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Preface to the Sixth Edition

This book, first published in 1960, originally comprnised the orthodontic notes
taken from a series of lectures given to the undergraduate students at the Royal
Dental Hospital, London, by Professor Walther.

In the preface to the first edition, Professor Walther stated that Orthodontic
Notes were published in the hope that they might be of some use to other
students. He intended that they should form the basis around which both the
undergraduate and postgraduate student might read and develop a knowledge of
the subject. Little was Professor Walther to know how successful this format
was to become and how widely this small text was to be read: indeed, both of
the current authors well remember referring to the second edition as under-
graduates.

Following the early death of Professor Walther, Professor Houston was the
natural successor to continue the updating and revision of the work, since he had
been a Senior Lecturer at the Royal Dental Hospital and a contributor to the
early editions.

After the untimely and tragic loss of Bill Houston we were approached by the
publishers to take over the mantle of revising this book for a fifth edition in
1994, We have been gratified that the change in authors has had little effect on
the popularity of this text. No doubt the format of producing a text of basic
information, in the form of expanded notes. which is also competitively priced,
1s as popular with students now as it was in the 1960s!

Bill Houston’s preface to the fourth edition is reprinted in full on the
succeeding page to remind readers of the continuing purpose of this work, As
we have approached the revision for a second time we have tried again to avoid
the trap of radically changing the format. Therefore, we have followed the
book’s tradition of allowing the text to evolve whilst including new information,
as appropriate, to reflect the changes in treatment approach and technique of
recent years. Also, as in previous editions, we have aimed 1o keep this textbook
simple, brief and basic, whilst avoiding detailed discussion wherever possible.
In this edition, in response to constructive comments from the readership, we
have included recommendations for further reading. We have deliberately
avoided an exhaustive list of references, which are rarely referred to in any
event! Readers will note that there are many changes, which largely consist of
updating the text — a constant process. Some chapters have been extensively
rewritten (see ‘Growth of the facial skeleton’; ‘Removable appliances’), others
have seen a change in emphasis (see “Orthodontic treatment need, complexity
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and cost-effectiveness’), whilst there are also completely new chapters (see
‘Aetiology and management of the abnormally developing occlusion’; ‘The
orthodontic~restorative interface’; “Retention and post-treatment relapse’).

We hope that these notes continue to provide a straightforward theoretical
base on which the postgraduate. undergraduate or general dental practitioner
may build knowledge as they develop an interest in the speciality of orthodon-

tics,

M.L.J and R.GG.O).




Preface to the Fourth Edition

Since its first appearance in 1960, Orthodontic Notes has become a popular text
with undergraduates. Although it has been reviewed extensively since that time,
the intentions of Professor Walther have been followed: to present in a clear and
concise fashion, the essentials of orthodontics required by undergraduate dental
students and general dental practitioners. The brevity of presentation precludes
detailed discussion of the many controversial topics in orthodontics. However,
such debates are liable to be confusing rather than informative for the student
who is being introduced to a subject. Thus a particular viewpoint is presented to
hopefully provide a consistent and common sense framework of ideas. This
should provide an adequate theoretical basis for the undergraduate student or
general dental practitioner, and should form a sound foundation for the student

who wishes to go further to specialize in orthodontics.
W.J.B.H. 1983
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Chapter |
Introduction

Orthodontics has been defined as that branch of dental science concerned with
the genetic variation, development and growth of facial form. It is also
concerned with the manner in which these factors affect the occlusion of the
teeth and the function of the associated organs.

Thus, whilst orthodontic techniques are concerned with the treatment of
irregularities of the teeth, the study of orthodontics, as a whole, includes the
growth, development and function of the total oro-facial complex. The aims of
orthodontic treatment have been suggested to be the production of improved
occlusal function by the correction of irregularities and, as a consequence, the
creation of better dental health and improved aesthetics. It would be envisaged
that such an improvement in personal appearance might later contribute to
greater mental and physical well-being on the part of the individual patient.
Whilst there might be some dispute as to whether all of these aims are routinely
achievable in all patients, it is an important concept to grasp at the outset that no
orthodontic treatment should ever cause harm to the patient. Such harm might
oceur by making the tooth arrangement or facial profile worse, or could involve
leaving unsightly residual gaps after the inappropriate extraction of teeth, Where
patient compliance is lacking during treatment, significant damage can also be
done to teeth and gingivae, An example of this might be enamel decalcification
(chalky marks) around a fixed appliance when the oral hygiene has not been
properly managed. For these reasons a careful balance of benefit and risk must be
made before commencing a course of orthodontic treatment.

Also it 1s important that each treatment, and thus each apphance approach,
should be matched to the individual patient. Similarly, the appropriate level of
professional skill should also be matched to the presenting problem. This will
mean that whilst some patients may be treated by simple means in the general
dental practice environment. many others will require referral to a specialist
practitioner with training in more advanced techniques.

The general dental practitioner (GDP) attends to the dental well-being of the
patient. This includes both the monitoring and management of the developing
ocelusion. They should have sufficient orthodontic knowledge to enable them to
know when they might intervene to improve tooth arrangement but also when it
15 best to refer for either an expert opinion or a more complex treatment. Thus
the GDP has the very important role of *gatekeeper’ to orthodontic care.

Ideal occlusion is a hypothetical concept based on the anatomy of the teeth. It is
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rarely, if ever, found in nature. However, it provides a standard by which all
other occlusions may be judged. Normal occlusion (Figure 1.1) is commonly
described as ‘An occlusion within the accepted deviation of the ideal’. This
vague definition means that there are no clear limits to the range of normal
occlusion. However, in general, minor variations in the alignment of the teeth
which are not of aesthetic or functional importance might be considered as
being consistent with a normal occlusion. Edward Angle, who is credited with
the modern development of orthodontics as a speciality, provided the first clear
definition of the normal occlusion. He related it to the arrangement of the
occlusal contact of the first permanent molars, the mesial buccal cusp of
the maxillary first permanent molar occluding with the mid-buccal groove of
the opposing mandibular first permanent molar. He suggested that if such a
relationship existed and the teeth were arranged in a smoothly curving line of
occlusion then a normal ocelusion would be the result.

Malocclusion is an irregularity in the occlusion beyond the accepted range of
normal. The fact that an individual has a malocclusion is not in itself a
justification for treatment. Only if it is possible to say with certainty that the
patient will benefit aesthetically or functionally, and only if they are suitable and
willing to undergo treatment should orthodontic intervention be considered. In
other words, it is not sufficient for there to be a professional perception of need
— it should also be matched by a demand for treatment by the patient in order to
“trigger’ the commencement of a plan to correct the malocclusion,

Orthodontics — the beginnings

Edward Angle has been called the *father of modern orthodontics’,. He published
the first attempts at defining the problem through the development of a
classification system (1890), still in current use, and suggested an ‘ideal’
treatment aim. Further, he developed treatment systems to achieve those aims
including the first ‘edgewise’ fixed appliance (1928) — a system which still
provides the basis of the majority of orthodontic appliances being used world-

Figure 1.1 Normal occlusion of the permanent teeth
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wide at the start of the twenty-first century. He also established the first
postgraduate training school in the USA,

However. it is important to be aware that the ideas and concepts behind
orthodontic treatment have been around for a very much longer period of time.
Apparently the Etruscans were using crude devices as early as the eighth century
BC in an attempt to move displaced teeth. The first published reference to
applying a load to move a tooth is to be found in De medicina, an encyclopedia
of medicine produced by Aulus Celsus, a famous Roman physician who
flourished early in the first century ap. Curiously, it would appear that this text
was still being used in the eighteenth century, being translated into English as
late as 1 756!

The scope and aims of orthodontic treatment

These might be best summanrized as follows:

1. The improvement of facial and dental aesthetics.

2, The alignment of the teeth to eliminate stagnation areas.

3. The elimination of premature contacts which give rise to mandibular
displacements and may contribute to later muscle or joint pain.

4. The elimination of traumatic irregularities of the teeth (Figure 1.2).

5. The alignment of prominent teeth which are liable to be damaged.

6. The alignment of irregular teeth prior to bridgework, crowns or partial
dentures,

7. The alignment of periodontally involved teeth prior to splinting,

8. The algnment and planned positioning of teeth in the jaws prior to
orthognathic surgery.
9, To assist the eruption and alignment of displaced teeth.

.

Figure 1.2 A traumatic occlusion. Note the gingival recession on the lower central incisors
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Orthodontic treatment options

There are seven basic treatment approaches to the management and correction
of malocclusion.

!u

. No treatment. This involves the acceptance of mild irregularity on the

principle that limited crowding will often be far better than any residual post-
treatment extraction space or prolonged fixed appliance treatment to close
these spaces. Limited resources should be concentrated on patients with more
severe malocclusions.

Extraction only. To be considered only where the degree and position of
crowding are favourable, as are the local tooth angulations. Extraction of
teeth will allow spontaneous movement and may provide an acceptable result
in a limited number of cases. Such an approach is most appropriate when
planned deciduous tooth extraction is considered as part of a treatment in the
mixed dentition (see Chapter 8),

. Removable appliance treatment. Where tooth position, inclination and

angulations are favourable, a removable appliance may correct a malocclu-
sion by simple tipping movements about the apical third of the root (see
Chapter 16). Removable appliances are most efficient and are best tolerated
in the upper dental arch.

. Single arch fixed appliances. These may be used where there are limited

treatment aims, usually involving corrections of either rotations or angula-
tions of teeth. They may, on occasion, be used in the lower arch for the
purposes of alignment or for space closure where bodily movement is
necessary. In this situation it may, occasionally, be used in conjunction with
an upper removable appliance.

Full upper and lower arch fixed appliances. These appliances, usually, are
attached to all erupted maxillary and mandibular teeth and allow full
correction of all teeth in three planes of space (see Chapter 17).

