to be between
the premolar roots. Adjustment of the direction of force applied by the
headgear relative to the centre of resistance of the first molar will influ-
ence how the molar will move.

In theory, intrusion of the upperincisors can be attempted by apply-
ing headgear to the anterior. labial segment of a working archwire,
though the forces used must be light to avoid possible root resorption of
the upper incisors. Dué-to concerns over safety, this technigue has now
been largely abandoned.

Headgear can be added to a removable appliance or a functional
appliance, such as a twin-block appliance, usually with the aim of
achieving orthopaedic changes. In these cases, the forces are kept
above the occlusal plane, not only to control the vertical dimension, but
also to prevent dislodging the appliance.

Components of headgear

The components of headgear have been modified dramatically in
the last 20 years to improve safety (see Section 15.5.3). Where head-
gear is to be used in conjunction with a fixed appliance, patients
first need to be fitted with upper molar orthodontic bands with buc-
cal headgear tubes. Where headgear is being used with a removable
or functional appliance then headgear tubes need to be added to
either the molar clasps or incorporated into the acrylic (see Chapter
17, Fig. 17.7).

® Face-bow: the face-bow slots into the headgear tubes. The original
face-bow was called a Kloehn bow, however, due to safety concerns
about the unprotected intra-oral ends, its use is now largely historic.
Currently the face-bow of choice is a Nitom™ locking face-bow pro-
duced with a specialized safety catch (Fig. 15.25). A less complex
safety version is the Hamill face-bow with a reverse loop attach-
ment (Fig. 15.26); however, although the Hamill type can reduce the
degree of soft tissue injury, there is a much higher risk of acciden-
tal disengagement from the headgear tube when compared to the
Nitom™ face-bow.

Extra-oral anchorage

(a)

(b)

(0

Fig. 15.25 A Nitom™ locking face-bow: (a) band on the first molars
with a headgear tube; (b) the intra-oral arm of the face-bow inserted
into the headgear tube; (c) the Nitom™ locking attachment secures
behind the headgear tube, preventing the face-bow’s accidental
disengagement.

Fig. 15.26 Hamill safety face-bow with reverse loop attachment.
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® Headcap or neck strap: a headcap or neck strap can be used inde-
pendently or together to achieve the direction of pull required.

® High/occipital pull: use of the headcap only (Fig. 15.22). This pro-
duces intrusive forces and either leads to intrusion of the molars
or prevents them from extruding during treatment. This approach
is useful where no increase in the vertical proportions can be toler-
ated during treatment.

® Combination pull: uses the headcap and neck strap together
(Fig. 15.23). In this situation; it.is anticipated that the movements
of the molars will be more translational with no intrusive or extru-
sive effects. Greater forces are applied with the headcap (250-
300 g) than the neck'strap (100-150 g) as teeth are more easily
extruded with‘orthodontic treatment.

® [ow/cervical pull: use of neck strap alone (Fig. 15.24). The force
produced will be downwards and backwards with an extrusive
element. Useful in patients with deep bites and low mandibu-
lar plane angles as this direction will tend to extrude the molars
resulting in an increase in the lower face height and reduction of
the overbite.

® Spring mechanism or strap: this element connects the face-bow to
the headcap or neck strap. Adjustment to this allows for an increase
in the magnitude of the force applied. Elastics are rarely used due to
their tendency to break.

Fig. 15.28 Rigid Masel safety strap.

Fig. 15.27 Safety release headgear with a
snap-away spring mechanism which breaks
apart when excessive force is applied.

15.5.3 Headgear safety

Injuries associated with headgear have been reported in the past.
Most notably these include serious ocular injuries, reportedly result-
ing in blindness, which was as a result of the ends of the face-bow
coming out of the mouth and causing direct trauma to the eyes. This
can occur if the face-bow is pulled out of the mouth and recoils back
into the face, but has also been reported after spontaneous disen-
gagement at night.

It is therefore essential that safety features are incorporated when
fitting headgear to prevent injuries. The British Orthodontic Society
recommends that at least two safety features are incorporated into the
headgear. These can take several forms including a snap-away, safety
release spring strap mechanism, rigid neck strap, locking face:bow, or
safety face-bow (Figs 15.27 and 15.28).

The simplest safety element is the Masel strap (Fig. 15.28), which
resists dislodgement of the face-bow. However, evidence suggests that
this is not a foolproof method as head posture will affect the fit of the
strap and still allow detachment of the face-bow (Fig. 15.29).

Success with extra-oral anchorage is dependent on good patient coop-
eration. Even with the use of charts for the patients to complete, a number
of studies have indicated that patients will often not wear the headgear for
the prescribed duration. This hasled to a reduction of the use of headgear
within clinical practice especially following the introduction of TADs which

Fig. 15.29 Masel safety strap in use demonstrating how head extension
can alter its effectiveness.



have been found to have a good level of acceptance by patients and clini-
cians, and also reduce the cooperation demands placed upon a patient.

15.5.4 Reverse headgear
Aface-mask or reverse/protraction headgear has two uses.

® Tooth movement: moving the posterior maxillary teeth mesially,
thereby closing up excess space typically found in hypodontia
cases, however this use has diminished due to the increasing use
of TADs.

® Skeletal changes: advancement of the maxilla can be achieved in
patients, where a face-mask is fitted and worn a minimum of 14
hours per day (Fig. 15.30). This approach is discussed further in
Chapter 11.

Summary

Fig. 15.30 Reverse headgear/
face-mask.

15.6 Monitoring anchorage during treatment

15.6.1 Single-arch treatments

If an appliance is used in one arch'only (e.g. an upper removable appli-
ance to retract a buccally placed canine, or a quadhelix to expand the
upper arch prior to comprehensive appliance treatment) then the lower
arch, which is not actively.being altered orthodontically, can be used as a
reference guide to monitor anchorage during treatment. In these cases, a
record at each visit of the molar and canine relationships bilaterally should
be made, together with overjet, overbite, or any centreline changes. In
this way, any adverse tooth movements can be identified and dealt with.

15.6.2 Definitive orthodontic treatment with
upper and lower fixed appliances

In this situation, tooth movements are occurring in both arches simul-
taneously making assessment of any anchorage loss more complex.

Careful recording of molar and canine relationships, together with
overjet, overbite, centrelines, and residual spacing, are essential for
these cases. Once alignment has been achieved, and prior to com-
mencing space closure, anchorage requirements should be reassessed
with regard to the original aims of treatment. In many cases anchor-
age can be reinforced using either Class Il or Class Il elastic traction
between the arches. Failure to assess the case correctly at-this stage
may lead to a compromised result. Some clinicians advocate taking a
lateral cephalogram at this stage to enable comparison'with the pre-
treatment cephalogram; however, this is certainly not required for all
patients and, in view of the radiation dose, should be prescribed with
care and only undertaken if the outcome is likely to alter the planned
treatment mechanics.

15.7 Common problems with anchorage

Anchorage problems arise when the following occurs:

® Failureto correctly plananchorage requirements at the start of treatment.

® Poor patient compliance, repeated breakages, or failure to wear
intermaxillary elastics as instructed will have deleterious effects on
the treatment. Lack of headgear wear will necessitate finding alter-
native methods of anchorage reinforcement, perhaps with the use of
TADs or resorting to extractions in a previously non-extraction case.

15.8 Summary

Orthodontic anchorage planning is fundamentally the balance between
maximizing the tooth movements required to achievethe correction ofa
malocclusion and limiting the undesirable moyement of any other teeth.
The type of tooth movement undertaken will determine the strain placed
upon the anchorage unit. Anchorage<an.be increased by maximizing

There is no harm'in being overcautious with anchorage requirements
at the start of treatment. A transpalatal arch can be easily removed
when the canines are Class |, headgear wear can be reduced. However,
to tell-a patient that headgear is needed some 6 months into treatment
or extractions are now required, when not previously discussed, makes
a compromise more likely.

the number of teeth (and surface area of their roots) resisting the active
tooth movement, either within the same arch (intramaxillary anchorage)
orinthe opposing arch (intermaxillary anchorage). Extra-oral forces with
headgear can also be used, although there is an increasing use of TADs
which are reducing the need for patient compliance.
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Key points

e Orthodontic anchorage is the resistance to unwanted tooth movement.

® The forces needed to orthodontically move a tooth will vary depending on the type of tooth, its periodontal condition, the distance of
movement planned, as well as the type of orthodontic tooth movement desired.

® Goals of anchorage management are to maximize desired tooth movement and minimize unwanted tooth movement.

® Anchorage is not just an anteroposterior phenomenon; unwanted tooth movements can also occur in the vertical and transverse

dimensions.

® Anchorage control needs to be continually monitored during treatment to obtain the optimum aesthetic and occlusal result. The earlier
any problems with anchorage control are identified, the less undesirable tooth movement will have occurred and the more scope there

will be for correction.
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16.1 Introduction

It is often suggested that the commonest risk of orthodontic treatment
is relapse. Retainers are used to minimize this relapse. Orthodontic

retention is an essential part of treatment and needs to be planned and
discussed with the patient as part of the initial treatment plan.

16.2 Definition@frelapse and post-treatment changes

Relapse is officially defined_by the British Standards Institute as the
return, following correction, of the features of the original malocclu-
sion. However, what is'more relevant to patients are any post-treat-
ment changes in tooth position, which can be defined as any changes

from the final tooth position at the end of treatment. Post-treatment
changes may be a return towards the original malocclusion, but'\may
also be movement caused by age changes, unrelated to the orthodontic
treatment.

16.3 Aetiology of post-treatment changes

The exact causes of post-treatment changes are difficult to identify, but
four broad areas have been suggested as possible reasons (Fig. 16.1):

® Gingival and periodontal factors
® QOcclusal factors

® Soft tissues factors

® Growth factors.

These factors are discussed below, including some suggestions as to
how these problems may be overcome.

16.3.1 Gingival and periodontal factors

When teeth are moved, the periodontal ligament and associated alveo-
lar bone remodels. Until the periodontium adapts to the new position,
there is a tendency for the stretched periodontal fibres to pull the tooth
back to its original position. Different parts of the periodontal ligament
complex remodel at different rates (Fig. 16.2). The alveolar bone remod-
els within a month, the principal fibres rearrange in 3-4 months, and the
collagen fibres in the gingivae reorganize after 4-6 months. However,
elastic fibres in the dento-gingival and interdental fibres, around the
neck of the tooth, can take more than 8 monthsto remodel. Until the
fibres have remodelled there is a tendency for-the tooth to be pulled
back to its original position.

In practice, this means that teeth need to be held long enough to
allow the periodontal fibres to remodel to their new position. This is
particularly important for rotated teeth. By correcting any rotated teeth
early, this ensures that they are-held in the correct position for longer by
the fixed appliance. An alternative approach is to actively cut the inter-
dental and dento-gingivalfibres above the alveolar bone. This process is
known as pericision.(see Section 16.7.1).

16.3.2 Occlasal factors

The way the teeth occlude at the end of treatment may affect stability.
It has been suggested that if the teeth interdigitate well at the end of

Aetiology of post-treatment changes

— T~

Gingival and periodontal Growth
factors

Soft tissue factors

Fig. 16.1 Aetiology of post-treatment changes.



Interdental and
dento-gingival
fibres

Principal fibres

Alveolar bone

Fig. 16.2 Gingival and periodontal fibres.

treatment then the result is likely to be more stable. While theoreti-
cally this sounds sensible, this has not yet been proved clinically, though
gross occlusal interferences will predispose to unwanted post-treat-
ment changes.

One of the few occasions when no retainers are required at all uses
the occlusion. This is when a labial crossbite is corrected and the result
is maintained by the overbite.

Soft tissues

The teeth lie in an area of balance between the tongue on the lin-
gual aspect and the cheeks and lips on the buccal and labial aspects.
This area of balance is sometimes referred to as the neutral zone.
Although the forces from the tongue are stronger, the activity of a
healthy periodontium will resist proclination of the teeth. However,
the further teeth are moved out of this zone of stability, the more
unstable they are likely to be. This is particularly true for the lower
labial segment. If this is either proclined or retroclined excessively,
relapse is more likely. In the same way, if the archform (overall shape
ofthe arch) is markedly changed, it is more likely to relapse due to soft
tissue pressures. Changes in a patient’s intercanine width are more
unstable than changes in the intermolar width, which in turn are
more unstable than changes in the interpremolar width. Where pos-
sible, the original lower archform is therefore maintained throughout
treatment, and the upper archform is then planned-around the lower
(Fig. 16.3).

Although the theory about placing the teeth'in the neutral zone is
useful, practically there are two major problems for the clinician. Firstly,
we do not know exactly where the neutral zone is and how big it is.

Aetiology of post-treatment changes

Fig. 16.3 Maintaining the original lower archform to reduce relapse.

Secondly, it is likely that due to changes in muscle tone with age, the
neutral zone will change as the patient gets older.

Growth

Although the majority of a patient’s growth is complete by the end
of puberty, it is now known that small age changes may be occurring
throughout life. Subtle changes in the relative positions of the-maxilla
and the mandible mean that the oral environment and therefore the
pressures on the dentition are constantly changing. If the pressures on
the teeth are always changing, then it is perhaps not surprising that
there is arisk of relapse of the teeth as the patient gets older. These late,
small growth changes may at least partly explain the late lower incisor
crowding that is seen in patients who have had, but also in those who
have not had, orthodontic treatment.

Can the orthodentist prevent post-
treatment changesinthe long term?

If a patient has a healthy periodontium, the orthodontist can influ-
ence periodontalrisk factors for relapse by maintaining the teeth
in position forlong enough to allow fibres to remodel, or by cutting
the supracrestal fibres in a process known as pericision (see Section
16.7.1)Occlusal risk factors can also be minimized by the ortho-
dontist; who has the ability to position teeth in the correct occlusal
relationships.

The orthodontist, however, cannot prevent long-term growth and
soft tissue changes, which perhaps should be regarded as normal
age changes. At the present time we are unable to predict the nature
of these late changes, which remain an unpredictable cause of post-
treatment changes throughout life. These late changes may have
little or nothing to do with the orthodontic treatment, but patients
may attribute the unwanted post-treatment changes to their ortho-
dontic treatment. During the consent process for orthodontic treat-
ment, it is important that patients are informed about the effects
of these unpredictable late age changes, and how they can be
minimized.
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16.4 How common are post-treatment changes?

Long-term studies of post-treatment changes following fixed appli-
ances have shown that 10 years after retainers are stopped, up to 70%
of patients may need retreatment due to these post-treatment changes.
These changes continue to get worse over the following decades.

It is difficult to predict, on an individual basis, what post-treatment
changes in tooth position will occur. At the present time we are not able
to identify which patients will have teeth that will remain in a reasonably

stable position, and whiech patients will not, so we have to presume
every patient has the-potential to show post-treatment changes. As a
result, a contemporary approach is to recommend long-term retention
(inthe formof fixed retainers, or long-term wear of removable retainers)
for as longas the patient wants to keep their teeth stable. This informa-
tion must be passed onto the patient as part of the informed consent
process.

16.5 Consent and the responsibilities of retention

The process of obtaining valid consent requires patients to understand
all their options for treatment, including their commitments, and the
risks and benefits involved (see Chapter 7, Section 7.8). Post-treatment
changes and the need for retention is a vital part of this consent dis-
cussion before treatment begins. Arguably thelaspect of orthodontics
that requires the most commitment from patients is the need to wear
and maintain retainers in the long term- A patient who is unwilling, or
unable, to commit to retention may-not:be suitable for treatment.
The clinician is responsible for:
® informing the patient of the-need for retainers

® choosing a retentionregimen appropriate for each individual patient

16.6 Retainers

Retainersare usedtoreducerelapse. Theclinicianisfaced withamultitude
of different options when choosing which retainer to use. When choosing
the retention regimen, the following factors should be considered:

® [Likely stability of the result

® |nitial malocclusion

® QOral hygiene

® Quality of the result (is any settling of the occlusion required?)

® Compliance of patient

® Patient expectations

® Patient preference

® Fase of maintenance.

Retainers can either be removable or fixed. The potential advantages

and disadvantages of these will be considered, followed by a detailed
look at the most popular retainers in current use.

Removable or fixed retainers?

There are potential advantages to both fixed and removable retainers.
The benefits of removable retainers are that they are:

® easierfororal hygiene (they can be removed by the patient for cleaning)
® capable of being worn part-time if required

® predominantly the responsibility of the patient, not the orthodontist
(if a patient chooses not to wear, their removable retainer, it is the

® providing advice about how to minimize risks caused by the retainers

® making arrangements for their long—term maintenance, informing
the patient of any costs involved.

The patient is responsible for:

® wearing the retainers as advised, including how often to wear the
retainers and ensuring they look after them as advised in order to
minimize risks

® arranging regular checks of their retainers for as long as they are
wearing them, to make sure they are maintained in a condition that
ensures they are safe and can successfully reduce relapse. There may
be cost implications for the patient for this long-term maintenance.

patient’s responsibility, whereas if a patient’s fixed retainer fails, the
orthodontist carries some responsibility).

The potential advantages of fixed retainers include the fact that:

® patients do not need to remember to wear them

® they are useful when theresult is very unstable.

There are certain cases where the final result will be extremely unstable.
In these cases, it is essential that a retainer is in situ full-time, otherwise

relapse could occur: In these cases, a fixed retainer is recommended
(see Box 16.1).

Box 16.1 High-risk relapse cases where a full-time
(bonded) retainer is advisable

® Closure of spaced dentition (including median diastema).
® Following correction of severely rotated teeth.

® Where there has been substantial movement of the lower
labial segment, either excessive proclination or retroclination,
or a significant change in the intercanine width.

® Where an overjet has been reduced, but the lips are still
incompetent.

® Combined periodontal and orthodontic cases, where reduced
periodontal support makes relapse more likely (see Chapter 20).
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Fig. 16.4 Removable retainers. (a) Upper Hawley retainer; (b) upper clear plastic retainer.

Introduction to removable retainers

There are many different types of removable retainers, including Hawley
(Fig. 16.4a), clear plastic (Fig. 16.4b), Begg, and Barrer. A removable detail-
ing appliance called a positioner is sometimes also included as a type of
removable retainer, but it is really an active appliance made of an elasto-
meric material. Positioners are used in-cases where detailing is required,
andthe teeth are not well intercuspated at the end of treatment. The teeth
are cut off the cast and repositioned and the positioner is then made over
this corrected cast. As the patient clenches on the positioner the teeth can
be guided into a better-occlusion. The positioner can then be worn long
term as a retainer. Positioners have the disadvantages of being expensive
to construct and long-term patient compliance may be a problem.

How often should removable retainers
be worn?

We have already mentioned that due to the unpredictable nature of
post-treatment changes, long-term wear is advisable. However, how
many hours per day should patients wear removable retainers? The best
quality research evidence suggests that both Hawley and clear plastic
retainers only need to be worn at night. This of course excludes cases
with a high risk of relapse, when full-time wear using a fixed retainer is
indicated (see Box 16.1).

Hawley retainer

The Hawley retainer is the original removable retainer. It is a simple and
robust appliance made from an acrylic baseplate with a metal labial bow
(Fig. 16.5). It was originally designed as an active removable appliance,
but it became clear that it could be used as a retainer to maintain the
teeth in the correct position after treatment. It has the advantages of
being simple to construct, reasonably robust, rigid enough to maintain
transverse corrections, and it is easy to add a prosthetic tooth. When
replacing missing teeth, it is advisable to put rigid metal stops on the
retainer mesial and distal to any prosthetic tooth, to prevent relapse (Fig.
16.6). Hawley retainers also allow more rapid vertical-settling of teeth
than clear plasticretainers, due to the lack of complete occlusal coverage.
Various adaptations are possible, depending onithe case:

® Acrylicfacing canbe added to the labial bowto help control rotations.

® A reverse U-loop can be used to control'the canine position.

Fig. 16.5 Hawley retainers. These upper and lower Hawley'retainers
have an acrylic facing added to the labial bow. This acrylic provides
increased contact with the teeth and is designed to reduce relapse,
particularly with rotated teeth.

Fig. 16.6 Prosthetic tooth added to Hawley retainer. This patient
presented with missing upper left first premolar and both upper second
premolars. It was decided to maintain the second deciduous molars,
which had good roots. A space was localized in the area of the upper left
first premolar, and this Hawley was fitted with a prosthetic tooth in that
region. Note the presence of the mesial and distal stops either side of
the prosthetic tooth to reduce the relapse potential.
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® A passive bite-plane can be added to maintain corrections of deep
overbites.

® The labial bow can be soldered to the cribs, so there are fewer wires
to cross the occlusal surfaces and interfere with the occlusion.

® Clear polyethylene bow to provide improved aesthetics (see
Fig. 16.7).

Clear plastic retainers

Clear plastic retainers (Fig. 16.8) offer a number of potential advantages
over traditional Hawley retainers:

® Superior aesthetics

® |ess interference with speech

® More economical and quicker to make

® |ess likely to break

Fig. 16.7 Hawley retainer with aesthetic polyethylene bow. This is a
Hawley retainer with an aesthetic polyethylene bow with stainless steel
joint (Clearbow’, PWG Orthodontic Specialists, Dorval, Canada). This
allows the patient to wear a removable retainer with a prosthetic tooth,
with an aesthetic labial bow.

(a)

® Fase of fabrication

® Superior retention of thelower incisors.

Both Hawley and clear plastic retainers are equally successful in
the upper arch, but;the clear plastic retainers are better at preventing
relapse in the lower arch.

Clear plastic retainers only need to be worn at night, every night.
It is important that the patient is instructed never to drink with the
clear plastic retainer in situ, particularly cariogenic drinks (Fig. 16.9).
The retainer can act like a reservoir, holding the cariogenic drink
in contact with the incisal edges and cuspal tips and leading to
decalcification.

Clear plastic retainers may be contraindicated in patients with poor
oral hygiene. This is because these types of retainers are retained by the
plastic engaging the undercut gingival to the contact point. If the oral
hygiene is poor, then hyperplastic gingivae can obliterate these areas of
undercut, which means the retainer may be loose.

Fig. 16.8 Upper clear plastic retainer. The upper vacuum-formed
retainer has been trimmed to finish 1-2 mm above the gingival margin.

The exception is the area cutiaway over the canine to make it simpler for
the patient to remove the retainer.

(b)

Fig. 16.9 Cariogenic drinks and clear plastic retainers. It is vital that patients are instructed not to wear clear plastic retainers when eating or drink-
ing. This patient wore a clear plastic retainer full-time (a), while regularly drinking fizzy drinks, leading to substantial tooth surface loss and caries
(b). Reproduced from Chapter 37 Stability and-retention, in Orthodontics: Principles and Practice, D.S. Gill and F.B. Naini (Eds). Copyright (2011) with

permission from John Wiley & Sons, Ltd.



Fig. 16.10 Multistrand bonded retainer. This multistrand stainless steel
retainer is bonded to each tooth from lower canine to lower canine,
using composite resin. The diameter of the round wire is 0.0195 inches
which allows some flexibility between the teeth. This flexibility allows
the teeth to move very slightly in function.

Fixed retainers

Fixed or bonded retainers are usually attached to the palatal aspect of
the upper or lower labial segment,-using normal acid-etch composite
bonding. There are different types of bonded retainers:

® Multistrand retainers:bonded to each tooth (Fig. 16.10)
® Flexible chain retainers bonded to each tooth

® Nickel titanium computer-assisted design/manufacture (CAD/CAM)
retainer (Fig. 16.11)

® Rigid canine-and-canine retainers, which are only bonded to the
canine teeth

® Reinforced fibres.

The multistrand ‘twistflex” wire type, bonded to each tooth in the
labial segment, is the commonest type of retainer. In rare situations,
activity may develop in these wires, causing unwanted tooth move-
ment, which has led to the development of flexible chain retainers and
nickel-titanium CAD/CAM retainers (Fig. 16.11) to ensure a passive fit.

Fixed retainers bonded only to the canine teeth allow easier cleaning.
These canine-and-canine retainers are more rigid, and are sometimes
referred to as ‘fail-safe’. This because if one attachment fails, the patient
will immediately know about it and get it repaired. The disadvantage
with the canine-and-canine retainers is that they may result in relapse
of the incisors, which are not bonded to the wire. The reinforced fibre
retainers are not recommended as they tend to fracture more frequently
due to lack of flexibility.

Bonding retainers is a very technique-sensitive process. The tooth
surface should be thoroughly cleaned before bonding, in particular
removing any calculus lingual to the lower labial segment (etching
alone is often not sufficient). A dry field needs to be maintained and the
wire held passively in position while being bonded to-the teeth with a
composite resin using the acid-etch technique. If the bonded retainer is
not passive when bonded, or is distorted in situ, it.can cause unwanted
tooth movement, which can compromise aesthetics and dental health
(see section on ‘Principal sources and further reading’).

The most common problem with<bonded retainers is localized
relapse if there is partial debond of the retainer. To overcome this, some

Retainers

(a)

(b)

(@)

Fig. 16.11 Nickel-titanium CAD/CAM Memotain® retainer. (a) Digital
scan of proposed retainer sent for approval to clinician. After sending
off an impression or a digital scan to the manufacturers, this digital
design is sent to the clinician to approve the retainer design. Note the
accuracy of the wire as it conforms to the exact shape of the palatal
surfaces. (b) Nickel-titanium fixed retainer, with positioning jig, sealed
onto the cast. The use of nickel-titanium aims to allow flexibility and
shape memory when in physiological use. (c) Nickel-titanium CAD/
CAM fixed bonded in place.
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clinicians use dual retention—using a bonded retainer, backed up with
a removable retainer at night. This ‘belt and braces’ approach ensures
that if a bonded retainer partially debonds, the teeth can be maintained
in position until it can be repaired (Fig. 16.12).

Care of retainers

In the past, patients were asked to wear retainers for only 1-2 years.
However, now that we have a better understanding of the risk of
relapse, we need to ask our patients to wear them for longer. It is there-
fore essential that the patients have a clear understanding of how to
look after the retainers.

Removable retainers are easier to care for, as they can be removed
to allow oral hygiene intra-orally, in addition to easier cleaning of the
retainers themselves. Although toothpaste can be used to clean acrylic-
based retainers, like the Hawley retainer, many clear plastic retainers
need to be cleaned with special cleaning materials that do not degrade

(a)

the plastic. Some clinicians provide a spare retainer for each arch, in
case the original is lost. This is particularly the case with clear plastic
retainers, which are cheaper to fabricate. Box 16.2 shows an example of
a patient information sheet for clear plastic retainers.

Fixed retainers have the potential to cause both periodontal dis-
ease and cariesunless they are well maintained. Fixed retainers can be
used safely inthe long term, provided patients are properly instructed
how to look after them. They should be shown how to clean interden-
tally—either by using floss that can be threaded under the wire, or by
the gentle use of small interdental brushes or other similar interdental
cleaning aids. Fixed retainers need to be reviewed on a regular basis
by the orthodontist or dental practitioner to check for any bond fail-
ure, or unwanted tooth movement caused by fixed retainers that have
become active.

It is the orthodontist’s responsibility to ensure that the patient is fully
informed on how to look after their retainers in the long term to avoid
any adverse effects.

Fig. 16.12 (a) Initial presentation. This patient presented with a Class Il division 2 incisor relationship. It was decided to treat the case as
non-extraction, using some enamel stripping in the lower arch and accepting some proclination of the lower labial segment. This would help to reduce
the overbite, but would increase the risk of instability. The patient was therefore informed that she would require permanent retention of the lower

labial segment at the end of treatment.
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Fig. 16.12 (b) Bonded retainer being
placed. The bonded retainer is placed
just before the fixed appliances are
removed. The canine teeth have been
bonded using acid-etch retained
composite, and the incisors will be
bonded next. (c) Occlusion immediately
after debond. This is the final result
immediately after debond. Impressions
are taken at this stage so that vacuum-
formed retainers can be made for both
arches, with the lower vacuum-formed
retainer fitting over the lower boned
retainer. (d) Clear plastic retainers fitted
in addition to the lower bonded retainer.
The clear plastic retainers are in place
and these will be worn at night only.
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Box 16.2 Patient information sheet about clear plastic retainers

1. Your retainers are as important as your braces.
If you do not wear your retainers as instructed, your teeth will
move back towards how they were before treatment. If you
cannot wear your retainers, please contact ...

2. How often do | wear them?
You should wear the retainers at night, every night.

3. How long do I have to wear them?
The best way to reduce the risk of teeth going crooked is to
continue wearing the retainers at night. This is because we
now know that teeth move all through our life.

4. How do | keep them clean?
Clean your retainers with a toothbrush and water but do not
use toothpaste on the retainer. Toothpaste will discolour and
degrade the retainer. Your orthodontist may recommend
using a special retainer cleaner.

5. Do not eat or drink with the retainépin.
You should never eat or drink when you are wearing the retainer.

6. Keep the retainer safe
When you are not wearingthe retainer, keep it safely in a
protective box.

7. What do | do ifd miss wearing it for a night?
You must try and wear the retainers every night. If you do
forget, then wear the retainer full-time except meals for
2 days. This is often enough to squeeze the teeth back
into"place.

8. Whatdoldoifllose aretainer?
If you lose a retainer, wear the spare we have provided. Then
contact the department and if you bring the models back in
we will be able to make another spare for you. There will be
a small charge to make the replacement.

9. What do |l do if the retainer rubs?
If the retainer rubs, you can smooth it with an emery board
used to file nails. If this doesn’t work, then contact us.

10. Bring your retainers to every appointment
It is important that you bring your retainers to every
appointment, so that we can check and adjust them
if needed.

This information can be given to patients who are prescribed
clear plastic retainers. This sheet can be downloaded from:
www.oup.com/uk/orthodontics5e.

16.7 Adjunctive techniques used to reduce post-treatment changes

Adjunctive techniques are additional soft and hard tissue procedures,
usually used in addition to retainers, to help enhance stability:

® Pericision

® |nterproximal reduction.

Pericision

This is also known as circumferential supracrestal fibreotomy. The prin-
ciple is to cut the interdental and dento-gingival fibres above the level
of the alveolar bone (Fig. 16.2). The elastic fibres within the interdental
and dento-gingival fibres have a tendency to pull the teeth back towards
their original position. This is particularly true with teeth that have been
de-rotated.

Pericision is a simple procedure undertaken under local anaesthetic
and requires no periodontal dressing afterwards. The cuts are made ver-
tically into the periodontal pocket, severing the supra-alveolar fibres

16.8 Conclusions about retention

Retention is an important part of almost every case of orthodontic treat-
ment. This is because post-treatment changes in tooth-position are an
unpredictable risk for every patient. Post-treatment changes can be
due to orthodontic factors, but it can also be due-to factors out of the
control of the orthodontist, such as further.growth and changes in soft
tissues. The patient needs to be made aware of the long-term risk of

around the neck of the teeth, but taking care not to touch the alveolar
bone. The technique has been shown to reduce rotational relapse by up
t0 30% and is most effective in the maxilla. There are no adverse effects
on the periodontal health, provided there is no evidence of inflamma-
tion or periodontal disease before the pericision.

Interproximal-+eduction

This is also known as reproximation or enamel stripping (see Chapter
7, Section 7.7.5). The removal of small amounts of enamel mesiodistally
has been used to reshape teeth and to create small amounts of space
(see Chapter 7,°Fig. 7.7). It has been suggested that by flattening the
interdental .contacts, this will increase the stability between adjacent
teeth. Itmay also be the case that by removing small amounts of tooth
tissue'any minor crowding is relieved, avoiding possible proclination of
the lower labial segment and increase in the intercanine width, both of
which are potentially unstable movements.

these unwanted changes and informed of ways of reducing the risk of
this happening. This should be discussed before treatment.

Reducing post-treatment changes usually means the patient wear-
ing a retainer. The choice of retainer is affected by the likely stability
of the result, the original presenting malocclusion, patient compliance,
patient expectations, and the quality of the result.



The patient must be given information about possible post-treatment
changes and how to look after and maintain the retainers, so that the
patient can take responsibility for the retention phase of treatment.

The orthodontist is responsible for:

® ensuring the patient recognizes the need for and importance of
retainers

Key points about retention

® Relapse is an unpredictable risk for every orthodontic patient.

® Relapse can be due to orthodontic factors, but can also be due
to age changes out of the orthodontist’s control.

® As part of the informed consent process, the patient needs to be
aware of the long-term risk of relapse and informed of ways of
reducing this risk.

Relevant Cochrane review

Littlewood, S. J., Millett, D. T., Doubleday, B., Bearn, D. R., and Worthing-
ton, H. V. (2016). Retention-procedures for stabilising tooth position after
treatment with orthodontic braces. Cochrane Database of Systematic
Reviews, Issue 1, Art.No.: CD002283. DOI: 10.1002/14651858.CD002283.

Hichens, L., Rowland, H., Williams, A., Hollinghurst, S., Ewings, P, Clark,
S., et al. (2007). Cost-effectiveness and patient satisfaction: Hawley and
vacuum-formed retainers. European Journal of Orthodontics, 29, 372-8.
[DOI: 10.1093/€ejo/cjm039] [PubMed: 17702797]

Rowland, H., Hichens, L., Williams, A., Hills, D., Killingback, N., Ewings, P,
et al. (2007). The effectiveness of Hawley and vacuum-formed retain-
ers: a single-center randomized controlled trial. American Journal of
Orthodontics and Dentofacial Orthopedics, 132, 730-7. [DOI: 10.1016/j.
ajod0.2006.06.019] [PubMed: 18068589]

These two papers describe a well-designed randomized controlled trial
comparing Hawley retainers and vacuum-formed retainers.

Kucera, J. and Marek, I. (2016). Unexpected complications associated with
mandibular fixed retainers: a retrospective study. American Journal of

Conclusions about retention

® choosing an appropriate retention regimen suitable for each indi-
vidual patient

® informing each patient how to wear and look after their retainers
safely, making.sure the patient appreciates the need for the long-
term maintenance of retainers.

® Removable and fixed retainers can be used to reduce relapse, in
addition to adjunctive techniques such as pericision.

® Removable retainers only need to be worn at night.

® The patient must recognize their responsibilities in the retention
phase of treatment.

pub4  https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.

CD002283.pub4/full
This systematic review discusses the best evidence for different
approaches to reducing relapse.

Orthodontics and Dentofacial Orthopedics, 149,202-11.[DOI: 10.1016/j.

2j0d0.2015.07.035] [PubMed: 26827976]
This paper describes the_side effects of bonded retainers, including
unwanted tooth movemeéntwith the retainer still in situ.

Little, R. M., Wallen, T R., and Riedel, R. A. (1981). Stability and relapse
of mandibular alignment — first four premolar extraction cases treated
by traditional-edgewise orthodontics. American Journal of Orthodon-
tics and. Dentofacial Orthopedics, 80, 349-65. [DOI: 10.1016/0002-

9416(81)90171-8]
A classic paper that demonstrates the high risk of relapse after ortho-
dontic treatment.

Littlewood, S. J. (2017). Responsibilities and retention. APOS Trends in
Orthodontics, 7,211-14. [DOI: 10.4103/apos.apos_82_17]
This paper provides an overview of the important roles and responsi-
bilities of the patient, orthodontist, and general dental practitioner in
retention.

@ References for this chapter can also be found‘at: www.oup.com/uk/orthodontics5e. Where possible, these are presented as active links
which direct you to the electronic version of the work, to help facilitate onward study. If you are a subscriber to that work (either individually
or through an institution), and depending on your level of access, you may be able to peruse an abstract or the full article if available.
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Removable appliances

Medical Devices Directive 93/42/EEC

In the UK, all removable appliances (including removable functional appliances and retainers).are classified as custom-made devices and

therefore must comply with the statutory guidance:

https://www.gov.uk/topic/medicines-medical-devices-blood/medical-devices-regulation-safety

® Gain an understanding of the limitations of removable appliances.
® Gain an appreciation of contemporary use of removable appliances.

® Gain an understanding of the design, insertion, and adjustment of removable appliances.

This chapter concerns those appliances that are fabricated mainly in
acrylic and wire, and can be removed from the mouth by the patient.
Functional appliances are made of the same materials, but work primar-
ily by exerting intermaxillary traction and-so are considered separately

in Chapter 19. Removable retainers, such as Hawley retainers, are dis-
cussed in Chapter 16 and removable, clear orthodontic aligners are con-
sidered in Chapter 21.

17.1 Mode ofaction of removable appliances

Removable appliances are capable of the following types of tooth
movement:

® Tipping movements—because a removable appliance applies a sin-
gle-point contact force to the crown of a tooth, the tooth tilts around
afulcrum, which in a single-rooted tooth is approximately 40% of the
root length from the apex.

® Movements of blocks of teeth—because removable appliances are
connected by a baseplate (see Section 17.5) they are more efficient
at moving blocks of teeth than fixed appliances.

® [nfluencing the eruption of opposing teeth—this can be achieved by
use of either:

(a) aflat anterior bite-plane, which frees the occlusion of the lower
molars allowing their eruption. This is useful in overbite reduc-
tion (see Section 17.5.2), or

(b) buccal capping, which frees contact between the incisors, there-
by eliminating incisor interferences (see Section 17.5.3). This
may also be of value when intrusion of the buccal segments is
required (see Chapter 12, Section 12.3.1).

Indications for the use of removable
appliances

Although widely utilized in the past as the sole appliance to treat a mal-
occlusion, with the increasing availability and acceptance of fixed appli-
ances, the limitations of the removable appliance have become more
apparent. The removable appliance is only capableof producing tilting
movements of individual teeth (see Chapter'15, Fig. 15.2), which can
be used to advantage where simple tipping movements are required,

but can lead to a compromise result if employed where more-complex
tooth movements are indicated. As a result, the role of theremovable
appliance has changed and it is now widely used as an adjunct to fixed
appliance treatment.

Removable appliances provide a useful means of applying extra-oral
traction to segments of teeth, or an entire arch, to help achieve intrusion
and/or distal movement. Removable appliances are also employed for
arch expansion, which is another example of their usefulness in moving
blocks of teeth. Removable appliances are particularly helpful where a
flat anterior bite-plane or buccal.capping is required to influence devel-
opment of the buccal segment teeth and/or to free the occlusion with
the lower arch.

Removable appliances are also utilized in a passive role as space
maintainers following permanent tooth extractions and also as retain-
ing appliances following fixed appliance treatment. They are particu-
larly helpful when space has been created for missing teeth as pontic
teeth canbe included.