Functional (including orthopaedic) appliances. Functional appliances are
specialized removable appliances which consist of upper and lower segments.
which may be fixed together, or close together, such as to hold the
mandibular dental arch in a postured position. They are most appropnately
employed in those patients with retrusive mandibular teeth and jaw. These
appliances appear to be most effective in patients where there is current
active growth (see Chapter 18). Orthopaedic appliances may be either
removable or fixed. and are used to specifically effect a movement of the
facial bones. An example might be rapid maxillary expansion (RME), which
usually forms part of an appliance used to split the mid-palatal suture and
thus expand the maxilla. Some designs of functional appliance may also have
an orthopaedic role and vice versa.

Orthognathic surgery. This is a complex treatment approach involving a
combination of both fixed appliances and surgery to the jaws. By such means
large discrepancies of the jaws may be corrected in suitable patients when
growth has largely ceased (see Chapter 22). Careful planning, together with
the timing of surgery demand early, and expert, interspeciality appraisal.
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The timing of orthodontic treatment
The deciduous dentition

Treatment at this stage is hardly ever indicated. Examples of possible exceptions
are where a malpositioned tooth may give rise to marked mandibular displace-
ment, or where a supernumerary tooth is creating a localized problem. However,
it is important to identify and make an early referral for those patients where
significant jaw discrepancy or facial asymmetry are apparent during these early
stages of growth.

The early mixed dentition

The planned extraction of extensively carious first permanent molars, balancing
extractions of deciduous teeth, and serial extractions may be undertaken during
this stage (see Chapters 8 and 16). Space maintainers may be fitted and simple
orthodontic treatment to correct an instanding incisor or alternatively to elimi-
nate a mandibular displacement may be indicated (see Chapters 9 and 16). Only
treatment which can be completed rapidly and which will be stable should be
attempted. Prolonged appliance wear at this stage is to be avoided and is
unlikely, in any event, to be longer than between three and six months. The types
of treatment that are employed in the early mixed dentition are intended to either
eliminate or, at a minimum, reduce the severity of a developing malocclusion. A
term often applied to this type of occlusal management is “interceptive ortho-
dontics’. It 1s at this time that such measures are most often employed (see
Chapter 8).

The late mixed and early permanent dentition

At this stage, the greater part of orthodontic treatment is carried out. Most of the
permanent teeth have erupted and there is little further growth in arch width,
thus crowding can be reliably estimated. In the majority of children the jaw
relationship changes only to a limited extent after the age of ten years (Chapter
2) and so 1t i1s possible to plan and carry out orthodontic treatment with the
confidence that major growth changes are not likely to affect the treatment
adversely. It is at this stage that most definitive active treatment to correct
malocclusion will be performed. and it has been suggested that children in this
age group are often more willing to wear appliances than are older adolescents

and adults.

The late permanent dentition

It is important to recognize that orthodontic treatment may be undertaken at
almost any age. In North America and Western Europe an increasing number of
treatments are being undertaken for the adult patient. However, treatment
planning and mechanics will usually require modification from that which is
appropriate in the growing child (Chapter 21).

Whatever the age of the patient, when treatment 1s being considered, a careful
assessment of need. taking into account the balance of benefit and cost (which
eould include emotional, clinical and financial cost). must be made in partner-
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ship with the patient and. where appropriate, with the parents. Consideration
must be given to the process of informed consent. A factor in this process is to
have available appropriate information on the effectiveness of any treatment
approaches being considered, and for the clinician to have the ability to
adequately communicate that information to the patient.

The assessment of treatment need and the decision to treat is explored in more
detail in the next chapter.

Further reading

Angle, E-H. (1900). Trearment of Malocolusion of the Teeth and Fracmres of the Maxillae, Angles
Svstem, Philadelphia: 8.5, White Dental Co.

Angle, E.H. (1928). The latest and best in orthodontic mechanisms. Densal Coxmar, TO, 1143-58.

Asbell. MLB. (1990). A brief history of onthodontics. American Jownal of Orthodontics and
Dentofacial Orthopedies, 97, 206— 13,

Corrucini. RS, and Pacciani, E. (1989). "‘Orthodontistry” and dental ocelusion i the Etruscans.
Angle Ovithodonrisi, 89, 6] -4,




Chapter 2

Orthodontic treatment need, complexity,
outcome and cost-effectiveness

Need and demand for treatment

Health care professionals are often asked to demonstrate that orthodontic
services are appropriately allocated and that if treatment has been undertaken
that the patients have benefited from the intervention.

When assessing orthodontic treatment need it is important to establish *cause
and effect’. As an example, the risk of fractured incisors in an 8- 10-year-old is
substantially increased when the overjet is greater than 6 mm. It is important to
build an ‘evidence-based system” to determine which deviant occlusal traits,
either in isolation or in combination, pose a threat to the longevity of the
dentition and surrounding structures, The adverse effects of a malocclusion
should also be considered within the broader concept of the ‘quality of life’.
This could be considered in terms of the individual’s social-psychological
development, long-term ambitions and potential achievement.

Malocclusion is a continuum, ranging from an ideal occlusion to considerable
deviations from normal. Assessing ‘cut-oflf” levels in deciding who might
benefit from treatment and those that might not, can be difficult. The severity of
the malocclusion, the appliance type to he employed, the skill of the operator
and the potential cooperation of the patient all have to be taken nto account.
Whilst making these types of decision it is important to remember that the main
aim of orthodontic care is to eliminate or reduce the adverse effects that may
result from any malocclusion.

Demand for orthodontic treatment results from an individual’s desire to seek
treatment due to a perceived (usually observed) problem with the dentition and/
or surrounding structures, Figure 2.1 illustrates the interaction of professional
need (e.g. assessed by the dentist) with the individual’s demand for orthodontic
treatment.

If the professional indicates a need for treatment and the individual desires
treatment then the treatment can progress in an environment where there are
appropriate resources (e.g. appropriately trained staff, facilities and materials).
However, if the resources are either not available or insufficienl, an unmet
treatment need and demand will result. If the professional determines an
objective need in the individual but the individual does not wish to have
treatment then this is termed a ‘potential professional objective need’. These
mdividuals may or may not wish to proceed with treatment at a later date. In a
situation where the individual perceives a problem but there 1s no significant
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Need and Demand
for Orthodontic Treatment

Professional Individual
Need Demand

Treatment
on demand

Treatment

Unmet treatment Potential
Need and demand individual
perceived

demand

Figure 2.1 Interaction of treatment need (as assessed by dentist) with patient’s demand for
orthadontic treatment

objective need assessment the practitioner may still choose to enter treatment to
satisfy that demand. However, if the practitioner refuses treatment there will be
a ‘potential individual perceived demand’ for orthodontic care.

A collection of surveys has been compiled in which professional need has
been identified with various populations around the world (Table 2.1).

The professionally determined need varies widely and depends on the eriteria
used. which could include: age, gender, type of population studied and the ‘cut-
off* levels for severity of malocclusion. The data would suggest that the
professionally determined need appears to range from 27.5 to 76.7%. Fewer
studies have identified the demand for treatment by a population but this would
appear to range from 2 to 47%.

The need and demand for orthodontic care fluctuates through an individual’s
life due to different ‘life cycle events’ including change in wealth and social
conditions (personal, national and international). Need and demand are also
mfluenced by the dental development, facial growth, social awareness and
culture, as well as dentist interventions due to dental decay and loss of teeth,

Indices to measure orthodontic treatment need

Numerous occlusal indices have been developed to categorize individuals
according to urgency and need for treatment. The aims of these indices are to:

o record treatment need in a population and assign priority to types of
malocclusions

= record health gain resulting from treatment

= apportion resources, including finance, health care workers and facilities,

The Index of Orthodontic Treatment Need (IOTN) is one of the best known
and most extensively validated of these indices. It attempts to find and rank




Table 2.1 Internarional studies for treatment need and demand

dnelex Tipre af sample Age proup ||..rr||.\._u$ Nigd o Demand
Argenting WHO-FDI 1554 12-13  Amerindian I8
Cavcasian 28
Denmark Bjirk ef af Representative 531 9-10 70
England and Wales I0TN Representative 10, 29| H-15 9 years 31 515 years 15-33 12 years 1o
11-12 years 27.5
Finland Bjiick er al. Representative s i 23.5 need 34,5 observation
100 boys
100 girls
Inpan Dental 405 15-18 22
Aesthenc Crowding 40
Index
Kenya Morwegian gl 1315 29 33
Crthodontic
Treatment
Index (NOTT)
Norway MNorwegian 93 L (i 47
Cirthodontic
Treatment
Index (NOTL)
The Metherlands Cram Representative |5=T4 15 years 35-39 15-1%vears 23.5
Saudi Arabia Biiirk er al. SO0 miles 14 624
Sweden Bjirk er al, 492 =) Male 35 Male 8
Female 40 Female 11
Turkey Treatment H—10 Minor 22
Priority Index Definite 25
Severe 8
Very severe 5
USA Own 3696 Representative Females 42 Females 9.5
Males 44 Males 6.8
White 46 White 12
Black 36 Black 1
High social ¢lass 12
Low social class 2
ZLambia Summer’s Ocelusal Index 601 Q-2 17
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malocclusions in terms of the significance of various occlusal trans for an
individual’s dental health and perceived aesthetic impairment. The intention is
to identify those individuals who would receive the greatest benefit from
orthodontic treatment. The Index incorporates an Aesthetic Component and
Dental Health Component. The Aesthetic Component consists of 10 photo-
graphs showing different levels of dental attractiveness. Individual cases can be
identified and ranked according to this scale (Figure 2.2). The Dental Health
Component ranks deviant occlusal traits based on available evidence (Figure
2.3). The more severe the deviant occlusal trait, the greater the need for
orthodontic treatment. When this index is applied to a typical population of
11—12-vear-old children approximately one-third fall into grades 4 and 5 (most
need), another third fall into grade 3 and a further third occupy grades | and 2
(least need).

Figure 2.2 The Aesthetic Component of the Index of Orthodontic Treatment Need: the severity of
the appearance of the malocclusion is matched to the nearest example and the score (110 is
reconded

e — S ——



THE DENTAL HEALTH COMPONENT

Orthodontic treatment need, complexity, oulcome and cost-effectiveness

C3F THE INIDEX OF ORTHODONTIC TREATMENT NEED (HYTN)

11

GRADE 5 (Need reatment)

GRADE 3 (Borderine need)

5 Impeded eruption of lesth (ewee pl for third
malar) die 1o crowding, deplacement, the
presence of supernumerary teeth, retained
deciduous teeth and any parthological cause,
‘3h Extensive hypodontia with restorative
Implications {more than 1 woth missing in
Ty quadrant} requining pre-mesioretive
orthadontics.

Sa Incressed overer greater than Smm.

m Reverse overel greater than 3.5mm with
reporied masticatony and speech dilficubies.
5.p Defecis af clelt lip and palae and ather
craninfacial anomalies.

55 Submerged deciducus teeth.

3a Increased overpd greater than 3 Smm but
less than or equal o Gmm with
incompetent lips.

3b Reverse overget greater than lmen bui
less than or cqual o 3.5mm.

3o Amerior of posietion crossbiles with
greater than lmm bul kess than or equal
e Emm discrepancy betwesn retruded
eontact posiion and inercuspal position

3d Contact point displacements greater
than Zmm bl bess than or equal 1o 4mm.

Je lawral of antedior open bite greaier
than 2mm but kess than or equal i mm.

31 Deep overbite compleie on gingival or
palacal tssucs but no trauma.

(:RADE 4 (Need treatment)

dh Less emsersive hypodontia mequiring
pre-restorative nihodontics or onbodontic
space closure (0 obvise the need for a
prosthesis.

42 Increased overer greater than Smm bt less
than or equal 19 Smm.

db Reverse overjet greater than 3.5mm with no
masticatory or speech difficultes.

4m Reverse overjct greater than 1mm but less
than 3.5mm with recorded masticatory and
sperch difficu lies.

dc Anscrior or posierior crossbites with greater
than Zmm discrepancy berveeen retruded
oonitict posilion and intercuspal position

41 Posterior lingual crossbite with no functional
occlusal contact in one o both buecal segmenis.
4d Severe contact point displacements greater
than 4mm.

de Exeeme lateral or anterior open bites greatcr
than 4mm

41 Incressed and complete overbite with gingieal
or palatal traunma

4 Pamially erupred weeth, tipped and impacted
against ad@cent weth,

dx Presence of supermumerary teeth,

GRADE 2 (Littley

Za Increased cverjer greater than 3.5mim
bart less than or equal e Bmm with comperen
tips.

&b Reveme overpet greater than Omin but
le=s than or equal 1z Imm.

2 Anterior or posierior crosshiee with less than
or equal 1o Imm discrepancy between
retnided contact position and intercuspal
position.

2.d Contact point deplacements greater
than Imm but less than or equal to 2mm.

Ze Amcrior or posterior openbile greater
than Tmim bun less than of equal 1o 2mm.

Zf  Increased overbite greater than or equal
3. 5mm withour gingival contact,

2.g Pre-normal or post-nosmal occlusions with

ng other anomalies (includes up 1o half a
unit discrepaney).

GRADE 1 (Mone)

1. Exwremely minor malocclusions including
coniact point displacements less than 1mm.

Indices to record treatment standards

Figure 2.3 The Dental Health Component of the Index of Orthodontic Treaiment Need

These indices compare pre- and post-treatment records to record the outcome of
orthodontic care. One index that has been developed to perform this task is
called the PAR Index (Peer Assessment Rating). The PAR Index records the
technical quality of care. standard of treatment and the degree of improvement
as a result of any intervention. This index is useful in determining the efficiency
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and effectiveness of orthodontic care, allowing a clinician to self-assess (audit)
their results whilst also being applicable to the wider context of comparison of
health care delivery systems both nationally and internationally. Such an index
may also be applied in the assessment of treatment modalities. For example,
malocclusions in England and Wales are generally reduced by an average of
over 70% if upper and lower fixed appliances are employed, whilst routine use
of upper removable appliances will usually achieve less than 50% improvement.

Indices to record treatment complexity

Complexity may be defined as ‘something which is complicated or intricate’.
An alternative definition of orthodontic treatment complexity could be ‘the
recognition and management of problems during the treatment process to
optimize the result’. This definition implies that complexity only becomes an
important factor during the treatment process. The difficulty lies in predicting
what case is going to be difficult prior to treatment. Not surprisingly, a
retrospective assessment of the complexity is much easier to make and could be
based on such factors as: increased number of appointments, increased length of
appointments, the age of the patient or initial severity of the malocclusion (as
defined by the PAR score).

However, systems are being developed to predict a treatment’s complexity.
One such index being developed for international use is the Index of Complex-
ity, Outcome and Need (ICON). So far. it appears to have promise in fulfilling
its aim of objectively assessing complexity. as well as outcome and need. This
index has obvious advantages in trying to combine three indices into just one.
The ICON has five basic components which combine aspects of the [OTN and
PAR index. These are the ‘Aesthetic Component’, the assessment of upper arch
crowding/spacing, an assessment of presence/absence of crossbite, a measure of
the degree of overbite/open bite, and a check of the *fit” of the buccal occlusion.

The use of the occlusal indices (IOTN, ICON and PAR) is illustrated in Fig-
ure 2.4.

Risk—benefit assessment

Risk is defined as the probability that a particular adverse event will occur
during a stated period of time. The adverse event is an occurrence that produces
harm. Benefit is the gain to the patient. Expected benefit incorporates the
probability of achieving the intended health gain.

The risks of orthodontic treatment have been well documented and might
in¢lude:

root resorption

enamel decalcification

gingival swelling, gingivitis

trauma from attachments — ulceration
allergies from nickel and latex
incomplete treatment

relapse

loss of tooth vitality

& & & % & & & @&
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s

Figure 2.4 The application of occlusal indices IOTN PAR and 1CON

Index of Orthodontic Treatment Nead (10TN)
Aesthetic Dental Health Peer Assessment  Index of
Component Component Rating [PAR) Complexity,
(AL {DHC) Outcome and Need
(HCON)
Pre-treatment (a ) 9 5.8 40 98
Post-treatment (b 2 2y 2 20

¢ bacteraemia from placement of bands |
« patient not satisfied with treatment result.

However, the perceived benefits from orthodontic treatment are more difficult
to define due to lack of strong scientific evidence to support the links between
deviant malocclusions and disease. The benefits may include:;

improving psychological well-being
improving self-esteem and popularity
improving dental and facial atractiveness |
improving function (mastication and speech)

reducing the risk of trauma to incisors where there is an increased overjet
reducing the pathological migration of teeth in later life

aligned teeth may facilitate easier tooth cleaning

improving facial symmetry

improving periodontal support or reducing the continued loss or rate of loss
of periodontal support

¢ reducing the problems associated with impacted and missing teeth

e support of multidisciplinary approaches with other dental specialities to
produce optimum facial and dental attractiveness in addition to function.

Risk evaluation is a complex process of determining the significance of possible
adverse events, Therefore it includes the study of risk perception and the *trade-
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off” between perceived risks and perceived benefits. It is the responsibility of
the clinician to notify the patient of the likelihood of possible adverse events in
the context of the probable outcome of treatment with minor malocclusions the
risks of treatment may outweigh the perceived benefits. In addition, certain
types of malocelusion are associated with poorer outcomes. For example, open
bites tend to be successtully treated in only 60% of cases. Surgical correction of
Class 111 malocclusions can result in a relapse, on average, of 25% whilst relapse
in surgically corrected Class 11 maloeclusions can be greater than 30%. In
association with surgical procedures other risks might include death due to an
adverse reaction to an anaesthetic or more commonly (and less drastic) nerve
damage resulting in lip paraesthesia.

Cost-effectiveness of orthodontic care

The assessment of clinical performance is important at the individual, practice,
institutional and national level. It is a challenge not only to deliver high
standards of care but also to deliver this care at the lowest unit cost. An index
such as the PAR Index facilitates the assessment of cost-effectiveness. The
estimated costs of delivering orthodontic care are illustrated in (Table 2.2). It 15
important to assess the overall cost in terms of reduction in unit malocclusion
and cost per visit. Interestingly, the cost per unit reduction of malocclusion is
similar to cost per visit for orthodontic care in Norway and in the community
dental service in the UK. In contrast, the cost per visit for specialists and non-
specialists is much higher than cost per unit reduction. This is related to the
duration of treatment since the treatment time is much reduced with only a
marginal increase in the finish PAR score. In other words the biggest, most
worthwhile, PAR reductions occur early in the treatment cyele.

Treatment duration is very variable from country to country and, to some
extent, depends on the type of service in which it is delivered and also the local
health care and remuneration system. An average treatment duration of 36
months in The Netherlands is high compared to 16 and 17 months in the UK,
but curiously leads to no difference in the finished result as measured by the
PAR score. To some extent, duration of treatment is influenced by the severity
of the malocclusion, level of training, experience of the clinician, type of
monitoring techniques employed during treatment, aspirations of the clinician,
method of remuneration, and the health care system. The average number (per

Table 2.2 Examples of cost-effectiveness in different countries and settings

st per unit Cost per Duraiion aft  Caxi Finixh Setring where the study was
reduction in - visir treaiment e, eure) PAR tinderiaken

PAR scove () () (mmonihs) REOE

45 43 24 B69 4 Specialist practice (Norway)

§11) 33 25 620 i Community clinics (UK)

23 47 17 659 7 Specialist onthodontist {UK)

35 31 16 659 ] Non-specialist orthodontists (LK )
- 36 - B Hospital care (The Netherlands)

30 b Extraction cases (hospital, USA)
6 f Non-extraction cases (hospital, USA)
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orthodontist) of completed orthodontic cases per year in England and Wales is
300, However, in the international context, the case load is determined by many
factors, including: the speed of the operator; the use of auxiliaries; the type of
national remuneration system; the level of remuneration; and the income that is
desired, on average, by the orthodontist. Generally, there is a tendency for lower
levels of remuneration to be associated with higher caseloads.