Theadvantages and disadvantages of removable appliances are sum-
marized in Table 17.1.

Lower removable appliances are generally less well tolerated by
patients. This is due in part to their encroachment upon tongue space,
but also the lingual tilt of the lower molars makes retentive clasping
difficult.

Although less likely to cause iatrogenic damage, for example, root
resorption or decalcification, removable appliances can be detrimental
to the patient if used inappropriately. Skill is required to judge the situ-
ations where their use is applicable and to carry out tooth movement
effectively.
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Table 17.1 Advantages and disadvantages of removable appliances

Advantages

Can be used to transmit forces to blocks of teeth

Disadvantages

Inefficient for multiple individual tooth movements

17.2 Designing removable appliances

General principles

The design of an appliance should never.be delegated to a laboratory
as they are only able to utilize the information provided by the plaster
casts. Success depends upon designing an appliance that is easy for
the patient to insert and wear, and is relevant to the occlusal aims of
treatment.

Stepsindesigning a removable
appliance

Four components need to be considered for every removable appliance:

® Active component(s)
® Retaining the appliance
® Anchorage

® Baseplate.

A detailed consideration of each of these components is given in the
following sections.

17.3 Active components

Springs

Springs are the most commonly used active component. Their design
can readily be adapted to the needs of a particular clinical situation
and they are inexpensive. However, a skilled technician is required to
fabricate a spring that works efficiently with the minimum of adjust-
ment on fitting.

The expression for the force F exerted by an orthodontic springis one
of only a few formulae remembered by the author of this chapter and on
this basis is recommended to the reader as being worthwhile:

where d is the deflection of the spring on activation, ris the radius of the
wire, and /is the length of the spring.

Generally, extractions should be deferred until after an appliance is
fitted. The rationale for this is twofold:

1. Ifthe extractions are carried out first, there is areal risk that the teeth
posterior to the extraction site will drift forward, resulting in an appli-
ance that does not fit well or even does not fit at all. This is most
noticeable when upper first permanent molars have been extracted
or there is a conspicuous delay before the appliance is fitted.

2. Occasionally a patient decides after an appliance is fitted thatithey
do not wish to continue wearing it and therefore decide-against con-
tinuing with treatment. It is obviously preferable if this change of
mind occurs before any extractions have been undertaken.

Rarely, it is necessary to carry out extractions first, for example,
when a displaced tooth will interfere with the design of the appliance.
However, even in these cases it is preferable to take impressions for the
fabrication of the appliance before the extractions and to instruct the
technician to remove the tooth concerned from the model. The appli-
ance should then be fitted as soon as practicable after the tooth, or
teeth, are extracted.

Thus even small changes in the diameter or length of wire used in
the construction of a spring will have a profound impact upon the force
delivered, for example, doubling the radius of the wire increases the
force by a factor of 16. It is obviously desirable to deliver a light (physi-
ological) force (see Chapter 4, Section 4.10) over a long activation range,
but there are practical restrictions upon the length and diameter of wire
used to construct a spring. The span of a spring is usually constrained
by the size of the arch or the depth of the sulcus. However, incorporat-
ing a coil into the design of a spring increases the length of wire and
therefore results in the application of a smaller force for a given deflec-
tion. A spring with a coil will work more efficiently if it is activated in the
direction that the wire has been wound, so that the coil unwinds as the
tooth moves.

In practice, the smallest diameter of wire that can be used for spring
construction is 0.5 mm. However, wire of this diameter is liable to



Removable appliances

Fig. 17.1 Palatal finger spring. Note that the spring is boxed in with
acrylic and a guard wire is present to help prevent distortion.

distortion or breakage and therefore some designs are protected by
acrylic, for example, the palatal finger spring (Fig. 17.1), or strengthened
by being sleeved in tubing (Fig. 17.2).

It is essential that a spring is adjusted to ensure that the point of
application will give the desired direction of movement. The further
the spring is from the centre of resistance of the tooth, the greater the
degree of tilting. Therefore; a spring should be adjusted so that it is as
near the gingival margin-as possible without causing gingival trauma. If
the spring is overactivated, this increases the force on the tooth and has
the effect of moving the centre of resistance more apically (therefore
more tipping occurs).

Screws

Screws are less versatile than springs, as the direction of tooth move-
ment is determined by the position of the screw in the appliance. They
are also bulky, more expensive, and require patients to remember to
turn it. However, a screw appliance may be useful when it is desirable to
utilize the teeth to be moved for additional clasping to retain the appli-
ance. This is helpful when a number of teeth are to be moved together,

Fig. 17.2 Buccal canine retractor (distal'section sleeved in tubing).

Fig. 17.3 Screw appliance to expand the upper arch.

for example, in an appliance to expand the upper arch (Fig. 17.3), or
in the mixed dentition where retaining an appliance is always difficult.

The most commonly used type of screw consists of two halves on a
threaded central cylinder (Fig. 17.4) turned by means of a key which
separates the two halves by a predetermined distance, usually about
0.25 mm for each quarter turn.

Activation of a screw is limited by the width of the periodontal liga-
ment, as to exceed this would result in crushing the ligament cells'and
cessation of tooth movement (see Chapter 4, Section 4.10)..One quar-
ter-turn opens the two sections of the appliance by 0.25 mm.

Elastics

Special intra-oral elastics are manufactured for orthodontic use (see
Chapter 18, Fig. 18.20). These elastics are usually classified by their size,
ranging from % inch to % inch, and the force that they are designed to
deliver, usually 2, 3.5, or 4.5 ounces. Selection of the appropriate size and
force is based upon the root surface area of the teeth to be moved and
the distance over which the elastic is to be stretched. The elastics should
be changed every day. Latex-free alternatives are now widely available.

Fig. 17.4 Components of a screw.



17.4 Retaining the appliance

17.4.1 Adams clasp

This crib was designed to engage the undercuts present on a fully
erupted first permanent molar at the junctions of the mesial and distal
surfaces with the buccal aspect of the tooth (Fig. 17.5). The crib is usu-
ally fabricated in hard 0.7 mm stainless steel wire and should engage
about 1 mm of undercut. In practice, this means that in children the
arrowheads will lie at or just below the gingival margin. However, in
adults with some gingival recession, the arrowheads should lie part way
down the crown of the tooth (Fig. 17.6).

This crib can also be used for retention on premolars, canines, cen-
tral incisors, and deciduous molars. However, it is advisable to use 0.6
mm wire for these teeth. When second permanent molars have to be
utilized for retention soon after their eruption, it is wise to omit the
distobuccal arrowhead, as little undercut exists and if included it may
irritate the cheek.

Fig.17.5 Adams clasp.

Fig. 17.6 Ideally the Adams clasp should engage about 1 mm of under-
cut. Therefore, in adults with some gingival recession, the arrowheads
will probably lie part way down the crown of the tooth.

Retaining the appliance

The reason for the«popularity of the Adams crib is its versatility as it
can be easily adapted:

® Extra-oral-traction tubes, labial bows, or buccal springs can be sol-
dered onto the bridge of the clasp (Fig. 17.7).

® Hooks or coils can be fabricated in the bridge of the clasp during
construction.

® Double cribs can be constructed which straddle two teeth.

Adjustment: the crib can be adjusted in two places. Bends in the
middle of the flyover will move the arrowhead down and in towards
the tooth. Adjustments near the arrowhead will result in more move-
ment towards the tooth and will have less effect in the vertical plane
(Fig. 17.8).

Fig. 17.7 Atube for an extra-oral face-bow has been soldered onto the
bridge of this Adams crib.

1 Arrowhead moves horizontally in
towards tooth

2 Arrowhead moves in towards tooth and
also vertically towards gingival crevice

Fig. 17.8 Adjustment of an Adams clasp.
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Other methods of retention

Southend clasp

This clasp (Fig. 17.9) is designed to utilize the undercut beneath the
contact point between two incisors. It is usually fabricated in 0.7 mm
hard stainless steel wire.

Fig. 17.9 Southend clasp.

Fig.17.10 Plint clasp.

(a)

Fig. 17.11 Two types of labial bow.

Adjustment: retention is increased by bending the arrowhead in
towards the teeth.

Ball-ended clasps

These clasps are designed to engage the undercut interproximally. This
design affords minimal retention and can have the effect of prising the
teeth apart.

Adjustment: the ball is bent in towards the contact point between
the teeth.

Plint clasp

This clasp (Fig. 17.10) is used to engage under the tube assembly on a
molar band or bracket.
Adjustment: by moving the clasp under the molar tube.

Labial bows

A labial bow (Fig. 17.11) is useful for anterior retention.

Adjustment: this will depend upon the exact design of an individual
bow. However, the most commonly used type with U-loops is adjusted
by squeezing together the legs of the U-loop and then adjusting the
height of the labial bow by a bend at the anterior leg to compensate
(Fig. 17.12).

o e

U

Fig. 17.12 Diagram illustrating how to tighten a labial bow. The
first adjustment is to squeeze together the two legs of the U-loop.
This causes the anterior'section of the bow to move occlusally and

therefore a second adjustment is required to lift it back to the desired
horizontal position.

(b)



17.5 Baseplate

The individual components of a removable appliance are connected by
means of an acrylic baseplate, which can be a passive or active compo-
nent of the appliance.

17.5.1 Self-cure or heat-cure acrylic

Heat-curing of polymethylmethacrylate increases the degree of polym-
erization of the material and optimizes its properties, but is technically
more demanding to produce. It is common practice to make the major-
ity of appliances in self-cure acrylic, retaining heat-cure acrylic for those
situations where additional strength is desirable, for example, some
functional appliances.

17.5.2 Anterior bite-plane

Increasing the thickness of acrylic behind the upper incisors forms a
bite-plane onto which the lower incisors occlude. A bite-plane is pre-
scribed when either the overbite needs to be reduced by eruption of
the lower buccal segment teeth or elimination of possible occlusal inter-
ferences is necessary to allow tooth movement to occur.

Anterior bite-planes are usually flat. Inclined bite-planes may lead
to proclination or retroclination of the lower incisors, depending upon
their angulation.

When prescribinga flat-anterior bite-plane, the following information
needs to be given to the technician:

® How far posteriorly the bite-plane should extend. This is most easily
conveyed by noting the overjet.

® The depth of the bite-plane. To increase the likelihood that the
patient will wear the appliance, the bite-plane should result in a sep-
aration of only 1-2 mm between the upper and lower molars. The
depth is prescribed in terms of the height of the bite-plane against
the upper incisors, for example: ‘% height of the upper incisor’.

Commonly used removable appliances

Fig. 17.13 Buccal capping.

17.5.3 Buccal capping

Buccal capping is prescribed when occlusal interferences need to be
eliminated to allow tooth movement to be accomplished and reduc-
tion of the overbite is undesirable. Buccal capping is produced by car-
rying the acrylic over the occlusal surface of the buccal segment teeth
(Fig. 17.13) and has the effect of propping the incisors apart. The acrylic
should be as thin as practicably possible to aid patient tolerance. During
treatment it is not uncommon for the capping to fracture and it is wise
to warn patients of this, advising them to return if a sharp edge results.
However, if as a result a tooth is left free of the acrylic and is liable to
over-erupt, a new appliance will be necessary (as additions to buccal
capping are rarely successful).

17.6 Commonly used removable appliances

17.6.1 To correct anterior crossbite in mixed
dentition

Movement labially of upper incisors in the mixed dentition can
be accomplished either using a spring or screw design depending
upon the number of incisors to be moved. To move a single incisor
buccally, a Z-spring is commonly used (Fig. 17.14). This design is
also known as a double-cantilever spring when it is used for moving
more than one tooth. A Z-spring for a single tooth should be fabri-
cated in 0.5 mm wire, but for longer spans 0.6 or 0.7 mm is advisable.
Good anterior retention is required to resist the displacing effect of
this spring.

Activation is by pulling the spring about 1-2 mm away from the
baseplate at an angle of approximately 45° in‘the direction of desired
movement (so that the spring is not caught onthe incisal edge(s) as the
appliance is inserted).

Fig.17.14 Z-spring.
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Buccal capping is usually incorporated into this appliance to free the
occlusion with the lower arch.

Screw appliance to expand upper arch

As mentioned above, a design incorporating a screw is useful for moving
blocks of teeth and has the additional advantage that the teeth being
moved can also be clasped for retention. Again, buccal capping is also
used to free occlusion with the lower arch (Fig. 17.3).

Activation: this is by means of turning the screw by one quarter-turn.
One quarter-turn opens the two sections of the appliance by 0.25 mm.
For active movement the patient should turn the screw twice a week
(e.g. on a Wednesday and a Saturday). If opened too far, the screw will
come apart; therefore patients should be warned that if the screw por-
tion becomes loose they should turn it back one turn and not advance
the screw again.

Nudger appliance

This appliance is used in conjunction with headgear to bands on the
first molar teeth (Fig. 17.15). It is usually used to achieve distal move-
ment of the molar teeth when it is intended to go onto fixed appli-
ances to complete alignment. The appliance incorporates palatal
finger springs (in 0.5 mm wire) to.retract the first permanent molars.
The appliance is worn full-time and the patient is asked to wear the
headgear for 12-16 hours per day. The palatal finger springs are only
lightly activated with the’aim of minimizing forward movement of the
molar when the headgear is not worn. This appliance is also very useful
if unilateral distal movement is required. In this case, the contralateral
molar can be clasped to aid retention. If overbite reduction is required

17.7 Fitting a removable appliance

It is always useful to explain again to the patient (and their parent/
guardian) the overall treatment plan and the role of the appliance that
isto be fitted. Itis also prudent to delay any permanent extractions until
after an appliance has been fitted and the patient’s ability to achieve
full-time wear has been demonstrated.

Fitting an appliance can be approached in the following way (see also
Box 17.1):

1. Checkthat you have the correct appliance for the patient in the chair
and that your prescription has been followed.
2. Show the appliance to the patient and explain how it works.
3. Check the fitting surface for any roughness.
4. Tryinthe appliance. If it does not fit, check the following:
Have any teeth erupted since the impression was taken? If neces-
sary, adjust the acrylic.

Have any teeth moved since the impression was.recorded? This
usually occurs if any extractions have been recently carried out.

Has there been a significant delay between'taking the impression
and fitting the appliance?

Fig. 17.15 Nudger appliance for unilateral movement of the upper right
first permanent molar.

then a bite-plane can be included in the appliance. It is advisable to fit
the bands on the molar teeth and then take an impression to fabricate
the appliance.

Expansion and Labial Segment
Alignment Appliance (ELSAA)

This appliance is used in Class Il division 2 malocclusions priorto func-
tional appliance therapy to correct an anteroposterior discrepancy (see
Chapter 10, Section 10.4.5 and Fig. 10.22).

5. Adjust the retention until thelappliance just clicks into place.

6. If the appliance has a bité-plane or buccal capping, this will need to
be trimmed so that itis.active but not too bulky.

Box 17.1~Instruments which are useful for fitting and
adjusting removable appliances

e Adams pliers (no. 64)

® Spring-forming pliers (no. 65)

® Maun’s wire cutters

® Pair of autoclavable dividers

e Steelrule

® Astraight handpiece and an acrylic bur (preferably tungsten
carbide)

® A pair of robust hollow-chop pliers is a useful addition, but not
essential.
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The active element(s) should be gently activated, provided that
extractions are not required to make space available into which the
teeth are to be moved.

. Give the patient a mirror and demonstrate how to insert and remove

the appliance. Then let the patient practise.

. Go through the instructions with the patient (and parent or guard-

ian), stressing the importance of full-time wear. A sheet outlining the

17.8 Monitoring progress

Ideally, patients wearing active removable appliances should be seen
around every 4 weeks. Passive appliances can be seen less frequently,
but it is advisable to check, and if necessary adjust, the retention of the
clasps every 3 months.

During active treatment it is important to-establish that the patient is

wearing the appliance as instructed. Indications of a lack of compliance
include the following:

The appliance shows little evidence of wear and tear.

The patient lisps (ask the patient to count from 65 to 70 with, and
without, their appliance).

No marks in the patient’s mouth around the gingival margins pala-
tally or across the palate.

Frequent breakages.

If wear is satisfactory, the following should be considered:

Check the treatment plan (and progress onto the next step if
indicated).

The patient’s oral hygiene.

Record the molar relationship, overjet, and overbite.

Reassess anchorage.

Tooth movement since the last visit.

Retention of the appliance (see Section 17.4).

Whether the active elements of the appliance need adjustment.

Whether the bite-plane or buccal capping need to be increased and/
or adjusted.

Record what action needs to be undertaken at the next visit.

Common problems during treatment

Slow rate of tooth movement

Normally, tooth movement should proceed at approximately 1 mm per
month in children, and slightly less in adults. If progress is slow, check
the following:

Is the patient wearing the appliance full-time?f the appliance is not
being worn as much as required, the implications of this need to be

Monitoring progress

important points and containing details of what to do in the event
of problems is advisable. Medico-legally, it is prudent to note in the
patient’s records if instructions have been given.

10. Arrange the nextappointment.

If a working-model is available, it is wise to store this with the

patient’s'study models as it may prove helpful if the appliance has to
be repaired.

discussed with the patient (and if applicable, the parent). If poor
cooperation continues, resulting in a lack of progress, consideration
will have to be given to abandoning treatment.

If the active element is a spring—is this correctly positioned and opti-
mally activated?

Ifthe active element is a screw—is the patient adjusting this correctly,
at the frequency requested?

Is tooth movement obstructed by the acrylic or wires of the
appliance? If this is the case, these should be removed.-or
adjusted.

Is tooth movement prevented by occlusion with the opposing arch?
It may be necessary to increase the bite-plane or buccal capping to
free the occlusion.

Frequent breakage of the appliance

The main reasons for this are as follows:

The appliance is not being worn full-time.

The patient has a habit of clicking the appliance in and out (this habit
also results in an appliance that rapidly becomes loose).

The patient is eating inappropriate foods while wearing the appli-
ance. Success lies-in-dissuading the patient from eating hard and/or
sticky foodsaltogether. Partial success is a patient who removes their
appliance to eat hard or sticky foods!

Anchorage loss

This can be increased by the following:

Part-time appliance wear, thus allowing the anchor teeth to drift
forwards.

The forces being applied by the active elements exceed the anchor-
age resistance of the appliance. Care is required to ensure that any
springs are not being overactivated or that too much active tooth
movement is being attempted at a time.

If anchorage loss is a problem see Chapter 15.
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Palatal inflammation

This can occur for two reasons:

1. Poor oral hygiene. In the majority of cases, the extent of the inflam-
mation exactly matches the coverage of the appliance and is caused
by a mixed fungal and bacterial infection (Fig. 17.16). This may occur
in conjunction with angular cheilitis. Management of this condition
must address the underlying problem, which is usually poor oral
hygiene. However, in marked cases it may be wise to supplement this
with an antifungal agent (e.g. nystatin, amphotericin, or miconazole
gel) which is applied to the fitting surface of the appliance four times
daily. If associated with angular cheilitis, miconazole cream may be
helpful.

2. Entrapment of the gingivae between the acrylic and the tooth/teeth
being moved.

17.9 Appliance repaits

Before arranging for aremovable appliance to be repaired, the following
should be considered:

® How was the appliance broken? If a breakage has been caused by the
patient failing to follow.instructions, it is important to be sure any cooper-
ation problems have been overcome before proceeding with the repair.

® Would it be more cost-effective to make a new appliance?

® QOccasionallyitispossibletoadaptwhatremainsofthe springoranother
component of the appliance to continue the desired movement.

Key points
Removable appliances are:

® only capable of tipping movements of individual teeth

useful for moving blocks of teeth

useful for freeing the occlusion with the opposing arch

useful as passive appliances (e.g. for retention)

® more commonly used nowadays as an adjunct to fixed appliances.

Littlewood, S.J., Tait, A. G., Mandall,N. A., and Lewis, D. H. (2001). The role of
removable appliances in contemporary orthodontics. British Dental Jour-

nal,191,304-10. [DOI: 10.1038/5j.bd;j.4801170] [PubMed: 11587502]
A readable and well-illustrated article.

O

Fig. 17.16 Inflammation of the palate corresponding to the coverage of
aremovable appliance.

® |s the working model available, or is an up-to-date impression
required to facilitate the repair?

® How will the tooth movements which have been achieved be
retained while the repair is being carried out? Often there is no alter-
native but to try and carry out the repair in the shortest possible time.

See also Chapter 25.

Ward, S. and Read, M. J. F. (2004). The contemporary use of removable appli-
ances. Dental Update, May, 215-7. [DOI: 10.12968/denu.2004.31.4.215]

[PubMed: 15188527].
Another useful article.

References for this chapter can alse be found at: www.oup.com/uk/orthodontics5e. Where possible, these are presented as active links
which direct you to the electronicversion of the work, to help facilitate onward study. If you are a subscriber to that work (either individually
or through an institution), and . depending on your level of access, you may be able to peruse an abstract or the full article if available.
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18.1 Principles of fixed appliances

Fixed orthodontic appliances are adhered to teeth via a chemical or
micromechanical attachment. This allows the clinician to obtain a far
greater range of tooth movements than can be achieved with removable
appliances. The combination of the tooth attachment, usually a bracket
or a tube, along with an orthodontic archwire can result in tooth move-
ments in all three planes of space. The use of a round archwire results
in tipping and vertical tooth movements (Fig. 1®nd the interaction
between the archwire and the walls of the{? et allow the creation
of a ‘force couple’ which can provide api d rotational movements
(Fig 18.2). The use of a rectangular arc Qwe provides additional control
of the root apex in the buccoli u&rectlon known as torque (Fig.
18.3). The closer the fit betwee archwire and the bracket slot, the
greater the degree of contri .18.4).

The ‘edgewise’ appliance was invented by Edward Angle, an
American orthodontist; who is often described as the ‘father of

N

Fig. 18.1 When a round wire is used in a rectan ot, buccolingual
forces tip the tooth around a fulcrum within the r

g
&

/\/Qz
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&

Fig. 18.2 Generation of a force couple by the interaction between the
bracket slot and the archwire.



Fig. 18.3 When a rectangular wire is used with'a rectangular slot, more
control of buccolingual root movement isachieved, allowing bodily and
torquing movements to be accomplished.

Fig. 18.4 When an archwire closely fits the dimensions of the bracket
slot, there is less latitude before it binds and therefore interacts with the
bracket. With a smaller rectangular archwire, more tilting and rotation
can occur before it binds with the walls of the bracket slot. This latitude
is known as ‘slop’ or ‘play’.

modern orthodontics’. This was purely a horizontal slot cut into a
rectangular block of metal which was attached to the tooth surface
and allowed the insertion of an orthodontic wire (Fig.,18.5). The clini-
cian then had to place individual bends into the wire which induced
the desired tooth movements. There are three categories of bend

Principles of fixed appliances

Fig. 18.5 Diagrammatic representation of an edgewise bracket.

that were placed into the orthodontic wire to correctly position each
tooth. These are as follows:

® First-order bend: in/out bends to compensate for the varying
thickness of the individual teeth.

® Second-order bend: angulation or tip bends placed in the vertical
plane relative to the long axis of the tooth to allow better mesiodistal
angulation/tilt.

® Third-order bend: inclination or torque bends relative to the true
vertical and can only be produced with rectangular archwire. They
are generated by twisting the plane of the wire where it inserts
into the bracket slot, resulting in a buccolingual force on the root
apex.

The placement of these three bends (Fig. 18.6) into the archwires for
each individual tooth was extremely time-consuming and technically
very challenging. To reduce the number of bends in the wire, brackets
were subsequently manufactured so that the archwire slot was individu-
alized for each tooth rather than having to place all the adjustments
within the wire. In the 1970s, Lawrence Andrews was the first clinician
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Fig. 18.6 (a) Afirst-order bend; (b) a second-order bend; (c) a third-order bend.

Box 18.1 Andrews’ six keys to a normal occlusion

1. Molar relationship: the mesiodistal cusp of the upper first per-
manent molar falls within the groove between the mesial and
middle cusps of the lower first permanent molar and the distal
surface of the distobuccal cusp of the upper first permanent
molar occludes with the mesial surface of the mesiobuccal cusp
of the lower second molar.

2. Crown angulation: the mesiodistal tip of the crown. The gingival
portion of the long axis of each crown is distal to the incisal portion.

3. Crown inclination: labiolingual inclination of the crown. The inci-
sors have a labial crown inclination and the canines, premolars,
and molars have a lingual crown inclination.

to design a bracket which incorporated all three ‘order bends’ required
to achieve his ‘six keys to a normal occlusion’ (Box 18.1) resulting in a
‘pre-adjusted’ edgewise appliance. The description of the modifications
made to the individual brackets to accommodate the ‘order bends’ is
known as the bracket prescription.

When the pre-adjusted edgewise brackets are placed onto the tooth
inthe ideal position, usually in the centre of the tooth on a point termed
the facial axis of the clinical crown (FACC), then theoretically this allows
for a straight wire to be placed into the bracket slots which would move
the teeth into the ideal positions and eliminate the need for further
adjustments to the wire (Fig. 18.7). This is the arigin of the term ‘straight
wire appliance’.

4. No rotations.
5. Nospaceswithtight contact pointsand notooth size discrepancy.

6. Occlusal plane: varies from generally flat to a slight curve of
Spee.

Reprinted from American Journal of Orthodontics, Volume 62, Issue 3,
Lawrence F. Andrews, The six’keysto normal occlusion, pp. 296309,
Copyright (1972), with permission from Elsevier.

(@ (b)

Fig. 18.7 Diagrams to show (a) an edgewise bracket with a second-
order bend placed in the archwire to achieve the desired amount of tip
and (b) a pre-adjusted bracket with tip built into the bracket slot.
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18.2 Indications for the use of fixed appliances

Fixed orthodontic appliances are often the treatment of choice as
they can offer precise control of tooth movements in all three planes
of space. However, while it is possible to achieve a more sophisticated
range of tooth movement with fixed appliances when compared with
removable appliances, the opportunity for problems to arise is also
increased. Fixed appliances are more demanding of anchorage, and
therefore adequate training should be obtained before embarking on
treatment with fixed appliances.
Indications for the use of fixed appliances include:

® correction of mild to moderate skeletal discrepancies: as fixed
appliances allow the maximum opportunity for achieving bodily
movement, it is possible, within limits, to compensate for skeletal
discrepancies and treat a greater range of malocclusions

® intrusion/extrusion of teeth: vertical movement of individual teeth,
or tooth segments, requires some form of attachment onto the tooth
surface on which the force can act

® correction of rotations

® overbite reduction by intrusion ofincisors

® multiple tooth movements required within one arch

® active closure of ‘extraction spaces, or spaces due to hypodontia.
Fixed appliances can be used to achieve bodily space closure ensur-
ing a good. contact point between the teeth and parallel roots to
reduce therisk of the space reopening after treatment.

However, it must be noted that fixed appliances are not as effective
at moving blocks of teeth when compared to removable or functional
appliances.

There are risks associated with fixed appliance treatment and their
usage is onlyjustified if the potential benefits outweigh the possible risks.
Fixed appliances are only to be used in well-motivated individuals with
excellent oral health and dietary control, and not as an alternative to poor
cooperation with removable appliances. A successful orthodontic out-
come will only be achieved by good teamwork between the orthodontist
and a well-motivated patient. The patient has a responsibility to main-
tain a high level of oral hygiene and dietary control, avoiding hard and
sticky foods which can break the orthodontic appliances and restricting
sugar/acid-containing foods and drinks between meals to limit the risk
of decalcification. The patient must be fully cooperative with adjuncts to
treatment such as wearing headgear or inter-arch elastics and be able to
attend regularly to enable the appliance to be adjusted.

18.3 Components of fixed appliances

Tooth movement with fixed appliances is achieved by the interaction
between the attachment or bracket on the tooth surface and the arch-
wire which is tied into the bracket. Brackets can be carried on a band
which is cemented to the tooth or attached directly to the tooth surface
by means of an adhesive (known colloquially as bonds).

Bands

An orthodontic band is a metal ring which encompasses the tooth
onto which an orthodontic attachment is welded/soldered (Fig. 18.8).
Historically, this was the only method of adhering an orthodontic
attachment to a tooth, hence the term ‘multiband appliance’. However,
with the advent of modern bonding techniques 40 years ago, orthodon-
tic bands have largely been superseded with bonded attachments, as
they are more aesthetic and easier to keep clean. Bands are now only
routinely used on molars when the bond strength of direct attachments
is insufficient for the planned forces to be applied or where additional
customized laboratory made components need to be utilized.

Bands can be used on teeth other than molars, most commonly fol-
lowing the repeated failure of a bonded attachment, on heavily restored
or crowned teeth, or for use with rapid maxillary expansion devices (see
Chapter 13, Section 13.4.6).

Prior to placement of a band it may be necessary to separate the adja-
cent tooth contacts. The most widely used method involves placing a
small elastic doughnut or ‘separator’ around the contactpoint (Fig. 18.9),
which is left in situ for 5-7 days and removed prior.-to band placement.
These separating elastics are inserted by being stretched, with either
special pliers, mosquito forceps, or floss/(Fig. 18.10), and working one

side through the contact point. If an elastic separator cannot be placed
due to the tightness of the contact point or due to restored nature of
the teeth, then metal separators, often called Kesling separators, can be
utilized (Fig. 18.11).

Band selection is aided by using the patient’s study model to pro-
vide a guide to the approximate size of the tooth. A snug fit is essential
to help prevent the band from becoming loose during treatment. The
edges of the band should be flush with the marginal ridges of the tooth
and the bracket should be.positioned in the midpoint of the clinical

Fig. 18.8 A lower first permanent molar band. Note the gingivally posi-
tioned hook, which is useful for applying elastic traction.
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Fig. 18.9 Separating elastics have been placed between the contact
points of the second premolars and first permanent molars prior to
placement of bands on the latter.

crown at 90° to the long axis of the tooth (or crown, depending upon
the type of attachment). Most orthodontists use glass ionomer cement
for band cementation.

Bonds

These are orthodontic components which are attached directly to the
tooth surface utilizing acid-etch adhesive technology (see Fig. 18.12
and Section 18.3.3). The usual components are either brackets or
tubes, which have a built-in prescription, which allow for the majority

(a) (b)

Fig. 18.10 A separating elastic being stretched between two pieces of
floss. One side of the elastic is then worked through the contact point so
that it encircles the contact point.

of desired tooth movements. Other components which can be utilized
as auxiliaries to the main components are buttons, cleats, and gold
chains (see Section 18.3.4). Adhesion to the metal base is achieved
by mechanical interlocking (Fig. 18.13). The ability to place bonded
attachments directly onto the enamel surface allows for a more aes-
theticappearance as well as improved positional accuracy. The brackets
are typically described by the height of the bracket slot, usually 0.018
or 0.022 inches, and have a depth of between 0.025 and'0.032 inches.
Measurements are provided in inches because fixed appliances origi-
nated in America. Variations in the size and shape of the bracket will

Fig. 18.11 Metal ‘Kesling’ separators: (a)
Kesling separator placed on the mesial and
distal aspects of a crowned tooth; (b) Kesling
separators are available in a range of sizes to
accommodate varying contact point widths.
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(b)

(d)

Fig. 18.12 Stages in the placement of bonded attachments: (a) isolation; (b) following etching for 15 seconds the teeth are washed and dried (note
the frosted appearance of the etched enamel); (c) bonding adhesive is applied to the etched enamel prior to (d) placement of the pre-coated bonded

attachments and light curing.

Fig. 18.13 Brackets for bonding showing a mesh base which increases
the surface area for mechanical attachment of the composite.

affect tooth movement, for example, narrow brackets result in a greater
inter-bracket span which increases archwire flexibility but decreases the
rotational control of a tooth (Fig. 18.14). A variety, of approaches have
been used to try and make fixed appliances more aesthetic (see Chapter
20) including the introduction of ceramic brackets (see Chapter 20, Fig.
20.5). Although these ceramic brackets lessen‘the visual impact of the
orthodontic appliances, they are notwithout their problems (see Box
18.2 and Chapter 20).

Fig.18.14 Narrower brackets increase the span of wire between
brackets, thus increasing the flexibility of the archwire. However, wider
brackets allow greater rotational and mesiodistal control, as the force
couple generated has a greater movement.

Box 18.2 Problems with ceramic brackets

Frictional resistance is high—Ilimiting sliding mechanics.
Brittle.

Can cause tooth wear if opposing tooth in contact.

Difficulties with their removal from the tooth.
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Orthodontic adhesives

Adhesive technology for orthodontics has to be finely balanced
between having sufficient strength to retain the appliance during the
course of treatment, but also allowing its easy removal at the end. The
most popular adhesive for cementing bands is glass ionomer, mainly
because of its fluoride-releasing potential and affinity to both stainless
steel and enamel. Glass ionomers can also be used for retaining bonded
attachments, but the bracket failure rate with this material may not be
clinically acceptable. Use of the acid-etch technique with a composite
produces clinically acceptable bonded attachments with failure rates of
the order of 5-10% for both self- and light-cured materials.

There are currently two basic techniques for bonding to enamel
using either a separate etch and primer, or a self-etching primer
(SEP) ‘lollypop’ system (Fig. 18.15), in which acidulated phosphoric
ester effectively combines the etching and primer into one step and

Fig. 18.15 Self-etching primer.

Fig. 18.16 Adhesive pre-coated bracket.

eliminates the need to wash away the etchant, thereby saving time.
Research suggests that despite the slightly increased bond failure
rates seen with SEPs, when compared with the conventional sepa-
rate etch and prime technique, they are still clinically acceptable.
However, this bond strength can be compromised if the manufac-
turer’s instructions are not followed, for example, it is important to
pumice the tooth surface to eliminate the acquired pellicle and any
other debris, prior to bonding. For some orthodontic procedures,
maximum bond strength is required and this will affect the clini-
cian’s chosen procedure. For example, for permanent retention with
bonded retainers, some clinicians have advocated using conventional
restorative materials to maximize the bond strength and the wear-
resistant qualities to optimize the longevity of the attachment.

Brackets can be supplied with light-cure adhesive already applied to
the base of the bracket, these are called adhesive pre-coated or APC
brackets. The brackets are supplied in individual packages to prevent
ambient light setting the adhesive (Fig. 18.16). It is claimed that this
approach gives a more consistent bond, quicker application of the
bracket, and more efficient stock control. Whatever material is used, any
excess should be cleared from the perimeter of the bracket before the
final set to reduce plaque retention around the bonded attachment. A
recent innovation is a modification to the brackets used in the APC sys-
tem which incorporates an internal well which ‘sucks back’ any excess
composite to reduce the excess around the bracket itself.

Auxiliaries

Orthodontic auxiliaries are used to supplement the main components
of bands, brackets, and archwires. There is a whole plethora of aux-
iliary components commercially available including archwire hooks
and stops, cleats, buttons, coil springs, uprighting springs, power pins,
elastomerics, elastics, separators, wire ligatures, quadhelix appliances,
transpalatal arches, and headgear components.

Very small elastic bands, often described as elastomeric modules
(Fig.18.17), or wire ligatures (Fig. 18.18), are used to secure the archwire
into the archwire slot (Fig. 18.19). Elastic modules are quicker to place
and are usually more comfortable for the patient, but wire ligatures
are still used selectivelyas.they can be tightened to maximize contact
between the wire and the bracket, or applied less tightly, reducing the
friction to allow/teeth to slide along the wire.

Intra-oral elastics used for traction (see Chapter 15) are commonly
available in"2-,3.5-, and 4.5-ounce strengths and a variety of sizes, rang-
ing from1/8 to 3/4 inch (Fig. 18.20). For most purposes, they should be
changed daily and latex-free varieties are also now available.

Fig. 18.17 Coloured elastomeric modules used to
secure the archwire into the bracket slot.



Fig. 18.18 Metal ligatures for securing the archwire into the bracket slot.

Fig. 18.19 This patient’s archwire has been tied into place with wire
ligatures in the upper arch and with elastomeric modules in the lower
arch.

Palatal or lingual arches can be used to reinforce anchorage, to
achieve expansion (the quadhelix appliance), or molar derotation.
They can be made in the laboratory from an impression of the teeth

Components of fixed appliances

Fig. 18.20 Intra-oral elastics.

(Fig. 18.21). Proprietary forms of most of the commonly used-designs
are also available, and these have the additional advantage that they
are removable, thus facilitating adjustment without removing the bands
(Fig. 18.22).

Archwires

Orthodontic archwires and their interaction with the components
attached to the teeth allow the clinician to generate tooth movement.
This can be controlled by varying the cross-sectional diameter of the
archwire and its material of construction (see Box 18.3). In the initial
stages of treatment, a wire which is flexible with good resistance to per-
manent deformation is desirable, so that displaced teeth can be aligned
without the application of excessive forces. In these early stages, the
forces that move the teeth come from the wire itself, as it returns to its

Fig. 18.21 A palatal arch, which is used
to help provide additional anchorage in
the upper arch by helping to resist for-
ward movement of the maxillary molars.
This arch has been constructed from an
impression taken over the bands in situ.
The bands are then removed and resited
into the impression before disinfec-

tion and transfer to the laboratory for
construction.
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Fig. 18.22 A proprietary removable quadhelix. The distal aspect of the
arms of the helix slot into the lingual sheaths (also shown) which are
welded onto the palatal surface of bands on the upper molars.

initial shape. In contrast, in the later stages of treatment, rigid archwires
are required, as they act as a trackalong which the teeth are moved. The
forces that move the teeth later in treatment are derived partly from the
archwire, but predominantly-from auxiliaries such as elastics, force clos-
ing springs, and powerchain.

The two most popular wires types which are used in orthodontic
treatment are nickel titanium (NiTi) and stainless steel.