Conclusion

The use of occlusal indices ensures uniform interpretation and application of
criteria. It is important before applying indices to confirm that they are valid
(i.e. that they measure what they purport to measure) and reliable (1.¢. the ability
of the same examiner and different examiners to achieve the same score). There
15 a necessity to improve diagnostic criteria and develop a common approach to
assessing treatment need and treatment outcome (based on available evidence).
Patients who enter into a treatment should be treated with the most effective
appliances by those practitioners most competent to perform treatment to a high
standard. In addition to the ethical need for effective orthodontic treatment,
consideration should also be given to delivering orthodontic care at a reasonable
cost over an optimal period of time.
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Chapter 3

Growth of the facial skeleton

Growth and development

Why should a dentist or orthodontist be interested in growth and
development?

6.

Knowledge of general and facial growth provides a background to the
understanding of the aetiology and development of malocclusion. Such an
understanding 1s, in turn, an important part of the diagnosis and treatment
planning process.

- As observers, at regular intervals, of the growing child all dentists should be

able to identify abnormal or unusual patterns of skeletal growth and refer as
appropriate.

. More particularly, the dentist should be able to identify abnormal occlusal

development at an early stage in order to undertake suitable interceptive
orthodontic treatment where appropriate. Occlusal development is obviously
closely linked to facial growth and development.

Inopportune and/or poorly timed extractions performed by the dentist during
growth may have unfortunate consequences on the developing occlusion.
Many malocclusions are, at least in part, due to skeletal discrepancies
between the jaws (maxilla and mandible), Such discrepancies are usually due
to differences in the comparative growth of the jaws. More severe malocclu-
sions may be related to more distant skeletal discrepancies within the cranial
base. Correctly identifying these growth features may be important in
deciding upon a diagnosis and formulating a treatment plan.

Orthodontic treatment may make use of growth spurts and other trends. The
timing of treatment in relation to these may be important. Tooth movement is
more rapid the greater the growth activity. For both these reasons an under-
standing of the kinetics of facial growth is necessary.

. Most orthodontic treatments are performed in the actively growing child or

adolescent. Some are dependent on favourable growth and these treatments
may have an effect on the hard and sofi tissues of the area.

. In some treatments, for example where surgery is being considered, it is

important to be able to identify when the majority of facial growth has been
completed.

. Growth effects can have long-term effects on the stability of the occlusion

after treatment. This needs to be considered when a retention regime is
planned.
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General growth and development

The contrast between prenatal and postnatal growth

One may define growth as an increase in size, whilst development is the
progress towards maturity; each process is obviously intertwined with the other,

but it is important to recognize that there is some difference between the two

processes. It is also important to appreciate the speed and complexity of cell

multiplication and differentiation, particularly during the prenatal stage of

growth and development. During this period the height increase is 5000-fold. In '
contrast, postnatally it is three-fold. Similarly the weight increase from ovum to [
birth is 6.5 billion-fold and from birth to adulthood is ten-fold.

During the first few months of life after birth, growth is at its postnatal peak. |
For example, by the end of the fourth month the birth weight has usually [
doubled; if growth continued at this rate a man would be 1000 1bs (450 kg) in
weight and 50 feet (15 m) tall by the age of 50 years! Obviously, there is a
slowing of growth after the initial postnatal spurt although it is not entirely that

Pearcent of adult size
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Figure 3.1 Comparison of rates of growth for main categories of body tissues. Note growth of the
skull will be most influenced by the neural curve, whilst growth of the facial skeleton will more

closely follow the peneral curve
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simple; other growth spurts occur during childhood and different tissues grow at
different rates and at different times. Figure 3.1. which is adapted from a
diagram by Scammon (1930). shows the classic growth curves for the different
tissues of the body. Obviously. the early acceleration in neural growth affects the
growth of the skull (via the expansion of the brain) whilst the growth of the face
mostly follows the general growth curve (somatic including skeletal). Having
said this, there is some overlap of the two with, for example, the neural growth
curve having a limited effect on the growth of the jaws. the maxilla being the
most influenced. The overall effect of these differential patterns of tissue growth
causes a change in body proportions over time, which is shown in Figure 3.2
and with which we are all familiar.

Figure 3.3 shows how one might expect the average individual to grow, with
the early postnatal spurt followed by a smaller growth spurt about 68 years and
a larger prepubertal spurt in the early teens. The latter is of particular relevance
to the clinician employing treatment techniques that are largely growth depen-
dent to treat a malocclusion (as an example of this see Chapter 18).

Although the majority of growth has been completed by 18 years of life there
is good evidence that small increments of facial growth continue at least into the
mid-thirties. This can affect both the shape and profile of the face whilst also
having some influence in any later changes to the occlusion. However, the
growth that one might expect after 16 years of age probably will have little

|

a b - d

Figure 3.2 Change in body proportions with age. Note the gradual change in proportion of head
from more than a quarter of body length in the four-month fetus (a); to just less than a quarter
immediately post-birth (b); to approximately one-fifth of body length af two years of age (¢). It 5
less tham one-eighth of total length in the 14-vear-old adolescent (d)

—
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Figure 3.3 The normal growth process for the average individual: the gradual increase of height
with time 15 plotted (dotted line) but more usefully the growth velocity is plotted against age (solid
line}. This shows the periods of maximum growth, termed growth *spuris”

relevance when deciding on an orthodontic treatment plan. Therefore, a patient
presenting after this age is probably best considered as an adult for the purposes
of planning in this context (see Chapter 21).

Prenatal craniofacial growth and development

This may be divided into three stages:

1. The ovum — fertilization to 14th Day.
2. The embryo — 14th Day to 56th Day. |
3. The fetus — 56th Day to birth. |

Ovum: The first two weeks following fertilization consist of cell multiplication,
cleavage and attachment to the uterine wall. The multiplying cells form a “ball’
just 1.5 mm across and there is little evidence of craniofacial differentiation at
this stage.

Embryo: Between the second and third week in wiero the embryo doubles in
length and the differentiation of the head commences: at this stage the head is
largely formed of prosencephalon and beneath the frontal process is the oral .
groove bounded laterally by the early maxillary processes. During the next four |
weeks a major part of the early facial development occurs, and the bucco-
pharyngeal membrane, dividing the future oral cavity from the gut, ruptures. On
either side of the frontal prominence ectoderm proliferates to form nasal
placodes, which will become the future nasal epithelium. Between six and eight




20 W & H Orthodontic Motes

weeks, the maxillary processes grow forwards and mesially to unite with the
lateral and medial nasal processes to initiate upper jaw development. Meanwhile
beneath the maxillary processes are the developing pharyngeal pouches, which
laterally form the branchial arches and grooves and are approximate to the
lateral walls of the future pharynx.

Fetus: Between the second and third months in utero the length of the fetus
increases three-fold, and all the facial structures become more pronounced with
formation of nostrils and an increase in antero-posterior length of the maxilla
and mandible. This is largely a period when change is related to an accelerated
increase in size of the existing structures (growth) with changes in the relative
proportions of those structures - for example relative enlargement of the jaws to
the skull.

Growth of the face and skull

The cranium

Prenatal growth. The bones of the cranial vault develop in the membranes
covering the brain in the embryo. The cranial vault forms initially by intra-
membranous ossification within mesenchymal fibrocellular condensations and
later in fetal hfe by proliferation and ossification of connective tissue at the
sutures. The bones of the cranial vault are still well separated from each other at
the end of the fetal stage by fontanelles, which facilitate movement of these
bones to decrease skull size during passage down the birth canal.

Postatal growth. Centres of ossification appear and the bones expand so that by
birth they are related to one another at sutures, although in some areas — for
example the fontanelles — there is still a membranous covering (Figure 3.4). The
sutures are sites at which limited movement of the bones 1s possible and where
growth in the size of the cranial vault can occur. They are fibrous joints with
little inherent growth potential of their own. In fact growth at the sutures occurs
by their expansion due to the increase in the volume of the cranial contents,
which follows the neural growth pattern (see above). In addition to the increase
in surface area, the bones of the cranial vault are thickened as a result of
periosteal apposition. The cranial vault consists of outer and inner tables of
compact bone separated by a layer of cancellous bone. Where functional
demands require, for example at muscle attachments and sites of stress
concentration, the outer table may be elevated into ridges and crests. This
happens at the temporal and nuchal crests and at the supraorbital ridges where
the space between the inner and outer tables becomes pneumatized.

The cranial base

The cranial base comprises the bones that develop from the cartilaginous
chondrocranium of the embryo. By the end of the embryonic period the cranial
base growth, originally related to an overall proliferation of cartilage, becomes
(after the initiation of endochondral ossification), the responsibility of the
proliferating, essentially cartilaginous, synchondroses. At birth, cartilage re-
mains at these sites, where growth can occur to make adjustments in the future.
The ‘synchondroses’ have a structure that resembles that of the epiphyseal
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Figure 3.4 Neonate and adult skulls, Mote the difference in proportions between the facial skeleton
and the calvarium at the different ages. The proportions of the facial skeleton also change with age

cartilages of the long bones, except that. in this instance, growth occurs in both
of the bones contributing to the joint. Two of these synchondroses persist later
mto childhood: the intersphenoidal (responsible for growth of the anterior skull
base) closes at about seven years of age and the spheno-occipital (responsible
for growth of the posterior skull base) closes in the late teens. Since there is little
growth of the anterior cranial base after seven years this relatively stable area
may be used as a reference structure on lateral skull radiographs from which
growth changes elsewhere in the facial skeleton can be measured. When super-
imposing radiographs this is better done as a ‘best fit" around the ethmoid air
sinuses rather than registering on either sella turcica or nasion (see Chapter 4),
There are subtle remodelling changes that affect the shape of the sella during
growth whilst there is forward movement of the outer table of bone at the nasion
by a process of pneumatization.
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The upper facial skeleton is related to the anterior cranial fossa whilst the
mandible is related to the middle cranial fossa at its articulation with the
temporal bone (Figure 3.5). Therefore, the length of the cranial base has an
influence on jaw relationships, and growth at the spheno-occipital synchondro-
sis, which actively contributes until about the age of puberty, has a crucial
influence on relative jaw position.