NiTi archwires demonstrate a ‘shape memory effect’. This shape
memory effect allows them to be distorted by tying the wire into the
bracket slot, and the natural recoil of the wire returns the archwire to
its original shape, aligning the tooth in the process. Their introduction
greatly reduced the complexity of the wire bending required to achieve
tooth alignment during the initial phases of orthodontic treatment.
The original NiTi archwire was called ‘Nitinol’ which stood for Nickel
Titanium Naval Ordnance Laboratories where the composition was first
developed. There have been further modifications made to the compo-
sition to produce variations of the shape memory effect and to gener-
ate ‘super/pseudoelasticity’ caused by changes in temperature, or the
amount of deflection. This leads to lower forces being placed onto the
tooth, generating a more physiologically appropriate tooth movement.
The graph in Fig. 18.23 demonstrates the special properties of NiTi that

Box 18.3 Physical properties of archwire materials

® Springback: this is the ability of a wire to return to its original
shape after a force is applied. High values of springback mean
that it is possible to tie in a displaced tooth without permanent
distortion.

e Stiffness: the amount of force required to deflect or bend a wire.
The greater the diameter of an archwire, the greater the stiffness.

e Formability: this is the ease with which a wire can be bent to the
desired shape, for example, the placementof a coil in a spring,
without fracture.

D
E
z B C
wl
(a4
'_
A STRAIN %

Fig. 18.23 Graph of stress (force) versus strain (wire deflection) of nickel
titanium wires.

allow it to deliver low forces (stress) even with larger deflections (strain),
due to a change in the crystalline structure of the metal. By virtue of
their flexibility, NiTi wires provide less control against the unwanted
side effects of auxiliary forces.

This graph represents the ideal stress/strain curve for NiTi arch-
wires. When the wire is loaded, the stress produces linear elastic
behaviour (points A to B). As the wire continues to be stressed, the
wire begins to undergo a change in its crystal structure. During this
time, the stress with the wire remains the same, giving the plateau
effect (point B to C). These changes are called stress-induced phase
transformations. Once all the alloy’s crystal structure has changed,
then the wire begins to behave elastically again (point C-to D). This
occurs when the wire is tied into a bracket. Once the tooth begins to
move, the stress in the wire begins to unload (point D to E) and even-
tually reaches the plateau phase (point E to F), which leads to a light
continuous force being applied to the tooth (even though the tooth
is moving and the deflection/strain is reducing). This will occur until
the alloy has finished undergoing the reverse phase transformation,
where upon the wire will behave linear elastically again (point Fto A).

Stainless steel (often referred to as 18/8 stainless steel due to the
18% chromium and 8% nickel within its composition) is relatively inex-
pensive, easily formed; and exhibits good stiffness making it particularly
useful during the later'stages of treatment.

Other alloys which are less commonly used include titanium molyb-
denum alloy, known as TMA (Fig. 18.24).

® Resilience: this is the stored energy available after deflection of
an archwire without permanent deformation.

® Biocompatibility.

e Joinability: this is whether the material can be soldered or
welded.

® Frictional characteristics: if tooth movement is to proceed
quickly, a wire with low surface friction is preferable.



Fig. 18.24 TMA wire.

Archwires are described according to their dimensions. An archwire
described as 0.016 inches (0.4 mm) is a round archwire with a diameter of
0.016 inches, and that described as'0:016 x 0.022 inches (0.4 x 0.55 mm),
is a rectangular archwire.

Archwires are available in straight lengths, as coils, or as preformed
archwires (see Fig. 18.25).. The latter variant is more expensive but saves
chairside time. There are'a wide variety of archform shapes; however,
regardless of what design is chosen, some adjustment of the archwire
to match the pre-treatment archform of the patient will be required to
maximize the post-treatment stability (see Section 18.4).

The force exerted by a particular archwire material is given by the
formula:

F e

Treatment planning for fixed appliances

Fig. 18.25 The most popular archwire material is stainless steel which
is available in straight lengths, as a coil on a spool, or preformed into
archwires.

where d is the distance that the spring/wire is deflected, r is the radius
of the wire, and /is the length of the wire.

Thus, it can be appreciated that increasing the diameter of the arch-
wire will significantly affect the force applied to the teeth, and increasing
the length or span of wire between the brackets will inversely affect the
applied force. As mentioned earlier, the distance between the brackets
can be increased by reducing the width of the brackets, but the'inter-
bracket span can also be increased by the placement of loops'in the
archwire. Prior to the introduction of the newer, more‘flexible alloys,
multilooped stainless steel archwires were commonly used in the initial
stages of treatment. Loops are still utilized in retraction archwires, but
with the advent of the pre-adjusted appliance and sliding mechanics,
they are not used routinely.

18.4 Treatment planning for fixed appliances

By virtue of their coverage of the palate, removable appliances inher-
ently provide more anchorage than fixed appliances. It is important to
remember that, with a fixed appliance, movement of one tooth or a seg-
ment of teeth in one direction will result in an equal but opposite force
acting on the remaining teeth attached to the appliance. In addition,
apical movement will place a greater strain on anchorage. For these
reasons, it is necessary to pay particular attention to anchorage when
planning treatment involving fixed appliances and, if necessary, this can
be reinforced extra-orally, for example, with headgear or intra-orally, for
example, with a palatal or lingual arch or temporary skeletal anchorage
(see Chapter 15).

The importance of keeping the teeth within the zone of soft tissue
balance has been discussed in Chapter 7. Care is therefore required to
ensure that the archform, particularly of the lower arch; present at the
beginning of treatment is largely preserved. It is wise to check the arch-
form of any archwire against a model of the loweriarch, taken before the
start of treatment (Fig. 18.26), bearing in.mind that the upper arch will
by necessity be slightly broader.

Fig. 18.26 The amount of adjustment required to a preformed lower
archwire, as taken from the packet, to ensure that it conforms to the
patient’s pre-treatment archform and width.
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18.5 Practical procedures

Accurate bracket placement is crucial to achieving success with fixed
appliances. The ‘correct’ position of the bracket on the facial surface
will depend upon the bracket system used. Most pre-adjusted systems
require the bracket to be placed in the centre of the crown on the long/
facial axis of the clinical crown (FACC). This can be quite difficult to
judge, particularly if the tooth is worn. Bracket placement is particu-
larly important with the pre-adjusted technique, as the values for tip
and torque are calculated for the midpoint of the facial surface of the
tooth. Incorrect bracket positioning will lead to the ‘prescription’ being
improperly expressed resultinginincorrect tooth position and ultimately
affecting the functional and aesthetic result. Errors in bracket placement
should therefore be corrected as early as possible in the treatment.
Alternatively, adjustments can be made to each archwire to compen-
sate, but over the course of a treatment this can be time-consuming.

When a fixed appliance is first placed, a flexible archwire, such as
a small diameter, round NiTi archwire, is advisable to achieve initial
alignment. This avoids the application of excessive forces to any dis-
placed teeth, which can be painful for.the patient and result in bond
failure.

It is important that full bracket’engagement has been achieved to
ensure complete alignment before progressing onto more rigid arch-
wires. Correction of inter-arch relationships and space closure is usually
best carried out using rectangular stainless steel wires for apical control.
The exact archwire sequence will depend upon the dimensions of the
archwire slot and operator preference.

Mesiodistal tooth movement can be achieved by one of the following:

1. Moving teeth with the archwire: this is achieved by incorporating
loops into the archwire which, when activated, move a section of the
archwire and the attached teeth as shown in Fig. 18.27.

2. Slidingteeth alongthe archwire either using elastic traction or (either
opening or closing) coil springs (Fig. 18.28). This approach requires a
greater force to overcome the friction between the bracket and the
wire, and therefore places a greater strain on anchorage. This type of
movement is known as ‘sliding mechanics’ and is applicable to pre-
adjusted appliances where a straight archwire is used.

Fig. 18.29 shows the steps involved in the treatment of a maximum
anchorage Class Il division 2 malocclusion with fixed appliances.

Adjustments to the appliance need to be made on a regular basis,
usually every 4—10 weeks. Once space closure is complete and incisor
position corrected, some operators will place a more flexible full-sized

18.6 Fixed appliance systems

Pre-adjusted appliances

The in-built prescription of these appliances, which takes into account
the first-, second-, and third-order bends, whichhistorically would
have had to be individually placed in the archwire for each tooth, has
resulted in this type of appliance becoming the.mainstay of contempo-
rary orthodontic treatment. However, even with brackets containing

Fig. 18.27 A sectional archwire to retract the upper left canine.

Fig. 18.28 Sliding teeth along the archwire using a nickel-titanium coil
spring.

archwire, often in.conjunction with vertical elastic traction, to help
fully express the‘bracket prescription and ‘sock-in” the buccal occlu-
sion, or place ‘artistic’ bends in the more rigid wire to detail the final
result (Fig..18.30).

Following the attainment of the goals of treatment, it is important to
retainthe finished result. This is covered in detail in Chapter 16.

a specific prescription being produced for each individual tooth type,
there is still usually a need for additional adjustments to the archwire
to achieve the optimal tooth position. This is because the prescription
is based on average values and will not be able to take into account
individual variations such as tooth size discrepancies or an underlying
skeletal discrepancy.
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Fig. 18.29 The right buccal view of a 13-year-old with a Class Il division 2 malocclusion treated by extraction of all four first premolars.

(a) Pre-treatment; (b) flexible nickel-titanium archwires were used to achieve alignment; (c) showing rectangular stainless steel working archwires and
elastic chain being used to close spaces between the upper incisors; (d) following overbite reduction Class Il traction is used in conjunction with space
closure to correct incisor and buccal segment relationships; (e) the final stage of treatment is to detail the occlusion; (f) finished result.

(a)

(b)

Fig. 18.30 (a, b) Finishing bends placed in the archwire to optimize the
occlusion.

There are alarge number of pre-adjusted systems on the market, each
with their own individual prescription values. The most well known are
the Andrew’s prescription, the Roth system, and the MBT (McLaughlin,
Bennett, and Trevisi) prescription (see Table 18.1). The actual prescrip-
tion within a bracket, especially with regard to the third-order bends
(torque) values, will usually not be fully realized due to the fact that
the archwire is smaller than the slot size of the bracket which intro-
duces ‘play’ or ‘slop’ between the archwire and bracket slot (Fig. 18.4).
It is because of this fact that a number of systems on the market have
increased the values of certain aspects of their prescription to maxi-
mize the opportunity.to deliver the desired tooth movements without
the clinician having to place additional adjustments into the archwire.
The bracketiposition can be purposely adjusted away from the ideal, if
the clinician wishes to manipulate the built-in prescription to alter the
desired tooth movements or adjust the bracket shape to accommodate
variations in tooth morphology (Fig. 18.31).

In practice, treatment using pre-adjusting systems comprises six main
steps:

® Alignment

® Overbite reduction
® Qverjet correction
® Space closure

® Finishing—this usually comprises placing small bends in the arch-
wires to fine detail tooth position and occlusion

® Retention (Chapter 16).
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Table 18.1 MBT prescription for tip and torque (at the
midpoint of the facial surface)

Torque (°) Tip (°)
A Max| l.l.a ....................................................................
A Central . nc .i.S;).r .............. 17 ...................... 4.1 .....................
A Later a| masor .............. 10 ...................... é .....................
A Camne ...................... _7 ...................... é .....................
A F|rs t " pr emo |ar .............. _7 ...................... (.) .....................
Second premmar ........... ;.7 ...................... (.) .....................
A F|r5 t mo|ar .................. ;.1!4. .................... (.) .....................
Second m .O.l.a.r. .............. e (.) .....................
A Mand|b|e .................................................................
A Central : nc .i.s.o.r .............. ;é ...................... (.) .....................
A Later a| masor .............. ;.6 ...................... (.) .....................
A Canme ...................... ;.6 ...................... 3 .....................
A F|rs t pr emo|ar .............. _12 .................... 2 .....................
Second prem()lar ........... _17 .................... 2 .....................
A F|rs t mo|ar .................. _20 .................... (.) .....................
Second m .O.l.a.r. .............. ;.1.0. .................... (.) .....................

The Tip-Edge appliance

The Begg appliance (Fig. 18.32) was invented by Raymond Begg, an
Australian orthodontist, in the 1930s. This appliance uses a vertical
slot, round archwires, and light inter-arch elastics to tip the teeth and
rapidly correct an increased overjet and close residual extraction
space. Subsequent uprighting of the teeth is achieved with torque-
ing auxiliaries and complex wire bending which resulted in great dif-
ficulty in ‘finishing’ the cases and relied heavily on post-treatment

Fig. 18.32 The Begg appliance.

(a)

(b)

Fig. 18.31 (a, b) Sectioning of a bracket to allow an improved fit onto a
diminutive lateral incisor while still maintaining the prescription values.

‘settling’ to improve the occlusal contacts. The Tip-Edge system was
developed in an attempt to combine the perceived merits of the
Begg and pre-adjusted edgewise appliances in an effort to produce
quicker, less anchorage-demanding treatment, but with the ability to
‘finish’ the case to the optimum level. The technique focuses on three
stages. Stage 1 primarily involved the molars, incisors, and canines
and concentrates on achieving alignment with overjet and over-
bite control utilizing tipping movements generated by adjustments
to the stainless steel.archwires and the use of light Class Il elastics.
During Stage 2;/the clinician engages the premolar teeth and closes
any residual space before progressing onto Stage 3 which involves
the insertion of a full-dimension rectangular archwire and upright-
ing the teeth to fully express the ‘prescription’ of the appliance and
generate the desired final tooth positions. Originally the uprighting
tooth movement was generated by the use of uprighting springs or
‘sidewinders’, which could be technically challenging and time-con-
suming. To overcome this difficulty, the manufacturers have devel-
oped Tip-Edge Plus (Fig. 18.33), which utilizes an underarch wire,
placed within an additional horizontal slot within the bracket base, to
achieve the uprighting tooth movements, without the need for addi-
tional springs, making the appliance considerably more user friendly.

Self-ligating systems

The concept of reducing the friction between the bracket and archwire
by using a bracket which did not require an elastomeric or wire ligature,
but with a built mechanism to secure the archwire, is not new. A version
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Fig. 18.33 A Tip-Edge Plus case showing the various stages of treatment. Note that light Class Il elastics are used throughout treatment but have
not been shown in the photographs so as not to obscure the tooth positions. (a—c) Initial presentation. (d—f) Stage |—incisors, canines, and first
molars bonded and 0.016-inch stainless steel'wires placed with Class Il elastics to align and correct the overjet and overbite. (g—i) Stage ll—pick up
the premolars, align, and level the arches; closing any residual space aided with Class Il elastics. (j-I) Stage lll—correction of the torque and tip using
a0.0215-inch x 0.028-inch stainless steelwith a 0.014-inch NiTi underarch within the deep tunnel, with Class Il elastic support to maintain overjet

correction while buccal segments establish a Class | relationship.
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called the ‘Russell Lock’ was originally described by Stolzenberg back in
1935. However, the early designs did not achieve commercial success
often due to the fragility of the mechanism or the costs involved in the
manufacturing process. This changed in the 1990s and 2000s with the
introduction of a number of bracket systems. These included Damon
(Fig. 18.34), Innovation, and SmartClip, which were often associated
with ‘treatment philosophies’, and supported by improved manufactur-
ing techniques and marketing which made a number of claims about
the superiority of these appliance types, especially relating to reduced
overall treatment time and reducing the need to undertake orthodontic
related extractions. Since the increase in the popularity of self-ligating
appliances, many studies have been conducted which suggest that the
use of these appliances does not necessarily achieve either of these
aims. However, their ingenious designs mean that they still deliver many
benefits including secure wire engagement, reduced friction between
the bracket and archwire, and a reduction in chairside time. These appli-
ances are subdivided into active or passive bracket designs depending
upon whether or not closure of the clip or gate results in an active seat-
ing of the archwire in the bracket slot.

Lingual appliances

These have been developed to improve aesthetics during treatment
by placing the attachments-on the lingual surfaces of the teeth, thus
reducing the visual impact. of orthodontic treatment. This appliance
system inevitably inCreases the challenges faced by the clinician due

(@

() (d)

to reduced accessibility to the appliance as well as the complexity of
bracket/component and wire manufacturing (see Chapter 20).

Futuré&developments

Possible future.developments in the field of fixed appliances include
the following:

Individualized appliances

The current evidence base suggests that there is little benefit of one
appliance type over another when it comes to reducing overall length
of treatment. The choice of appliance used is more often determined by
the clinician’s preference while also taking into account patient choice,
cost, and the treatment mechanics which are to be utilized.

However, with the introduction of both aligner treatment (see
Chapter 21) and some lingual appliances (see Chapter 20), the con-
cept of fully customized appliances has become a reality. These are
appliances that are manufactured to the specific requirements of
an individual patient. With lingual appliances, the bracket design is
tailored to the morphological variations of each tooth plus the arch-
wires are created with any adjustments already built-in to achieve
the desired tooth movements. These systems rely on absolute pre-
cision during bracket placement and as such are more suitable for
the indirect bonding technique. These fully customized systems
offer the potential to achieve quicker and more predictable treat-
ment. However, due to the significantly increased manufacturing

(b)

(e)

Fig. 18.34 The Damon self-ligating bracket system.(a) A model of a Damon 3 bracket with the archwire slot closed; (b) a model Damon 3 bracket with
the archwire slot open; (c—€) a patient being treated with a Damon Q appliance (a newer modification of the Damon bracket).



costs, they are not currently a cost-effective treatment option for
the majority of patients. This situation may change with further
advances in manufacturing and computer-assisted design and man-
ufacture technology.

Accelerated tooth movement

Orthodontic tooth movement is reliant on the activity of the bone
cells (osteoclasts and osteoblasts) which are responsible for the bone
resorption and deposition. It is hypothesized that if these cells can be
stimulated further, then tooth movement may be accelerated; and as
such, overall treatment time reduced, along with a potential reduction
in some of the risks associated with orthodontic treatment.

Three approaches are currently being considered:

Non-surgical adjunctive interventions for accelerating tooth
movement

Interventions such as low-energy laser radiation to the mucosa of the
targeted teeth, intermittent vibration of the teeth using an electrical
appliance, pulsed electromagnetic waves, and utilization of muscle
exercises as methods to accelerate toothrmovement are currently being
investigated. At the present time, there is no high-quality evidence
to support the claims that these‘approaches consistently accelerate
treatment.

Demineralization and fixed appliances

Surgical adjunctive interventions for accelerating tooth movement

A number of methods have been proposed including surgical proce-
dures to the interseptal bone to reduce the resistance to tooth move-
ment; alveolar decortication, where a series of small holes are drilled
into the alveolar bone; and corticision where the cortices are divided
transmucosally without the need to raise a flap.

These procedures may reduce the bone density, and thus the resist-
ance to tooth movement as well as increasing the body’s inflammatory
response (a process known as RAP or regional acceleratory phenom-
enon). Research is currently ongoing looking at the efficacy and cost-
effectiveness of these adjuncts as well as the acceptability from a
patient perspective.

Pharmacological interventions for accelerating tooth movement

Pharmacological agents have the potential to interfere with the biologi-
cal processes involved in tooth movement, and therefore may have the
potential to both accelerate and retard tooth movement which could
be advantageous during active tooth movement and also when patients
are inretention. This is still experimental at the current time. Alternative
methods of delivery are also being investigated to allow the areas of
interest to be targeted and to limit unwanted local and systemic side
effects.

18.7 Demineralization and fixed appliances

Placement of a fixed attachment upon a tooth surface increases the
risk of plaque accumulation. In addition, if a diet rich in sugar and acid
is consumed, this results in demineralization of the enamel surrounding
the bracket and occasionally frank cavitation. The incidence of deminer-
alization (Fig. 18.35) with fixed appliances has been variously reported
as between 15% and 85%. As any decalcification is undesirable, consid-
erable interest has focused on ways of reducing this problem. The main
approaches that have been used are as follows:

1. Careful patient selection. It is unwise to embark upon treatment in a
patient with a high caries rate or poor levels of plaque control.

2. Fluoride mouth rinses for the duration of treatment. The problem
with this approach is that the individuals most at risk of deminerali-
zation are those least likely to comply fully with an additional rinsing
regimen.

3. Local fluoride release from fluoride-containing cements and
bonding adhesives. Variable results have been reported for
those bonding composites which have been marketed for their
fluoride-releasing potential. Glass ionomer cements have been
shown to be effective at reducing the incidence of deminerali-
zation around bands, while achieving equal or better retention
results than conventional cements. Although glass ionomer
cements appear effective at reducing demineralization around
bonded attachments, this is at the expense of higher failure rates
(see Section 18.3.3).

4. Dietary advice. This important aspect of preventive advice should
not be forgotten. Patients are often advised to avoid chewy sweets
during treatment, but the importance of avoiding sugared bever-
ages and fizzy drinks, particularly between meals, should not be
overlooked.

Fig. 18.35 Picture showing severe decalcification following fixed appli-
ance treatment (naturally this patient was not treated by the author!).
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18.8 Starting with fixed appliances

Some orthodontic supply companies offer the practitioner a kit contain-
ing brackets, bands, and a few archwires in return for an impression and
afee. Of course, this is an expensive alternative and, in addition, bands
selected remotely from the patient using an impression are unlikely to
be a good fit. However, it is extremely unwise, and arguably unethi-
cal, to embark on treatment with fixed appliances without first gaining

Key points

adequate expertise initheir use. This is best achieved by a longitudi-
nal course in the form of an apprenticeship with a skilled operator. It
is mandatory thatsthis is supplemented by a thorough appreciation of
orthodontic diagnosis and treatment planning, which is the most dif-
ficult aspectof orthodontics.

® Fixed appliances are capable of producing tooth movement in all three planes of space.

® Fixed appliances are more demanding of anchorage so this must be planned and monitored carefully.

® Training is required as fixed appliances have the potential to cause problems in all three planes of space.

® A cooperative patient with good dental health is a prerequisite for success.
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Relevant Cochrane reviews

Millet, D. T., Mandall, N. A., Mattick, R. C., Hickman, J., and Glenny, A. M.
(2017). Adhesives for bonded molar tubes during fixed brace treatment.
Cochrane Database.of Systematic Reviews, Issue 2. Art. No.: CD008236.
DOI: 10.1002/14651858.CD008236.pub3 https://www.cochranelibrary.

com/cdsr/doi/10.1002/14651858.CD008236.pub3/full

Only two studies satisfied the inclusion criteria and these both compared
bonded molar tubes with molar bands. The studies had a low risk of bias
and concluded that bonded molar tubes are associated with a higher
failure rate (2-6x) than molar bands. Interestingly, one study found a
decreased incidence of decalcification with molar bands.

Millet, D.T., Glenny, A. M., Mattick, R. C., Hickman, J., and Man-
dall, N. A. (2016). Adhesives for fixed orthodontic bands. Cochrane
Database of Systematic Reviews, Issue 10. Art. No.: CD004485. DOI:
10.1002/14651858.CD004485.pub4  https://www.cochranelibrary.com/

cdsr/doi/10.1002/14651858.CD004485.pub4/full

Five randomized controlled trials and three controlled clinical trials,
which were all of a split-mouth design, were included within the review.
The majority of orthodontists use glass ionomer-based adhesives when
cementing orthodontic bands due to their ease of use and potential car-
ies-preventing qualities. There were varying failure rates for all cement
types included within the review with the more recent studies report-
ing much lower failure rates; however, there was insufficient evidence to
determine the most effective adhesive for attaching orthodontic bands
to molar teeth in patients with full arch fixed orthodontic appliances and
the authors felt that due to inherent bias in most of the study designs
the information included within the review should be interpreted with
great caution.

Mandall, N. A., Hickman, J., Macfarlane, T. V., Mattick, R. C. R., Millett, D.T.,
and Worthington, H. V. (2018). Adhesives for fixed orthodontic brackets.
Cochrane Database of Systematic Reviews, Issue 4, Art. No.: CD002282.
DOI: 10.1002/14651858.CD002282.Pub2 https://www:.cochranelibrary.

com/cdsr/doi/10.1002/14651858.CD002282.pub2/full

Three trials satisfied the inclusion criteria. The authors were unable to
draw any conclusions from this review as there(was only weak, unreli-
able evidence that one adhesive may possibly\have more failures associ-
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ated with it and another adhesive may be more protective against early
decay.

Benson, P. E., Parkin, N., Dyer, F, Millett, D. T., Furness, S., and._Ger-
main, P. (2013). Fluorides for the prevention of early tooth decay(dem-
ineralised white lesions) during fixed brace treatment!/Cochrane
Database of Systematic Reviews, Issue 12. Art. No.: CD003809. DOI:
10.1002/14651858.CD003809.pub3  https://www.cochranelibrary.com/

cdsr/doi/10.1002/14651858.CD003809.pub3/full

Three studies which satisfied the new inclusion criteria were analysed
in this updated review. This review found some moderate evidence that
fluoride varnish applied every 6 weeks at the time of orthodontic review
during treatment is effective at reducing the incidence of white spot
lesions. However, further high-quality trials are required to determine the
best means of preventing demineralized white lesions in patients under-
going orthodontic treatment/Based on current best practice in other areas
of dentistry, for which there'is evidence, we recommend that patients with
fixed appliances rinse daily' with a 0.05% sodium fluoride mouth rinse.

Wang, Y., Llu, C, Jlan, k., Mcintyre, G. T., Millett, D. T., Hickman, J., et
al. (2018). Initial-arch wires used in orthodontic treatment with fixed
appliances. Cachrane Database of Systematic Reviews, Issue 7, Art No.:
CD007859...DOI:  10.1002/14651858.CD007859.pub 4. https://www.
cochranelibrary.com/cdsr/doi/10.1002/14651858.CD007859.pub4/full

Twelve randomized controlled trials were included in this review. The
authors concluded that there was some evidence to indicate that coaxial
superelastic nickel-titanium (NiTi) archwires can produce greater tooth
movement over 12 weeks than archwires made of single-stranded super-
elastic NiTi. They also felt that there was insufficient evidence to deter-
mine whether any particular archwire material is superior to any other
in terms of alignment rate, time to alignment, pain, and root resorption.

Hu, H., Li, C, Li, F, Chen, J., Sun, J., Zou, S., et al. (2013). Enamel etching

for bonding fixed orthodontic braces. Cochrane Database of Systematic

Reviews, Issue 11. Art. No.: CD005516. DOI: 10.1002/14651858.CD005516.
pub2 https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.
CD005516.pub2/full
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This review included 13 studies. There is currently insufficient high-qual-
ity evidence to determine if there is a difference in the bond failure rate
between SEPs and conventional etching systems or with regard to decal-
cification, participant satisfaction, and cost effectiveness.

El-Angbawi, A., McIntyre, G. T., Fleming, P. S., and Bearn, D. R. (2015). Non-
surgicaladjunctive interventionsforacceleratingtoothmovementin patients
undergoing fixed orthodontic treatment. Cochrane Database of Systematic
Reviews, Issue 11. Art. No.: CD010887. DOI: 10.1002/14651858.CD010887.
pub2 https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.

CD010887.pub2/full
There is currently very little clinical research regarding the effectiveness
of non-surgical interventions to accelerate orthodontic treatment. The
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of Orthodontics, 62, 296-309. [DOI:.10.1016/50002-9416(72)90268-0]
[PubMed: 4505873]

The classic paper by the developer of the straight wire appliance.
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tematic review. Angle-Orthodontist, 80, 201-10. [DOI: 10.2319/080508-
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The authors included 20 randomized controlled trials and concluded
that there were no significant differences between self-ligating and con-
ventional bracket systems.
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C., Grant, J., et al. (2018). Effects of supplemental vibrational force on
space closure, treatment duration, and occlusal outcome: a multicentre
randomised clinical trial. American Journal of Orthodontics and Dentofa-
cial Orthopedlics, 153, 469-80. [DOI: 10.1016/j.2j0d0.2017.10.021] [Pub-
Med: 29602338]

The results indicate that the application of a supplemental vibrational
force did not affect space closure, treatment duration, total number of
visits, or final occlusal outcome.
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nal of Orthodontics and Dentofacial Orthopedics, 147, S56—63. [DOI:
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claims about the potential positive effects of light vibrational forces are
not currently supported by the evidence base.
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facilitate tooth movement. It concluded that this technique does poten-
tially accelerate orthodontic tooth movement; however, further high-
quality trials are required to confirm any possible benefits.
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An easy-to-read résumé of currently available aesthetic brackets and
their limitations.


https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD010887.pub2/full
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD010887.pub2/full
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD010572.pub2/full
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD010572.pub2/full

Fixed appliances

Wright, N., Modarai, F., and Cobourne, M. (2011). Do you do Damon?
What is the current evidence base underlying the philosophy of
this appliance system? Journal of Orthodontics, 38, 222-30. [DOI:
10.1179/14653121141479] [PubMed: 21875995].

As the title suggests!

Woodhouse, N. R, DiBiase, A. T., Johnson, N, Slipper, C., Grant, J., Alsaleh,
M., etal. (2015). Supplemental vibrational force during orthodontic align-
ment: a randomized trial. Journal of Dental Research, 94, 682-9. [DOI:
10.1177/0022034515576195] [PubMed: 25758457]

The results indicate that the application of a supplemental vibrational
force did not significantij.increase the rate of tooth alignment or reduce
the rate of orthodontically induced inflammatory root resorption to the
central incisors duting the alignment phase of fixed appliance therapy.

Yang X., He, Y., Chen, T., Zhao, M., Yan, Y., Wang, H, et al. (2017). Differences
between active and passive self-ligating brackets for orthodontic treat-
ment: systematic review and meta-analysis based on randomized clinical
trials.Journal of Orofacial Orthopedics, 78, 121-8. [DOI: 10.1007/500056-
016-0059-8] [PubMed: 28224175]

<@ References for this chapter can also be found at: www.oup.com/uk/orthodontics5e. Where possible, these are presented as active links
which direct you to the electronic version of the work, to help facilitate onward study. If you are a subscriber to that work (either individually
or through an institution), and depending on your level of access, you may be able to peruse an abstract or the full article if available.



7 19

Functional gppliances

S. J. Littlewood

Q
&
S

\\5’

Chapter content%

A4
19.1 Definition A246
19.2 History Q;Q
19.3 Overview /\/ 246
19.4 Case study: functional appliance 246
19.5 Timing of treatment 250
19.6 Types of malocclusion treated with functional
appliances 250
19.6.1 Treatment of Class Il division 1 malocclusions 254
19.6.2 Treatment of Class Il di n 2 malocclusions 254
2,
19.7 Types of functional a lfance 254
19.7.1  Twin-block appliance 254
19.7.2 Herbst appli 254
19.7.3 Mediu ing activator (MOA) 254
19.7.4 Biong‘a 256
19.7.5 Fr. @e ppliance

19.8 CIin'wé\anagement of functional ap
19.8.1 “Preparing for the functional appli

9.8.2 Fitting the functional appli

\

O
N
st



Functional appliances

Learning objectives for this cha

types of functional appliances.
ent of functional appliances.

unctional appliance treatment and factors that may influg@ghis.
be treated successfully with functional appliances. (b'&/

ces work and how successful they are. A
C,

Nt

19.1 Definition

Functional appliances utilize, eliminate, or guide the forces of muscles
of mastication, tooth eruption, and growth to correct a malocclusion.

19.2 History

The term ‘functional appliance’ is used, because it was once believed
that these appliances corrected abnormal function around the denti-
tion, leading to a change in growth response. Although we now believe
that function probably has little to"do with the treatment effect, the
term has remained.

19.3 Overview

There are many different types of functional appliances, but most work
by the principle of posturing the mandible forwards in growing patients.
They are most effective at changing the anteroposterior occlusion
between the upper and lower arches, usually in patients with a mild to
moderate Class Il skeletal discrepancy. They are not as effective at cor-
recting tooth irregularities and improving arch alignment, so treatment

19.4 Case study: functional appliance

O

\
>

The initial idea for functional appliances was derived from the mono-
bloc, developed by Pierre Robin. This appliance postured the mandible
forward in babies born with severely retrognathic mandibles. This pos-
turing opened compromised airways. Andresen in the 1920s used this
principle of forward posturing of the mandible to treat malocclusions
with his activator appliance, the first functional appliance.

often involves a phase of fixed appliances. There are many areas of con-
troversy surrounding functional appliances, in particular treatment timing
and mode of action. These areas will be addressed later in this chapter.

A typical functional appliance case is shown in Section 19.4 and
Fig. 19.1. This case study gives an overview of the appliance in clinical
use.

o
&
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Fig. 19.1 (a) Extra-oral start records. Pa Q}%P is 12 years old and complains of his prominent upper incisors. His clinical and radiographic

records show he has a Class Il dMSio%

due to proclined and spaced upper incisors and a retrognathic mandible.

-~

sor relationship on a Class Il skeletal base. His principal problems are an increased overjet of 12 mm,
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Fig. 19.1 (c) Functional appliance in place. The patient was fitted with a twin-block functional appliance. These photographs show the end of the
functional appliance treatment, with fixed appliances on the labial segment. This is the beginning of the alignment of the teeth in preparation for
transition to the fixed appliance phase of treatment.

Fig. 19.1 (d) End of functional stage. After 10 months of the functional appliance the anteroposterior discrepancy has been corrected. Note that
although there is still a small residual overjet, the buccal segments have been overcorrected to a Class Il relationship. This overcorrection allows
for the risk of relapse in the second phase of treatment. At this stage, full records are taken again to reassess the case, principally to see if any
extractions are required before the second phase (extractions were not needed in this case). The posterior lateral open bites are a typical feature
at this stage of a case treated with a twin-block appliance.

Fig. 19.1 (e) Fixed appliances in the second phase of treatment, with Class Il elastics to maintain the changes achieved in the first phase of treat-
ment. The fixed appliances were worn for 16 months.
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Fig. 19.1 (g) Effects of treatment. The treatment has been successful due to good patient compliance, an appropriate treatment plan, and
favourable growth. The growth response to functional appliances is variable, and the growth shown here is better than average. As a result, in this
case the skeletal discrepancy was corrected by the growth modification phase of the twin-block appliance. If growth had not been so favourable,
then the residual skeletal discrepancy would have had to have been corrected either by orthodontic camouflage, or combined orthodontics and

orthognathic surgery when the patient was‘older.

19.5 Timing ofitreatment

Functional appliances are most effective when the patient is growing.
As girls complete their growth slightly earlier than boys, functional
appliances can be used a little later in boys. It has been suggested that
treatment should, if possible, coincide with the pubertal growth spurt.
There have been various attempts to predict this growth spurt, including
taking multiple height measurements of the patient, as rapid changes in
height coincide closely with the peak changes in the maxilla and man-
dible. However, this does require multiple height measurements spread
over a period of time. An alternative approach uses maturation changes
seen on the cervical vertebrae visible on lateral skull radiographs.
During the period of maximum mandibular growth, characteristic mat-
uration changes are visible on cervical vertebrae C3 and C4. Further
details about this are provided in the section on ‘Principal sources and
further reading’ at the end of this chapter. However, whichever tech-
nigue is used it can be difficult to predict the pubertal growth spurt
accurately. Fortunately, studies have shown that favourable changes
with functional appliances can occur outside this growth spurt. The key
factor is that the patient is still actively growing.

While it is widely acknowledged that functional appliances must be
used in growing patients, one area of controversy is whether to provide
early treatment (in the early mixed dentition when the patient is under

10 years old) or wait until the late mixed dentition. Early treatment usu-
ally involves two phases of treatment: an initial phase with the func-
tional appliance, followed by a pause while the adult dentition erupts,
and then a second phase of fixed appliances. In contrast to this, if func-
tional appliance treatment is started in the late mixed dentition, then by
the end of the functional stage of treatment the adult dentition is usu-
ally erupted sufficiently to proceed straight onto the fixed appliances.

High-quality research has shown that both approaches successfully
corrected the increased overjet, and there was no difference in the
amount of skeletal change achieved, the need for extractions, or the
quality of the final occlusal‘alignment. Early treatment does, however,
provide a transient improvement in self-esteem and there is some evi-
dence that it reduces the risk of incisal trauma by up to 40%. However,
when patients had their functional appliance fitted earlier, their treat-
ment lasted longerand they needed to attend more appointments. This
means that-early treatment is more expensive and more importantly,
the treatment burden is greater for the patient.

Early_treatment should therefore be restricted to patients where
there’is thought to be a particular risk of trauma to the teeth, or if they
are experiencing bullying or teasing about their malocclusion.

19.6 Types of malocclusion treated with functional appliances

Although functional appliances have been used to treéat-a whole vari-
ety of malocclusions, they are usually used for the treatment of Class Il
malocclusions. They are typically used for treatment of Class Il division
1, but with minor alterations can be used for.the treatment of Class Il
division 2 (see Fig. 19.2). Some functional appliances, such as modified

twin-block and FR3 Frankel appliances, have been described for the
treatment of Class Il malocclusions, but there is no evidence of any
skeletal correction. These Class Ill malocclusions are often more simply
treated by orthodontic camouflage using fixed appliances, so function-
als are less frequently used for the treatment of Class Il malocclusions.
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(a)

Fig. 19.2 Treatment of a Class Il division 2 malocclusion with a twin-block. (a) Patient AD is 12 years old and complained of her crooked upper teeth.
She presented with a Class Il division 2 incisor relationship on a Class Il skeletal base. Her principal problems were retroclined upper central incisors,
an increased overbite, and a retrognathic mandible. The treatment plan was to correct the anteroposterior discrepancy and procline the upper central
incisors using a modified twin-block appliance. The functional appliance was then followed by a phase of fixed appliances and then retainers.
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(b) (©

Fig. 19.2 (b) Twin-block appliance modified for treatment of a Class Il division 2 malocclusion. Note the additional palatal double-cantilever spring
(highlighted in red circle) in the upper arch, which is used to procline the central incisors. An alternative approach would be to place a sectional
fixed appliance on the upper 6 labial segment teeth. (c) End of functional stage. The anteroposterior discrepancy has been corrected and the retro-
clined upper central incisors proclined to normal inclinations. Note the posterior lateral open bites, which were closed in the second phase of fixed
appliances.
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Treatment of Class Il division 1
malocclusions

Functional appliances are most commonly used for the treatment of
Class Il division 1 malocclusions. If the arches are well aligned at the start
of treatment, and the only problem is an anteroposterior discrepancy
between the arches, then the functional appliance alone may be suf-
ficient. In these cases, it is wise to slightly overcorrect the malocclusion
to allow for some relapse and ask the patient to wear the appliance at
night until the end of their growth period.

Functional appliances are often used as a first phase of treat-
ment, followed by a second phase of fixed appliances. The
functional appliance corrects, or at least reduces, the skeletal dis-
crepancy in a process known as growth modification or dentofacial
orthopaedics. By correcting the anteroposterior problems with the
functional appliance, the amount of anchorage required during the
fixed appliance stage is reduced. However, since functional appli-
ances also cause some tilting of the teeth, a significant part of the
correction caused by a functional applianceisprobably orthodontic
camouflage.