Growth of the cranial base cannot be influenced by orthodontic means and is
probably under fairly tight genetic control.

The facial skeleton

The maxilla
Prenatal. The maxilla develops essentially as a membranous bone from two

centres of ossification lateral to the nasal capsule in the maxillary processes of
the first arch. Maxillary development is often described by dividing it into: the
infraorbital area where ossification initiates; the alveolar area, where tooth
development is important to local growth and development: and the frontal,
zygomatic and palatal processes, which fan out from the centre of ossification.
In addition there is development in cartilage, with subsequent ossification. in
the paranasal processes of the nasal capsule and in areas at the alveolar border

Figure 3.5 The maxilla grows downwards and forwards in part due to growth at sufures (1.e.
displacement) and in part by surface apposition and remodelling of bone (i.e. drift). The mandible
grows downwards and forwards from its cranial articulations at a greater rate than the maxilla. Thus
the intermaxillary space grows in height and is bridged by vertical growih at the alveolar processes
and eruption of the teeth. The midline cranial base is indicated by a dotted line. Growth at the
spheno-occipital synchondrosis (SO increases the distance between the cranial articulations of the

maxilla and mandible

- .- I
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of the zygomatic process. It has been suggested that the primary cartilage of the
nasal capsule is analogous 1o Meckel’s cartilage, but it is certainly the precursor
of the ethmoid and inferior turbinate bones.

There are some secondary cartilages present during early development of the
maxilla, principally in the zygomatic process, but these have largely disappeared
by the 12th week.

Following fusion of the maxilla and premaxilla at eight weeks in wtero their
growth is usually considered together.

Postnatal. The maxilla grows downwards and forwards from the anterior cranial
base, partly as a result of growth at the circum-maxillary suture system, and
partly as a result of extensive surface apposition and remodelling of bone. In
general terms the outward and downward facing surfaces of the maxilla are
formative, in particular at the alveolar process and on the oral surface of the
palate, with corresponding resorption on the nasal surfaces. Thus the maxilla
grows downwards and forwards partly due to dnft (surface remodelling). The
sutures of the upper facial skeleton are structurally comparable with those of the
cranial vault and. like them, probably have little independent growth potential,
However, it has not been possible to isolate the primary growth-promoting
forces in the upper facial skeleton. Growth increments of the nasal septum and
the eyeballs have been cited as possible factors but probably no single factor
controls and directs growth of the upper facial skeleton. It has been shown that
heavy forces applied to the maxillary teeth by orthodontic appliances can,
according to the direction of traction, reduce or accelerate growth at the
maxillary sutures. However, this is of limited practical application because,
following such treatment, the natural growth pattern tends to reassert itself and
there is a corresponding catch-up or lag so that the ultimate facial pattern is little
affected. Only i such treatment were continued for many years, until facial
growth was nearly complete, would lasting appreciable changes be achieved.

The mandible

Prenatal. As in other local structures, a considerable increase in growth of the
mandible during the fetal period, especially in relation to length. Bone starts to
form in a similar fashion to the maxilla about the primary cartilage and the local
nerve — in this case Meckel’ cartilage and the inferior dental nerve. Intramem-
branous ossification commences in fibrocellular condensations in these areas
from about seven weeks in utero. The upper ends of Meckel’s cartilage form the
bones of the middle ear and are practically complete by 12 weeks. By hirth most
of Meckel's cartilage has gone except for small islands at the mental symphyses
and spheno-mandibular and spheno-malleolar ligaments.

Ossification in the downward growing secondary (carrot) condylar cartilage
{(which developed at about the 12th week) appears to commence anteriorly in
the fourth month of fetal life and by the end of the fifth month the only part of
this cartilage left is beneath the articular surface of the condyle. This small
residual area appears to be important in both later prenatal and postnatal growth
and persists until the 20th year of life. Of the other secondary cartilages of the
mandible that have heen similarly present from the 12th week in utero, the
coronoid cartilage disappears just before birth, having contributed to the process
of the same name and the symphyseal cartilage disappears not long after, having
contributed to the increase in width.
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Postnatal. Growth in the overall length of the mandible takes place largely at the
condyle but, of course, comparable remodelling periosteal growth changes take
place to maintain the form of the mandible. It is an area of continuing
controversy as to whether growth at the condyles propels the mandible down-
wards and forwards from the glenoid fossa or whether condylar growth is merely
adaptive to other factors that carry the mandible downwards and forwards.
Certainly, the growth of the mandible with its complex rotatory mechanisms
would suggest a more sophisticated process to be at work. It seems probable that
the condylar cartilage has an appreciable inherent growth potential but that it
can be affected by local factors, However, its growth can be influenced only 1o a
very limited extent by orthodontic appliance treatment. Proponents of functional
appliances (see Chapter 18) claim that condylar growth can be controlled but
this is still a matter of debate. The practitioner would be wise to plan treatment
on the assumption that appliances will not influence condylar growth to any
significant extent.

The mandible grows downwards and forwards from its articulation with the
middle cranial fossa faster than does the maxilla (Figure 3.5). Antero-posteriorly
this is largely compensated for by the growth of the spheno-occipital synchon-
drosis, which carries the maxilla forward. Again, bone surface deposition and
resorption appear to play an important role in the translation and transposition
of the mandible during postnatal growth. The precise nature of this process is
perhaps best viewed diagrammatically in a more exhaustive text.

However, the tendency is for mandibular prognathism (i.e. projection from
under the cranial structures) to increase slightly faster than maxillary prog-
nathism.

Vertically the distance between the mandibular and maxillary bases — the
intermaxillary space — increases. Vertical growth of the teeth and alveolar
processes, which adapt to changes in height and shape of the mtermaxillary
space bridge this space.

The vertical relationship of the mandible to the upper facial structures is
determined not only by growth at the condyles, but also by the lengths of the
muscles and fasciae attached to it: principally the muscles of mastication, which
pass between the mandible and the rest of the craniofacial skeleton, and the
suprahyoid muscles below, Growth in length of these is, in turn, influenced by
growth in length of the neck and the cervical vertebrae. Many other factors, such
as the physiological need to maintain an airway, play a part in determining
mandibular positions. This means that superimposed on the downward and
forward translation of the mandible relative to the cramal base, there may be
minor degrees of anterior or posterior rotation (Figure 3.6) depending on the
balance of growth between the condyle and the muscles attached to the
mandible. As discussed below, the positions of the teeth and alveolar structures
adapt to these changes in mandibular relationships.

The palate
Prenatal. The primary palate is formed at about six weeks (in urero) from fusion
of the mesially migrating maxillary processes with the lateral and medial nasal
processes of the downward migrating fronto-nasal process. Fatlure of the fusion
will lead to a cleft of the lip and primary palate. This may be cither unilateral or
bilateral (see Chapter 23).

The posterior palate derives from the vertically positioned palatal processes
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Figure 3.6 Mandibular growth rotations: (a) anterior (closing) growth rotation: (b) posterior
{opening) growth rotation. The crosses indicate hypothetical stable points in the mandible, purely for
the purposes of illustration. Where the posterior and anterior facial heights grow by different

amounts a mandibular growth rotation will occur but will to a large extent be masked by remodelling
al the lower and posterior borders of the mandible. This is revealed when mandibular outlines are
superimposed on the stable structures. The relative orientation of the lower incisors within the face is
usually maintained by dento-alveolar adaptation. In most children, growth rotations are small

or shelves of the developing maxilla. The tongue at this early stage of develop-
ment is positioned between these shelves. However, at about 12 weeks (in the
fetus stage) rapid forward and downward growth of the face occurs. This allows
the tongue to take a more inferior position in the developing mouth, and the
palatal shelves, by a largely unknown mechanism, move very rapidly. usually
within 24 hours, up to a horizontal position. Subsequently, fusion in the midline.
together with the nasal septum and primary palate, occurs to form the complete
palate. Any disruption of this process may lead to failure of ectodermal fusion
or failure of penetration of mesoderm across the centre line of the palate —
either failure is likely to lead to a cleft palate,

Postatal. After birth, growth in width of the palate occurs, partly at the mid-
palatal suture (which can fuse in the early teens) and partly by differential bone
resorption and desposition at the contralateral surfaces. The expansion of the

mid-palatal suture also contributes to the width of the face in this area until its
fusion.
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Patterns of growth

At birth, the volume of the brain case is greater than that of the face (Figure
3.4). but after the age of six years there is little further growth in volume because
the brain has nearly reached its adult size. The facial skeleton grows steadily
over a much longer period and thus, in the adult, forms a much larger propertion
of the skull than in the child. and projects further forwards from under the brain
case (Figure 3.4). The infant face is relatively broad, but with postnatal growth
the proportions of the face change, growth in breadth being least, and in depth
most. Thus, on average, the face in an adult appears longer and narrower and
projects further forwards than in the child (Figure 3.2).

Some of the more noticeable changes in facial characteristics are due to the
fact that the eyes are relatively large in the infant but, like the brain, grow
relatively little after the age of six years, whilst the nose is very much more
prominent in the adult than in the child. These changes do not affect the
ocelusion, but changes in the character of the face obviously affect the
appearance of the dentition in the face. Even with a *normal’ occlusion, the
teeth of the nine-year-old child may seem to be rather large and prominent. but
with growth of the rest of the face and in particular of the nose, the impression
changes with time. Together with this trend it is apparent in Bjork’s growth
studies, in which titanium implant markers had been placed in the basal bone of
the jaws, that children’s jaws become more prognathous with growth with a
more pronounced chin button and anterior nasal spine. This anterior movement
of the jaws forward is most pronounced in the mandible — hence the clinician’s
observation that: *Class 111 malocclusions usually get worse with growth’.

It seems likely that this forward movement is related to the normal clockwise
(closing) rotation of the jaws as they grow. If there is an ‘over-rotation” a short
lower facial height, prominent chin button and deep bite, Class I Division 2
malocclusion is often the result (Chapter 13). If the rotation is in the opposite
direction (counterclockwise or opening) a long lower facial height and anterior
open bite (long face) may be the result. The Burlington growth study observed
the following average trends in facial growth:

e R5% are downwards and forwards
s [[%% are vertical
s S5 are horizontal.

These trends may be interpreted in terms of the jaw growth rotations discussed
earlier.

The control of facial growth

How is the force that displaces bones during growth both achieved and
controlled? It would appear from what we have said so far that the periosteum
and sutures and possibly also the condylar cartilage take a subordinate role
during postnatal growth.

A possible hypothesis has been suggested by Moss. He suggests that bone is
essentially a substance forming within capsules (surrounding sacks of soft tissue).
These surrounding soft tissue *sacs’, by their growth and enlargement, determine
the displacement of their encapsulated bones one from another. The position and
growth of these soft tissues are, in turn, influenced by the functions that they
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perform and must maintain, an example being the airway. In other words, the soft
tissues provide a growing ‘functional matrix” within which the bones are
displaced from one another; the space between these displaced (translated) bones
is then “filled in" by the laying down of bone by one means or another.

Certainly, this is an attractive philosophy — if one that is difficult to grasp
mmediately! It does at least provide a working hypothesis as to what may be the
main displacing force in the growing face. However, this concept of growth does
have problems. For example, it does not accommodate the observed behaviour
of the cartilaginous primary growth centres like the long bone epiphysis. cranial
base synchondrosis or nasal septal cartilage. These have all been shown to
provide an independent *force of growth’ to displace the surrounding bone to
accommaodate newly ossified tissue.

However, when applied to the cranial vault, the functional matrix theory
appears to work well. The bones of the skull exist in a capsule bound by the pia
and dura mater. This matrix has the function of surrounding and covering the
developing and growing brain. As the brain enlarges, the surrounding capsule
enlarges and the bones within are displaced. The gaps created between the bones
are then filled by the proliferating periosteum between them. The overall skull
size thus increases. Certainly, skull growth closely matches the neural growth
curve and this explains the very large skull, in comparison to the face, at birth
and during the first couple of years of life — facial bone growth more closely
follows the somatic curve of overall skeletal growth.

Therefore. it is easy to define areas of new bone formation and/or resorption
during growth, whether by surface deposition beneath the periosteum, or at the
suture, or by ossification of proliferating cartilage. It is less easy to be precise as
to the nature of the force causing the displacement of the bones — the thrust of
growth pushing the bones out into the environment. It may be concluded that no
obvious overall control mechanism for facial growth has been identified thus
far. It would appear that there is a complex of genetic and environmentally
driven influences that determine the pattern and nature of growth but there is
still much to be discovered in this area.

Growth spurts and Kinetics

The different tissues of the body grow at different rates forming a variety of
curves when the tissue size is plotted against time. Growth of the skeleton
follows the general somatic growth pattern: there is an initial acceleration afier
birth, this then slows until there is another growth spurt between six and seven
years of age. This acceleration may last for only 3—4 months and usually comes
earlier in girls than boys, However, the spurt of most interest to orthodontists is
the prepubertal acceleration. This again lasts just a few months, occurring (on
average) at about 12 years in girls and 14 years in boys. There is a large vanation
in the timing (the standard deviation is one vear), and it may occur as late as 16
years of age in some boys.

Average timing of growth spurts

Table 3.1 shows the average age during which an acceleration or spurt of growth
may occur. Such spurts might last just 3—4 months. There is a “three Ls" rule of
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growth in bovs (in comparison to girls): usually they grow Later — for Longer — ‘
and get Larger!

Table 3.1 Average ages of growth spurts in boys and girls

Mewan age of “spurs’ . Girls Havs

Early Approx. 3 years Approx. 3 vears
Middle 6—7T years T=9 years
Prepubertal 11-12 years 13~15 years

During the prepubertal period of rapid somatic growth there is some evidence
that teeth move more rapidly in response to forces. In particular, certain
appliance techniques are more effective: examples would be functional appli-
ances (see Chapter 18) and extra-oral traction (see Chapter 17). For this reason
attempts have been made to try and predict growth spurts in children so that
treatment may be prescribed to coincide with these periods — such predictive
techniques have so far proved to be unreliable.

[t is also of some interest to clinicians to know when the majority of facial
growth has ceased. This can affect the treatment planning (see Chapter 21) but
is particularly important in the timing of orthognathic surgery (see Chapter 22).
For the purposes of treatment planning, the majority of facial growth is usually
complete by 1617 years of age. Having said this, it is worth stating again that
there is good evidence that small increments of facial growth occur into middle
age, However, this is unlikely to be of any assistance (or relevance) in the
treatment of malocclusion although it may contribute to any long-term process
of relapse (see Chapter 25).

Facial growth and the occlusion

The alveolar bone is highly adaptable, depending for its existence and location
on the presence and position of the teeth: remove a tooth and the associated
alveolar process resorbs, move a tooth into the same area and it remodels.

Dento-alveolar compensation

Because the upper and lower teeth erupt into the ‘neutral zone™ of muscle
balance between lips, cheeks and tongue they tend to be guided towards one
another to establish an occlusion and to compensate for any transverse or
antero-posterior malrelationships of the jaws. Vanations in vertical jaw relation-
ships are compensated, to a greater or lesser degree, on eruption of the teeth and
growth of the alveolar processes. Where the skeletal malrelationships are too
severe, the dento-alveolar compensation described above may not be sufficient
to establish a normal occlusion and so crosshite, open bite and antero-posterior
arch malrelationships may develop. However, arch malrelationships often will
be less severe than might have been expected from the jaw malrelationship (see
Figure 3.7).

In some cases dento-alveolar compensation does not operate because of
variations in soft tissue patterns. For example, if the upper lip is short and the
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(a) (b)

Figure 3.7 Skcletal patterns: (a) Class 13 (b) Class [1; (e) Class [11

(c)

lips are habitually parted the upper incisors will tend to be proclined and are not
guided towards the lower incisors. The lower incisors then will continue to erupt,
possibly until they contact the palate.

Dento-alveolar compensation is not always advantageous: in some cases of
mandibular retrusion, for example, compensation occurs by retroclination of the
upper incisors (see Figure 12.3). This type of incisor relationship is usually
associated with a deep overbite and may, when associated with poor oral
hygiene, be traumatic as well as being unsightly.

Dento-alveolar adaptation

As the face grows, the intermaxillary space increases in height and the antero-
posterior jaw relationship may change. As a result of vertical growth of the teeth
and alveolar processes, occlusal contacts, and the soft tissue environment of the
teeth, the existing occlusion or malocclusion tends to be maintained. Dento-
alveolar adaptation is a dynamic process whilst dento-alveolar compensation
refers to an existing state of affairs: on examining a patient, it is possible to
ascertain to what extent dento-alveolar compensation exists, Only with records
obtained on more than one occasion can one identify the nature and amount of
dento-alveolar adaptation that may have occurred over that time period.

Dento-alveolar adaptation 1s greatest vertically, in response to vertical growth
of the intermaxillary space. Little change in transverse jaw relationships occurs
with growth. Where changes in antero-posterior jaw relationships occur there
will usually be a corresponding dento-alveolar adaptation. Most commonly the
mandible grows forwards slightly more than the maxilla and the upper incisors
procline whilst the lower incisors retrocline. The proclination of the upper
incisors does not produce spacing because the upper buccal segments come
forwards by a comparable amount. Retroclination of the lower incisors usually
results in crowding. If the adaptive mechanisms cannot cope with the extent of
the change in jaw relationships there will be occlusal change. This most often
happens where there is a Class 11 arch relationship (see Figure 3.7¢) and there is
little or no incisor overbite.

Growth rotations of the mandible may be superimposed upon the changes
described above. Such growth rotations initiate dento-alveolar adaptation, which
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may in turn lead to lower incisor crowding. With a posterior (opening) growth
rotation (Figure 3.6b) the lower incisors tend to become retroclined under the
influence of the soft tissue integument of the face so that their relationship to
upper facial reference planes changes very little. The buccal segments do not
move back by a corresponding amount and so lower arch crowding may appear
or hecome more severe.

Anterior mandibular (closing) growth rotations (Figure 3.6a) are associated
with proclination of the lower incisors within the alveolar process and with an
upward and forward path of ecruption of the buccal teeth. Measured to a
reference plane in the upper face, the lower incisors do not become proclined
but maintain their inclination, Provided that the forward movement of anterior
and posterior teeth are in balance there should be no change in the space
conditions of the lower arch. However, the lower incisors, through contact with
the upper incisors, are often prevented from adapting completely, particularly if
at the same time the mandible is growing forwards to a greater extent than the
maxilla. In these circumstances the lower buccal teeth will encroach on space
for the lower labial segment with the development of lower incisor crowding.

Growth changes during treatment

Orthodontic treatment planning for the child is based on the hypothesis that the
growth changes which take place will be within the normal range and so will
have only minor effects on the shape of the facial skeleton and thus the
occlusion. This is satisfactory for the majority of patients but occasionally
unforeseen changes may occur and treatment planning may have to be revised,
Many attempts have been made to predict accurately the future growth trends of
the facial skeleton in the individual, but at the present time this is not possible.