19.7 Types of functional appliance

There are many types of functional appliance, but most share the com-
mon feature of holdingthe mandible in a postured position. Functional
appliances can be tissue borne or tooth borne, and may be removable
or fixed. Some are also worn with headgear that may enhance the Class
Il correction. The use of headgear attached to a functional appliance
attempts to restrict the anterior and vertical development of the max-
illa. This can particularly helpful in cases where there is excess incisor
show and a so-called gummy smile. The disadvantage of using the addi-
tional headgear is that it is an extra burden for the patient, which may
adversely affect overall compliance.

Five popular designs of functional appliances will be described here.
There is no such thing as a standard functional appliance design, as
every appliance should be individually tailored to the patient and their
malocclusion.

Twin-block appliance

The twin-block appliance (Fig. 19.3) is the most popular functional
appliance in the UK. The reason for its popularity is that it is well tol-
erated by patients as it is constructed in two parts. The upper and
lower parts fit together using posterior bite blocks with interlocking
bite-planes, which posture the mandible forwards. The blocks need
to be at least 5 mm high, which prevents the patient from biting one
block on top of the other. Instead the patient is encouraged to posture
the mandible forwards, so that the lower block occludes in front of
the upper block. The appliance can be worn full time, including dur-
ing eating in some cases, which means that rapid correction is pos-
sible. It is also possible to modify the appliance to allow expansion of
the upper arch during the functional appliance phase. An alternative
modification to allow correction of Class.|l. division 2 malocclusions is
shown in Fig. 19.2.

Following the functional phase the patient is reassessed with regard to
the need for possible extractions and fixed appliances to align the arches.

Treatment of Class Il division 2
malocclusiefnis

Class Il division.2 malocclusions can also be treated using functional appli-
ances. As mentioned in Chapter 10, this type of malocclusion can be dif-
ficulttotreat, partly due to the increased overbite. The use of a functional
appliance, before fixed appliances, may provide a more efficient alterna-
tive to treating these malocclusions with fixed appliances alone.

The approach to treatment is simple. The Class Il division 2 incisor
relationship is converted to a Class Il division 1 relationship and then
treated with a functional appliance. The retroclined upper incisors can
be proclined forward using a pre-functional removable appliance, or a
sectional fixed appliance on the upper labial segment. Alternatively,
some functional appliances can be modified to procline the upper inci-
sors as part of the functional appliance phase of treatment. Fig. 19.2
shows a Class Il division 2 case treated with a modified twin-block
appliance.

It is also easy to reactivate the twin-block appliance (Fig. 19.4): This
means that during treatment if further advancement of the mandible is
required, it is possible to modify the existing appliance rather.than hav-
ing to construct a new appliance.

One of the side effects of the twin-block appliance is the residual
posterior lateral open bites at the end of the functional phase (see
Fig. 19.2c). This is seen particularly in cases initially presenting with a
deep overbite. The posterior teeth are prevented from erupting by the
occlusal coverage of the bite blocks. Some clinicians will trim the acrylic
away from the occlusal surfaces of the upper block to allow the lower
molars to erupt. Any remaininglateral open bites are closed downin the
fixed appliance phase of treatment.

Herbstappliance

The Herbst appliance (Figs 19.5 and 19.10) is a fixed functional appli-
ance. There-is a section attached to the upper buccal segment teeth
and a section attached to the lower buccal segment teeth. These sec-
tions are joined by a rigid arm that postures the mandible forwards. As
it is a fixed appliance, it removes some (but not all) compliance factors.
It is as successful at reducing overjets as the twin-block appliance. It
is, however, slightly better tolerated than the bulkier twin-block appli-
ance, with patients finding it easier to eat and talk with it in place. The
principal disadvantages are the increased breakages and higher cost of
the Herbst appliance.

Medium opening activator (MOA)

Thisis aone-piece functional appliance, with minimal acrylic to improve
patient comfort (Fig. 19.6). The lower acrylic extends lingual to the
lower labial segment only, and the upper and lower parts are joined
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Fig. 19.3 Twin-block appliance. This twin-block also has an upper midline screw to permit expansion of the upper arch.

(a) (b) (0

Fig. 19.4 Reactivation of the twin-block appliance. The twin-block can be reactivated during treatment to posture the mandible further forwards. This
particular technique involves adding light-cured acrylic to the inclined bite-plane on the upper block. (a) Trimming the uncured acrylic to fit the left
inclined bite-plane of the upper block. (b)-The light-cured acrylic is placed on the upper block, forcing the lower block, and therefore the mandible,

further anteriorly. (c) Light-curing the acrylic.
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(a) (b)

by two rigid acrylic posts, leaving a breathing hole anteriorly. As there
is no molar capping on the lower posterior teeth, these teeth are free
to erupt. The MOA is therefore useful when trying to reduce a deep
overbite.

Bionator

The bionator (Fig. 19.7) was originally designed to modify tongue
behaviour, using a heavy wire loop in the palate. We now know that
the tongue is unlikely to be the cause of the increased overjet, but the
lack of acrylic in the palate makes it easy to wear. A buccal extension of
the labial bow holds the cheeks out of contact with the buccal segment
teeth, allowing some arch expansion.

Fig. 19.5 Herbst appliance. (a) Closed; (b) open.

Fig. 19.6 Medium opening activator (MOA).

Frankel appliance

The Frankel appliance (Fig. 19.8) is the only completely tissue-borne
appliance. It is named after the inventor, who originally called it the
function regulator (or FR). There are different versions designed to treat
different types of malocclusions. Like other functional appliances, it
postures the mandible forwards. It also has buccal shields to hold the
cheeks away from the teeth and-stretch the periosteum, allegedly to
cause bone formation, although this has never been proved. It can be
difficult to wear, is expensive to make, and is troublesome to repair. As a
result, it is now used less frequently.

Fig. 19.7 Bionator.
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Fig. 19.8 Frankel appliance (FR1).

19.8 Clinical management of functional appliances

19.8.1 Preparing for the functional appliance

Well-extended upper and lower alginate impressions are required along
with a recording of the postured bite. The bite recording should pre-
scribe to the laboratory the exact position of the postured mandible
in all three dimensions—anteroposteriorly, vertically, and transversely.
Fig. 19.9 shows a wax bite recordingfor a functional appliance patient.

The degree of protrusion will depend on the size of the overjet and
the comfort of the patient. For patients with a large overjet, protruding
the patient’s mandible more than 75% of their maximum protrusion
can make the appliance difficult to tolerate. It is relatively easy to reacti-
vate some functional appliances during treatment if further protrusion
is required (Fig. 19.4).

Research would suggest that it makes no difference to the final result
whether we activate the appliance to the maximum advancement
initially, or in increments of a few millimetres at a time during treat-
ment. The decision of whether to protrude the patient to the maximum
amount initially, or advance incrementally during treatment, should be
based on patient comfort. For some patients, incremental advance-
ment of the mandible during treatment may make it easier to tolerate,
improving compliance.

19.8.2 Fitting the functional appliance

The patient should be made aware that although the functional
appliance will not be painful, it can be difficult to get used to ini-
tially. Good motivation is important in all aspects of orthodontics,
but this is particularly true with functional appliances. They can be
demanding appliances to wear at first, but children will adapt to
them very quickly provided they are worn sufficiently. The number
of hours the appliance needs to be worn each day depends on the
type of appliance. Functional appliances such as the twin-block and
Herbst that can be worn full time often allow the patient to adapt
more quickly.

19.8.3 Reviewing the functional appliance

It is advisable to see the patient 2-3 weeks afterfitting. At every review
appointment, motivation of the patient is.vital,as well as checking the fit
of the appliance and treatment progress. Once the clinician is confident

Fig. 19.9 Wax bite used to record the position of the mandible antero-
posteriorly, vertically, and transversely.

that the patient is wearing the appliance as instructed, the review
appointments can be made at 6=10-week intervals.
If there is no progress, this could be due to a number of factors:

® Poor compliance
® | ack of growth.or an unfavourable growth rotation

® Problems with.the design or fit of the appliance.

Poor compliance is the most common potential problem with these
appliances. Compliance tends to be better with the younger patients
andthose wearing fixed functionals, such as the Herbst appliance.

19.8.4 End of functional appliance treatment

At the end of the functional appliance treatment it is sensible to slightly
overcorrect the overjet reduction to edge-to-edge, due to the risk of
relapse. Most functional appliances are followed by fixed appliances.
With some functional appliances the functional and fixed appliance
stages overlap (see Fig. 19.10). Fixed Class Il correctors are used simul-
taneously with the fixed appliances (see Fig. 19.11).

If the arches were initially well aligned, and a second phase of fixed
appliances is not required, then the patient is asked to wear the func-
tional appliance at night for a period until growth is complete.
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Fig. 19.10 Herbst appliance with sectional labial fixed appliances. Most functional appliances are followed by a stage of fixed appliances. The transi-
tion to fixed appliances can be complex. Some functionals, for example, the Herbst appliance shown here, allow alignment of the upper and lower
labial segments using fixed appliances, during the functional stage of treatment.

Fig. 19.11 Fixed Class Il corrector (AdvanSync™). This appliance has a molar to molar attachment to protrude the mandible, allowing fixed appliances

to be placed on the premolars'and incisors at the same time.

19.9 How functional appliances work

The mode of action of functional appliances is one of the most con-
troversial areas in orthodontics. There seems to be little doubt that
in compliant patients who are growing, a favourable improvement in
the occlusion can be achieved in most cases. When the mandible is
postured, pressures are created by stretching of the muscles and soft
tissues. These pressures are then transmitted to the dental arches and
skeletal structures. However, it is not clear what proportion of the treat-
ment effects are due to dental changes and what proportion are due to
skeletal changes.

Early animal experiments seemed to suggest that substantial changes
in the skeletal structure, including condylar growth, remodelling of the
glenoid fossa, mandibular growth, and maxillary restraint, could be
achieved with functional appliances. However, these results should be
interpreted with caution. Animals have different facial morphologies to
humans and rarely have facial skeletal discrepancies and malocclusions.
In addition, the functional appliances used in the animal experiments
are fixed and posture the mandible in more extreme positions than
would be realistic for human usage.

Randomized controlled clinical trials show that changes caused by
functional appliances are principally dento-alveolar. This means there
is distal movement of the upper dentition and mesial*movement of
the lower dentition, with tipping of the upper incisors palatally and
the lower incisors labially. There are some minor skeletal changes,
with some degree of maxillary restraint as well'as mandibular growth.
These changes, although clinically welcome, are on average too small

(1-2 mm) to predictably replace the need for orthognathic surgery in
severe skeletal discrepancies. The results of trials have also shown a large
variability of response between individuals, with some patients showing
more extensive skeletal changes (Fig. 19.1). This may explain why some
cases seem to progress extremelywell with obvious facial changes, while
others show limited facial improvement. In some cases, even with mini-
mal skeletal change, the patient’s facial appearance can be improved.
This is because the patient’s incisor relationship has been corrected,
often allowing the patient to comfortably obtain competent lips at rest.
Functional appliances have often been prescribed to cause ‘growth
modification’. The results of high-quality studies suggest that on aver-
age, growth-changes achieved are smaller than was once initially hoped.
This'dees not mean that total correction is impossible, but total correc-
tion of a severe deformity with growth modification alone rarely occurs.
Itis more likely that functional appliances improve the malocclusion, in
many cases perhaps to a point where orthodontic camouflage rather
than orthognathic surgery can be used to complete the treatment.
One area of difficulty for the clinician is whether to attempt growth
modification fora child with a severe mandibular deficiency. The severity
of the mandibular discrepancy is not a good indicator of the chance of a
successful outcome. However, if the child, parents, and clinician under-
stand that the chance of major improvement is only about 20-30% then
the treatment can be undertaken. If the growth modification fails, or
is insufficient to fully correct the problem, then camouflage or orthog-
nathic surgery when the patient is older may need to be considered.
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19.10 How successful are functional appliances?

This chapter has shown that functional appliances can be effective at
reducing increased overjets and helping to treat Class Il malocclusions
in growing patients, but how successful are functional appliances?

The average failure rate for functional appliances is about 20-30%.
This needs to be explained to the patient and parents at the start of the

Key points about functional appliances

treatment. The commonest reason for failure is lack of compliance, with
the patient failing to-wear the functional appliance as prescribed. It is
therefore vital that treatment with functional appliances is focused on
improving the-compliance rate by motivating the patient, and making
the appliance as comfortable as possible.

® Functional appliances posture the mandible and are used in growing patients.

® They are usually used for correction of mild to moderate Class Il skeletal problems.

® |n most cases, they are followed by a second phase of fixed appliances.

® They can be used alone to treat Class Il division 1 malocclusions if the arches are well aligned.

® They are used in the late mixed dentition;provided the patient is still growing.

® They can be used earlier for psychotogical reasons if the patient is being teased, or to reduce the risk of trauma, but this means more

appointments and increased overall treatment time.

® They produce predominantly-dento-alveolar effects, with small skeletal changes.

® |ndividual patient response to functional appliances is variable.

® They can be difficultto-wear initially and require encouragement and motivation from the clinician.

® They are successful'in approximately 70-80% of cases—failure is usually due to problems of patient compliance.

Relevant Cochrane review

Batista, K. B., Thiruvenkatachari, B., Harrison, J. E., and O’Brien, K. D. (2018). Orthodontic treatment for prominent upper front teeth (Class Il malocclusion)
in children. Cochrane Database of Systematic Reviews, Issue 3, Art. No.: CD003452. DOI: 10.1002/14651858.CD003452.pub4 https://www.cochranelibrary.

com/cdsr/doi/10.1002/14651858.CD003452.pub4/full
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These four papers describe randomized controlled clinical trials involv-
ing functional appliances and are well worth reading.
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20.1 Introduction

The demand for adult orthodontics is increasing. This is due to an
increased desire for improved smile aesthetics and better social accept-
ance of orthodontic appliances, resulting in more-adults willing to wear
appliances. Adult patients may request orthodontic treatment for a
number of reasons:

® To achieve better dental and smile aesthetics.

® To improve function.

® Re-treatment of previous treatment that has either relapsed or was
unsuccessful.
® Asanadjuncttootherdental treatment (e.g. periodontal or restorative).

® To allow correction of jaw discrepancy in association with orthog-
nathic surgery (see Chapter 22).

Adult patients may also seek treatment from an orthodontist as part
of non-surgical treatment of obstructive sleep apnoea (OSA), using a
mandibular advancement splint (see Section 20.7)

20.2 Comprehensive, adjunctive, or limited treatment orthodonti¢s

Some adult patients will seek comprehensive orthodontic treatment
to definitively treat the whole malocclusion (the approach usually
used to treat children and adolescents). Another group of adults
may only be seeking orthodontic treatment as an adjunct to other
dental treatment, for example, to facilitate periodontal treatment
(see Section 20.4) or as an adjunct to restorative treatment (see
Section 20.5).

Many adults may only wish to address certain aspects of their mal-
occlusion, often related to aesthetics, while accepting other areas
(see Fig. 20.1). This is sometimes referred to as limited treatment
orthodontics, with limited aims and objectives. Before treatment
begins, it is very important that the patient understands and agrees
with the limited aims and objectives of treatment, accepting any com-
promises that will occur. This is discussed in more detail in Chapter 7,
Section 7.8.3.

Fig. 20.1 Adult wearing ceramic brackets as part of limited objectives
orthodontic treatment. The patient is seeking improvement in the
appearance of the upper teeth only, to improve the smile aesthetics. She
has consented to the fact that there will be no change in the slight upper
centreline discrepancy or the lower arch.
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20.3 Specific challenges in adult orthodontic treatment

In many ways the approach to treatment in adult patients follows the
same process as that for children. There are, however, some differences
that are specific to adult patients:

® |ack of growth

® Periodontal disease

® Missing or heavily restored teeth

® Physiological factors affecting tooth movement
® Motivation for treatment

® Previous orthodontic treatment

® Request for more aesthetic appliances.

20.3.1 Lack of growth

Although growth continues at a very slow rate throughout adulthood,
the majority of growth changes have occurred by the end of puberty.
This means that there is no scope for growth modification, so skeletal
discrepancies can only be treated with-either orthodontic camouflage,
or combined orthodontics and orthognathic surgery.

It can also be more difficult to reduce overbites without the bene-
fit of growth. Where possible, overbite reduction should be achieved
by intrusion of the incisors, rather than the more common method of
extruding the molars (provided this does not compromise the smile aes-
thetics). This is because extrusion of posterior teeth is more prone to
relapse in adults.

The mid-palatal suture is fused in adulthood, so the skeletal expan-
sion that is possible in adolescents using rapid maxillary expansion (see
Chapter 13, Section 13.4.6) is only possible with additional surgery in
adults.

20.3.2 Periodontal disease

Adult patients are more likely to be suffering, or have suffered, from
periodontal disease. A reduced periodontium is not a contraindication
to orthodontic treatment, but it is vital that any active periodontal dis-
ease is treated and stabilized before orthodontic treatment can begin.
This is discussed in more detail in Section 20.4.

20.3.3 Missing or heavily restored teeth

Tooth loss may lead to drifting and/or tilting of adjacent teeth and over-
eruption of opposing teeth into the space. In addition, atrophy of the
alveolar bone can occur, leading to a narrowing or ‘necking’ in the site
of the missing tooth or teeth (Fig. 20.2). This can make tooth movement
into these areas more difficult.

Heavily restored teeth are more common in adults and may com-
plicate the orthodontic treatment. The choice of extractions may be
determined by the prognosis of restored teeth, and bonding to certain
restorative materials is more difficult than bonding-directly to enamel.
Specialist techniques and materials are needed when bonding fixed

Fig. 20.2 Atrophy of alveolus after tooth loss.

appliances to gold, amalgam, and porcelain, and the patient needs to
be warned that the restoration may be damaged when removing‘the
fixed appliance. For this reason, if possible, it is best to leave any defini-
tive restorations until after the orthodontic treatment.

20.3.4 Physiological factors affecting tooth
movement

There is a reduced tissue blood supply and decreased cell turnover in
adults, which can mean that initial tooth movement is slower in adults,
and may be more painful. Lighter initial forces are therefore advisable.

20.3.5 Motivation-féeptreatment

Adults have the potential to be excellent, well-motivated patients.
Physiological factors.might suggest that adult treatment should take
longer than it doesiin children; however, this is not always the case. It
has been suggested that the increased cooperation may compensate
for slowerinitial tooth movement.

20.3.6 Previous orthodontic treatment

Some adults seeking orthodontic treatment have previously had ortho-
dontic treatment and are now unhappy with the appearance of their
teeth. This may be due to the fact that they didn’t comply with the initial
treatment, or it has relapsed as a result of inadequate retention (see
Chapter 16), or the initial treatment was unsuccessful. It is important
to determine the underlying cause, to ensure the same problem does
not arise again. It is also important to assess the degree of any previous
root resorption, to determine whether it is safe to proceed with another
course of orthodontic treatment.
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Request for more aesthetic appliances

Adults tend to be more conscious of the appearance of orthodontic
appliances, so there has been a drive towards more aesthetic orthodon-
ticappliances (see Section 20.6). Although distal movement of the upper
molars with headgear is technically feasible, adults are more reluctant
to wear extra-oral appliances. Alternative sources of anchorage are
therefore more commonly used in adult patients, such as temporary
anchorage devices (see Chapter 15, Section 15.4.8). Box 20.1 describes
the hierarchy of aesthetics for different orthodontic appliances.

Box 20.1 Hierarchy of aesthetics of orthodontic
appliances

(From most aesthetic'to least aesthetic.)

® |ingual orthodontic appliances

® (lear plastic orthodontic aligners

® |abial'ceramic brackets and aesthetic wires
® (Metal labial appliances.

20.4 Orthodontics and periodontal disease

Periodontal disease ismore common in adults,and is therefore animpor-
tant factor that must be considered in all adult orthodontic patients. It is
wise to undertake a full periodontal examination in all adult patients to
exclude the presence of active periodontal disease: Periodontal attach-
ment loss is not a contraindication to orthodontic treatment, but active
periodontal disease must be treated and stabilized before treatment
begins. The presence of plaque is the. most important factor in the ini-
tiation, progression, and recurrence of periodontal disease. Teeth with
reduced periodontal supportican be safely moved provided there is
adequate plaque control andan absence of inflammation.

Malalighment problems caused by
periodontal disease

Loss of periodontal support can lead to pathological tooth migration of
asingle tooth or a group of teeth. The commonest presentation of peri-
odontal attachment loss is labial migration and spacing of the incisors
(Fig. 20.3). The teeth lie in an area of balance between the tongue lin-
gually and the lips and cheeks buccally. The forces from the tongue are
higher than those exerted by the lips and cheeks, but a normal healthy
periodontium resists these proclining forces from the tongue. If, how-
ever, periodontal attachment is lost as a result of disease, then the teeth

will be proclined forwards. In addition, if posterior teeth are lost then
this lack of posterior support produces more pressures on the labial seg-
ment, leading to further proclination of the incisors.

Orthodontic management of patients
with periodontal disease

Once the periodontal disease has been fully stabilized, and the
patient is able to maintain a good standard of oral hygiene, treat-
ment can begin (Fig. 20.4). Lighter forces are required, due to the
reduced periodontal support, and ideally bonds rather than bands
should be used on the molars to aid oral hygiene. Removal of excess
adhesive will also help to reduce plaque retention. It has.also been
suggested that clear aligners may be useful in these casesas they can
be removed to aid oral hygiene (see Chapter 21). Due to the reduced
alveolar bone support, the centre of resistance of the tooth moves
apically. This means there is a greater tendency for teeth to tip exces-
sively, so this must be carefully controlled with appropriate treatment
mechanics.

One feature that patients with previous periodontal disease
often notice at the end of treatment is the so-called black triangles
between the contact points.and the gingival margins, located in the

Fig. 20.3 Proclination and spacing of incisors secondary to periodontal attachment loss. This patient initially presented with a Class Il division 1 incisor

relationship with an overjet of 6 mm. However, due to periodontal disease and the subsequent loss of periodontal attachment around the upper labial

segment, these upper incisors have flared forward, and become spaced.



interproximal regions of the anterior teeth. This can be due to api-
cal migration of the gingivae. The appearance can be improved by
appropriate interproximal reduction and some restorative camou-
flage. However, having black triangles at the end of orthodontic treat-
ment is a common risk for all adult orthodontic patients, even those
without previous periodontal disease. It is therefore advisable, as part
of the consent process, to warn all adult patients of the risk of black
triangles at the end of treatment.

Aesthetic orthodontic appliances

Retention at the end of treatment needs to be carefully considered.
Even when the teeth are aligned and the periodontium is healthy, the
problem of reduced periodontal support remains. With reduced peri-
odontal attachment there will always be a tendency for the forces of the
tongue to procline the incisors. These cases require permanent reten-
tion, often-in the form of bonded retainers, and the patient must be
taught how-to maintain excellent oral hygiene around these retainers
(see Chapter 16).

20.5 Orthodontic treatment as an adjunct to restorative work

With an increasing number of patients keeping their teeth for longer,
there is a greater need for interdisciplinary treatment of patients with
complex dental problems. Where collaboration is needed between the
orthodontist and the restorative dentist, it is helpful to see the patients
jointly to formulate a coordinated and appropriate treatment plan.
Orthodontic treatment in these cases does not necessarily require com-
prehensive correction aiming for an idealocclusion. The aims of adjunc-
tive orthodontic treatment are to:

® facilitate restorative work byappropriate positioning of teeth

® improve the periodontal health by reducing areas that harbour
plaque, and making it simpler for the patient to maintain good oral
hygiene

® position the teeth so that occlusal forces are transmitted along the
long axis of the tooth, and tooth wear is more evenly distributed
throughout the arch.

The following are examples of problems that benefit from a joint
approach between the orthodontist and the restorative dentist:

® Uprighting of abutment teeth: following tooth loss adjacent teeth
may drift into the space. Uprighting these abutment teeth can facili-
tate the placement of replacement prosthetic teeth (Fig. 20.4).

® Redistribution or closure of spaces: following tooth loss it may be
possible to close the remaining space, or move a proposed abut-
ment tooth into the middle of an edentulous span, in order to aid
construction of a more robust prosthesis. If implants are required
then the roots may need to be repositioned to permit surgical
placement.

® Intrusion of over-erupted teeth: one of the side effects of tooth loss is
over-eruption of the opposing tooth. This can interfere with restora-
tion of the space, so the over-erupted tooth can be intruded using
orthodontics.

® FExtrusion of fractured teeth: sometimes it is necessary to extrude a
fractured tooth, to bring the fracture line supragingivally to allow
placement of a crown or restoration. There is a limit to this, as excess
extrusion will reduce the amount of tooth supported by bone, reduc-
ing the crown-to-root ratio.

20.6 Aesthetic orthodontic appliances

Although aesthetic orthodontic appliances are not restricted to adult
patients, the drive for less visible appliances has come from adults. This
demand has led to the development of a number of orthodontic appli-
ances with improved aesthetics (see Box 20.1).

Aesthetic orthodontic brackets and wires

Aesthetic orthodontic brackets (Fig. 20.1) are made of clear or tooth-
coloured material. Although not invisible, they can significantly reduce
the appearance of fixed appliances. They can either be made of ceramic
materials (monocrystalline, polycrystalline, or zirconia) or plastic materi-
als (polycarbonate, polyurethane, or polyoxymethylene). Original plas-
tic brackets showed problems with staining and a lack of stiffness, which
led to deformation of the bracket when trying to apply torque. Although

improvements to plastic.brackets have been made, by the addition of
metal slots or the addition of ceramic particles, they still have a problem
with loss of torque and this lack of control means that at the present time
ceramic brackets‘are preferred. Zirconia brackets had poorer aesthet-
ics, so theirpopularity has rapidly decreased. So most aesthetic brack-
ets are‘'now ceramics made of aluminium oxide in a polycrystalline or
monocrystalline form (depending on their method of fabrication).

Despite their undoubted aesthetic advantages, ceramic brackets do
have some potential disadvantages:

® Bonding and bond strength. Ceramic brackets cannot bond chemi-
cally with composite resin, because the aluminium oxide is inert.
In an attempt to address this, early ceramic brackets were coated
with a silane bonding agent, but this produced bonds that were
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(a)

Fig. 20.4 Adjunctive orthodontic treatment. (a) Patient PM is 50 years old and was referred from her general dental practitioner with combined restora-
tive and orthodontic problems. She had initially presented with moderate chronic periodontitis, with extensive bone loss (see DPT radiograph). This had
led to migration of the teeth, particularly the upperright lateral incisor and upper right canine, which had both drifted and extruded. Following treatment
and stabilization of the periodontal disease, restoration of the upper central incisor space was complicated by the position of these two teeth. The treat-
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(b)

(©

ment plan was adjunctive fixed appliance treatment to reposition these teeth, align the upper arch, and allow provision of an upper removable prosthesis.
(b) Following 8 months of upper fixed appliance treatment, the upper arch was aligned and appropriate space made for the prosthesis. No attempt was
made at comprehensive orthodontic correction, with no treatment in the lower arch and no reduction in overjet. (c) A removable partial denture was
made. A well-fitting aesthetic prosthesis was made possible by the adjunctive orthodontic treatment.
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Fig. 20.5 Patient wearing upper ceramic brackets and lower metal brackets. Note the aesthetic wire in the upper arch.

too strong, resulting“in enamel fractures at debond. Most current
ceramic brackets therefore bond by mechanical retention using a
variety of ingenious designs.

® frictional resistance. Ceramic brackets offer more friction to sliding of
the archwire, than standard metal brackets, which may increase the
treatment time.

® Bracket breakage. Bracket breakage, particularly of the tie-wings,
is more common with ceramic brackets, but improvements in the
bracket morphology as well as refining of the manufacturing process
have helped to reduce the number of breakages.

® /atrogenic enamel damage. Ceramic brackets are up to nine times
harder than enamel, so if these brackets are in occlusal contact
with the opposing teeth there is a significant risk of enamel wear.
Consequently, if occlusal contact between ceramic brackets and
enamel is possible, bite-opening material needs to be placed on the
occlusal surfaces posteriorly or palatally on the upper labial segment.
In some cases, it may be advisable to avoid ceramic brackets in the
lower arch if there is a possibility of heavy occlusal contacts. Many
patients will accept metal brackets on the lower arch, as they will be
barely visible in many patients (Fig. 20.5).

® Debonding. Removing metal brackets at the end of treatment is not
usually a problem, as they are relatively pliable and the base can be
easily distorted. Ceramic brackets are more rigid and the sudden
force used to debond brackets can shatter the bracket, or on occa-
sion, may cause enamel fractures. It is recommended that excess
adhesive flash is removed from around the bracket before debond-
ing. Itis also vital to follow the bracket manufacturer’s instructions, as
different brands of brackets are designed to-be removed in different
ways, often using specific recommended instruments.

Attempts to make orthodontic wires more aesthetic have-proved
more challenging. Two approaches have been attempted. to produce
aesthetic orthodontic wires:

® Coated metallic wires (Fig. 20.6)

® Non-metallic aesthetic wires.

Both stainless steel and nickel titanium wires are available coated
with white epoxy or Teflon®. Unfortunately, in both cases the coating
can become discoloured and wear off during clinical use. An alterna-
tive that has been tried is rhodium coating, which reduces the reflec-
tivity of the wire, giving it asmatt white or frosted appearance, which

Fig. 20.6 Coated metallic aesthetic archwire.



Fig. 20.7 Tooth-coloured modules on brackets using conventional liga-
tion. The photograph shows the appearance when they are first placed.
However, with time the elastomeric modules often discolour, compro-
mising the aesthetic appearance of the appliance.

although not tooth coloured is more aesthetic than.the normal metallic
wire appearance.

Attemptsto make non-metallicaesthetic wires have sofarbeenunsuc-
cessful, as the wires have proved to be unreliable, with their mechanical
properties failing to match their improved aesthetic appearance.

One of the commonest complaints from patients wearing aesthetic
brackets with conventional-figation is that the elastomeric modules or
‘0’ ring that holds the wire'inthe place have a good appearance initially
(Fig. 20.7), but discolour'with time, usually due to highly coloured food
or drink. Self-ligating aesthetic brackets are available to overcome this
problem, as they require no elastomeric modules (see Fig. 20.8).

Clear plastic orthodontic aligners

There has been a recent increase in the popularity of clear plastic
orthodontic aligners (Fig. 20.9) as a result of improvements in digital
technology and plastic materials, increased demand for more aesthetic

Fig. 20.8 Self-ligating aesthetic brackets in the upperarch. Both the
bracket and the sliding clip mechanism are made from polycrystalline
ceramic material. This removes the need for. the wire to be held in place
by elastomeric modules, which can discolour.

Aesthetic orthodontic appliances

Fig. 20.9 Invisalign® clear orthodontic aligners.

orthodontic appliances and extensive marketing by the manufactur-
ers to both clinicians and patients. Chapter 21 discusses orthodontic
aligners in detail.

Lingual orthodontics

Lingual appliances (Fig. 20.10) in many ways offer the ultimate in aes=
thetic appliances, as the whole system is bonded to the lingual aspectof
the teeth. They were first described in Japan in 1968. After much atten-
tion in the early 1980s, their popularity fell, partly due to the.introduc-
tion of ceramic brackets, but also due to a number of problems with the
appliance. However, the introduction of the Incognito®4ingual appli-
ance, using computer-assisted design/manufacture (CAD/CAM) tech-
nology to develop a fully customized appliance and robotically bent
individual wires, in addition to an increased demand for ‘invisible’ appli-
ances, has led to a recent increase in interest in lingual orthodontics.
Lingual orthodontics offers a number of advantages:

® Aesthetics.
® No risk to the labial enamel-through decalcification.

® Position of the teeth.can be seen more accurately as not obscured by
the appliance.

® Some lingual brackets create a bite-plane effect on the upper incisors
and canines, making these types of brackets useful for treating deep
overbites.

Lingual orthodontics also has some potential disadvantages:

® Speech alteration.

® Discomfort to the patient’s tongue (particularly for patients with a
retrognathic mandible).

® Masticatory difficulties.

® More technically demanding for the operator, which increases the
chair-time.

® Qperator proficiency in indirect bonding is required for customized
appliances and rebonding failed brackets can be difficult.

® More difficult to clean.

® |ncreased cost.
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The majority of tongue discomfort is related tothe mandibular arch,
so patients may choose to have a lingual appliance in the upper arch,
where aesthetics is more crucial, and a labial appliance in the lower.

Lingual orthodontics can range from;simple alignment of the upper
labial segment (the so-called social six) using round wires, to compre-
hensive treatment using appliances made using state-of-the-art CAD/
CAM technology (Fig. 20.10). CAD/CAM has allowed the production of
fully customized appliances, with individualized production of brack-
ets and wires. One of the challenges of aligning teeth from the lingual
aspect is the unique morphology of the lingual aspect of teeth, and the
range of buccolingual thickness of teeth. Customization of appliances

Fig. 20.10 Lingual orthodontics. Customized Incognito’ lingual appli-
ance. This patient has an Incognito® lingual appliance with customized
brackets and wires. Courtesy of Dr Rob Slater.

overcomes these problems, improving the fit of the appliances, increas-
ing the finishing control, as well as reducing speech problems and
tongue irritation. Also, if the customized brackets debond during treat-
ment they can be rebonded directly, as the bracket base-to-tooth fit is
so good that incorrect positioning is unlikely.

At the present time, lingual appliances, particularly customized
appliances, are more expensive, and they are more technically difficult
than labial appliances for the clinician, so it remains to be seen if further
developments in this field will lead to more widespread use-of lingual
orthodontics.

20.7 Obstructive sleep apnoea and mandibular advancement splints

Introduction to obstructive sleep apnoea
(0OSA)

Removable mandibular advancement splints can be successfully used
in the treatment of adults suffering from OSA, a sleep-related breathing
disorder. These splints are similar to orthodontic functional appliances
that are used for the treatment of Class Il problems in children, because
they posture the mandible forwards.

OSA is characterized by repeated collapse of the upper airway during
sleep, with cessation of breathing. The aetiology is complex, butinvolves
anatomical and pathophysiological factors that produce obstruction of
the airflow in the upper airway, often in the pharyngeal region. The
compromised airflow often leads to snoring noise and occlusion of the
airway. The collapse of the upper airway can lead to periodic cessa-
tion of breathing (apnoea) or reduced airflow (hypopnoea). This can
lead to serious cardiovascular and respiratory complications, as well as
affecting the quality of life of both the patient and their families. It is esti-
mated that over 100 million people worldwide have thercondition. The
symptoms of OSA are summarized in Box 20.2. These symptoms can be
worsened by certain aggravating factors:

@ Alcohol consumption before bedtime
Obesity

® Supine sleeping position

® Coexisting respiratory-disease

® Medication that suppresses the central nervous system, which may
lead to further relaxation of the pharyngeal musculature.

Box 20:2° Symptoms of OSA
Nocturnal symptoms

® Antisocial snoring

® Choking/gasping and witnessed apnoeas
® Restlessness

® Nocturia.

Daytime symptoms

® Excessive daytime sleepiness

® Depression

® Headaches.
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Diagnosis of OSA

Accurate diagnosis of OSA requires a comprehensive history, examina-
tion, use of screening questionnaires, and specialist sleep tests.

The history should include a dental, medical, and sleep history, and
if appropriate, a history from the partner can be useful to describe the
sleep disturbances. Validated screening questionnaires, such as the
STOP-BANG questionnaire and the Epworth Sleepiness Scale, may
be used to determine whether formal sleep tests are indicated.

In addition to a normal extra-oral and intra-oral examination, a spe-
cialist ear, nose, and throat examination may be indicated to identify
any clear physical obstructions that may be compromising the airway.
The patient’s body mass index (providing a measurement of possible
obesity) and the neck circumference are both measured, as both are
known to affect the patency of the upper airway.

If the history, examination, and screening questionnaires are sugges-
tive of OSA, then the diagnosis can be confirmed using sleep tests. This
can be done with an overnight sleep study, known-as polysomnography,
or more recently multichannel monitoring systems, which the patient
can wear at home while they are asleep, and the data from these can
help confirm the diagnosis of OSA.

Treatment of OSA including the use of

mandibular advaneement splints
Treatment of OSA may-be surgical or non-surgical. Unless a clear ana-
tomical problem can be identified, the surgical approaches to treatment
are controversial and success can be unpredictable. As a result, non-
surgical approaches are often the first choice of treatment.

Non-surgical approaches include the following:
1. Removal of aggravating factors
2. Continuous positive airway pressure (CPAP)

3. Mandibular advancement splints.

(a) (b)

The first stage of treatment for all patients suffering from OSA is to
identify, and if possible remove, the aggravating factors discussed ear-
lier. This can often reduce the severity of OSA.

CPAP is a continuous stream of filtered air delivered via a nasal mask
and is considered the gold standard for the treatment of OSA. To be
effective, the CPAP needs to be worn at least 4-6 hours per night, 7 days
a week.<However, some patients find it difficult to wear the mask and
long-term compliance can be a problem.

Mandibular advancement splints are used for the treatment of sim-
ple snoring, mild to moderate OSA, and for patients with severe OSA
who cannot tolerate CPAP. By advancing the mandible, they increase
the pharyngeal airway, pulling the tongue anteriorly and increasing the
muscle tone of the palatal muscles and reducing airway collapsibility.

There are various designs of mandibular advancement appliances,
but customized appliances constructed from accurate impressions
have been shown to be more successful than semi-customized versions
that the patient adapts to their dentition. Both types of appliances
protrude the mandible. Fig. 20.11 shows a custom-made, one-piece
mandibular advancement splint. The key to success is a comfortable,
retentive appliance, which protrudes the mandible, with minimal verti-
cal opening, and a motivated patient. Excessive vertical opening tends
to rotate the mandible backwards and downwards, which may com-
promise the airway.

For patients with more severe OSA, titratable mandibular advancement
splints are recommended, where the mandible can be advanced gradually
to a level where the signs and symptoms are addressed (see Fig. 20.12).

Patients need to be made aware that the splints can-reduce the
symptoms of OSA, but they are not a cure, so long-term wear is usually
required. They also need to be aware of the possible side effects (see
Box 20.3). The sleep physician may suggest a repeat sleep test with the
splint in place to ensure that it has addressed the OSA, particularly in
more severe cases.

Fig. 20.11 (a, b). A custom-made, one-piece mandibular advancement splint, protruding the mandible forwards, with limited vertical opening.



Adult orthodontics

Fig. 20.12 SomnoMed’ titratable two-piece mandibular advance-
ment splint. There is a screw.present on each side that can be turned
to advance the mandible to a level where the signs and symptoms are
addressed. © SomnoMed AG.

Key points

® The demand for adult orthodontics is increasing.

Box 20.3 Possible side effects of mandibular
advancement splints

Short term

® Discomfort of teeth, muscles of mastication, temporomandibular
joints

® Excess.salivation

® Drymouth

8. Occlusion is incorrect on wakening, before gradually returning
to normal.

Long term

® Possible minor dento-alveolar changes, with long-term
changes in the occlusion.

Conclusion about mandibular
advancement splints and OSA

Mandibular advancement splints can play a vital role in the treatment
of OSA. Due to the multifactorial nature of OSA, these patients must be
treated as part of a team, involving not only the dentist, but also sleep
physicians and ear, nose, and throat surgeons. With a careful diagnosis
and liaison with the other team members, mandibular advancement
splints clearly have an important role in the treatment of some patients
with OSA.

® Adult orthodontics may be comprehensive, adjunctive, or have limited objectives.

e Certain problems are particularly relevant in adult orthodontics: lack of growth, periodontal disease, missing or heavily restored teeth,
different physiological response in tooth movement, motivation for treatment, previous orthodontic treatment, and request for more

aesthetic appliances.

® Adult patients are more likely to present with periodontal disease. Orthodontic treatmentis-possible in patients with periodontal dis-
ease, provided this is treated, stabilized, and maintained throughout treatment. Treatment mechanics and retention must be adapted to

allow for the reduced periodontal support.

e Adjunctive orthodontic treatment is tooth movement to facilitate other dental procedures and is more common in adults.

® Thereis an increased demand for aesthetic orthodontic appliances in adults: This can include aesthetic labial fixed appliances, clear

aligners, and lingual appliances.

e Orthodontists may be involved in the treatment of the sleep disorder OSA using mandibular advancement splints.
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Orthodontic aligners are growing in popularity. This chapter provides an
overview of the key features of orthodontic aligners but those interested

in more detailed information are guided to the ‘Principal sources and
further reading’ section.

21.1 Definition of orthodontic aligners

The term ‘orthodontic aligner’ most commonly refers to clear, remov-
able, plastic appliances that can produce small. tooth movements
(Fig. 21.1). The name aligner reflects the origin)of the appliances in
correction of mild irregularity, often in cases where post-orthodontic

21.2 History of aligners

Removable appliances were first used in orthodontics in Europe in the nine-
teenth century asa method for straightening teeth. Later advancesin enamel
bonding technology andrecognition of better results with fixed appliances
resulted in greater use of fixed appliances with removable appliances
becominga largely adjunctive treatment. The discovery of vacuum-formable
thermoplastic sheets in the 1980s led to a resurgence in the popularity of
removable appliances as a stand-alone treatment in the form of aligners.

21.2.1 Thermoplastic aligners

Initially aligners were usedin cases where one or two teeth required asmall
amount of movement. These aligners were referred to as ‘positioners’.

relapse had occurred. Contemporary aligner treatment usually refers
to the process of providing a series of aligners to deliver comprehensive
treatment for a range of malocclusions.

The aligners were constructed by laboratory technicians, who sectioned
and repositioned any teeth, usually with a maximum tooth movement of
approximately 0.2 mm. The teeth were secured in the new position and
the subsequent cast was used to construct the aligner usingthermoplastic
vacuum-formed sheets (Fig. 21.2).

The Hilliard thermoforming pliers were later developed to enable
tooth-moving forces to be added to the aligner by the clinician at the
chair-side. The pliers were used to create a projection in the appliance
which then applied force to the tooth as the plastic returned to its origi-
nal state. Various pliers were designed to apply different forces to the
teeth and to modify the projections as the teeth moved.

Fig. 21.1 The term orthodontic aligner most
commonly refers to clear, removable, plastic
appliances.



(a)

(b)
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Fig. 21.2 The laboratory stages in construction of a simple orthodontic
aligner to procline the mandibular right lateral incisor. (a).A dental cast
is produced from the impression; (b) the tooth that requires movement
is sectioned from the cast, repositioned, and secured; (c) a working cast
is produced to make the aligner using vacuum-formed thermoplastic
sheets.

v

History of aligners

Even with the introduction of pliers to create projections, individual
thermoplastic aligners had limited ability to move teeth due to the stiff-
ness of the material. Toovercome this, sequential aligners were used to
incrementally move the teeth and achieve greater overall tooth move-
ment. Using the‘'method previously described, laboratory technicians
would perform. multiple incremental tooth movements, producing an
aligner at each stage. The considerable time requirements and technical
difficulties associated with modifying multiple casts to produce a series
of aligners by hand limited the scope of this method.

21.2.2 Spring aligners

The spring aligner was developed as an alternative method for align-
ing anterior teeth. These appliances employ two opposing nickel-
titanium sprung bows, which straighten teeth by applying reciprocal
force labially and palatally (Fig. 21.3). The appliances are designed

(a)

(b)

Fig. 21.3 Alignment with a spring aligner appliance. (a) The maxil-

lary central incisors are retroclined and the lateral incisors are rotated.
(b) The opposing palatal and labial bows simultaneously apply force to
the palatal surface of the central incisors to procline the teeth and to the
mesial corner of the lateral incisors to de-rotate the teeth.
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to provide a short course of treatment (usually less than 4 months) and
are limited to mild crowding of rotated or labiolingually displaced inci-
sors. The most common commercially manufactured spring aligner is
the Inman Aligner™, but most laboratory technicians can produce a
spring aligner from a standard appliance prescription.

Contemporary aligners

Contemporary orthodontic aligner treatment has been driven by the
research and development arising from the Invisalign® system, which
was introduced by Align Technology (San Jose, California, USA) in 1998.
Invisalign® is a proprietary orthodontic technique that uses sequential
computer-generated plastic aligners to deliver a course of treatment.
Other manufacturers have emerged to offer complete aligner treatment
that follow similar principles, but Invisalign® remains the most popular
system worldwide. The combined benefits of three-dimensional (3D)
planning technology, improved materials, mechanics arising from under-
standing of aligner tooth movement, and computer-aided manufacture
of multiple aligners have led to a much broader-scope for orthodontic
aligner treatment. This is discussed more in the following sections.

The popularity of contemporary aligner treatment may be attributed
toanumber offactors (Box 21.1). Although designed for adults with fully
erupted permanent dentitions, there is a growing demand for aligner

21.3 Toothimovement with aligners

Understanding tooth movement
with aligners

Application of force to achieve tooth movement with aligners is differ-
ent to other orthodontic appliances. For aligners, the plastic enclosing
the tooth has two functions: application of force for tooth movement
and retention of the appliance. Tooth movement is achieved by elastic
deformation of the aligner and the composition of the plastic is therefore
important. The material needs to be stiff enough to deliver the correct
level of force, but also highly elastic so it will return to its original shape
when stretched, moving the tooth with it. Retention for the appliance is
usually provided by the natural undercuts of the tooth, however, in some
cases the functions of retention and elastic deformation can compete, for
example, displacement of the aligner when trying to extrude teeth. This
has been addressed to some extent by adding composite attachments to
the teeth. Attachments provide a surface for the retainer to grip on to and
prevent unwanted displacement of the aligner in addition to providing
a point of force application to achieve more difficult tooth movements.

An understanding of the biomechanics of tooth movement with
aligners will help clinicians to achieve more predictable results. For fur-
ther information, readers are directed to the sources given in ‘Principal
sources and further reading’.

Box 21.1 Factors that may have contributed to the
popularity of contemporary orthodontic aligners

® Advances in technology providing greater tooth movement
and versatility.

® Advancesintechnology leading to improved treatment outcome.
® |ncreased treatment demand by adults.
® (Increased demand for aesthetic orthodontic treatment.

@ Extensive marketing by manufacturers to clinicians and
patients leading to increasing awareness.

treatment for teenage patients. This younger age group presents partic-
ular challenges for aligner treatment, such as changes to the dentition
with continued tooth eruption, difficulties in gaining sufficient purchase
on partially erupted teeth to fully control tooth movements and retain
the aligners, and potential compliance issues. Manufacturers are rapidly
developing solutions to address these potential difficulties and it is likely
that through continued research and development, aligner treatment
will evolve further and become established as an adjunct or alternative
to other orthodontic treatment modalities in many countries.

Scope of tooth movement with aligners

Much like other removable appliances, early aligners were largely
restricted to tipping movements of the crown due to limitations in the
force vectors that could be transmitted to the teeth. The ability to apply
adequate forces to correct buccolingual tip and rotational movement
of flat teeth, such as incisors, allowed aligners to manage rotated, pro-
clined, or retroclined anterior teeth; however, there was little scope for
mesiodistal or vertical tooth movement, or root torque.

Advances in understanding of tooth movement mechanics have ena-
bled the development-of.a'range of different shaped attachments that
are placed on teeth-to increase engagement between the aligner and
tooth. These attachments have been carefully designed using biome-
chanical knowledge to allow the aligner to exert a range of force vectors.
Attachments, in conjunction with advanced plastic aligner materials,
enable more difficult tooth movements to be achieved, such as de-
rotation of round teeth (canines and premolars), relative intrusion/
extrusion of one or multiple teeth, and root torque. With appropriate
understanding, planning, and use of modern aligner technologies it is
possible to achieve a scope of tooth movement with aligners that is
comparable to fixed appliances.

21.4 Clinical stages in aligner treatment

It is a common misconception that the brand.of aligner is important to
the eventual success of aligner treatment. The type and brand of aligner
may determine the scope of potential tooth movements, however, as

with all orthodontic treatment, success depends on accurate diagno-
sis of malocclusion, establishing patients’ expectations from treatment,
careful treatment planning, and understanding of mechanics.



Case selection

When deciding whether alignment treatment is a viable option, itisimpor-
tant to elicit the patient’s key concerns and establish treatment goals. If
significant tooth movement is required or there is an underlying skeletal
discrepancy that requires correction, other forms of treatment may be
preferable. It is essential that treatment objectives are measured against
the scope of the appliance to deliver the necessary tooth movements and
any biological limitations posed by the malocclusion. Advances in aligner
technology have broadened the scope of treatment with aligners but this
will not compensate for poor case selection by inexperienced clinicians.

Treatment planning

Regardless of the aligner system, full diagnostic records are required
for treatment planning. This includes clinical information, photographs,

(a)

(b)

(0

(d)

Clinical stages in aligner treatment

radiographs, and detailed impressions in a stable material. Bite registra-
tion is usually taken in maximum intercuspation and should be checked
carefully, as errors in bite registration increase the risk of unattainable
treatment plans.

A prescription‘is;sent by the clinician with the records to the manu-
facturer to-allow the technician to deliver a preliminary sequence of
tooth movements. In the prescription, the clinician specifies the aims
of treatment, including which aspects of malocclusion are to be cor-
rected or accepted. The manufacturer will usually produce a virtual set-
up that reflects the desired outcome described in the prescription. The
virtual set-up can often be viewed in a software program, such as the
Invisalign® ClinCheck (Fig. 21.4).

Thevirtual set-up is not the treatment plan but simply the technician’s
3D interpretation of the prescription provided by the clinician. It should
be noted that the technician is usually not orthodontically trained and is

Fig. 21.4 Treatment planning check using

the Invisalign® ClinCheck programme. Only
select stages using front and right buccal
views are included in this example, but the full
programme provides a detailed 3D plan with
an extensive range of views. (a) Pre-treatment
intra-oral photographs; (b) pre-treatment digi-
tization for treatment planning, created from
impressions and wax bite; (c) mid-treatment
stage with evidence of attachments and inter-
proximal enamel reduction; (d) prediction for
end of treatment.
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not responsible for the treatment plan. The technician will follow the
instructions on the prescription and ensure the tooth movements are
within the software limits for that particular brand of aligner, but it is
the clinician’s responsibility to approve the virtual set-up. The prelimi-
nary set-up details the sequence of steps, the amount of movement per
aligner, the use of adjunctive treatments such as attachments, elastics,
and interproximal reduction. The clinician can view the virtual set-up
and make adjustments to the treatment plan to ensure the treatment
objectives are met.

Consent

Treatment planning and consent are covered in detail in Chapter 7;
however, it is worthwhile highlighting the issues that are most perti-
nent to aligners. The effectiveness of aligners is not yet established and
clinicians are wise to avoid overselling the alleged benefits of aligners
compared to other types of treatment. Much like fixed appliance treat-
ment, the outcome of treatment is influenced by the experience of the
clinician and careful treatment planning and delivery.

Patients should be aware of any potential limitations posed by
the biological constraints of the malocclusion and limited treatment
objectives should be clearly stated: Aligners are not able to overcome
the aspects of treatment that are biologically determined, such as any
limitations in the final tooth-position, the rate of tooth movement,
and the need for long-term retention. Treatment time depends on
the extent of tooth“movement needed and compliance with aligner
wear and conservative estimates are advised to allow time for detail-
ing the occlusion with additional aligners if needed. Adjunctive treat-
ments should be described and agreed during treatment planning and
consent.

Aligners have similar potential side effects as other removable appli-
ances, namely effects on speech, increased salivation, discomfort, and
gagging, and these may be more marked in adults than children. The
patient should be warned that in most cases aligners must be removed
for eating and drinking, as this can impact eating habits and the num-
ber of hours of wear that are achievable. The benefit of being able
to remove aligners for cleaning may be countered by the risk of non-
compliance with wear and patients should be assessed on an indi-
vidual basis.

Starting treatment

Following confirmation of the treatment plan and consent, align-
ers are manufactured and dispatched to the clinician to commence
treatment. The first aligner is fitted, and instructions are provided
including the hours of wear needed per day, usually a minimum of
22 hours, alongside dietary and oral hygiene advice. Advocates of
aligner treatment claim patients report lower pain experience than
with fixed appliances, however, there is no good evidence to support
this claim. Pain depends on the individual and analgesia advice is
recommended, as aligners often feel tight initially.

Where aseries ofaligners are to be used, patientsshould be instructed
how and when to progress to the next aligner. Teeth should be ‘tracking’
with the series of aligners, meaning the teeth - move as expected to fit

into the aligner, and teeth must be fully seated in the current aligner
before moving to the next one.

Adjunetive treatments

Adjunctive -treatments may be required to facilitate the required
tooth movement. The most common adjunctive treatments are
placement of attachments, interproximal reduction and use of inter-
arch elastics.

Attachments are selected and located during the treatment plan-
ning stage to allow force application in the desired vector or to pro-
vide additional retention. The attachments are placed using a stent
to allow composite to be bonded to the tooth in the correct shape
and position (Fig. 21.5). There is anecdotal evidence that during
treatment the attachments may be prone to some staining. Patients
should be warned about this but reassured that at the end of treat-
ment attachments will be removed without any permanent effect on
the enamel if diet control and oral hygiene are satisfactory through-
out treatment.

Interproximal reduction is often incorporated into treatment plans to
provide space for alignment of teeth. The timing, location, and extent
of interproximal reduction is specified in the prescription (Fig. 21.6).
Usually a maximum of 0.3 mm and 0.5 mm of enamel removal is advised
per interproximal surface for anterior and posterior teeth respectively;
although the extent of reduction possible should be judged individu-
ally for each tooth based on enamel thickness and crown morphology.
Current evidence suggests that interproximal enamel reduction used
in appropriate cases and within recognized limits causes no long-term
detriment to dental health.

Inter-arch elastics can be applied to notches or hooks incor-
porated during the aligner construction (Fig. 21.7) or by bonding
metal or clear buttons directly to the tooth surface. Much like fixed
orthodontics, inter-arch elastics allow correction of the anteropos-
terior relationship. If the application points for elastic traction are
cut into the aligner, these needto be designed to prevent displace-
ment of the aligner by the‘elastic force.

More advanced adaptations to aligners are also possible. Aligners
have been designed toincorporate interlocking blocks to apply a Class
Il correction, working.in the same way as other types of functional appli-
ances. Aligners have reportedly been used in conjunction with other
orthodontic._auxiliaries, for example, temporary anchorage devices
(mini-screws) to correct vertical discrepancies. This type of treatment is
highly.complex and should only be undertaken by experienced ortho-
dontists who are competent in this approach

Monitoring progress

One potential benefit of aligner treatment is reduced chair-side time
arising from patients being able to change their own aligners. The
patient can be instructed how to monitor progress to determine when
the next aligner can be started. However, it is still important that
patients are seen regularly to allow the clinician to monitor progress and
provide support. Progress is assessed by comparing actual tooth move-
ment to expected tooth movement and this allows any problems to be
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Fig. 21.5 Application of attachments. (a) Attachments are added to the teeth dur-
ing the treatment planning stage. (b) A plastic flexible stent is produced from the
treatment plan. The stent is used to place the composite attachments in the correct
position and shape. (c) Composite attachments in place. Note there is some staining
around the attachments and patients should be warned of this during the consent
process.

Fig. 21.6 A prescription for interproximal reduction is included in the treatment plan. In this case, 0.3 mm of enamel reduction is required between the

mandibular incisors to allow alignment of the teeth.
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Fig. 21.7 Use of Class lll inter-arch elastics with aligners. The elastic attaches to notches on the gingival margin of the aligner.

Fig. 21.8 The upper aligner is not seating fully on the lower right lateral
incisor, indicating a problem with tracking.

21.5 Digital aligner construction

Most manufacturers use their own proprietary software and process-
ing equipment for computer-aided aligner construction, however, the
systems tend to follow a common sequence. The key stages are sum-
marized here but for further information about a specific system it is
advisable to contact the manufacturer.

Firstly, a digital study model is creating using a direct scan of the
impression or scan of a dental cast. The teeth are articulated using the
bite registration and any obvious artefacts are removed at this stage.
Some systems allow the teeth and bite to be scanned directly and trans-
ferred to the manufacturer without the need for an impression and this
can reduce the time required for the digitization stage.

Tooth movements are executed by the technician using instructions
from the prescribing dentist. The teeth are moved incrementally to
ensure the forces applied are within physiologically acceptable limits,
usually around 0.25 mmand 0.33 mm per aligner for anterior and poste-
rior teeth respectively. Adjunctive treatments are.added as required to
achieve the range of desired tooth movements:-Once the full sequence
of movements has been executed, thefinal occlusion is provided and

identified and managed swiftly. The most common reasons for lack of
progress are loss of tracking (Fig. 21.8) arising from insufficient wear,
insufficient interproximal reduction, inadequate application of force on
teeth, for example, from incorrect attachment placement, or as a result
of an unfeasible plan where too much movement is planned from one
aligner.

Retention

As with all forms of orthodontic treatment, retention is a key component
of aligner treatment and the patient must be aware of the commitment
to long-term retention from the outset of treatment. Removable, fixed,
or combined retainers may be used depending on patient-preference.
Retention is discussed in detail in Chapter 16.

this should correspond to'the treatment objectives. At this stage, it is
usual for the preliminary plan to be reviewed by the prescribing cli-
nician. Ideally, software that enables 3D visualization of each aligner
stage is used to allow real-time adjustments by the clinician to the
tooth movements to finalize the treatment plan. Modifications can be
made‘and rechecked until the clinician is satisfied that the treatment
is feasible and will achieve the desired outcome. It is also possible to
show the patient the proposed plan and expected tooth movements
at this stage.

Following finalization of the treatment plan by the clinician, the digi-
tal study models are transferred to cast production. Previously a series
of stereolithographic models were produced and each model was used
to fabricate an aligner. However, developments in 3D printing technol-
ogy now mean aligners can be produced directly from the computer
software by the manufacturer. It is likely that with the reducing price of
3D printers and the increasing use of aligners, in the future, in-house 3D
printers will enable the manufacturer to transfer the aligner details to
the clinician for printing on site.
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21.6 Uses for aligners

Types of cases

The type of case that can be successfully managed with orthodontic
aligners depends on the tooth movements required to correct the maloc-
clusion and the ability of the aligner system to achieve this movement.
Different aligner systems are able to deliver different types of tooth move-
ments and this, alongside clinician competence, will determine whether
aligners are a suitable treatment method. More complex cases require a
more sophisticated system that incorporates adjunctive treatments (Table
21.1). There is little evidence beyond the level of case reports to evaluate
the efficacy of orthodontic aligners for correction of specific types of mal-
occlusion and the rapid advances in technology combined with individual
patient variation present challenges for generalization across cases.

Most aligner systems are suitable for simple cases where mostly
tipping movements are required. Where there is moderate crowding,
space for alignment is gained through interproximal reduction, expan-
sion, or a combination of both. Alignment.in the anterior region com-
monly results in proclination of the incisors.and the effect of this should
be considered in relation to the overjet-and overbite. If proclination or
expansion is not desirable, interproximal reduction will be necessary.

For more complex cases, where tooth movement beyond tipping is
required, attachments arenecessary to enable appropriate force appli-
cation. Attempts to close spaces without attachments to drive root
movement will result in tipped crowns. For intrusive or extrusive move-
ment of one or two teeth, attachments enable differential force applica-
tion on adjacent teeth. On round teeth, such as premolars and canines,
attachments provide a point of force application. Inter-arch elastic trac-
tion may also be necessary to correct the buccal segment relationship.

Complex cases are those judged to require significant tooth move-
ment, such as bodily movement of teeth over a distance after extraction
(Fig. 21.9) or distalization of molars. For complex cases, the selection of
an appropriately advanced aligner system and execution of treatment
by an experienced clinician is essential for success.

Who should provide aligner treatment?

In the UK, the General Dental Council states dental treatment can be
performed by any dentist who has the necessary skills and is appropri-
ately trained, competent, and indemnified. Similar guidance exists in

Table 21.1 Uses for aligners

Simple Alignment of anterior teeth by tipping

Alignment of rotated incisors

Mild—moderate anterior crowding (may require
interproximal reduction or expansion)
Posterior expansion

Distal molar tip

Closure of mild-moderate spacing
Intrusion or extrusion of teeth
Severe rotations on round teeth

Complex Expansion to allow alignment of a totally
blocked out tooth
Severely ectopic teeth
Molar uprighting or any teeth with significant
undercuts
Closure of extraction spaces
Bodily distalization of molars
Management of anterior open bite

other countries. Therefore, specialists and general dentists who have
sought the appropriate training and are competent to perform the treat-
ment to a satisfactory standard are generally allowed to offer ortho-
dontic treatment. Competency will depend on the aligner system used,
the complexity of the case, and clinician experience, so clinicians must
decide on a case-by-case basis whether they feel able tooffertreatment.

One area of concern has arisen around manufacturer training courses
which only include information about the one specific system. In these
cases, clinicians may not have sufficiently broad knowledge to be able
to provide all treatment options in a balanced way to allow informed
decision-making. It is important that patients are informed of the quali-
fications and experience of clinicians offering treatment, including any
limitations in what they are able to offer, and if the patient requests addi-
tional information or a second opinion, a referral should be offered.

Evidence shows treatment outcomes are improved by accurate diag-
nosis, careful treatment planning, and operator experience. Those at
the start of their aligner journey are encouraged to select cases carefully
and seek mentoring from more experienced colleagues where possible
to ensure patient care is optimized.

21.7 Advantages and limitations of orthodontic aligners

Many claims have been made by supporters and manufacturers of ortho-
dontic aligners and while the body of evidence to support these claims is
growing, there are few high-quality trials to determine the effectiveness
of aligners compared to other treatment methods. The most commonly
proposed advantages of aligners include more aesthetic appliance,
improved dental health in terms of periodontal health-and reduced risk
of decalcification, and a reduction in chair-side time, overall treatment
time, pain experience, and root resorption. The current body of evidence
for orthodontic aligners is insufficient to .conclusively support or refute
these claims although future high-quality randomized trials are planned.

It is generally acknowledged that aligners are more aesthetic than
metal buccal fixed appliances but not as inconspicuous as lingual fixed
appliances. The appearance of aligners compared to ceramic fixed
appliances is more difficult to judge and depends on the particular sys-
tems in use and personal preference. The ability to remove aligners for
cleaning and eating might be expected to reduce the risk of periodontal
problems and decalcification; however, this has not yet been substanti-
ated and itis likely that the risk of treatment is related more to individual
motivation than the appliance.
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Fig. 21.9 Afemale adult patient who under-
went comprehensive treatment with ortho-
dontic aligners (treatment was provided by
Catherine McCanny). The patient presented
with a Class Il division 1 incisor on a Class |
skeletal base with moderate upper and mild
lower arch crowding. The malocclusion was
complicated by a Class Il buccal segment rela-
tionship on the right side and a 2 mm centreline
discrepancy. Treatment involved extraction of
the maxillary right first premolar and treatment
with the Invisalign® system. The malocclusion
was successfully corrected in 30 months and
bonded retainers were provided.

Key points

e Aligners have gained popularity over the last decade due to advances in the understanding of tooth movement with aligners and
increased demand for aesthetic orthodontic appliances, particularly for adults.

e Aligners may provide an alternative to fixed appliances for amenable malocclusions in the hands of trained and competent clinicians.

® Diagnosis, treatment planning, and use of appropriate biomechanics is the responsibility of the treating clinician, not the aligner manu-
facturer.

® More complex cases may require aligners to,be used in combination with fixed appliances or other adjunctive treatments.
® |[tis essential a full orthodontic assessment is undertaken and the full range of treatment options are discussed with the patient.
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Fig. 21.9 (Continued)

Relevant Cochrane review

Yu, Y., Sun, J., Lai, W., Wu, T., Koshy, S., and Shi, Z. (2013). Interventions for managing relapse of the lower front teeth after orthodontic treatment. Cochrane

Database of Systematic Reviews, Issue 9, Art. No.;'.€D008734. DOI: 10.1002/14651858.CD008734.pub2
This review included aligner treatment but\ne Studies that fulfilled the inclusion criteria were identified.
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Azaripour, A., Weusmann, J., Mahmoodi, B., Peppas, D., Gerhold-Ay, A., Van
Noorden, C. J., et al. (2015). Braces versus Invisalign®: gingival param-
eters and patients’ satisfaction during treatment: a cross-sectional study.
BMC Oral Health, 15, 69. [DOI: 10.1186/512903-015-0060-4] [PubMed:
26104387]
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health and patient satisfaction, but caution is advised due to limitations
in the methodology.

Best, A. D., Shroff, B., Carrico, C. K, and Lindauer, S. J. (2017). Treatment
management between orthodontists and general practitioners per-
forming clear aligner therapy. Angle Orthodontist, 87, 432-9. [DOI:
10.2319/062616-500.1] [PubMed: 27874282]

An interesting comparison of treatment perspectives between different
types of clinicians from the USA.

Bowman, S. J. (2017). Improving the predictability of clear aligners. Seminars
in Orthodontics, 23, 65-75. [DOI: 10.1053/j.50d0:2016.10.005]
Discussion of some of the common alignerproblems and possible solu-
tions.

Gay, G., Ravera, S., Castrflorio, T., Garino, F., Rossini, G., Parrini, S., et al.
(2017). Root resorption during erthodontic treatment with Invisalign®:
a radiometric study. Progress. in Orthodontics. 18, 12. [DOI: 10.1186/
$40510-017-0166-0] [PubMed: 28503724]
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Qureshi, A. (2008). The Inman Aligner for anterior tooth alignment. Dental
Update, 35, 569-71, 574—6. [DOI: 10.12968/denu.2008.35.8.569] [Pub-
Med: 19055094]

A summary of the design and uses of the most commonly used commer-
cial spring aligner appliance.

Noah, J. H., Sharma, S., Roberts-Harry, D., and Qureshi, T. (2015). A discern-
ing approach to simple aesthetic orthodontics. British Dental Journal,
218, 157-66. [DOI: 10.1038/5j.bdj.2015.55] [PubMed: 25686433]
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Paquette, D. E.;Colville, C., and Wheeler, T. (2016). Clear aligner treatment.
In: Graber, L. W. and Vanarsdall, R. L. (eds) Orthodontics: Current Princi-
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approach to the use of clear aligners, focusing principally on Invisalign®.

Tuncay, O. C. (2006). The Invisalign® System. New Malden: Quintessence
Books.
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Weihong, L., Wang, S., and Zhang, Y. (2015). The effectiveness of the Invis-
align appliance in extraction cases using the ABO model grading system:
a multicenter randomized controlled clinical trial. /nternational Journal

of Clinical and Experimental Medicine, 8, 8276-82. [PubMed: 26221410]
A trial to compare fixed appliances and aligners for extraction treat-
ment in adults. Limitations were noted in the methodology.

Wheeler, T. T. (2017). Orthodontic clear aligner treatment. Seminars in
Orthodontics, 23, 83-6. [DOI: 10.1053/}.50d0.2016.10.009]
A paper describing the types of malocclusion that can be treatment
with aligners.

White, D. W., Julien, K. C., Jacob, H., Campbell, P. M., and Buschang, P. H.
(2017). Discomfort associated with Invisalign and traditional brackets:
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This trial suggests aligner treatment may slightly reduce’pain experi-
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“@ References for this chapter can also be found at: www.oup.com/uk/orthodontics5e. Where possible, these are presented as active links
which direct you to the electronic version of the work, to help facilitate onward study. If you are a subscriber to that work (either individually
or through an institution), and depending on your level of access, you may be able toperuse an abstract or the full article if available.
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22.1 Introduction

Orthognathic surgery is surgery aimed at correcting dentofacial deform-
ity. A dentofacial deformity is a deviation from normal facial proportions
and dental relationships that is severe enough to be handicapping to
a patient. A malocclusion can be handicapping in two ways: problems
with jaw function or aesthetics. It is estimated that 2—3% of the popula-
tion has a dentofacial deformity.

Jaw function problems may include eating difficulties or speech
problems. A malocclusion is-rarely so extreme that eating is not pos-
sible at all, but it may be difficult and embarrassing for the patient to try
and eat certain types of-food, particularly in public (Fig. 22.1). Speech
difficulties may also be related to an underlying dentofacial deform-
ity. However, the most common reason for patients seeking combined
orthodontic and surgical treatment is dental and/or facial aesthetic
problems, which can lead to psychological and social problems. An

22.2 Indications for treatment

Combined orthodontics and orthognathic surgery is indicated for
patients who have a severe skeletal or very severe dento-alveolar
problem that is too extreme to correct with orthodontics alone. The
presence of a skeletal discrepancy does not automatically mean that a
patient requires surgical intervention. When faced with a skeletal dis-
crepancy, the clinician has three choices:

® Growth modification
® Orthodontic camouflage

® Combined orthodontics and orthognathic surgery.

Growth modification is only possible in growing patients and usually
means treatment with headgear or functional appliances (see Chapter
19). On average, growth modification can only alter skeletal relation-
ships by a limited amount and is often unpredictable. There is inevitably
some correction by displacement of the teeth, so when.using growth
modification at least part of the correction is due to.dental compensa-
tion for the skeletal discrepancy.

Once growth is complete, the only non-surgical option is orthodon-
tic camouflage. This means moving the teeth into the correct dental

index specifically designed to assess the need of orthognathic patients
called the Index of Orthognathic Functional Treatment Need (IOFTN)
has been developed to identify patients who would most benefit from
combined orthodontics and orthognathic surgical treatment (see
Chapter 2, Section 2.3.6).

For correction of a dentofacial deformity, a combined orthodontic
and surgical approach is required. Successful treatment requires close
interdisciplinary work involving a number of specialists. Joint planning
sessions and combined clinics are helpful to ensure that the whole
team provides a coordinated approach to treatment. The patient
should also be provided with appropriate information leaflets and
referred to appropriate online resources to help them fully understand
the implications of treatment as part of the overall consent process
(Fig.22.2).

relationships, but acceptingthe skeletal discrepancy. Major tooth move-
ments may help to produce a good dental occlusion, but there is a
danger of compromising facial aesthetics (Fig. 22.3). In these cases, a
combined surgical-approach may be required.

Clinical examples of cases when orthognathic surgery is commonly
used include:

® severe Class |l skeletal malocclusions

® severe Class lll skeletal malocclusions

® severe vertical disproportions leading to anterior open bite or a
severely increased overbite

® skeletal asymmetries.

Combined orthodontic and surgical treatment is only started once
growth has slowed to adult levels. This is important, because if the
patient experiences significant facial growth after treatment has fin-
ished, this could compromise the result.
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Fig. 22.1 Initial presentation of patient with severe Class Ill skeletal pattern. Patient IE is 35 years old and presented complaining of the poor appear-
ance of her bite, her prominent chin, and difficulty eating in public. She had a marked Class Ill skeletal relationship with a reverse overjet. This patient’s
computer planning is shown in Fig. 22.9, her pre-surgical photographs in Fig. 22.12, and her end of treatment photographs in Fig. 22.15.
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22.3 Objectives of combined orthodontics and orthognathic surgery

The objectives of treatment are the same as for orthodontic treatment:

® Acceptable dental and facial aesthetics

® Good function

® Optimal oral health
® Stability.

22.4 The importance of the soft tissu€s

For many years, diagnosis and treatment planning was focused on the
hard tissues of the face (the dentition and the bony skeleton), with treat-
ment aiming to achieve a perfect occlusion and ideal skeletal proportions.
However, we are now aware that the soft tissues are key for two reasons:

® [t is the soft tissues we see, so the soft tissue proportions are more
important than the skeletal proportions for achieving an aesthetic
result. The soft tissue proportions are related to, but not necessarily
identical, to the underlying skeletal pattern,

® The soft tissues determine the limit of orthodontic and orthognathic
treatment. It is not possible to create the same ideal dental and skel-
etal resultin every case, as the outcome is strongly influenced by the

22.5 Diagnosis and treatment plan

For combined orthodontic and orthognathic surgical patients, the same
logical sequence used for routine orthodontic treatment planning (see
Chapter 7) should be followed. By taking an appropriate history, clinical
examination, and diagnostic records, the necessary database of infor-
mation can be collected. This database can then be used to make a
problem list (see Chapter 7, Fig. 7.1). This chapter will focus on the areas
of direct relevance to orthognathic surgical patients.

Fig. 22.2 Screenshot of ‘Your Jaw Surgery’ website produced by the
British Orthodontic Society. Reproduced withthe kind permission of the
British Orthodontic Society.

surrounding soft tissues and how well a patient can adapt to the new
position of the teeth and jaws. This includes the pressures exerted by
the lips, cheeks, tongue, and facial musculature, as well as soft tissues
around the teeth—the periodontal ligament.

As a result, diagnosis should start with an analysis of the soft tissues,
followed by an assessment of the underlying bones and teeth. In terms
of planning, a process called ‘reverse engineering’ is used. This means
the clinician decides what facial soft tissue and smile aesthetics out-
comes are desirable, and then works backwards to determine what has
to be done to the hard tissues (dentition and facial skeleton) to achieve
these outcomes.

22.5.1 History

The purpose of the history is to determine the patient’s concerns, moti-
vation for treatment, expectations of treatment, psychological status,
and medical and dental history.

Patient’s concerns

The patient should be allowed to.describe whether their concerns are
aesthetic, functional, or both . Functional problems could be mastica-
tory and/or speech problems. While masticatory problems can often be
markedly improved, care should be taken when promising resolution
of speech problems; which are often firmly established by adulthood.
Full correction ‘of the speech problems may not be possible with the
orthodontics'and orthognathic surgery, and it is wise to seek the expert
advice ofaspeech therapist.

In, addition to aesthetic and functional problems, the patient may
present complaining of pain. This could be due to a traumatic over-
bite or temporomandibular joint dysfunction. Traumatic overbites can
be successfully addressed during combined treatment, but there is no
guarantee that surgery to correct a dentofacial deformity will correct
temporomandibular joint dysfunction.

Patient’s motivation, expectations, and psychological
status

It is important to assess why the patient is seeking treatment at this time
and what they expect the effect of the treatment will be. A small number of
patients may have unrealistic expectations that combined treatment will not
only improve their facial and dental appearance, but also have remarkable
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(a)

Fig. 22.3 Patient with Class Il skeletal discrepancy. (a) Before treatment. This patient complained of her prominent upper teeth. She had a 14 mm
overjet and a retrognathic mandible. It may have-been possible to correct her dental malocclusion with orthodontics alone, but excessive retraction of
the upper labial segment would have resulted'in'an unfavourable facial profile.
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(b)

Fig. 22.3 (b) After treatment. The patient was treated with a combination of extractions, fixed appliances, and mandibular advancement surgery.



effects on their relationships and career prospects. A clinical psychologist
should ideally be part of the interdisciplinary team as their involvement dur-
ing the assessment and treatment planning of these cases is often helpful.

The psychologist can help to assess a patient’s expectations and
determine their ability to cope with the treatment. They can also iden-
tify patients who may have underlying psychological or psychiatric
problems that need to be addressed before beginning any treatment.
There is one particular group of patients to be aware of who suffer from
acondition known as body dysmorphic disorder. These patients present
with a non-existent or very minor facial deformity and have an obsession
with this imagined or greatly exaggerated defect in their appearance.
This excessive concern can cause significant psychological distress. A
close liaison with a clinical psychologist or psychiatrist is required in the
management of this group of patients.

Patients with dentofacial deformities may present expressing con-
cerns about their facial appearance, but may have no concerns about
their teeth. These patients may be surprised that prolonged fixed appli-
ances are required as part of the treatment. In very rare circumstances it
is possible to achieve a reasonable result with surgery alone. However,
in most cases surgery without orthodontie” involvement produces a
compromised result.

Medical and dental history

Patients who will be undergoing combined treatment must be fully den-
tally fit. They must also_have a medical history that is compatible with
a general anaesthetic. Conditions such as diabetes, hypothyroidism,
adrenal insufficiency, bleeding disorders, cardiac and respiratory disor-
ders, and many other medical conditions may complicate or prevent
treatment. If there is any doubt about this, then an early consultation
with an anaesthetist and their general medical practitioner is advised,
before embarking on treatment.

Clinical examination

A systematic approach to the clinical examination is required to assess
the facial and dental aesthetics and the malocclusion and to identify
any pathology.