Prediction of the pattern of facial growth

Occasionally facial profiles and malocclusions may worsen or improve with
facial growth; obviously in such individuals it would be an advantage to predict
such changes in the facial pattern.

Methods have been suggested whereby growth increments occur at different
parts of the jaws to simulate average yearly growth — in its crudest form this has
involved the use of a clear acetate template, while more sophisticated ap-
proaches involve the use of a computer database. Whichever approach is used,
although reasonable at predicting the average “grower’, such simulation methods
are currently not reliable in predicting the “abnormal grower’ - the patient in
whom the orthodontist might be most interested.

Another approach has been from the genetic viewpoint using a comparison of
family likeness in siblings and other relations together with a suitable formula to
predict the facial type. This might, for instance, work well in predicting the
lower jaw size of a member of the Hapsburg royal family, who were famous for
their characteristically large lower jaw. However, usually by nine years of age
the face is 85% of its adult size and thus such a growth trend would be better
predicted by the current appearance of the patient without any further assess-
ment.

Other methods for growth prediction have been suggested but the present
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‘state of the art’ is that only average growth trends may be predicted within an
acceptable margin of error.

The uncertainty of facial growth prediction is magnified in those patients with
a craniofacial disruption, of which cleft lip and palate is an obvious example.

Normal growth

It is difficult to be precise as to what constitutes normal growth, For example, if
one is using height as the appropnate vardstick, and a sample of 12-year-old
children are examined, one will find a large range or variation about the norm or
mean. Factors determining growth may be broadly divided into genetic and
environmental — the relative importance of each in any individual is often
difficult to determine.

It has been suggested that ‘growth is the meeting point of heredity and
environment’ but where that meeting point is precisely located is less easy to
define. Certainly. hereditary factors are important in determining the facial form
when considering family or racial likeness. However, hereditary factors are
tempered by the environment, the socioeconomic background, and the quality of
the diet, the health of a community, or individual soft tissue adaptations or
habits.

In the final analysis it is not important for the clinician to be able to define

what is normal but rather to be able to identify what may constitute the
abnormal.
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Chapter 4
Analysis of the facial skeleton

The skeletal relationship: clinical considerations

The relationship between the jaws has important effects on dental arch relation-
ship. Unless lateral skull radiographs are available (see Figure 4.2), jaw relation-
ship 1s assessed from the clinical examination of the patient. Skeletal
relationships should be considered in three axes: antero-posterior, vertical and
Lransverse.

Clinical assessment

Antero-posterior

This sagittal relationship between the jaws (the skeletal pattern) depends on the
length of the maxilla, length of mandible and the length of the cranial base
between its articulation with the maxilla and the temporomandibular joint, The
skeletal pattern is assessed by examining the profile as the patient sits unsup-
ported. with the head in the free postural position and the mandible in the rest
position or with the teeth in centric occlusion (the mandible must not be
postured or displaced). When the mandible is normally related to the maxilla the
skeletal pattern is Class I; when it is posteriorly positioned relative to the
maxilla the skeletal pattern is Class [1; and when it is too far forward the skeletal
pattern is Class 111 (see Figure 3.7). Subjective assessment of this sort 15 open to
error and if there is a marked discrepancy between the thickness of the upper
and lower lips, or a prominent chin ‘button’ (pogonion) the soft tissue profile

film

Figure 4.1 When a cephalometric radiograph is obtained, the head 1s held in a fixed relationship to
the film and X-ray source (tube). The ratio a/h determines the enlargement of the image
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P

Figure 4.2 A lateral skull radiograph illustrating the principal anatomical features. Note: for
purposes of reproducibility and accuracy these are most usefully taken with the head held in a
cephalostat fasin Figure 4.1)

B |I.'L"-l-l.'ll.'n'1|lllll [ orhita margins

iS5 = basi-sphenaid 0D = pdontod process ol axis

CP = enbriform plate of ethmoid OR = orbital roof

E = ethmoid air cells PM = preryeomaxillary (issune

EM = external acoustic meatus P'S = planum sphenoidale

F = frontal sinus S = sphenoid air ginus

FN = fronto-nasal sutire R spheno-ethmoidal synchondrosis
HP = hard palatc 50 = spheno-pccipital synchondrosis
M ntermal acoustic meanis 51 sella turcica, the patutary fossa
M = mastoid air cells i rvpomatic process of maxilla

Mx = maxillary sinus

M nasal b i T

may give a misleading impression of the skeletal pattern. Nevertheless, this
method of assessment 15 usually more accurate than attempts to judge skeletal
relationships with the lips retracted. Minor variations in skeletal pattern are of

| little clinical importance and the larger variations from normal, which do have a
bearing on actiology and treatment, can readily be recognized.

kertical

The space between the upper and lower skeletal bases is the intermaxillary
space. The height of this space depends on the shape of the mandible and on the
resting lengths of the muscles of mastication. Where the anterior height of the
intermaxillary space 1s large an open bite may be found (Chapter 8)

The angle between the Frankfort and mandibular planes (Figure 4.3 ) gives an
index of anterior intermaxillary height, The average value for this angle is 277,
with a normal range of 5° in either direction. If the Frankfort-mandibular planes
angle 1s large the anterior intermaxillary height will usually be increased. It is
not ¢asy to estumate by eye the size of the Frankfort-mandibular planes angle.
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Frankfort plana

Maxillary plane

Mandibular plane

Figure 4.3 Tracing of the radiograph shown in Figure 4.2, indicating the main cephalometric
landmarks (see text for definitions of abbreviations)

Various forms of protractor are available but it is perhaps simpler to compare
the lower facial height — menton to anterior nasal spine (ANS) - to the middle
facial height — ANS to nasion (Figure 4.3). In the well-balanced face these
heights should be approximately equal. Clearly, the ratio between them will be
affected by mid-facial height but a relative increase in lower facial height may
be associated with a skeletal open bite.

Transverse

The relative widths of the jaws have a bearing on the transverse relationship of
the dental arches (Chapter 10). However, there is no way, clinically or radio-
logically, in which these widths can be accurately measured. Discrepancies in
skeletal base width usually have to be inferred from transverse malrelationships
of the arches.

Facial asymmetry
Whilst no face is perfectly symmetrical, significant differences from the norm
should be apparent by careful clinical examination. Asymmetries usually occur
due to discrepancies in growth between the left and right sides in one or more of
the facial dimensions mentioned above. Generally, abnormal asymmetries of the
face may be assessed by comparison of one side of the face to the other, any
resultant cant in the occlusion can be more clearly observed by getting the
patient to occlude, in the region of the molars, across a wooden tongue spatula.
A good way to assess facial asymmetry is to rest the chair back and view the
patient from above, looking at the relationship of forchead, nose and chin-point.
Always look for displacements on mandibular closure in these patients, which
can exaggerate the asymmetry of the chin.

-
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Cephalometric analysis

Analysis of lateral skull radiographs allows a more detailed evaluation of facial
structures than 15 possible from a visual assessment of facial appearance. The
cephalometric lateral skull radiograph (lateral cephalogram) is taken with the
head held in a specially designed holder (Figure 4.1) so that there is a fixed
constant relationship between the patient’s head, the film and the anode of the
X-ray tube. The mid-sagittal plane of the head should be parallel to and at a
fixed distance from the film so that linear measurements are magnified by a
known standard amount (usually about 10%). To get consistent posing of the
patient’s head the patient may be asked to look at an ‘imagined’ horizon or look
into a mirror, or a small spirit level may be employed. Some experience is
required if a lateral cephalogram radiograph i1s to be interpreted reliably. The
features shown in Figures 4.2 and 4.3 give a key to the general anatomy.
Cephalometric landmarks can then be located (Figure 4.3). The appearance of
each landmark can vary appreciably between patients, and some are much more
difficult to identify reliably than others. If the film is overexposed it can be very
difficult to locate the fine bony detail on the skeletal profile.

Definitions of landmarks (Figure 4.3)

Note: definitions using ‘lowest” or ‘highest’ assume that the radiograph is
orientated so that the Frankfort plane is horizontal.

Anterior nasal spine (ANS). The point of the bony nasal spine. The vertical level
can be fixed quite reliably but the antero-posterior location may be difficult: the
tip of the spine is thin and nasal cartilages, which are nearly of the same radio-
opacity, may overlay it. Harvold recommended the use of points on the lower
and upper contours of the spine where it was 3 mm thick. These may be more
reliable than the traditional ANS but they may still be difficult to locate because
the upper and lower margins of the spine are not always distinet.

Articulare (Ar). The point of intersection of the projection of the surface of the
neck of the condyle and the inferior surface of the basi-occiput.

Basion (Ba). The most posterior inferior point in the midline on the basi-occiput.
This marks the posterior limit of the midline cranial base and lies on the anterior
rim of the foramen magnum.

Gonion (Go). The most posterior, inferior point on the angle of the mandible. It
is located by drawing tangents to the angle of the mandible through the menton
and through the articulare. The gomion hes where the bisector of the angle
formed by these two tangents intersects the mandibular outline. This point may
be used in drawing the mandibular plane and gonial angle. Where the outlines
of the two sides do not coincide an ‘average’ outline should be drawn and the
constructions related to this.

Gnathion (Gn). The most anterior, inferior point on the bony symphysis of the
mandible. It is located where the bisector of the angle between the facial line
(NPog) and the mandibular plane (through menton and tangent to the angle of
the mandible) intersects the outline of the symphysis.
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Incision inferius (11). The tip of the crown of the most prominent mandibular
Incisor,

Incision superius (1), The tip of the crown of the most prominent maxillary
INCISOT.

Infradentale (Id). The highest point on the alveolar crest labial to the most
prominent lower incisor.