When assessing the facial appearance, it is the proportions of the face
that are important. The aim of combined orthodontic and orthognathic
treatment is not necessarily to try and make the patient beautiful—it is
about moving them towards more normal facial proportions (see sec-
tion on ‘Principal sources and further reading’ for more details on this).
When assessing facial proportions, it is important to take into account
the patient’s racial background, gender, and age. This will help the clini-
cian to decide whether the clinical features are within normal limits.

The extra-oral assessment is really an assessment of the facial soft
tissues and smile aesthetics. The information from the extra-oral exami-
nation can then be combined with the information obtained from the
radiographs. The radiographs will explain the hard tissue (dental and
skeletal) contribution to the facial appearance.

Full face assessment

The symmetry and vertical proportions of the face are assessed from the
frontal view. No face is completely symmetrical, but marked deviations
should be noted (Fig. 22.4).

Diagnosis and treatment plan

The ‘ideal’ face can be vertically divided by horizontal lines at the
hairline, nasal base, and the chin. The lower third can be further divided
so that the meeting pointof the lips is one-third of the way from the base
of the nose to the chin (Fig. 22.5).

Fig. 22.4 Facial asymmetry. This patient shows a mandibular asymmetry
to the left. Note the large centreline discrepancy between the arches. This
is partly because the upper centreline is to the right by 2 mm (for dental
reasons), but mostly because the lower centreline is to the left by 5 mm
due to the underlying mandibular skeletal asymmetry.

Fig. 22.5 Vertical proportions. In normal proportions, the face can be
divided into three equal thirds, with the lower third further divided so
that the commissures of the lips are one-third of the way from the base
of the nose to the chin.
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Profile assessment

For assessment of the patient’s profile, the patient should be assessed
in the natural head position: the position the head is held in when the
patient is relaxed and looking into the distance. The middle and lower
thirds are assessed in relation to the forehead area. In normal profile, the
base of the nose lies approximately vertically below the most anterior
portion of the forehead. The shape and size of the nose and parana-
sal areas should also be assessed. In general, the bigger the nose, the
more lip and chin prominence is needed to achieve facial balance. The
nasolabial angle should also be noted, as it can be affected by excessive
retraction or proclination of the upper incisors.

It is worth noting at this point that a full assessment of the patient’s
nose should form part of the assessment. It is possible the patient may
benefit from a rhinoplasty as part of the overall treatment plan. It is
also important to recognize that surgery to the maxilla may affect the
shape of the nose, and this needs to be assessed and discussed with the
patient as part of the consent process.

The chin projection is affected by the position of the mandible,
the prominence of the bony chin point, and the amount of soft tissue
coverage. When a patient has a retrognathic mandible, it is possible
to get an idea of the effect of surgery by-asking the patient to posture
their mandible forwards the desired-amount. The likely effects of other
surgical movements are more, difficult to assess clinically, and usually
involve manipulation of the patient’s photographic and radiographic
records. Surgical planning-and predictions are discussed in more detail
in Section 22.6.

Smile aesthetics

One of the most important features to assess is the position of the denti-
tion in relation to the lips and face, anteroposteriorly, transversely, and
vertically. See the section on ‘Principal sources and further reading’ at
the end of the chapter for information about how best to assess the
anteroposterior position of the incisors in the face. Transversely, it is
important to check whether the centrelines of the upper and lower den-
titions are coincident with each other, and whether they are coincident
with the centre of the face. It should be noted whether any centreline
problem is of dental or skeletal origin.

Vertically, the amount of upper incisor show should be assessed. At
rest this should be 1 mm for males and 3 mm for females. On full smiling,
the full height of the upper incisors should be visible. Any occlusal cant
of the dentition should also be noted.

If there is excess gingival show, the patient may refer to this as
a ‘gummy smile’. When a ‘gummy’ smile is noted, it is important that
the aetiology is understood, as this will dictate the type of treatment
required. ‘Gummy’ smiles do not always require surgical treatment.
Possible aetiological causes of a ‘gummy’ smile include true vertical
maxillary excess (Fig. 22.6), a short upper lip, a localized dento-alveolar
problem, short crowns (due to incisal wear), gingival overgrowth, or
hyperactive lip musculature.

Temporomandibular joints

The presence of any signs or symptoms of temporomandibular joint
dysfunction should be noted. Ideally any symptoms should be treated
conservatively prior to treatment. Often placing fixed appliances will at

Fig. 22.6 ‘Gummy smile’. This ‘gummy smile’ is due to vertical maxillary
excess.

least temporarily relieve some of the symptoms. This may be due to the
tenderness of the teeth reducing parafunctional habits such as clench-
ing and grinding. However, it is unwise to promise any marked long-
term improvement in the temporomandibular dysfunction, as a direct
result of the combined orthodontics and orthognathic surgery (see also
Chapter 1, Section 1.4.6).

Intra-oral assessment

A full assessment of the dentition and occlusion needs to be under-
taken. Any dental disease needs to be identified, treated, and stabilized
before combined orthodontics and orthognathic surgery can begin.

The relationship of one arch to the other is less important in orthog-
nathic cases, as this part of the problem is often addressed by the surgery.
However, each arch should be individually assessed for alignment and
symmetry. The amount of crowding in each arch should be evaluated,
as well as the inclination of the teeth. The latter is important, because in
most patients with a skeletal discrepancy the teeth have been tilted. This
is due to the action of the lips and tongue attempting to achieve an ante-
rior oral seal. This process is called ‘dento-alveolar compensation’ for the
underlying skeletal pattern. In a Class Il skeletal problem, the lower inci-
sors are often proclined by the tongue. Conversely, in a Class Il skeletal
pattern the lower incisors are often retroclined by the lower lip, with the
upper.incisors proclined by the tongue (Fig. 22.7). It is important to recog-
nize any dento-alveolar compensation, as one of the aims of pre-surgical
orthodontic treatment is to undo this compensation—a process known
as ‘decompensation’—to allow appropriate positioning of the jaws to cre-
ate the best facial and smile aesthetics (see Chapter 11, Fig. 11.6).

Radiographic examination

This usually includes those radiographs taken as part of the routine
orthodontic assessment of a patient with a skeletal discrepancy: a den-
tal panoramic tomogram (DPT), a lateral cephalometric radiograph,
and if indicated a view of the upper incisors. Additional views may be
needed, depending on the case. For example, a posteroanterior skull
radiograph may be taken to assess asymmetry.



Fig. 22.7 Class lll malocclusion showing dento-alveolar compensation.
In this case, the lower lip has retroclined the lower incisors and the
upper incisors have been proclined by the tongue:

Cephalometric assessment

In addition to a routine cephalometric-analysis (see Chapter 6), many
surgeons and orthodontists will.carry out more specialized analyses to

22.6 Planning

Using the information gathered from the history, examination, and diag-
nostic records, it should be possible to create a problem list, followed by
the aims of treatment. This is discussed in greater detail in Chapter 7,
Sections 7.3 and 7.4. Once the aims of the treatment are identified, the
various specialists involved in the case should consider, as a team, the
advantages and disadvantages of different approaches to treatment.

One of the orthodontist’s responsibilities in the planning process is
to consider reversing any dento-alveolar decompensation. It may not
always be possible, or desirable, to fully decompensate incisors. For
example, a narrow mandibular symphysis and/or thin labial periodon-
tal tissues may make full decompensation impossible without compro-
mising the periodontal support around the teeth. Fig. 22.8 shows lower
incisors that were decompensated to their ideal angulations, but this
resulted in perforation of the labial plate, producing gingival recession.
This is an example of a treatment aimed at producing an ideal occlusal
result that has produced a compromised result, because it was beyond
the limitations of the soft tissues (see Section 22.4).

One ofthe principal aims of combined orthodontics and orthognathic
surgery is to obtain ideal facial aesthetics. This means appropriate soft
tissue positioning in 3D. The treatment actually moves the hard tissues:
the orthodontist positions the teeth and the surgeon positions the facial
skeleton. The challenge is to move the hard tissues to produce the best
possible position of the soft tissues. Accurately predicting the soft tissue
changes in response to hard tissue treatment changes is not an exact
art, as the hard and soft tissues do not move in a one-te-one ratio.

Planning can be undertaken with a combination of cephalometric
tracings, digital photographs, and dental casts. Computer prediction
software can predict the likely responses-of the soft tissues, so when
the proposed orthodontic and surgical’movements are undertaken

Planning

determine the underlying aetiology of the particular problem. Many
such analyses exist, and for further details the reader is referred to the
section on ‘Principal sources and further reading’ at the end of the
chapter. The purpose of the analysis is to provide detailed information
about the relationships between the different parts of the dentofacial
complex:

® Cranium and cranial base
®_Nasomaxillary complex
® Mandible

® Maxillary dentition

® Mandibular dentition.

The detection of any imbalances and disproportions in these
dentofacial relationships is based on comparing the values for the
individual with so-called normal data. As with the assessment of soft
tissue proportions, the normal data for the hard tissues must be rel-
evant to the patient being treated, in terms of age, gender, and racial
background.

There is an increasing move towards three-dimensional (3D) assess-
ment using cone beam computed tomography (CBCT), which is dis-
cussed in Section 22.10.

virtually on the computer, the likely soft tissue profile can be produced.
Specialist planning software can be used to link the patient’s digital pho-
tograph with their cephalometric tracing, so that the patient’s image
can be automatically ‘morphed’ in response to the planned surgical and
orthodontic movements (Fig. 22.9). These predictions provide the clini-
cians with an idea of the feasibility and likely success of different treat-
ment plans. The computerized prediction can be shown to the patient
to give them a better understanding of the likely possible outcome, but
it must be made clear that thisis simply a prediction and not a guarantee
of the final outcome.

Fig. 22.8 Periodontal problems associated with proclination of the
lower incisors during decompensation in a Class Ill skeletal case.
© The Cleft Lip and Palate Association, 2012.
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(a) (b)

© (d)

22.7 Common surgical procedures

Only a brief overview of some of the more popular surgical techniques is
included here. Additional information is available in the literature cited
in the section on ‘Principal sources and further reading’.

As aesthetics are of major importance, where possible an intra-oral
approach should be used to avoid unsightly scars. Segmental proce-
dures have an increased morbidity, as damage to the teeth or disruption
of the blood supply to a segment is more likely.

22.7.1 Maxillary procedures

Le Fort |

This is the most widely used maxillary technique (Fig. 22.10). The stand-
ard approach is a horseshoe incision of the buccal mucosa and under-
lying bone, which results in the maxilla being pedicled on the palatal
soft tissues and blood supply. The maxilla:can then be moved upwards

Fig. 22.9 Computer predictions. This figure
demonstrates the use of Dolphin Imaging®
software to predict the facial appearance.of
the proposed plan for the patient shownin Fig.
22.1. The proposed plan is a Le Fort I'maxillary
advancement of 5 mm and mandibular sagit-
tal split setback of 3 mm. The actual result of
surgery is shown in Fig. 22.15. (a) Lateral facial
photograph before treatment. (b) Analysis
superimposed on lateral facial photograph.

(c) Analysis superimposed on lateral cephalo-
metric radiograph. (d) Computer prediction of
proposed-plan.

(after removal of the intervening bone), downwards (with interposi-
tional bone graft), or forwards. Movement of the maxilla backwards is
notfeasible in practice.

Le Fortll

Thisis employed to achieve mid-face advancement. The surgery is more
extensive than for a Le Fort | and therefore carries more risks.

Le Fort Il

This usually necessitates the raising of a bicoronal flap for access and is
commonly used in the management of craniofacial anomalies.

Surgically assisted rapid palatal expansion (SARPE)

Stable correction of the transverse dimension is notoriously diffi-
cult. SARPE is an attempt to address the transverse problem, without



resorting to segmental surgery of the maxilla and its inherent risks.
It involves the use of corticotomies, and the use of a rapid palatal
expander that is used to rapidly widen the upper-arch. The advantage
of the technique is that it enlarges the maxilla transversely, expanding
the upper arch considerably more than(can be achieved with ortho-
dontic appliances alone. The disadvantage is that an additional surgical
intervention is required.

22.7.2 Mandibularprocedures

Ramus procedures

The most commonly used ramus techniques are the following:

® Sagittal split osteotomy (Fig. 22.11). This procedure can be used to
advance or push back the mandible or to correct mild asymmetry.
The bony cut extends obliquely from above the lingula, across the
retromolar region, and vertically down the buccal plate to the lower
border. The main complication is damage to the inferior alveolar
nerve.

® Vertical subsigmoid osteotomy. This is used for mandibular progna-
thism and involves a bone cut from the sigmoid notch to the lower
border. This can be performed intra-orally using special instru-
ments or extra-orally using standard instruments at the expense of
ascar.

Common surgical procedures

Fig. 22.10 Diagram showing the position of the surgical
incisions (broken lines) for a Le Fort | procedure.

® Body osteotomy. This operation is useful if there is a natural gap in
the lower arch anterior to the mental foramen in a patient with man-
dibular prognathism. It is rarely used.

Genioplasty

The tip of the chin can be moved in almost any direction, limited by slid-
ing bony contact and the muscle pedicle. This technique may be used
to supplement mandibular ramus surgery where there is a localized
abnormality of the chin area in addition to the general mandibular posi-
tion. It can also be usefully employed as an isolated operation; where it
is used as a masking procedure, thus avoiding more complex treatment
(e.g. mild mandibular asymmetry).

22.7.3 Bimaxillary surgery

Many patients require surgery to both jaws to correct the underlying
skeletal discrepancy (see clinical case illustrated in Figs 22.1,22.9,22.12,
and 22.15).

22.7.4 Distraction‘@steogenesis

This is a technique that involves osteotomy cuts followed by a slow
mechanicalseparation ofthe bonefragmentswithanexpandabledevice.

Fig. 22.11 Diagram to show the position of the surgi-
cal incisions (broken and dotted lines) for a sagittal split
osteotomy.
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It is a technique that was originally developed for lengthening limbs.
It offers exciting potential for larger movements than can be achieved
with traditional orthognathic surgery, and has been found to be useful
in the treatment of patients with severe jaw deficiencies, particularly
those associated with craniofacial syndromes.

After the bone cuts, there is a latent period of 4-5 days allowing
a soft bony callus to form, before the bones are separated gradually
by the mechanical device. The mechanism is turned each day and
the tension leads to the production of new bone, while allowing time
for the soft tissues to adapt. The technique avoids the problems of
harvesting and maintaining a viable bone graft, and in addition the

22.8 Sequence of treatment

Extractions

Extractions may be required to relieve crowding, level arches, and allow
correction of the inclination of the incisors (decompensation). In addi-
tion, the surgeon may wish to extract unerupted third molars before the
start of treatment, in case they interfere-with the future osteotomy site.
This is particularly true for mandibular.ramus surgery.

Pre-surgical orthodontics
There are four aims of pre-surgical orthodontics:

® Alignment and levelling

® Coordination (ensuring arches will be compatible with each other
after surgery)

® Decompensation

® Creation of space for osteotomy cuts if segmental surgery is required.

The pre-surgical orthodontics is undertaken with fixed appliances to
allow the correct anteroposterior and vertical positioning of the inci-
sors. The fixed appliances also act as a method of intraoperative inter-
maxillary fixation and a means of attaching the intermaxillary elastics
used postoperatively.

Although levelling of the arches is typically undertaken before sur-
gery, there are two exceptions to this:

® |n casesof anterior open bite, attempts to level the arch before surgery
will lead to extrusion of the upper incisors, which is unstable. In cases
where there is a ‘step’ in the occlusion, the anterior and posterior seg-
ments are aligned in separate segments. Space is made between these
segments and the arch is levelled by aligning the segments surgically.

® |n Class Il cases presenting with deep overbite and a reduced face
height, the lower arch is not levelled before surgery. When the man-
dible is advanced, the lower incisor position ensures the lower face
height is increased. This approach is called a ‘three-point landing’
because immediately after surgery the only tooth contact is between
the incisors and the posterior molars. The arch is levelled after sur-
gery by extruding the premolar teeth.

Decompensation is undertaken to correct the angulations of the inci-
sors. There is a tendency for the decompensation during pre-surgical
orthodontics to make the patient look worse, as the full extent of the

adaptation of the soft tissues allows larger movements than with tra-
ditional approaches.

Initially external fixators - were used, but there are now an increas-
ing number of intra-oral devices available, which reduce the risk of
extra-oral scarring The potential problems of the devices—discomfort,
difficulty achieving the correct vector of force, and the need for good
patient compliance—have meant that this technique has not been
seen as a replacement for conventional osteotomies in routine cases.
Howeyer, cases that were previously thought to be beyond the scope of
orthognathic treatment (principally due to soft tissue restrictions) can
now be treated.

skeletal discrepancy becomes clear (Fig. 22.12). The patient should be
warned about this before treatment begins and reassured that this is
just temporary until the surgery is completed.

Traditionally, the majority of orthodontic treatment is undertaken
before surgery, producing aligned, levelled, coordinated, and decom-
pensated arches. The advantage of this approach is that it offers a more
predictable surgical phase and more accurate planning immediately
prior to surgery. An alternative view, sometimes referred to as ‘Surgery
First’, is that minimal orthodontics should be undertaken before sur-
gery, as the soft tissue environment may be more conducive to some
orthodontic movements once the skeletal pattern is corrected and-also
total treatment time may be reduced.

Preparing for surgery

Pre-surgical orthodontics takes about 12-18 months, depending on the
complexity of the case. At the end of this stage, a new set of records are taken
to check the pre-surgical movements have been achieved and to modify
or confirm the surgical plan. Rigid stainless steel archwires are placed.
Intermaxillary fixation is required during surgery, so hooks are usually added
to the archwire (Fig. 22.13) or brackets. Alternatively, the orthodontist can
use brackets that incorporate a hook on every tooth from the start.

Study models are produced which can be used for model surgery
to mimic the surgical plan. Model surgery is undertaken to verify that
the planned surgical moves are appropriate, and to allow construction
of intermaxillary wafers. These acrylic wafers are used during surgery
to help the surgeon position the jaws correctly. A face-bow recording
is required to mount the models on a semi-adjustable articulator, for
singlejaw maxillary procedures and bimaxillary procedures (Fig. 22.14).
If the condyles are to be separated from the dentition by mandibular
surgery alone, then the semi-adjustable articulator (and therefore face-
bow recording) is not required.

Surgery

This is an in-patient procedure usually involving a stay of 1-3 days in hos-
pital, depending on the complexity of the surgery. In the past, patients
were placed in intermaxillary wires to fix the bony segments in place dur-
ing healing. This meant the patient’s upper and lower arches were tied
together for 6 weeks. This is now rarely required due to the introduction
of small bone plates that are used to fix the bony segments semi-rigidly in
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Sequence of treatment

Fig. 22.12 End of pre-surgical orthodontics. Patient IE (from Fig. 22.1) has now been decompensated for surgery. Note the upright lower incisors and
the associated worsening of the facial aesthetics due to the protruding lower lip. The patient was warned about this temporary worsening of the profile
before surgery.

the maxilla and the use of plates and/or screws in the mandible. This has
significantly reduced the morbidity postoperatively, with a reduced risk
to the airway, early mobilization of the jaws, earlier return to a good palat-
able diet, and easier oral hygiene. As a result, the procedure is much bet-
tertolerated by patients and also has resulted in better final bone stability.

The surgery carries a number of risks, the exact nature of these risks
depend on the procedure undertaken. These risks should be explained
by the surgeon before any treatment is started as part of the consent
process (see Box 22.1).

Fig. 22.13 Crimpable hooks added to the archwire. These can be used
for intermaxillary fixation during surgery and for attachment of inter- Fig. 22.14 Model surgery. A face-bow recording is taken and the models
maxillary elastics postoperatively. mounted on a semi-adjustable articulator.
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Box 22.1 Possible risks of orthognathic surgery

These depend on the type and extent of the surgery. The patient
needs to be made aware of these surgical risks before treatment
begins as part of the consent process.

Expected surgical risk

e Swelling

® Bleeding

® | imited mouth opening

@ Dietary changes and associated weight loss in the short term

® Time off work and recovery

® Changes in facial appearance

® Changes in nerve sensation.

Possible surgical risks

® Permanent nerve damage to inferior dental nerve

® Need for reoperation

® |nfection

® Need to remove-plates

® Temporomandibular joint problems

® Relapse

® Problems swallowing

® Bleeding requiring further intervention

® Tooth avulsion or other damage to periodontal support
@ Ophthalmic complications

® Reduction in auditory capacity.

Risks of anaesthetic

® The risks associated with a general anaesthetic need to be
discussed.

Adapted from Journal of Orthodontics, 38, 2, Ryan.E, Shute J., Cedro M. et al., A new style of orthognathic clinic, pp.234-33. Copyright (2011) with per-

mission from Taylor & Francis.

Post-surgical orthodontics

Immediately after surgery, intermaxillary traction is usually employed
to guide the arches into the desired position. The aims of post-surgical
orthodontics are:

® to complete any movements not undertaken prior to surgery (e.g. cor-
rection of posterior crossbite and levelling by extrusion of premolars)

22.9 Retention and relapse

Orthodontic retainers are used to retain the teeth in the correct posi-
tion at the end of treatment, along similar lines as for conventional fixed
appliance therapy (see Chapter 16). However, in addition to the usual
relapse factors, there are additional aetiological factors of relapse in
combined orthodontic and orthognathic surgery.

Surgical factors

® Poor planning.

® The size of the movement required. Movement of the maxilla by
more than 5-6 mm in any direction is more susceptible to relapse, as
is movement of the mandible by more than 8 mm.

® Direction of movement required (see Box 22.2).

® Distraction or ‘torqueing’ of the condylar heads in the glenoid fossa
during surgery.

® |nadequate fixation.

Orthodontic factors

® Poor planning.

® root paralleling at any segmental osteotomy sites

® detailing and settling.

Within a few weeks, lighter, round stainless steel wires are often.used
in conjunction with the intermaxillary elastics to aid settling. Finaldetail-
ing can then be undertaken to produce a well-interdigitated’/occlusion
(Fig. 22.15). Post-surgical orthodontics typically takes 3-9 months.

® Movement of the teeth into zones of soft tissue pressure will lead to
relapse when appliances are.removed. Treatment should therefore
be planned to ensure that the teeth will be in a zone of soft tissue
balance postoperatively:and that the lips will be competent.

® Extrusion of the teeth during alignment tends to relapse post treat-
ment, particularly.in cases of anterior open bite.

3 (Patient factors

® The nature of the problem; for example, anterior open bites associ-
ated with abnormal soft tissue behaviour, are notoriously difficult to
treat successfully, and have a marked potential to relapse. Patients
should be warned of this prior to treatment.

® |n patients with cleft lip and palate, advancement of the maxilla is
difficult and prone to relapse because of the scar tissue of the primary
repair.

® Failure to comply with treatment; for example, patient does not wear
intermaxillary elastic traction as instructed.
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Fig. 22.15 End of treatment following orthodontics and bimaxillary osteotomy. This shows the end-of-treatment photographs for patient IE shown in
Figs 22.1,22.9, and 22.12.
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Box 22.2 Stability of orthognathic surgery

(Most stable at the top, gradually moving down to the least stable
at the bottom of the list.)

Very stable

® Maxillary impaction

® Mandibular advancement
® Genioplasty (any direction).
Stable

® Maxillary advancement

@ Correction of maxillary asymmetry.

Stable (with rigid fixation)

® Maxillary impaction with mandibular advancement
e Maxillary advancement with mandibular setback
e Correction’'of mandibular asymmetry.

Problems with stability

e Mandibular setback
® Movement of maxilla downwards

® Surgical expansion of maxilla.

Source data from Head & Face Medicine, 3, 21, 2007, Proffit W. R, Turvey T. A., and Phillips C., The hierarchy of stability and predictability in orthognathic

surgery with rigid fixation: an update and extension.

22.10 3D developments in orthognathic surgery: planning,

simulation, and guided surgery

The conventional methods used to plan orthognathic surgery described
inthis chapter rely on lateral radiographic images (often combined with
lateral facial views), and occasionally posteroanterior radiographs in
cases of asymmetry. These radiographs only provide a two-dimensional
(2D) presentation of the dentition and facial skeleton. Model surgery
allows some appreciation of the dentition and occlusion in 3D, but not
the maxilla and mandible.

The traditional approach provides only a limited understanding of
the complex 3D structures of the dentofacial skeleton. It is only at the
time of surgery that the surgeon has a better understanding of the con-
tours, thickness, and quality of bone, and is able to gain a more detailed
appreciation of the position of key anatomical structures, such as the
inferior dental nerve. Osteotomy cuts, alignment of the segments, and
fixation are effectively undertakenin a freehand manner, and are reliant
on the skill and experience of the surgeon. The anatomy of the region is
complex and slightly different in every patient, and the surgeon is often
working in a field with restricted visibility.

Use of cone beam computed
tomography technology and implications
for orthognathic surgery

CBCT now allows the acquisition of detailed 3D images of the face in
high resolution. Using this ‘virtual’ 3D information, software is being
used which has the potential to revolutionize the way that orthognathic
planning and surgery is undertaken. In dentistry we are familiar with the
use of CAD/CAM (computer-aided design/computer-aided manufac-
ture) for the manufacture of complex 3D restorations.Computer-aided
surgery (CAS) is now being introduced that will allow:surgical planning

and simulation using the information captured from CBCT, as well as
intraoperative guidance.
This technology offers a number of potential exciting possibilities:

® A more detailed appreciation of the anatomy of the patient in 3D
(Fig. 22.16a).

® The data from CBCT can be combined with the data captured from
3D facial camera systems. This allows the clinicians to see the rela-
tionship of the soft tissues with the underlying hard tissues. Virtual
surgery can then be undertaken on this 3D model and the effect
on the overlying soft tissues assessed. The accuracy of these 3D
predictions will improve as we gather more data on the 3D effects
on soft tissues of combined orthodontics and orthognathic surgical
treatment.

® Fig. 22.16b, c shows virtual surgery that allows the surgeon to calcu-
late the most appropriate and safest osteotomy lines in advance of
the operation (Fig. 22.16d, e).

® Once theteam is happy with the final virtual surgery, this virtual
setup can be used to manufacture positioning splints (Fig. 22.16f, ).
It.can also be used to construct customized fixation plates, as well as
customized cutting guides to ensure the surgeon makes the cuts in
the same position as the virtual plan.

® The developments described so far have been based on the surgery
being planned and executed virtually. However, the surgeon, not the
computer, will perform the actual surgery, so the next challenge is to
ensure the surgeon follows the virtual plan. While current surgical
splints are successful in positioning the maxilla and mandible cor-
rectly in relation to each other, there is potential for more inaccu-
racies when positioning the jaws in relation to the rest of the face,
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Fig. 22.16 3D planning of an asymmetry case, treated using a combination of orthodontics and orthognathic surgery. The case was treated by
Nicholas Lee (maxillofacial surgeon) and Friedy Luther (orthodontist), Sheffield Teaching Hospitals, UK). (a) Preoperative scan of a patient showing
asymmetry. Note the mandible is asymmetric to the right and there is a cant of the maxilla (the left side of the maxilla is more inferior than the right
side). The patient is planned for bimaxillary surgery (maxillary Le Fort | osteotomy and mandibular bilateral sagittal split osteotomy). (b) Surgical plan
(intermediate position) after correction of the maxilla. (c) Surgical plan showing final position (after second stage of mandibular surgery). (d) Overview
of surgical movements of maxilla. This shows the amount of bone that needs to be removed on the left side to allow more impaction of the left side

of the maxilla, and the slight inferior movement of the right side of the maxilla. (e) Overview of surgical movements of mandible. This shows the
amount of bone that needs to be removed on the left side to allow distal movement on the left side of the proximal mandibular segment, and the slight
advancement needed on the right side. This helps the surgeon to virtually visualize the movements that are required to correct the asymmetry in 3D,
in advance of the surgery. Customized fixation plates (not shown here) could also be produced using these scans. (f) Virtual intermediate splint is
produced to correctly position the maxilla-after the Le Fort | osteotomy. The holes in the splint are used to wire the splint to the fixed appliance during
the operation. A 3D printer is used to produce the splints from these virtual scans.
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particularly in the vertical plane. Surgical navigation systems are
being developed to help transfer the information from the virtual
plan into the operating-room. They use tracking devices to follow
surgical instruments and the mobilized fragment of bone. Use of a
navigation screenwill help to guide the surgeon in making the appro-
priate cuts.and ensure correct positioning and fixation of the bone

segments.
Maxilla teeth Mandible teeth

Developments in 3D technology are beginning to change our
approach to combined orthodontic and orthognathic treatment in
terms of diagnosis, treatment planning, and execution of the surgery,
and in the future will improve our assessments of outcomes and stability.

(&)

Fig. 22.16 (g) Virtual final splint. This is used to position the mandible,
after the maxilla has been fixed in its final position.

Key points

e Orthognathic surgery is aimed at.correcting dentofacial deformity.

® |tisindicated for patients that have a severe skeletal or very severe dento-alveolar problem that is beyond the scope of orthodontics
alone.

® Planning and treatmentshould be undertaken by an interdisciplinary team.

® The typical sequence of treatment is extractions, a phase of pre-surgical orthodontics, the surgery, and then a shorter phase of post-
surgical orthodontics.

® The aims of pre-surgical orthodontics are alignment and levelling, coordination of the arches, decompensation, and creation ofspace for
osteotomy cuts if segmental surgery is used.

® Fixed appliances are used to fulfil the pre-surgical aims, provide a method of intermaxillary fixation during surgery, and offer a means of
attaching intermaxillary elastics postoperatively.

® Post-surgical orthodontics aims to correct any movements not undertaken at surgery, root paralleling at any segmental osteotomy sites,
and detailing and settling.

® Developments in 3D technology are changing our approach to combined orthodontic and orthognathic treatment in terms of diagnosis,
treatment plan, execution of the surgery, as well as assessment of the outcomes.
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Learning objectives for this chapter

iology of hypodontia.
odontia and its treatment.
different stages of dental develo

23.1 Definition

Hypodontia is the developmental absence or one or more primary or
secondary teeth, excluding the third molars. Hypodontia is classified
based on severity:

e Mild hypodontia: one or two missing teeth (Fig. 23.1).
® Moderate hypodontia: three to six missing @th (Fig. 23.2).

O

\

K
Fig. 23.1 Mild hypodontia: a 13-year-old female evelopmentally
absent maxillary lateral incisors. The malocclusi as complicated by
previous trauma to the maxillary right cem@z isor requiring endodon-

tic treatment. <</
S
18

e Severe hypodontia/oligodontia: more than six missing teeth

(Fig. 23.3).

® Anodontia: complete absence of teeth in one or both dentitions.

More than 80% of people affected have mild hypodontia, 10% or

less

have moderate hypodontia, and less than 1% have severe hypodontia.

Fig. 23.2 Moderate hypodontia: a 13-year-old female with hypodontia
affecting the maxillary lateral incisors and second premolars.



Fig. 23.3 Severe hypodontia: a 12-year-old female with developmental
absence of UL4,5; UR 2,5; LL1,2,5; and LR1,2,4,5.

23.2 Aetiology

Hypodontia may be an isolated trait, known as non-syndromic or famil-
ial hypodontia. Non-syndromic hypodontia is thought to have a multi-
factorial aetiology arising from a complex interaction between genetic
and environmental factors. Syndromic hypodontia is the term given to
hypodontia that occurs with accompanying genetic disorders.

Hypodontia is more common in people with a cleft lip and/or pal-
ate, with prevalence estimated by some studies to be as high as 75%.
Commonly hypodontia affects the cleft site as a result of absent or dam-
aged tooth germs in the bony defect (Fig. 23.4). Interestingly, hypodon-
tia is also higher in those born with cleft lip and/or palate than in the
general population in sites unrelated to the cleft.

Non-syndromic hypodontia

Environmental factors

Environmental factors associated with hypodontia include systemic
disturbances, local factors such as pathology, physical, and chemical
trauma, irradiation, infection, and medical treatment. It is thought that
environmental factors cause the threshold for anranomaly to be reached
in those with a genetic predisposition.

Aetiology

Prevalence

The prevalence of hypodontia in the primary dentition is estimated to
be 0.1-0.9% with theprimary lateral incisors being the most commonly
missing teeth. The.absence of a primary tooth increases the likelihood
of hypodontia.in the permanent dentition.

In the permanent dentition, the prevalence of hypodontia is approxi-
mately 3.5-6.5%. Excluding third molars, the most commonly missing
teeth-in Caucasians are mandibular second premolars and maxillary
lateral incisors (Table 23.1). Hypodontia has a female predilection of
approximately 3:2 and racial variation. The cause for unequal distribu-
tion between the sexes is still unknown.

Table 23.1 Frequency of missing teeth in Caucasians

Third molars (not considered to be hypodontia) 25-35%
Mand|bu|ar Second prem o|ar5 ............................ 3% ..........
: Max|||ary | atera“nc.sor 5 ................................... 2% ..........

Maxillary second premolars 1.5%

: Mand.bu|ar mc. Sors ........................................ 05% ........

Maxillary canines, first premolars, mandibular 01%C s "
second molars

 Maxilary central incisors, mandibular canines, st <0.1%

permanent molars

Genetic factors

Twin and family studies have demonstrated that non-syndromic hypo-
dontia may arise fromra sporadic mutation or be inherited through
dominant, recessive,.or X-linked patterns with variable expressivity
and dominance. Hypodontia is genetically and phenotypically hetero-
geneous and it is’hypothesized that different genes and expression of
these genescauses certain presentations of agenesis. Three key genes
have been identified in non-syndromic hypodontia; muscle segment
homeobox 1 (MSXT1), paired box gene 9 (PAX9), and axis inhibition
protein 2 (AXIN2). These are regulatory genes in the morphogenesis
stages of tooth development and mutations have been linked to dif-
ferent phenotypes. Mutations in the MSX7 gene are predominantly
linked to familial oligodontia and premolar agenesis, those in the
PAX9 gene to molar agenesis, while mutations in AXIN2 involve a
wide range of teeth. It has been suggested that the combined, over-
lapping expression domains of genes within the tooth-forming regions
is key for normal development of the dentition and this explains the
vulnerability of teeth in certain regions (lateral incisor, second premo-
lar, and third molar) to hypodontia.
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(a)

(b)

Fig. 23.4 Hypodontiaassociated with a unilateral left-sided cleft lip and palate in a 13-year-old female. (a) Pre-treatment: the maxillary left central and
lateral incisors were absent and the canine was partially erupted. (b) Treatment aimed to align the teeth, correct the centreline, and reduce the agen-
esis site to a single tooth size. The left canine was moved into the lateral incisor position and the patient is awaiting canine camouflage and placement

of a resin-bonded bridge.

Syndromic hypodontia

According to the Online Mendelian Inheritance in Man (OMIM) com-
pendium of human genes and genetic disorders, hypodontia and oli-
godontia are associated with over 100 and 70 syndromes respectively.
Some of the most common syndromes that feature hypodontia are
listed in Box 23.1. Syndromes occur as a result of a number of different
gene mutations. As well as non-syndromic hypodontia, MSX7 muta-
tions have been associated with some cleft lip and palate syndromes
and Wiktop syndrome.

The associated features of syndromes can be highly variable and
this can influence the approach to the management of hypodontia.
Complex medical conditions may affect the suitability of patients for
certain treatments and medical treatment for other problems may
reduce the amount of dental care people are able or willing to accept.

23.3 Features of hypodontia

Clinical presentation

Absence of teeth usually causes spacing in the'dental arches unless
the hypodontia is mild and there is notable tooth-arch size discrep-
ancy (crowding) or primary teeth are retained. Retained primary

Box 23.1 Syndromes associated with hypodontia—the
OMIM catalogue number is given for further reference

e (left lip and palate syndromes, e.g. ectrodactyly, ectodermal
dysplasia, and cleft lip/palate syndrome 1

® Ectodermal dysplasias

® QOral-facial-digital.syndromes

® |ncontinentiapigmenti (OMIM 308300)

® Down syndrome (OMIM 190685)

® Wiktop'syndrome (OMIM 189500)

o Van de Woude syndrome (OMIM 119300)

® Ehlers—Danlos syndrome (OMIM 225410).

teeth may appear smaller than the surrounding permanent teeth
due to their naturally smaller size or as a consequence of tooth sur-
face loss.

Hypodontia can be associated with a number of other dental anoma-
lies, suggesting a common genetic origin (Box 23.2). The combination



Features of hypodontia

Box 23.2 Dental anomalies commonly associated with hypodontia

® Hypoplastic enamel

® Ectopic maxillary canine tooth position

® Microdontia—localized or generalized, may affect crown or root
® Molar taurodontism

Conical crown shape, such as peg-shaped lateral incisors

(a)

(b)

@ Transposition, particularly between the maxillary canine and
first premolar

e Supernumerary teeth
@ |nfra-occlusion of retained primary teeth
® Delayed eruption of teeth.

Fig. 23.5 Hypodontia can be complicated by other dental anomalies. (a) A 14-year-old female with.developmentally absent right maxillary lateral
incisor. The left lateral incisor is microdont, the left maxillary canine is ectopic, and the right primary canine is retained. (b) A 13-year-old female with
bilateral maxillary incisor agenesis associated with bilateral ectopic canines, which have beensurgically exposed prior to commencing orthodontic

treatment.

of other dental anomalies with hypodontia can accentuate occlusal
problems, such as spacing, malpositioned teeth, centreline shift, over-
eruption of opposing teeth, and uneven gingival margins (Fig. 23.5).
People with hypodontia may have atrophic alveolar ridges or local bone
deficit due to underdevelopment of the alveolus in the absence of teeth
(Fig. 23.6). Hypodontiais also commonly associated with reduced lower
face height and deep overbite (Fig. 23.7).

Diagnosis

The most common indication of hypodontia‘is-abnormalities in the
eruption of teeth. Prolonged retention of primary teeth, inconsistencies
in eruption timing between contralateral-teeth of more than 6 months,

or deviation from the normal eruption sequence should prompt further
investigation. Hypodontia may be associated with a generalized delay
in dental development, although the extent of delay is variable.

Radiographic examination provides a definitive diagnosis of hypo-
dontia and dental panoramic radiographs should be used to confirm
the presence or absence of teeth where indicated by specific clinical
signs or symptoms. Screening radiographs are not advised for young
patients, as diagnosis of absent teeth radiographically before 10 years
old may be erroneous due to late development of the second premo-
lars. The approximate age of tooth development will determine the age
at which the absence of a particular tooth can be accurately diagnosed
(see Chapter 3, Table 3.1).
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Fig. 23.6 Bone deficit may be associated with hypodontia. In this case, the mandible is narrow buccolingually in the second premolar region where the

teeth are developmentally absent.

Fig. 23.7 Decreased lower face height and deep overbite are commonly associated with hypodontia.

23.4 Impact of hypodontia

23.4.1 Impact of untreated hypodontia

Hypodontia has been shown to reduce quality of life for those affected
due to detrimental effects on appearance, function, and psychosocial
well-being. Concerns regarding dental appearance are a key motivator
for seeking treatment, with ‘gaps’ being reported as a source of bul-
lying and anxiety for young people. Hypodontia can cause functional
difficulties with eating and speech, such as avoidance of certain foods,
difficulty biting hard food, and lisping. Oral health-related quality of life
(OHRQoLl) scales indicate that hypodontia can affect everyday activities
such as brushing, speech, eating, and playing musical instruments.

23.4.2 Impact of hypodontia treatment

The impact of undergoing treatment for hypodontia depends on the
type of treatment, service delivery factors, and individual patient fac-
tors. Active treatment most commonly starts in early adolescence,
around 11-12 years old when the permanent dentition is established,
and can continue throughout late childhood and into early adulthood
depending on the treatment plan. The length and complexity of den-
tal treatment influences patient experience and research has found
that waiting for treatment and/or delays in treatment can be a source
of frustration for patients. Burdensome appointments schedules can



have an impact in terms of travel time and cost, time off work and
school, and childcare for siblings, and treatment may also have tempo-
rary effects on appearance, talking, and eating. The potential impact

Treatment in the permanent dentition

of treatment should be considered during treatment planning and
discussed with the patient and family to ensure the most appropriate
care is provided.

23.5 Treatment in the primary dentition

Hypodontia in the primary dentition is relatively uncommon and
for milder hypodontia often no active intervention is required.
Developmental absence of primary teeth increases the index of suspi-
cion for other developmental anomalies and as such, dental develop-
ment should be carefully monitored. Any concerns about the possibility
of an associated syndrome should prompt referral to an appropriate
medical practitioner for further investigation. In addition, the dental
team has an important role in providing support and advice to the
young child and family. Parents may require counselling about the diag-
nosis of hypodontia and the likelihood of hypodontia in the permanent

dentition or in siblings. The long-term management of hypodontia can
be(burdensome to the patient and family so providing advice about
future treatment can allow time for preparation.

In cases of severe hypodontia or anodontia, tooth replacement in
the form of removable dentures may be desirable to improve aes-
thetics and function. Dentures may be difficult to retain in those with
poorly developed alveolar ridges and often require regular adjust-
ments. Dentures can cause initial problems with speech, eating, and
increased saliva but adaptation is usually good and may help speech
development.

23.6 Treatment in the'mixed dentition

Hypodontia affecting the permanent dentition may only become
apparent during the transition from the primary to permanent denti-
tion. Preventative advice to-maintain primary teeth in the optimum
condition is a priority to.-maximize future treatment options. This
includes diet analysis, oral hygiene regimens tailored to the patient’s
needs, fluoride use, and fissure sealants. The risk of other dental
anomalies should prompt careful and thorough monitoring of dental
development.

Concerns about aesthetics and function may become evident during
the mixed dentition, particularly around the time of progression to sec-
ondary school when peer influence increases. Any interim treatment
provided in the mixed dentition should be minimally invasive and pro-
vided with consideration to the long-term treatment plan. The benefits
of interim treatment must be judged against any potential risks, such as
an ability to maintain oral health and increased treatment burden for
the patient and family.

Adhesive, non-invasive restorative dentistry techniques can be used
to reduce spacing by enlarging or reshaping small teeth with placement
of composite restorations. Missing teeth can be replaced temporar-
ily with an adhesive fixed prosthesis, such as a resin-bonded bridge
placed without any prior preparation of the tooth surface. Where there
are multiple missing teeth or no suitable abutment teeth, a removable
prosthesis may be preferable. Dentures often require regular adaptation

during the mixed dentition phase and compliance may be low in
patients who are not significantly affected by their missing teeth.

Interceptive orthodontic treatment can aid space redistribution
in the mixed dentition phase and improve aesthetics. Consideration
must be given to how any orthodontic correction will be maintained
until definitive treatment can be provided, as the risk of relapse is
often high. In addition, orthodontic movement of primary teeth can
cause accelerated root resorption and reduce long-term prognosis,
and care must be taken if moving teeth in areas where there are
unerupted teeth.

Judicious extraction of primary teeth may promote spontaneous
space closure in agenesis sites if undertaken at the ideal time. However,
it can be difficult to predict future tooth eruption and likelihood of
crowding so it is strongly recommended that advice is sought from
an orthodontic specialist prior'to undertaking extractions in children
with hypodontia. Extraction of the maxillary primary lateral incisors
and canines may encourage mesial eruption of the permanent canines
into a favourable-position to replace developmentally absent lateral
incisors. Similarly, a definite diagnosis of missing second premolars in
those with.some degree of crowding may indicate early extraction of
the primary molars to relieve the crowding and promote spontaneous
spaceclosure, ideally before second permanent molar eruption around
11 years old.

23.7 Treatment in the permanent dentition

Treatment planning considerations

In most cases, treatment planning for hypodontia should be undertaken
within an interdisciplinary team that usually includes paediatric den-
tists, restorative dentists, and orthodontists. Less commonly, oral sur-
geons, clinical psychologists, and genetic scientists may also be involved.
General dentists often assist with monitoring dental development and

provision of routine care and the patient’s own dentist should therefore
be included in correspondence to ensure continuity of care.

A number of treatment strategies are available for managing hypo-
dontia in the permanent dentition, which may be undertaken alone or
in combination:

1. No active treatment.
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Table 23.2 Considerations during treatment planning for
hypodontia

Patient
factors

Concerns—aesthetic, functional
Desired outcome in short, medium, and
long term

Motivation and cooperation with dental
treatment

Willingness to commit to long-term
maintenance

Use of fluoride and diet control

Other medical considerations

Social factors such as home circumstances,
ability to attend appointments

Intra-oral Severity of hypodontia and position of teeth
features Dental health status: oral hygiene, dental
disease
Occlusal factors, e.g. crowding, inter-arch
relationship
Dental aesthetics
Bone quality for implantplacement

Extra-oral Skeletal pattern in three planes:

features anteroposterior,vertical, transverse
Soft tissues: lipsupport, smile line
Smile aesthetics

Availability of  Access to services
dental care Cost.of treatment

2. Management of retained primary teeth—maintenance or extraction.

3. Restorative camouflage to alter the shape, size, or colour of existing
primary or permanent teeth.

4. Orthodontic treatment to change the position of teeth.
5. Tooth replacement.
Asuccessful treatment outcome will depend on whether the patient’s

concernsand expectations have been addressed. Alongside patient fac-
tors, the extra-oral and intra-oral features and availability of dental care

(@ (b)

will influence the choice of treatment (Table 23.2). Treatment decisions
should be made jointly between clinicians and the patient and family.

23.7.2 No active treatment

People with hypodontia may decide for a number of reasons that they
do not wishito undergo any dental treatment, usually because they feel
their dental-appearance and function are acceptable and there is little
to gainfrom treatment. Provided the patient and family have been given
sufficient information to make this choice and are doing so freely, the
choice to decline active treatment should be supported. For people with
poor dental health or medical contraindications to dental treatment, the
dental team may feel the risks of treatment outweigh any potential ben-
efits and no treatment may be advisable. Where no active dental treat-
ment is planned, the patient should be seen for routine care by his or her
own general dentist. This provides an opportunity to reassess patient
and family wishes and to monitor dental health status. Understanding
around hypodontia and expectations around dental health can change
over time and patients may later request a referral to the interdiscipli-
nary team for further discussion of possible treatment options.

23.7.3 Management of primary teeth

Primary teeth may be retained in the mouth for longer than usual in sites
where the permanent teeth are missing. Management of the retained
primary tooth is a choice between maintaining the tooth or-extrac-
tion of the tooth to enable spontaneous or active closure of the space.
Alternatively, the primary tooth may be removed with no space closure.
In this case a decision is made whether to accept the space or consider
tooth replacement. The decision for management of primary teeth is
influenced by a number of clinical factors, such as the number and loca-
tion of missing teeth, the health of the primary tooth, the position of the
primary tooth relative to other teeth, and other aspects of malocclusion
such as spacing, crowding, and the inter-arch relationship (Fig. 23.8).
Infra-occlusion is the process~where a tooth fails to maintain its
occlusal relationship with adjacent teeth (see Chapter 3, Section 3.3.3).

Fig. 23.8 The prognosis of the primary teeth isinfluenced by the coronal health and root length. (a) Mandibular primary second molar with a non-
carious crown, minimal tooth surface loss, and good root length. Prognosis of the tooth is favourable. (b) A maxillary primary second molar with a large

restoration and extensive root resorption.. The prognosis of the tooth is poor.



Infra-occlusion is most commonly seen in hypodontia in relation to pri-
mary second molars (Fig. 23.9) and in severe cases, extraction of the
infra-occluding tooth may be necessary to prevent a localized vertical
bony defect forming.

Primary teeth with good coronal health.and adequate root length
may be maintained for as long as possible. The teeth act as natural
space maintainers and keeping the tooth"is advantageous for reduc-
ing alveolar bone resorption, preserving soft tissue architecture, and
improving appearance and function. Retained primary teeth can sig-
nificantly reduce the impact of missing teeth and improve oral health-
related quality of life. Primary teeth often appear small compared to
adjacent permanent teeth so primary teeth may be modified with
direct or indirect restorations to improve aesthetics and protect the
primary tooth (Fig. 23.10). Onlays can be placed on primary molars to
restore occlusal height in cases of tooth surface loss or mild—-moder-
ate infra-occlusion to improve function and prevent tipping of adjacent
teeth (Fig. 23.11).

Generally primary teeth do not have the expected lifespan of a per-
manent tooth and long-term survival of primary teeth depends on the

(a)

(b)

Treatment in the permanent dentition

Fig. 23.9 Infra-occlusion of mandibular primary

second molars where the right maxillary second pre-
molar is developmentally absent. The severity of the
infra-occlusion indicated extraction was necessary to
prevent submergence of the tooth below the gingiva.

extent and rate of root resorption, dental pathology such as caries, non-
carious tooth surface loss and periodontal disease, and infra-occlusion
secondary to ankylosis. Primary second molars have been shown to
have a good long-term prognosis if they are present at 20 years old,
while primary canines usually have a shorter lifespan. Restoring primary
teeth may reduce the long-term survival due to a less favourable crown—
root ratio and increased occlusal loading.

Where primary teeth are to be retained for as long as possible, a
long-term plan should be agreed to manage the eventual tooth loss.
This usually involves a treatment plan that positions adjacent teeth
in a favourable position to facilitate tooth replacement when the pri-
mary tooth is lost. Primary canine teeth are considerably .smaller
than the successor and space may need to be created around.the pri-
mary tooth to facilitate implant placement or a better-proportioned
prosthetic replacement in the future. On the other hand, primary
second molar crowns are larger than the ideal size of a subsequent
premolar tooth replacement and it may be desirable to reduce the
mesiodistal width of the primary molar to allow orthodontic space
closure to premolar size. The scope for crown reduction depends

Fig. 23.10 A 14-year-old female, who pre-
sented with missing maxillary lateral incisors.
(a) The patient was unhappy with the shape of
her primary and permanent maxillary canines.
(b) During the functional appliance phase, the
permanent canine cusps were incrementally
reduced and temporary restorations were
placed on the primary canines.
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on the divergence of the primary molar roots and the thickness of inter-
proximal enamel (Fig. 23.12).

Orthodontic treatment

Orthodontic treatment for hypodontia aims to adjust tooth position to
either eliminate the spaces where teeth are missing or optimize the
spaces for tooth replacement. Treatment planning of the final tooth
position depends on the severity and presentation of hypodontia, extra-
oral features, dental health and suitability for orthodontic treatment,
and other aspects of the malocclusion.

Maxillary lateral incisor agenesis

In cases with maxillary lateral incisor agenesis, a decision is made
whether to open the space for tooth replacement (Fig. 23.13) or close

Fig. 23.12 Interproximal reduction of retained primary second molars
enables some orthodontic space closure to optimize the space for
premolar-sized tooth replacement in the future. However, divergent
roots may limit the scope for space closure.

Fig. 23.11 Restoration of primary second molar where the
permanent successor is absent. A direct composite onlay was
used to restore occlusal height following non-carious tooth
surface loss and mild infra-occlusion.

the space and accept the canine in the lateral incisor position and the
first premolar as a substitute for the canine (Fig. 23.14). A number of
clinical factors should be considered (Table 23.3). Space closure may be
preferable for those wishing to minimize the long-term commitment to
dental treatment and there is some evidence that periodontal health
is better in cases where tooth replacement is avoided. In cases where
both space opening or space closure are possible, a mock-up_of the
treatment options, known as a Kesling’s set-up, can be used-to aid visu-
alization for the patient (see Fig. 23.15).

Canine teeth can be challenging to camouflage as lateral incisors due
to the increased buccolingual, mesiodistal, and gingival-apical propor-
tions, the higher gingival contour, prominent canine eminence, and
darker coronal colour. These issues can be managed to some extent
with adjustment of the canine position and enamel recontouring during
orthodontic treatment and/or single tooth whitening and restorative
camouflage following orthodontic treatment.

Mandibular second-premolar agenesis

In mild hypodontia where premolars are absent, similar decisions are
required regarding _orthodontic space closure or space optimization
for tooth replacement. Space closure may be challenging, particularly
for larger spaces resulting from late loss of a primary second molar.
Successful* space closure of posterior spaces of 8-11 mm has been

Table 23.3 Management of missing maxillary lateral incisors

Space opening Space closure

Class Il skeletal pattern Class Il skeletal pattern
No crowding or spacinginarch ~ Crowding
Class | buccal segment Class Il buccal segment

Unfavourable canine colour Favourable canine colour and

and morphology morphology
Hypodontia or teeth of poor Patient does not want
prognosis in the same quadrant ~ prosthesis
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(a)

(b)

(o)

Fig. 23.13 Orthodontic space opening in bilateral maxillary incisor agenesis. (a) A 14-year-old female with bilateral maxillary lateral incisor agenesis.
(b) The maxillary canine teeth were retracted into the correct position using fixed appliances, creating space for tooth replacement in the lateral inci-
sor position. (c) A Hawley retainer with artificial teeth in the lateral incisor spaces. Treatment was provided by Gavin Bell.



(a)

(b)

Hypodontia and orthodontics

Fig. 23.14 Orthodontic space closure. (a) A
14-year-old female with a developmentally
absent right maxillary incisor and a microdont
left maxillary incisor. (b) Treatment involved
extraction of the microdont incisor and ortho-
dontic space closure with canine substitution
into the lateral incisor spaces. The canines
were reshaped throughout orthodontic treat-
ment. Lower arch extractions were indicated
to relieve crowding and maintain the incisor
relationship. Treatment was provided by
Zynab Jawad.



Fig. 23.15 Trial (Kesling’s) set-up can be used to help the patient visual-
ize the treatment options where more than one treatment option is
feasible.

demonstrated without detrimental effects to the occlusion but often
additional anchorage is required to encourage molar protraction and
reduce the risk of over-retraction ©f .the anterior teeth. The aesthetic
impact of missing posterior teeth is lower than anterior teeth and
patients may opt to accepta posterior space rather than undergo tooth
replacement or extensive orthodontic treatment to close the space.

Mandibular incisor agenesis

The management of mandibular incisor agenesis will be guided by the
incisor relationship and the number of missing teeth (Fig. 23.16). In
cases where the overbite and overjet are reduced and there is a Class
Il incisor tendency, space closure may improve the incisor relationship.
Onthe other hand, where the overbite and overjet are increased, space
closure in the lower labial segment is likely to worsen the incisor rela-
tionship and should generally be avoided. If two incisor spaces are to be
created for tooth replacement, it is generally preferable to locate the
spaces in the lateral incisor position, as the adjacent lower canine teeth
are ideal abutment teeth to support pontics.

Fig. 23.16 Orthodontic space closure for a single missing lower incisor.

Treatment in the permanent dentition

Unilateral hypodontia

Unilateral tooth agenesis.poses specific challenges for orthodontic
treatment, particularly-maintaining symmetry between the teeth and
ensuring centrelines are coincident to the face. Management of uni-
lateral maxillary lateral incisor agenesis depends on the factors previ-
ously listed-but in addition, the ability to gain a symmetrical result
from either space closure with canine camouflage or space opening
with.replacement of a single lateral incisor needs to be assessed.
Unilateral agenesis often presents in conjunction with peg-shaped
lateral incisors and it can be difficult to achieve symmetry between
a small lateral incisor and a contralateral canine if space closure is
undertaken. In these cases, the orthodontist may elect to extract the
peg-shaped lateral incisor (Fig. 23.14). Alternatively, if the space is to
be opened, the peg tooth may require restoration to match the con-
tralateral prosthesis.

Moderate—severe hypodontia

In moderate—severe hypodontia, for example, cases with more than
one missing tooth per quadrant, interdisciplinary input is required to
allow a holistic treatment plan to be developed. Tooth position is likely
to be guided by the proposed method of tooth replacement and the
scope for tooth movement (Fig. 23.17). Ideally, spaces are located to
optimize aesthetics and reduce the occlusal load on artificial replace-
ment teeth. In severe hypodontia, with multiple missing teeth per
quadrant, orthodontic treatment can be challenging as there may be
insufficient teeth to gain anchorage for significant tooth.movement
using fixed appliances. In these cases, it may be necessary toaccept the
tooth position or plan only minimal tooth movements. Tooth replace-
ment is often reliant on implant-retained prostheses and it may also be
helpful to delay orthodontic treatment until nearer the age of growth
cessation (see Section 23.7.6).

Orthodontic appliances

Fixed appliances are generally the treatment of choice for repositioning
teeth but treatment mechanics' may be complicated by a lack of teeth
for anchorage, long spans.of wire in edentulous sites that are prone to
deformation and breakage, and challenges posed by a reduced face
height and deep-overbite. Where spaces have been created, acrylic
pontic teeth can be ligated to the archwire via a bracket attached to the
artificial tooth to improve aesthetics (Fig. 23.18). Anchorage support
can be gained from removable appliances or adjuncts such as transpala-
tal-ordingual arches, headgear, or skeletal anchorage from temporary
anchorage devices.

Upper removable appliances with a flat anterior bite plane can be
used to aid overbite reduction (see Chapter 10, Section 10.3.2) or to
move teeth where there are insufficient teeth for fixed appliances. In
growing patients with an underlying skeletal discrepancy, growth modi-
fication may be indicated. In Class Il malocclusion with reduced face
height, functional appliances might be useful to encourage anteropos-
terior and vertical correction and in Class Ill cases protraction headgear
may be used (see Chapter 11, Section 11.4). In non-growing patients
with a significant underlying skeletal discrepancy, orthognathic treat-
ment may be required (see Chapter 20).
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(a)

(b)

Fig. 23.18 Acrylic teeth (in this case, upper central incisors) can be
ligated to the archwire using brackets glued to the teeth to provide an
aesthetic solution to edentulous spaces during orthodontic treatment.

Fig. 23.17 Orthodontic treatment for severe
hypodontia.(a) A 14-year-old male missing 13
permanent teeth with retained primary teeth
and a number of microdont and conical-shaped
permanent teeth. The right second premolar
was impacted. A temporary bridge had been
provided to replace the right maxillary lateral
incisor. (b) Treatment involved extraction of
the maxillary right primary second molar (URE)
to encourage eruption of the premolar. Fixed
appliances were used to redistribute space and
temporary restorations were placed on the cen-
tral incisors, conical permanent canine teeth,
and primary teeth to improve the appearance
of the teeth. The patient is awaiting tooth whit-
ening followed by permanent restorations and
provision of tooth replacement (RBBs) in the
lower incisor and upper right maxillary incisor
position.

Fig. 23.19 Despite favourable canine morphology and reshaping through-
out orthodontic treatment, the aesthetics of the canine substitution into
the lateral incisor position is reduced by the darker colour of the canine
crowns and discrepancies in the gingival height of the anterior teeth.



Retention

As with other malocclusions, retention is a key component of treat-
ment (see Chapter 16). Spaces that have been closed orthodontically
are prone to reopening and fixed retention is often indicated. In sites
where space has been opened for tooth replacement, it is essential
appropriate retention is planned to prevent relapse in tooth crown or
root position that would complicate future restorative work. Artificial
teeth can be added to a Hawley retainer as a temporary method of
tooth replacement (Fig. 23.13). It is advisable that metal stops are
included on the mesial and distal aspects of the edentulous space to
prevent space loss if the artificial tooth/teeth are fractured. Artificial
teeth can also be added to vacuum-formed retainers to improve aes-
thetics, but the patient must be instructed to remove the retainer for
eating and drinking.

Restorative camouflage

Minimally invasive, adhesive restorative dentistry techniques can be used
to alter the morphology of primary and permanent teeth (Fig. 23.17). This
may be a stand-alone treatment if the tooth.position and occlusion are
acceptable, or undertaken in conjunctionwith orthodontic treatment.

In cases where permanent teeth-have erupted or been orthodonti-
cally moved into the position of other teeth, restorative techniques can
be used to camouflage the-crown morphology to improve aesthetics.
This is most commonly.undertaken for canines acting as lateral inci-
sors, where compositeis added to the mesial and distal incisal corners
to make the canines more square, and premolars in the canine posi-
tion where the crown may require some enlargement. Recontouring of
the gingival margins may also be desirable to optimize the aesthetics,
particularly for people with a high smile line. Single-tooth whitening
can improve the colour harmony between darker canines and adjacent
teeth in space closure cases (Fig. 23.19).

Treatment in the permanent dentition

Tooth replacement

A number of methods are available for replacing missing teeth depend-
ing on the number and position of missing teeth and adjacent structures.
Tooth replacement.includes:

® removable prostheses
® tooth-supported fixed prostheses
® implant-supported fixed prostheses

@ tooth autotransplantation.

The method of tooth replacement should be agreed during initial
treatment planning to ensure orthodontic treatment achieves the ideal
tooth position to facilitate restoration. It is advisable to seek a restora-
tive opinion before completion of fixed appliances to enable any final
adjustments to the occlusion or spaces to be made to optimize the prog-
nosis of the tooth replacement.

Removable prostheses

Removable prostheses (dentures) may be used to replace a single tooth
or multiple teeth as a short-term or long-term solution. For patients with
severe hypodontia and significant bony deficits, such as those with ecto-
dermal dysplasia, dentures may be the preferred method for replacing
a large number of teeth. Dentures may be constructed from acrylic or
cobalt-chrome and can gain support and retention from the soft tissues
as well as the dentition. Dentures have a number of advantagesthat are
often overlooked; they are relatively quick and simple to make,versatile
in design, and can provide good aesthetics and replacesoft tissues. The
main disadvantages of dentures are that some patients may find them
hard to adapt to, both physically and psychologically, and bony remod-
elling during growth means the prosthesis will require adjustment or
replacement over time.

Fig. 23.20 Orthodontic space opening and
tooth replacement with RBBs in a 13-year-old
female with bilateral maxillary incisor agenesis.
The restorations were provided by the patient’s
general dentist.
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Fig. 23.21 Consideration for placement of an implant: root parallelism
of adjacent teeth (red), mesiodistal width at the height of the crown,
marginal bone and apical bone (blue), and the vertical height of the
alveolar bone (green).

Tooth-supported fixed prostheses

Tooth-supported fixed prostheses include various designs of bridges that
are retained through attachment to abutment teeth. Bridges can be used
for short edentulous spans but the quality of abutment teeth and the
occlusion must be assessed carefully to determine suitability. Microdont
teeth or teeth with immature gingival margins may have inadequate
enamel surface for bonding, while teeth with short roots or previous peri-
odontal bone loss may not be able to support an increased occlusal load.

The most commonly used bridges are resin-bonded bridges (RBBs),
which require minimal or no preparation to the abutment tooth
(Fig.23.20). Retention is achieved through enamel bonding with a resin-
based adhesive. Survival of RBBs over 5 years have been shown to be

Key points

high, around 85%, but success depends on the design of the bridge,
selection of the abutment tooth, occlusal factors, and patient factors.
Conventional bridges with-more extensive coronal coverage of abut-
ment teeth are rarely used in younger patients, as the coronal prepara-
tion is often excessively destructive and there is an increased risk of
pulpal damage inimmature teeth. The exception is patients with coni-
cal or worn abutment teeth where existing inter-occlusal space means
little preparation is required to enable placement of a full coverage
crown, or older patients with previously restored abutment teeth.

Implant-supported fixed prostheses

Fixed tooth replacement can also be achieved by attaching crowns or
bridges to dental implants. Implants require osseointegration for stabil-
ity and as a result, it is necessary to wait for facial growth to have slowed
to adult level to prevent infra-occlusion of the implant and restoration.
The success rate of single-tooth implant-supported restorations in adults
with hypodontia has been estimated to be greater than 95% over 3 years.
Implant placement requires adequate alveolar bone height and width
in the edentulous site to support the preferred implant size. Bone aug-
mentation is possible where bone is deficient, most commonly using
autogenous grafts from donor sites in the patient, although synthetic
alloplastic materials are gaining popularity. As well as adequate alveolar
bone, it is also necessary to have sufficient space between the roots of
adjacent teeth for the implant, and between the crowns of adjacent and
opposing teeth for the restoration (Fig. 23.21). Root parallelism achieved
by orthodontic treatment in preparation for implant placementis prone
to relapse so careful retention and minimal delay between orthodontic
treatment and implant placement are advised. In cases where implants
are planned, it may be prudent to delay the start of orthodontic treat-
ment where possible, so that growth has slowed to adult levels and the
implant can be safely placed once orthodontics is complete.

Tooth autotransplantation

Tooth autotransplantation is a procedure in which a tooth is carefully
extracted under controlled conditions and implanted into another site
in the same patient. In hypodontia, this treatment may be considered
where there is crowding in‘one segment and a missing tooth in another.
Transplantation mostcommonly involves premolars, although other
teeth can be transplanted depending on the size of the agenesis space
and the availability of donor tooth. Maxillary lateral incisors may be
challenging to replace with premolars due to the relative size difference
between-premolar and lateral incisor crowns. Case reports have high-
lightedthe potential for transplanting mandibular incisors into the maxil-
lary lateral incisor position but this will depend on the scope for extracting
amandibular incisor without compromising the occlusal result.

® Hypodontia is a relatively common dental anomaly, affecting permanent teeth in 3.5-6.5% of the population.

® Hypodontia is often associated with other dental'anomalies and the impact of hypodontia and its treatment can be significant for

those affected.

® Treatment may require an interdisciplinary approach involving the management of retained primary teeth, orthodontic treatment,

and restorative treatment.
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“@ References for this chapter can also be found at: www.oup.com/uk/orthodontics5e. Where possible, these are presented as active links
which direct you to the electronic version of the work, to help facilitate onward study. If you are a subscriber to that work (either individually
or through an institution), and depending on your level of access, you may be able to peruse an abstract or the full article if available.
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Cleft lip and palate and other craniofacial anomalies

Relevant sections in other chapters

4.2 Early cranofacial development

Learning objectives f

of the different presentations of cleft lip and/or pala&n he problems they present for the pa

g of the basic principles of management of patier@vith acleft.

N

24.1 Prevalence

Cleft lip and palate is the most common craniofacial malformation,
comprising 65% of all anomalies affecting the head and neck. There
are two distinct types of cleft anomaly: cleft lip with or without cleft
palate, and isolated cleft palate, which result from failure of fusion
at two different stages of dentofacial development (see Chapter 4,
Section 4.2).

24.1.1 Cleft lip and palate

The prevalence of cleft lip-and palate varies geographically and
between different racial groups. Among Caucasians, this anomaly
occurs in approximately1 in every 700 live births and the prevalence
is increasing. A family history can be found in around 40% of cases
of cleft lip with or without cleft palate, and the risk of unaffected
parents having another child with this anomaly is 1in 25 (Box 24.1).
Males are affected more frequently than females, and the left side is
involved more commonly than the right. Interestingly, the severity of
the cleft is usually more marked when it arises in the less common
variant.

24.2 Aetiology

In normal development, fusion of the embryological processes that
comprise the upper lip occurs around the sixth week of intrauterine life.
‘Flip-up’ of the palatal shelves from a vertical to a horizontal position fol-
lowed by fusion to form the secondary palate occurs around the eighth
week. Before fusion can take place, the embryological processes must
grow until they come into contact. Then breakdown of the overlying
epithelium is followed by invasion of mesenchyme. If this process is to
take place successfully, a number of different factors need to interact
at the right time. Evidence from population studies and experimental
data suggests that both genetic and environmental factors play a part

24.3 Classification

A number of classifications exist but, given the wide variation in clinical
presentation, in practice it is often preferable to-describe the presenting
deformity in words (Fig. 24.1).

Box 24.1 Genetic risks of cleft lip and palate

® Parents with no cleft but with one affected child: risk for next
child=11in 25 (4%).

® One parent with cleft lip and palate: risk for first child=1in 50 (2%).

® One parent with cleft lip and palate and first child with cleft
lip and palate: risk for next child=11in 10 (10%).

® Both parents affected: risk for first child=3in 5 (60%).

24.1.2 lsolated cleft of the secondary palatée

Isolated cleft occurs in around 1 in 2000 live births and affects females
more often than males. Clefts of the secondary palate have a lesser
genetic component, with a family history in around 20% and a reduced
risk of further affected offspring to normal parents (1 in 80).

Isolated cleft palate is also found as a feature in a number of syn-
dromes including Down, Treacher—Collins, Pierre—Robin, and Klippel-
Fiel syndromes.

in the aetiology of clefts. Specific gene mutations have been shown to
be linked to cleftdip and/or cleft palate. Environmental factors that have
been implicated include anticonvulsant drugs, folic acid deficiency, and
maternalsmoking.

It'is'postulated that isolated cleft palate is more common in females
than males because transposition of the palatal shelves occurs later in
the female fetus. Thus, greater opportunity exists for an environmen-
tal insult to affect successful elevation, which is further hampered by
widening of the face as a result of growth in the intervening period (see
Chapter 4, Section 4.2.4).
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Fig. 24.1 (a) Baby with a complete unilateral cleft lip and palate on the left side; (b) baby with a bilateral incomplete cleft lip; (c) baby with a complete

bilateral cleft lip and palate.

24.4 Problems in management

Congenital anomalies

The disturbances in dental and skeletal development caused by
the clefting process itself depend upon the site and severity of the
cleft.

Lip only

There is little effect in‘this type, although notching of the alveolus adja-
cent to the cleft lip may sometimes be seen.

Lip and alveolus

A unilateral cleft of the lip and alveolus is not usually associated with
segmental displacement. However, in bilateral cases the premaxilla
may be rotated forwards. The lateral incisor on the side of the cleft may
exhibit some of the following dental anomalies:

® Congenital absence
® Anabnormality of tooth size and/or shape
® Defects of the enamel

® Or present as two conical teeth, one on each side of the cleft.

Lip and palate

In unilateral clefts, rotation and collapse of both segments inwards
anteriorly is usually seen, although this is usually more marked on
the side of the cleft (the lesser segment). In bilateral clefts, both lat-
eral segments are often collapsed behind a prominent premaxilla
(Fig. 24.2).

Palate only

A widening of the arch posteriorly is usually seen.

It has been shown that individuals with a cleft have.a more concave
profile, and while a degree of this is due to a restriction of growth (see
later), research indicates that cleft patients have a tendency towards a
more retrognathic maxilla and mandible and also a reduced upper face
height compared with the normal population.

Post-surgical distortions

Studies of individuals with unoperated clefts (usually in Third World
countries) show that they do not experience a significant restriction of
facial growth, although there is a lack of development in the region of
the cleft itself, possibly because of tissue hypoplasia. In contrast, indi-
viduals who have undergone surgical repair of a cleft lip and-palate
exhibit marked restriction of mid-face growth anteroposteriorly and
transversely (Fig. 24.3). This is attributed to the restraining‘effect of the
scar tissue, which results from surgical intervention. It has been esti-
mated that approximately 40% of cleft patients exhibit marked maxil-
lary retrusion. Limitation of vertical growth of the maxilla coupled with
a tendency for an increased lower facial height results in an excessive
freeway space, and frequently overclosure (Fig. 24.4).

Hearing and speech

Speech development is adversely affected by the presence of fistulae
in the palate and by velopharyngeal insufficiency, where the soft palate
is not able to make an adequate contact with the back of the pharynx
to close off the nasal airway (Fig. 24.5). This can result in hypernasal
speech.

A cleft involving the posterior part of the hard and soft palate will also
involvethe tensor palati muscles, which act on the Eustachian tube. This
predisposes the patient to problems with middle-ear effusion (known
colloquially as ‘glue ear’). Obviously, hearing difficulties will also retard a
child’s speech development. Therefore, management of the child with
a cleft involving the posterior palate must include audiological assess-
ments and myringotomy with or without grommets as indicated.

Other congenital abnormalities

Cleft lip with or without cleft palate, and isolated cleft palate are associ-
ated with other congenital abnormalities (Box 24.2). The actual figures
vary between populations, but the prevalence is greater in babies with
isolated cleft palate. The most common anomalies affect the heart and
extremities.
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Fig. 24.2 (a) Upper model of a bilateral.complete cleft lip and palate showing the inward collapse of the lateral segments behind the pre-maxillary
segment; (b) upper arch of a patient in the late mixed dentition with a bilateral complete cleft lip and palate.

Fig. 24.3 Patient with a repaired unilateral cleft lip and palate of the left side showing mid-face retrusion.

Fig. 24.4 Patient with a repaired cleft lip and palate of the right side
who had a degree of overclosure, believed tobe due to the restricting
effect of the primary repair on vertical growth.

Dental anomalies

In addition to the effects on the teeth in the region of the cleft discussed
above, the following anomalies are more prevalent in the remainder of
the dentition:

® Delayed eruption (delay increases with severity of cleft)

® Hypodontia

® Supernumerary teeth

® General reduction in tooth size

® Abnormalities of tooth size and shape (Fig. 24.6)

Enamel defects.



Coordination of care

Box 24.2 In a study of nearly 4000 patients with
isolated cleft palate

® 55% had cleftpalate only.
® 27% had alrecognized syndrome.

® 18%hadother anomalies.

Source data from Cleft Palate — Craniofacial Journal, 41, Calzolari,
E.Bianchi et al, EUROCAT working group. Epidemiology of cleft palate
in Europe: implications for genetic research 2004.

Fig. 24.5 Patient with unrepaired cleft palate. As a.result, their speech
was unintelligible.

Fig. 24.6 Patient with a repaired bilateral cleft lip and palate with abnormally shaped upper incisors.

24.5 Coordination of care

In order to minimize the number of hospital visits and to ensure inte- Psychologist

grated interdisciplinary management, it is essential to employ a team e Speech and language therapist
approach with joint clinics. In order to build up expertise within the
team and for meaningful audit, care should be .centralized within a
region. The core members usually include the following:

® Health visitor/specialized nurse

Ear, nose, and throat (ENT) surgeon.

® (Cleft surgeon

® QOrthodontist
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24.6 Management

It is now accepted practice that patients with a cleft lip and/or palate
should be managed to a standardized protocol. The rationale for this
is twofold. Firstly, a standard regimen reduces the temptation for addi-
tional ‘touch-up’ surgical procedures, the benefits of which are limited.
A standardized protocol also permits useful audit of the outcome of all
aspects of cleft care and thereby leads to the refinement and improve-
ment of the management of subsequent generations of cleft children
(see Section 24.7).

24.6.1 Atbirth

With improved fetal ultrasound screening, an increasing proportion
of clefts are detected prenatally. This has the advantage that the par-
ents can be counselled and prepared for the arrival of a child with a
cleft. Otherwise, the birth of a child with a cleft anomaly will come
as a shock and a disappointment for the parents. It is common for
them to experience feelings of guilt and they:will need time to grieve
for the emotional loss of the ‘normal’ child that they anticipated. It is
important to provide support for the ‘mother at this time to ensure
that bonding develops normally and that help with feeding is avail-
able straightaway for those infants with a cleft. This is now usually
provided by a trained cleft-health visitor. Because an affected child
will have difficulty in sucking, a bottle and teat which help direct the
flow of milk into the'mouth is helpful, for example a soft bottle which
can be squeezed (Fig. 24.7). An early explanation from a member(s)
of the cleft team of probable future management and the possibili-
ties of modern treatment is appreciated by parents. Further support

SN

Fig. 24.7 A soft squeezable bottle and special teat for feeding cleft
babies.

can be obtained from CLAPA (the Cleft Lip and Palate Association:
http://www.clapa.com), which is a voluntary group largely compris-
ing parents of,.and individuals with a cleft (Fig. 24.8).

Some centres advocate the use of acrylic plates designed to help
with feeding or to move the displaced cleft segments actively towards
amore.normal relationship to aid subsequent surgical apposition. This
iskknown as pre-surgical orthopaedics and has recently come back into
fashion especially in America with the introduction of an extension from
the acrylic plate into the cleft nostril(s) to help mould the cleft nose. This
modified technique is called naso-alveolar moulding (or NAM). There
is currently no robust long-term data to support the routine use of this
approach, which does impose an additional burden on the parents in
the time before initial lip repair.

24.6.2 Lip repair

There is a wide variation in the timing of primary lip repair, depend-
ing upon the preference and protocol of the surgeon and cleft team
involved. Neonatal repair is still being evaluated. In the UK, primary
lip repair is, on average, carried out around 3 months of age. A num-
ber of different surgical techniques have been described (e.g. Millard,
Delaire, and straight line) but the main aim is to dissect out and reop-
pose the muscles of the lip and alar base in their correct anatomical
position.

Most centres repair bilateral cleft lips at the same procedure, but
some still carry out two separate operations. Primary bone grafting of
the alveolus at the time of lip repair has fallen into disrepute due to the
adverse effects upon subsequent growth.

24.6.3 Palate repair

The goal of hard palate closure is to separate the oral and nasal cavities,
with minimal effects upon normal growth and development. In order to
achieve the latter, surgery should.avoid wide undermining of the pala-
tal soft tissues. Two-layered closure is currently often employed with
vomer flaps used to close the nasal layer and mucoperiosteal flaps with
minimal bone exposure-used for the oral layer.

The aim of soft palate surgery is to facilitate normal velopharyngeal
function and closure for intelligible speech.

In some European centres, closure of the hard palate is delayed until 5
years of age or older in an effort to reduce the unwanted effects of early
surgery upon growth. There is some evidence to suggest that transverse
growth of the maxilla is improved. However, the adverse effect upon
speech development has been well documented. In the UK, hard and
soft palate repair is undertaken, on average, between 6 and 9 months of

Fig. 24.8 The Cleft Lip and Palate Association logo.



age with the philosophy that any unwanted effects upon growth caused
by repair at this stage (which can be compensated for to a degree by
orthodontics and surgery) are preferable to fostering the development
of poor articulatory speech habits, which can be extremely difficult to
eradicate after the age of 5 years.

Primary dentition

The first formal speech assessment is usually carried out around 18
months of age, however, monitoring of a patient’s speech should
continue throughout childhood. This is usually done at certain pre-
defined ages, but will depend upon the needs and circumstances of
the child.

If the cleft involves the palate, an assessment with an ENT surgeon
should also be arranged, if this specialty has not been involved at the
time of primary repair.

It is important to minimize surgical interference with the cleft child’s
life and ‘minor’ touch-ups should be avoided. Lip.revision, prior to the
start of schooling, should be performed only.if clearly indicated. Closure
of any residual palatal fistulae may be considered to help speech devel-
opment. Inaproportion of cases, the repaired cleft palate does not com-
pletely seal off the nasopharynx during speech and nasal escape of air
may occur, resulting in a nasal intonation to the child’s speech. This is
called velopharyngeal incompetence (VPI). If from evidence from inves-
tigations such as speech assessment, videofluoroscopy, and nasoen-
doscopy, VPl is diagnased, a pharyngoplasty may help. This operation
involves moving mucosal or musculomucosal pharyngeal flaps to aug-
ment the shape and function of the soft palate. If indicated, this should
be carried out around 4-5 years of age.

Orthodontic treatment in the primary dentition is not warranted.
However, during this stage it is important to develop good dental care
habits, instituting fluoride supplements in non-fluoridated areas.

Mixed dentition

Duringthis stage, the restraining effect of surgery upon growth becomes
more apparent, initially transversely in the upper arch and then anter-
oposteriorly as growth in the latter dimension predominates. With the
eruption of the permanent incisors, defects in tooth number, formation,
and position can be assessed. Often the upper incisors eruptinto lingual
occlusion and commonly are also displaced or rotated (Fig. 24.9).

In order to avoid straining patient cooperation, it is better if orthodon-
ticintervention is concentrated into two phases. The first stage is usually
carried out during the mixed dentition with the specific aim of prepar-
ing the patient for alveolar or secondary bone grafting. Subsequent
management is discussed in Section 24.6.6.

Alveolar (secondary) bone grafting

This technique has significantly improved the orthodontic care of
patients with an alveolar cleft involving the alveolus as it involves repair-
ing the defect with cancellous bone (Box 24.3).

For optimal results, this procedure should be timed-before the erup-
tion of the permanent canines, at around 9-10-years, particularly as
eruption of a tooth through the graft helps to'stabilize it. However, in
some patients, earlier bone grafting is indicated to provide bone for an
unerupted viable lateral incisor to erupt.

Management

Before bone grafting is carried out, any transverse collapse of the seg-
ments should be corrected to allow complete exposure of the alveolar
defect and to improve@ccess for the surgeon. This is most commonly
carried out by using a fixed expansion appliance called the quadhelix
(see Chapter 13, Section 13.4.4). This appliance has the advantage that
the arms can.be extended anteriorly, if indicated, to procline the upper
incisors;/but-in cases with more severe displacement and/or rotation
of theiincisors, a simple fixed appliance can be used concurrently (Fig.
2411).'However, care is required to ensure that the roots of the teeth
adjacent to the cleft are not moved out of their bony support, and it
may be necessary to defer their complete alignment to the post-grafting
stage. A palatal arch may be fitted to retain the expansion achieved
while bone grafting is carried out (Fig. 24.12).

In patients with a bilateral complete cleft lip and palate the pre-
maxillary segment is often mobile. In these cases, in order to ensure
that the graft takes and bony healing occurs, it is necessary to stabi-
lize the premaxilla during the healing period after bone grafting. This
can be accomplished by placement of a relatively rigid buccal archwire
prior to bone grafting, which is left in situ for around 3 months after the
operation.

If space closure on the side of the cleft is planned, consideration
should be given to the need to extract the deciduous molars on that
side prior to grafting in order to facilitate forward movement of the first
permanent molar. However, any extractions should be carried out at

Fig. 24.9 'Arrepaired unilateral cleft lip and palate in the mixed
dentition.

Box 24.3 Benefits of alveolar bone grafting

® Provision of bone through which the permanent canine
(or lateral incisor) can erupt into the arch (Fig. 24.10).

® The possibility of providing the patient with an intact arch.

® |mproved alar base support.

® Aids closure of residual oronasal fistulae.

® Stabilization of a mobile premaxilla in a bilateral cleft.
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least 3 weeks prior to bone grafting in order to allow healing of the
keratinized mucosa for the surgeon to raise flaps.

Cancellous bone is currently used for bone grafting because
it assumes the characteristics of the adjacent bone; however, this
may change in the future as bone morphogenesis proteins become
cheaper and more readily available. Cancellous bone can be har-
vested from a number of sites, but the iliac crest is currently the most
popular site. Keratinized flaps should be raised and utilized for clo-
sure, as mucosal flaps may interfere with subsequenttooth eruption.
Unerupted supernumerary teeth are commonly found in the cleft
itself, and these can be removed at the time of operation. There is no

Fig. 24.10 Radiographs of the patient shown
in Fig. 24.13, who had an alveolar bone graft:
(a) prior to bone grafting showing cleft of left
alveolus; (b) 1 month after bone grafting. The
supernumerary tooth lying in the cleft was
removed at the time of surgery.

Fig. 24.11 Patient with a repaired unilateral
cleft of the lip and palate of the left side: (a) pre-
treatment; (b) following expansion and align-
ment of the rotated upper left centralincisor.

Fig:24.12 The same patient as in Fig. 24.11:
(a) palatal arch and sectional archwire to retain
position of the upper central incisors, prior to
bone grafting; (b) after bone grafting, showing
the upper left canine erupting.

substantive evidence to support the contention that simultaneous
bone grafting of bilateral alveolar clefts jeopardizes the integrity of
the premaxilla.

The complications of this technique include:

® granuloma formation in the region of the graft—this often resolves
with increased oral hygiene, but surgical removal may be required

® failure of the graft to take—this usually only occurs to a partial degree
® root resorption—relatively rare

® around 10-15% of canines on the grafted side subsequently require
exposure.



Permanent dentition

Once the permanent dentition has been established, but before further
orthodontic treatment is planned, the patient should be assessed as
to the likely need for orthognathic surgery to correct mid-face retru-
sion (see Chapter 22). The degree of maxillary retrognathia, the mag-
nitude and effect of any future growth, and the patient’s wishes should
all be taken into consideration; however, it has been shown that around
25% of cleft lip and palate patients treated to a standardized protocol
require orthognathic surgery. This is because scar tissue from the origi-
nal primary repair restricts growth of the maxilla. If surgical correction
is indicated, this should be deferred until the growth rate has slowed to
adult levels (and be preceded by pre-surgical orthodontic alignment)
(Box 24.4).

If orthodontics alone is indicated, this can be commenced once the
permanent dentition is established. Usually fixed appliances are neces-
sary (Fig. 24.13). If space closure in the region of the cleft is not feasi-
ble, treatment planning should be carried out in-collaboration with a
restorative opinion regarding how the resultantspace will be restored in
the longer term (e.g. implant, bridgework).

At the end of orthodontic treatment, retention will be required. If
the maxillary arch has been expanded, this will be particularly prone to

24.7 Audit efcleft palate care

Audit of cleft palate management is difficult because of the different
disciplines involved in providing care and the range of clinical pres-
entations. As in all branches of medicine, concentration of expertise
and experience at a centre of excellence produces superior results to
those obtained by a lone practitioner carrying out small numbers of a
particular procedure each year. Therefore, it has been suggested that
each team should ‘treat’ a minimum of 50 cleft patients per year to
provide sufficient numbers for meaningful audit and to develop ade-
quate expertise. In order to try to evaluate the effects of treatment,

24.8 Other craniofacial anomalies

Craniofacial microsomia

This is the second most common craniofacial anomaly, with a preva-
lence of between 1 in 3500 to 1 in 5000 live births. It is a congenital
defect characterized by a lack of both hard and soft tissue on one or
both sides of the face, usually in the area of the mandibular ramus and
external ear (i.e. in the region of the first and second branchial arches).
This anomaly usually affects one side of the face (Fig. 24.14), but does
present bilaterally in around 30% of cases. A wide spectrum of ear and
cranial nerve deformities are found. In the milder forms it is known as
oculoauriculovertebral dysplasia, while Goldenhar syndrome is com-
monly used to refer to the more severe presentation.

Management usually involves a combination of.surgery and ortho-
dontic treatment. However, milder cases can sometimes be managed

Other craniofacial anomalies

Box 24.4 Orthognathic surgery in cleft patients

@ Surgical advancement of the maxilla may affect velopharyngeal
function therefore a speech assessment should be carried out
before planning surgery.

® Scar tissue may restrict the amount of forward movement of
the maxilla that is possible.

o -Reduced blood supply to the maxilla due to scarring.

@ Maxillary distraction may overcome these problems (see
Chapter 22, Section 22.7.4).

relapse therefore long-term retention is advisable. For further details on
retention and the different types of retainer, see Chapter 16 and Section
16.6 in particular.

Completion of growth

A final surgical revision of the nose (rhinoplasty) may be carried out at
this stage. However, if orthognathic surgery is planned this should be
carried out first, as movement of the underlying facial bones will affect
the contour of the nose.

careful records taken before and after any intervention (surgical or
orthodontic) must be a priority. If the results of one'surgical team
carrying out a particular treatment protocol are to be compared with
another treatment regimen carried out at a different centre, some
standardization of these records is required. These should include
study models and photographs of the cleft prior to primary closure,
so that the size and morphology of the original cleft can be taken into
consideration.

with orthodontic-appliances alone. Orthodontic treatment usually
involves the use of a specialized type of functional appliance known as a
hybrid appliance, so called because components are selected according
to the needs of the individual malocclusion, for example, encouraging
eruption of the buccal segment teeth on the affected side.

The degree and type of surgery depends upon the severity of the
defect:

® Earlyreconstruction (5-8 years of age)—is usually reserved for severe
cases with no functioning temporomandibular joint (TMJ).

® |n the growing child—distraction osteogenesis (see Chapter 22,
Section 22.7.4) where a functioning TMJ exists.

® |ate teens—to enhance the contour of the skeleton and soft tissues—
conventional orthognathic and reconstructive techniques.
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Fig. 24.13 Patient with a repaired unilateral left cleft lip and palate (see also Fig. 24.10 which shows radiographs of same patient before and after bone
graft). (a, b) Aged 9 years, pre-treatment; (c) following correction of anterior crossbite and prior to alveolar bone graft of left alveolus; (d) post-alveolar
bone graft; (e) at age 12 years after eruption of upper left canine; (f) following comprehensive fixed appliance treatment to localize space for pros-
thetic replacement of absent upper left lateral.incisor; (g-k) following bridgework to replace absent upper left lateral incisor.



Fig. 24.14 Patient with hemifacial microsomia.

Mandibulofacial dystesis

This syndrome is also known as Treacher—Collins syndrome. It is inher-
ited in an autosomal dominant-manner and consists of the following
features, which present bilaterally:

® Downward sloping (anti-mongoloid slant) palpebral fissures and
colobomas (notched'iris with a displaced pupil).

® Hypoplastic malar'bones.

® Mandibular retrognathia.

® Deformed ears, including middle and inner ear which can result in
deafness.

® Hypoplastic air sinuses.
® (Cleft palate in one-third of cases.

® Most have completely normal intellectual function.

Key points

Management should be to a predetermined protocol.

Other craniofacial anomalies

The specifics of management depend upon the features of the case,
but usually staged craniofacial surgery is required.

Pierre~Robin sequence

This anomaly consists of retrognathia of the mandible, cleft palate, and
glossoptosis(the tongue position restricts the pharynx), which together
cause airway problems in the infant. The exact cause is unknown but
it is likely to involve a genetic component as it occurs in other geneti-
cally-associated anomalies (e.g. Stickler syndrome). The first priority at
birth is to maintain the airway; in a proportion of cases it is necessary to
use a nasopharyngeal airway for the first few days, but once the child
is older, or in less severe cases, prone nursing will suffice. Rarely, tra-
cheostomy for medium-term airway protection is required. Subsequent
management is as for cleft palate (see earlier in chapter). For affected
patients with a compromised airway or poor aesthetics, early distrac-
tion osteogenesis can be considered, or alternatively, orthognathic
surgery towards the end of growth (see Chapter 22). In milder cases,
conventional orthodontic mechanotherapy for Class Il skeletal patterns
can be planned.

Craniosynostoses

In craniosynostosis and craniofacial synostoses, premature fusion of one
or more of the sutures of the bones of the cranial base or vault occurs.
The effects depend upon the site and extent of the premature fusion,
but all have a marked effect upon growth. In some cases, restriction of
skull vault growth can lead to an increase in intracranial pressure which,
if untreated, can lead to brain damage. If raised intracranial pressure
is detected, release of the affected suture(s) before 6 months of age is
indicated. This may be the only intervention needed in isolated cranio-
synostoses. Combined craniofacial synostoses (e.g. Crouzon syndrome,
Apert syndrome) require subsequent staged orthodontic and surgical
intervention. This may become the prime indication for telemetric dis-
traction osteogenesis.

Cleft care is complex and requires a coordinated multidisciplinary team approach.
Each team should manage sufficient cases to build up expertise and provide numbers for meaningful audit.

To facilitate audit and inter-centre comparisons, records should be collected to'a standardized national protocol.

® |nterventions should be restricted to the minimum to reduce the burden on the cleft patient and their family.
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Orthodontic first aid

Whenever a patient presents with an orthodontic problem, the follow-

ing points are important:

® Take a medical history.

® Take a full history of the ‘problem’.

25.1 Fixed appliance

e [fthe patient is the patient of another operator, then a history of the
treatment should also be taken.

® Do athorough examination.

® When in doubt; seek expert advice.

See Table 25.1 for further information about fixed appliances.

Table 25.1 Fixed appliance

Patient’s presenting

complaint Possible causes

Ends of wire not
trimmed

Wire sticking out
distally from molar
tube/band

Archwire:has moved
round

Management Learning points

(1) NT round wires: cut leaving 1-2 mm, remove
wire, flame ends, and turn-in

SS round wires: cut leaving 1-2 mm to turn-in
Rectangular wires: cut flush with distal aspect of
tube (Fig. 25.1)

Always check with patient that ends
are not sticking out before they leave
) chair

(3)

Round wires: reposition archwire and turn ends  This is a particular problem with
in reduced friction bracket systems. Use

Rectangular wires: reposition archwire and
crimp hook or piece of tubing; or bond
composite blob onto wire in convenient

a ‘stop’ (see ‘Management’ column) to
prevent wire sliding round when using
these systems

In initial stages as teeth
align, excess wire has
moved distally through
tubes

Wire sticking out mesial
to molar

Ligature wire end
turned out

Ligature wire has
broken

Bracket is in traumatic
occlusion with
opposing tooth

Bracket has detached
from tooth

Archwire over-activated
to engage bracket

Patient has knocked

position

NT round wires: cut leaving 1-2 mm, remove wire,
flame ends, and turn-in

Consider these options:
(1
(2)

Use a band instead of a bonded attachment

Place Gl cement blob to either occlusal surface
of molar teeth or palatally to upper incisors
(depending upon overbite)

(3)
4
)

Fit a removable bite-plane appliance
Place an intrusion bend in wirg‘in‘opposing arch

Leave off bond until further overbite reduction
has been achieved

Replace bracket and then place more flexible
archwire to align tooth

Band loose

bracket off

Band is too big for
tooth

Patient is eating sticky
foods/sweets

Replace bracket in ‘ideal position’ on tooth. May
need to drop down a wire size to fully engage
bracket

Select correct sized band for ‘snug’ fit and cement
iniplace

When one band of a quad/TPA becomes loose it is
necessary to remove the quad/TPA and re-cement
both bands

Educate patient:
(1) Reasons for avoiding hard foods
(2) To avoid pen chewing

Educate patient about reasons for
avoiding sticky foods



Fixed appliance

Table 25.1 Fixed appliance (Cont.)

Lost elastic module Replace
orwire ligature If tooth has relapsed, may need to drop down to
more flexible archwire to re-align
Teeth feel loose A slight increase in Check mobility of affected tooth/teeth. Reassure Warn patient in advance that this is
mobility is normal patient likely to happen
during tooth movement
Tooth in traumatic Check occlusion. Consider these options:
occlusion with (1) Fit a removable bite-plane appliance
opposing arch (2) Place an intrusion-bend in wire in opposing arch

(3) Take steps to reduce overbite

Root resorption (1) Take radiographs to check how many teeth are
affected and to what extent
(2) Discuss with patient
(3) If limited—rest for 3 months before
recommencing active tooth movement
(4) If marked—? discontinue treatment

Tooth/teeth are painful ~ Some discomfort.is Reassure patient. Advise proprietary painkillers Warn patient in advance that this is
normal after fitting and likely to happen especially for first few
adjustment. of FA days after fitting/adjustment
Tooth/teeth in Check occlusion. Consider the following:
tratumatic occlusion (1) Fit a removable bite-plane appliance

(2) Place an intrusion bend in wire in opposing arch
(3) Take steps to reduce overbite

Periapical pathology (1) Take careful history
(2) Check vitality
(3) Check response to percussion
(4) Take periapical X-ray
If diagnosis confirmed, remove attachment from
tooth and refer patient to their dentist for further
management. If practicable, defer further active
tooth movement until radiographic signs of apical
healing

Periodontal problem (1) Take careful history
(2) Probe affected tooth/teeth
(3) Take periapical radiograph
If diagnosis confirmed, remove attachment from
tooth/teeth and refer patient to their dentist for
further management

Nance bulb or quad (1) Reassess need to continue with nance/quad Use gentle forces to minimize strain on
digging into palate (2) If need to continue, remove and adjust'so that  anchorage (excessive forces can result
no longer digging into palate in forward movement of molars to

which nance is attached)

Sheath soldered to Often occurs due to Remove palatal arch/quadiand;band. Re-solder new Advise patient to avoid hard/sticky
band on molar for patient factors (e.g. sheath and replace band and’palatal arch/quad foods or fiddling’ with arch/quad
attachment of palatal eating hard/chewy

arch or quad has foods)

detached

Patient hit in/around (1) Take periapical radiograph of affected tooth/

mouth teeth, if root fracture, splint affected tooth/

teeth with heavy archwire

(2) If brackets knocked off, replace if moisture
control possible (if not, defer for 1 week)

(3) If archwire distorted, remove arch-wire and
place light flexible archwire

(4) If teeth displaced, attempt re-positioning and
place light flexible archwire

(5) Monitor vitality

(6) Warn of risks of delayed concussion
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25.2 Removable appliance

See Table 25.2 for further information about removable appliances.

Table 25.2 Removable appliance

Patient’s presenting Possible causes Management Learning points
complaint
Mouth watering Inevitable when appliance first fitted. If Reassure patient and advise that it will resolve as Warn patient at time
persists usually reflects insufficient wear mouth adapts to strange plastic object of fitting
Problems with speech Inevitable when appliance first fitted. If Reassure patient and advise that it will resolve Warn patient at time
persists usually reflects insufficient wear ~ once mouth adapts to strange plastic object of fitting
Appliance loose Appliance unretentive due to poor Consider adding additional clasps and/or a labial
design bow. If not feasible then re-make appliance with
improved design
Clasps not retentive. NB: if patient Adjust clasps It is advisable to warn
habitually clicks appliance in and patients when fitting
out the clasps flex and.become less appliance not to click
retentive appliance in and out
Clasp fractured Can occur if patient habitually clicks Replace clasp (if working model not available will
applianceiin.and out need new impression)

Will need to fit repair as often some adjustment is
required at chair-side

Acrylic fractured Check whether fractured portion needs to be
(including bite-plane, replaced or not.
buccal capping) If not, smooth fractured edge.

If repair required, take new impression if working
model not available. Will need to fit repair as
often some adjustment is required at chair-side

Redness on roof of Candida (1) OHI and dietary advice

mouth (2) If marked infection or does not respond to
(1), prescribe antifungal to be applied to
fitting surface of appliance

Trauma from appliance components Adjust as required
Sore cracks at side of Angular cheilitis (1) OHI and dietary advice
mouth (2) If marked infection or does not respond to (1),

prescribe antifungal

25.3 Functional appliance

See Table 25.3 for further information about functional appliances.

Table 25.3 Functional appliance (see also problems related to removable appliances)

Patient’s presenting  Possible causes Management Learning points
complaint
Appliance comes out Appliance not retentive due to poor design Consider adding additional clasps and/or
at night a labial bow. If not feasible then re-make
appliance with improved design
Clasps not retentive. NBxif patient habitually ~ Adjust clasps It is advisable to warn
clicks appliance in and‘eut, the clasps flex patients when fitting
and become less retentive appliance not to click

appliance in and out



Miscellaneous

Table 25.3 Functional appliance (see also problems related to removable appliances) (Cont.)

Warn patient at time
of fitting that this may
occur

Common occurrence during initial stages of Reassure patient

treatment

Teeth and jaws ache

25.4 Headgear

See Table 25.4 for further information about headgear.

Table 25.4 Headgear

Patient’s presenting complaint Possible causes Management Learning points

Face-bow comes out of tubes at Advise patients at the time of

night fitting that if this problem does
occur they should stop wearing
the headgear and contact their
orthodontist

Face-bow tipping down anteriorly If the force vector is below
and impinging on lower lip the centre of resistance
of the molars they will tip
distally

If the force vector is above
the centre of resistance

of the molars they will tip
mesially

Face-bow tipping up anteriorly and
impinging on upper lip

Adjust outer arms up to raise
moment of force above centre of
resistance of molar to counteract
tipping

Adjust outer arms down to lower
moment of force below centre of
resistance of molar to counteract
tipping

Ensure movement of force acting
through centre of resistance of
teeth at time of fitting and check
at each visit

Ensure movement of force acting
through centre of resistance of
teeth at time of fitting and check
at each visit

25.5 Miscellaneous

See Table 25.5 for miscellaneous further information.
See Fig. 25.2 for additional information on first aid.

Table 25.5 Miscellaneous

Patient’s presenting Possible causes Management Learning points

complaint

Dentist fractures tooth (1) Take X-ray to investigate size of fragment
during extraction (2) If large and/or will interfere with planned tooth movements, refer
leaving root fragment patient for removal of fractured portion
(3) If small and/or does not interfere with tooth movements, keep
under radiographic observation

Appliance component (1) If airway obstructed, call. ambulance and try to remove obstruction
missing? Inhaled or (2) Ifthere is arisk that the component has been inhaled then
ingested refer the patient to hospital for a chest X-ray and subsequent

management (give patient another similar component to aid
radiologist when examining films)

(3) If there is a danger that the component is >5 cm and has been
swallowed then seek the advice of the local hospital. If >6 days
previously, object has probably passed through patient’s system

(see also Fig. 25.2)
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Table 25.5 Miscellaneous (Cont.)

Bonded retainer If retainer not distorted and teeth still well aligned:
detached (1) Isolate, etch, wash, and dry
(2) Re-bond retainer with composite

If retainer distorted and teeth still well.aligned, either bend up new
retainer at chair-side using flexible’'multistrand wire or take impression
for laboratory to bond up newretainer

Bonded retainer If remainder not distorted then re-bond to remaining teeth

partially detached If remainder distorted then remove and place new bonded retainer
(1) Vacuum formed If tooth alignment has not relapsed, take impression for replacement
retainer ill-fitting retainer

(2) Lost vacuum- If teeth have relapsed, discuss with patient whether or not to make
formed retainer new retainer and monitor, or retreat

Mouth ulcers Irritation from an Chlorhexidine mouthwash may help to reduce the associated

orthodontic appliance discomfort and duration of the ulcers
may precipitate

recurrent aphthous

ulceration ina

susceptiblé patient

Patient/parent (1) Ask why patient/parent concerned—if due to process of
questions need to extraction, explain and reassure
extract (2) If due to concerns regarding perceived disadvantages of

extractions—discuss rationale for treatment plan
(3) Reassess if alternative approach can be used

FA, fixed appliance; GI, glass ionomer; NT, nickel titanium; OHI, oral hygiene instruction; Quad, quadhelix; SS, stainless steel; TPA, transpalatal arch; X-ray, radiograph.

(a) (b)

Fig. 25.1 The distal end cutting plier holds onto the cut end of wire to prevent injury. (a) Prior to cutting; (b) showing cut end held by cutter.
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Further Reading: Resusci mn Council UK http://www.resus.org.uk/pages/guide.htm
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Fig. 25.2 Flow diagram showing management of missing appliance component which may have been ingested or inhaled. Reproduced with the kind
permission of the British Orthodontic Society.
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Principal sources and further reading

A
Dowsing, P, Murray, A., and Sandler, P. J. (2015). Emergencies in orthodon- Dowsing, P, Sandlerﬁ@and Murray, A. (2015). Emergencies in orthodon-

tics. Part 1: Management of general orthodontic problems as well as com- tics. Part 2: Ma %ment of removable appliances, functional appliances
mon problems with fixed appliances. Dental Update 2015, 42, 131-40. and other. adjuncts to orthodontic Treatment. Dental Update 2015, 42,
[DOI: 10.12968/denu.2015.42.2.131] [PubMed: 26058226] 221-8. 10.12968/denu.2015.42.3.221] [PubMed: 26076540]
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Definitions

Anchorage The resistance to unwanted tooth movement.
Angulation Degree of tip of a tooth in the mesiodistal plane.

Anterior open bite There is no vertical overlap of the incisors when
the buccal segment teeth are in occlusion.

Balancing extraction Extraction of the same (or adjacent) tooth on
the opposite side of the arch to preserve symmetry.

Bimaxillary dental proclination Both upper and lower incisors are
proclined relative to their skeletal bases.

Bimaxillary dental retroclination Both upper and lower incisors
are retroclined relative to their skeletal bases.

Bodily movement Equal movement of the root apex and crown of a
tooth in the same direction.

Buccal crosshite The buccal cusps-ef the lower premolars and/or
molars occlude buccally to the bégcal cusps of the upper premolars
and/or molars.

Centric occlusion, Pesition of maximum interdigitation.

Centricrelation The condyle isin its most superior anterior position
in the glenoid fossa.

Cingulum plateau The convexity of the cervical third of the lingual/
palatal aspect of the incisors and canines.

Clear aligner therapy Treatment provided by removable clear
plastic appliances.

Compensating extraction Extraction of the same tooth in the
opposing arch.

Competent lips Upper and lower lips contact without muscular
activity at rest.

Complete overbite The lower incisors occlude with the upper
incisors or palatal mucosa.

Crowding Where there is insufficient space to accommodate the
teeth in perfect alignment in an arch, or segment of an arch.

Curve of Spee Curvature of the occlusal plane in the sagittal plane.

Dento-alveolar compensation The inclination of the teeth
compensates for the underlying skeletal pattern, so that the occlusal
relationship between the arches is less marked.

Ectopic tooth The tooth isin the incorrect position because it either
developed in the wrong position or erupted into the wrong position.

Hypodontia This termis used when one or mare permanent teeth
(excluding third molars) are congenitally absent:

Ideal occlusion Anatomically perfect arcangement of the teeth. Rare.

Impaction-lmpeded tooth eruption, usually because of displacement
of the toeth or mechanical obstruction (e.g. crowding or a
supernumerary tooth).

Inclination Degree of tip of a tooth in the labiopalatal plane.

Incompetent lips Some muscular activity is required for the lips to
meet together.

Incomplete overbite The lower incisors do not occlude with
the opposing upper incisors or the palatal mucosa when the buccal
segment teeth are in occlusion.

Intermaxillary Between the arches.
Intramaxillary Within the same arch.

Leeway space The difference in mesio-distal dimension
between the deciduous canine, first molar, and second molar, and
their permanent successors (canine, first premolar, and second
premolar).

Lingual crosshite The buccal cusps of the lower premolars and/or
molars occlude lingually to the lingual cusps of the upper premolars or
molars. Sometimes referred to as a scissors bite.

Malocclusion Variation from ideal occlusion which might result
in dental health and/or psychosocial implications for the individual.
NB: the borderline between normal occlusion and malocclusion is
contentious (see Chapter 1).

Mandibular deviation The path of closure of the mandible starts
from a postured position.

Mandibular displacement-When closing from the rest position, the
mandible displaces (either laterally or anteriorly) to avoid a premature
contact.

Midline diastema_A space between the central incisors of >0.5 mm.
Most commortin the upper arch.

Migratiofn~Rhysiological (minor) movement of a tooth.
Nornral occlusion Acceptable variation from ideal occlusion.

Overbite Vertical overlap of the upper and lower incisors when
viewed anteriorly: one-third to one-half coverage of the lower incisors
is normal; where the overbite is greater than one-half it is described
as being increased; where the overbite is less than one-third it is
described as being reduced.

Overjet Distance between the upper and lower incisors in the
horizontal plane. Normal overjet is 2-4 mm.

Post-treatment changes Changes in tooth position after
completion of orthodontic treatment as a result of relapse towards the
original malocclusion and/or age changes.
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Posterior open bite When the teeth are in occlusion, there is a
space between the posterior teeth.

Relapse The return, following correction, of the features of the
original malocclusion.

Reverse overjet The lower incisors lie anterior to the upper incisors.
When only one or two incisors are involved, the term anterior crossbite
is commonly used.

Rotation A tooth isrotated (twisted) around its long axis.

Settling Favourable changes in the occlusion after orthodontic
appliances are removed at the end of treatment.

Spacing Where the teeth do not touch interproximally and there are
gaps between adjacent teeth. Can be localized or generalized.

Tilting movement @ement of the root apex and crown of a tooth
in opposite directi round a fulcrum.

Torque M nt of the root apex buccolingually, either with no or
minimal b’nent of the crown in the same direction.

Tra tic overbite The occlusion of the incisors has caused
u ion to the mucosa in the opposing arch.

/\Nprighting Mesial or distal movement of the root apex so that the

root and crown of the tooth are at an ideal angulation.



Orthodontic assessment form

Patient details
Name Referrer:
Address
Reason for referral
Tel Contact:
Date of birth:
History
Patient’s complaint Habits
Growth status
Motivation Medical history
Dental history (including trauma and previous treatments)
Socio-behaviour factors
Extra-oral examination
Anteroposterior Smile aesthetics
Vertical Soft tissues
Transverse

™J

Intra-oral examination

Displacements

Teeth present: Lower arch
Oral hygiene
Periondontal health Upper arch
Tooth quality
Teeth in occlusion
Incisor relationship Molars
Right Left
Overjet = mm Canines
Right Left
Overbite Crossbites
Centrelines
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Tables and boxes are indicated by an italic t and b
following the page number.
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A-pogonion line 81
Apoint 75
abrasive strips 94
absolute anchorage 190
acid-etching 232
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Adams clasp 219
adhesive pre-coated brackets 232
adhesives 232,241
adult orthodontics 261-73
adjunctive 262,265
aesthetic appliances 264,265, 268-70
challenges 263-4
retention 265
aesthetic appliances 231,264, 265, 268<70
air-rotor stripping 94
allergies 8,53t
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atrophy 263
grafting 331-2
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anchorage 48, 185-201, 345
absolute 190
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Class Il division 1 malocclusions 120
classification 188, 190
extra-oral 196-9
indirect 194,195
intermaxillary compound 188
intramaxillary compound 188
intra-oral 191-5
loss 48,223
monitoring 199
posterior 130
problems 199
reciprocal 188
reinforcement 188
simple 188
stationary 190

temporary anchorage device (TAD) 130, 132, 193-5,

280

treatment planning 90
Andrews, Lawrence 227-8
Andrews’ bracket prescription 18, 228
Andrews’ six keys 18, 19b, 228b
Angle, Edward 226
Angle’s classification 13
Angle’s trimming 61
angular cheilitis 224
angulation 345
ankylosis 27,182
anodontia 308
anterior bite-plane 216, 221
anterior crossbite 139, 165, 167, 168-9, 221-2

anterior facial proportion 79
anterior nasal spine 76
anterior open bite 60, 152-9, 345
anteroposterior skeletal pattern. 779
APC brackets 232
Apert syndrome 335
appearance 5
arch
expansion (E) arch 171
lingual/palatal 191-2,233
pharyngeal 38
see also dental arches
archwires 233-5, 236
asthma 53¢
audit 333
autotransplantation 111-12, 322
auxiliaries 232-3
AXIN2 309

B

B point 76
backward growth rotations 43-4
bacterial infection 224
balancing extraction 26b, 345
ball-ended clasp 220
Ballard conversion 78-9
bands 229-30
baseplate 221
Begg appliance 238
behavioural disorders 53t
bilateral crossbite 167,170
bimaxillary proclination 102, 108-9, 345
bimaxillary retroclination 125, 345
bimaxillary surgery 297
bionator 256
bisphosphonates 53t
bite-plane 216,221
bitewing radiographs 63
Bjork’s structural method 82
black triangles 264-5
blastocyst 38
bleeding disorders 53t
bodily movement 187,190, 191, 345
body dysmorphic disorder 293
body osteotomy 297
bonded retainers 206,209-10
bonding adhesives 232,241
bonds 230-1
bone
atrophy 263
augmentation 322
displacement 40
formation 40
grafting 331-2
growth 40
homeostasis 45
remodelling 40, 46t
bone-anchored maxillary protraction (BAMP) 144

bone morphogenetic proteins (BMPs) 46t
brackets
adhesive pre-coated (APC) 232
aesthetic 231, 265, 268, 269
placement 236
prescription 18,228
bridges 322
British Standards Institute classification 13
buccal capping 216, 221
buccal corridors 58
buccal crosshite 60b, 139, 164, 165, 167,

169-70, 345

CAD/CAM 64
calcification times 22
calvarium 41
canine-and-canine retainers 209
canine displacement
aetiology 1767
assessment 178-9
buccal 176,177,180
interception 177
management 180-2
palatal 176,177, 180-2
canines
extraction 92
intercanine width 23,103
normal development 176
retention of deciduous 177
transposition 182-3
caries 4
case studies 64-8,97-100, 246-50
cathepsin K(CTSK) 46t
cell restsof Malassez 45
cementoblasts 45
centrelines 60
centric occlusion 345
centric relation 345
cephalometrics 71-84
anteroposterior skeletal pattern 77-9
cephalostat 72-3
combined orthodontics and orthognathic surgery 285
digitization 74
Eastman standard 75t
errors 83
evaluation 74
growth monitoring 81-3
hand tracing 74
incisor position 80-1
indications 73-4
lateral ceph 62,179
points 75-6
reference lines 76
soft tissue 81
3D analysis 83
treatment changes 81-3
vertical skeletal pattern 79
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ceramic brackets 231, 265, 268
cerebral palsy 153-4
charged couple device (CCD) 73b
chin-cup 144
chin projection 294
chronological hypoplasia 22
cingulum plateau 345
circumferential supracrestal fiboreotomy 212
Class I malocclusions 14b,101-13
aetiology 102
bimaxillary proclination 108-9
crowding 102-4
displaced teeth 106—7
early loss of first permanent molars 106
spacing 105-6
transverse discrepancies 108
trauma 109-12
vertical discrepancies 107
Class Il division 1 malocclusions 14b, 115-21
aetiology 116-18
functional appliances 250, 254
treatment objectives 118-19
treatment planning 119-20
Class Il division 2 malocclusions 14b, 123-36
aetiology 124-6
extra-oral features 126
functional appliances 133-4, 250, 254
occlusal features 126
treatment aims 127-30
treatment methods 130-5
Class Il skeletal pattern 41
Class Ill malocclusions 3, 14b, 137-50
aetiology 138-9
occlusal features 139
treatment options 141-8, 250
treatment planning 140-1
Class Ill skeletal pattern 41
clear aligner therapy 269, 345; see also orthodontic
aligners
clear plastic retainers 208, 212b
cleft lip and palate 38, 40, 326-33
aetiology 326
associated abnormalities 327
audit 333
classification 326
coordination of care 329
crosshite 165,170
dental anomalies 328
feeding problems 339
genetic risks 326
hearing 327
hypodontia 309
isolated cleft 326
lip repair 330
management 330-3
palate repair 3301
post-surgical distortions 327
prenatal detection 330
pre-surgical orthopaedics 330
prevalence 326
rapid maxillary expansion 172
speech 327,331
clinical examination 54,293—4
coated metallic wires 268
colony stimulating factor (CSF-1) 46t
combined orthodontics and orthognathic surgery 88,288

cephalometry 285
Class Il division 1 malocclusions 120
Class Il division 2 malocclusions 134
Class Ill malocclusions 148
clinical examination 293-4
extractions 298
growth status 288
history-taking 290, 293
indications 288
mandibular procedures 297
maxillary procedures 296-7
objectives 290
planning 295
post-surgical orthodontics 300
pre-surgical orthodontics 298
radiography 294
retention and relapse 300
sequence of treatment 298-300
soft tissue 290
Surgery First view 298
surgical risks 300b
3D developments 302—4
compensating extraction 26b, 345
complementary metal oxide semiconductor
(CMOS) 73b
complete overbite 60,345
computer-aided surgery (CAS) 302
condyle
anterior open bite 153
cartilage 40, 42
hyperplasia 160
cone beam computed tomography (CBCT) 63-4, 179,
302,304
conical supernumerary teeth 28
consent 95-6, 206, 280
contact dermatitis 8
continuous positive airway pressure (CPAP) 271
cranial base 41,82-3
craniofacial growth 38-42
craniofacial microsomia 333
craniofacial synostoses 335
craniosynostoses 335
cross elastics 169
crosshite 60, 16374, 345
aetiology 164-5
anterior 139,165, 167, 168-9, 221-2
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