Menton (Me). The lowermost point on the mandibular symphysis.
Nasion (N). The most anterior point on the fronto-nasal suture.

Orbitale (Or). The most inferior point on the margin of the orbit. Strictly
speaking, the left orbit should be used and some orthodontists use a radio-
opaque pointer, or fix a marker to the skin before the radiograph is taken, to
indicate this. When this is not done and two orbital borders are shown. the
midpoint should be taken. The orbitale is difficult to locate with accuracy.

Posterior nasal spine (PNS). The tip of the posterior nasal spine can usually be
seen unless unerupted molars obscure it. The outline of the palate gives a good
indication of its vertical level and allows the maxillary plane to be drawn in. A
line through the most inferior point on the pterygomaxillary fissure, perpendi-
cular to the maxillary plane, indicates the antero-posterior location of PNS.

Pogonion (Pog). The most anterior point of the bony chin.

Point 4 (A). Also known as subspinale, this is the deepest point on the maxillary
profile between the anterior nasal spine and the alveolar crest. [t can be difficult |
to locate if the maxillary profile is not clear: there may be a thin spine of bone
extending downwards in the midline from the anterior nasal spine, or the shadow
of the cheek can be superimposed. Point A is used to indicate the anterior limit
of the maxillary base but it is not very reliable in this respect because the bone .
in this region remodels to some extent with orthodontic tooth movement, quite
apart from the problems of locating the point. However, n spite of these
difficulties, point A continues to be used because no entirely satisfactory
alternative has been proposed.

Point B (B). Also known as supramentale, this is the mandibular point that
corresponds to point A on the maxilla; however, it 18 more reliable. It 1s the
deepest point on the concavity of the mandibular profile between the point of
the chin and the alveolar crest. If the curvature is gentle, the vertical level of [
point B may be difficult to fix, but this is not usually very important because it
is used to measure antero-posterior jaw relationships.

Porion (Po). The highest point on the bony external acoustic meatus. If both
sides are visible, the midpoint is taken. As already mentioned, the porion can be
very difficult to locate reliably. A useful guide is that the upper borders of the
external acoustic meatus should be on the same level as the articulating surfaces
of the mandibular condyles, although these too are difficult to locate. Others
have suggested using the highest point on the earpost of the cephalostat,
although this may vary with soft tissue compression of the ear.

BN
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Prosthion (Pr). The lowest point on the alveolar crest labial to the most
prominent upper central incisor.

Sella (S). The mid-point of the sella turcica.

Reference lines and planes (Figures 4.3 and 4.4)

Cephalometric measurements will be described with the analyses, but certain
widely used reference planes (or more correctly “lines’ as we are dealing with a
two-dimensional representation) will be described here. A very large number of
reference lines in the skull are described in the anthropological literature. but
only a few of direct orthodontic importance will be mentioned.

Facial line {or plane). Nasion—pogonion. It indicates the general orientation of
the facial profile.

Frankjort plane. Porion—orbitale, This plane is described as being horizontal
when the head is in a free postural position. In fact, there is considerable
ndividual variation. This. together with the unreliability of its end points and
the ftact that 1t represents no single coherent anatomical structure, means that
there are serious reservations about its use as a reference structure.

Mandibular plane (Mn). A variety of lines have been used to indicate the
orientation of the body of the mandible, but which one is sclected probably
makes little difference. The simplest to locate is the line from the menton,
tangent to the lower border of the mandible at the angle. The line Go—Gn is used
by many but requires the construction of both points.

Maxillary plane (Mx). This line through the anterior and posterior nasal spines
indicates the orientation of the palate. Where the anterior nasal spine curves
upwards above the level of the nasal floor. it may be better to draw the maxillary
plane through the PNS paralle! to the nasal floor.

Ocelusal plane. Various definitions are offered. 1t may be represented by the line
that passes through the occlusion of the mesial cusps of the most anterior
permanent molars and halfway between the tips of the upper und lower central
meisors. It is preferable to use a line following the occlusion of the molar and
premolar teeth. This is known as the functional occlusal plane (FOF).

Many landmarks are a compromise between anatomical validity and the
possibility of identification. For example, points A and B, which are meant to
represent the maxillary and mandibular skeletal base respectively, are affected
to a limited extent by tooth movement and alveolar remodelling. Thus cephalo-
metric measurements must be interpreted with caution and too much emphasis
should not be placed on minor variations in their values. If a cephalometric
measurement is to have any meaning it is necessary to know the normal range of
that measurement within the population group from which the patient comes
(see Figure 4.4). Even if one measurement is beyond the normal range it may be
compensated for by other features and so it is necessary 10 look for a gl::n:::l:ul
pattern. The basic question is whether there is evidence of skﬁlﬁtal_ malrelation-
ships and whether or not there has been dento-alveolar compensation. It is then
possible to decide about the tooth movements that would be necessary to correct
the arch malrelationships; and whether tipping movements (obtainable with a




38 W & H Orthodontic Noles

fa)

Figure 4.4 (apand (b} A typical cephalometne analysis

Mean Range + or This case

1. SMA B2 degrees 3 7% degrees
2. ENB 79 degrees 3 72 degrees
3. ANB 3 degrees | T degrees
4. ABFOP 90 degrees 3 100 degrees
3. A/B perp. FOP (Wits) 0 mm 3 & mm

fr, Max.Mand, Planes (MM) 27 degrees 5 29 degrees
7. Ul/Max, Plane 108 degrees B L0 degrees
8. L1/Mand. Plane 92 degrees 5 02 degrees
9. UL 133 degrees )] 119 degrees
1 L1 1o A-Pog 0 mm z +4 mm
L1, Uipper lip to Aesthetic plane 0 mm . + 1 1t
12, Lower lip to Aesthetic plane 0 i - +4 mm

Comments: Angle SNA is low but just within normal rnge whilst SNB is definntely low, Angle ANB
at 7 degrees indicates a definite Class I1 skeletal pattern and this is corroborated by the large angle
between the line A—B and the functional occlusal plane (FOP). Another method of examining the
skeletal pattern is Wit'’s analysis: measuring the difference at the FOP of perpendiculars from A and
B points. In this case a significant Class 11 discrepancy is shown, A normal reading would be 0 mm
for Females and B perp. + | mm for males. The upper ineisors are s an average inclination to the
maxillary plane whilst the lower incisors are proclined with the incisor edges in advance of the A
Pog ling, indicating some dento-alveslar compensation for the Class 1 skeletal pattern. Vertically the
jaw relaticnships are within normal limits. The lips were parted when the radiograph was taken, with
the lower lip rather full and everted Iying in advance of the Aesthetic Plane, It is important 1o assess
clinically whether this correctly portrays the habitual lip posture

removable appliance) or controlled apical movement (requiring fixed appli-
ances) will be appropriate. Where the skeletal discrepancy is severe, surgical
correction may be considered.

Treatment planning must never be undertaken using cephalometric analysis in
isolation; the stability and aesthetic acceptability of the intended tooth move-
ments can be fully evaluated only by reference to the soft tissue pattern and
facial appearance of the ‘live patient’.
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Figure 4.4 Continwed

Measurement from lateral skull radiographs

The relevant anatomical lines should be traced on to good quality tracing paper
using a sharp, hard pencil. A very large number of cephalometric measurements
have been proposed but, for the clinician, those shown in Figure 4.4 give a
comprehensive view of skeletal and dento-skeletal relationships.

Electronic digitizers linked to a computer applying a suitable software package
are used increasingly for cephalometric analysis. Such a system speeds the whole
process whilst facilitating the application of more than one method of analysis.
This is particularly useful in cases requiring orthognathic surgery. The software
allows manipulation of the image on the monitor to assess the effects of different
surgical procedures. Newly developed systems allow the merger of video-
captured images of the patient together with the appropriate radiograph, but these
are still expensive. Although not always accurate, such systems can help both
clinicians and patients visualize the likely effects of various treatment options.

The interpretation of cephalometric measurements

Points A and B are taken to represent the anterior limits of the tooth-bearing
areas of the maxilla and mandible. This relationship is usually assessed by
reference to the anterior cranial base (S—N line). Angles SNA and SNB measure
the prognathism, or projection, in relation to the cranial base, of the maxilla and
mandible. The difference between these (angle ANB) gives an indication of the
jaw relationships (Table 4.1).

Table 4.1  Relationship between ANB angle and skeletal classification

ANB Angle Skeferal classification
24 degrees |
>4 degrees I

<1 degrees 111




—
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This ANB value can be misleading if the position of N is unusual but a warning
of this may be given by a value of SNA that is unusually large or small. An
alternative method of assessing the jaw relationship 15 to measure the angle
between A and B and the functional occlusal plane (FOP). Perpendicular lines
may alse be dropped from these points to the occlusal plane (Wit's analysis). A
problem with both measurements is that the orientation of the FOP varies greatly
between individuals and can change with growth and treatment. However, they
offer a useful check on the information given by angle ANB: if different
evaluations of the skeletal pattern are contradictory, then each should be
interpreted with caution and a final judgement on skeletal relationships made
from clinical observations.

As with direct clinical observation the anterior height of the intermaxillary
space may be estimated from the angle of the mandibular plane to the Frankfort
plane, but as the latter is often difficult to locate on a radiograph the maxillary
plane (ANS-PNS) is often used instead. On average. the Frankfort and
maxillary planes are parallel to one another but they may diverge appreciably in
some individuals.

Dento-skeletal relationships

The inclinations of the upper incisors to the maxillary plane and of the lower
incisors to the mandibular plane give an indication of whether or not any dento-
alveolar compensation for antero-posterior skeletal discrepancies has taken
place (see Figure 22.5). They also give a guide to the type of tooth movements
that will be required to correct incisor malrelationships. The distance of the
most prominent lower incisor from the line between point A and the chin point
(pogonion) is a guide to the position of the lower incisors relative 1o the lower
skeletal profile. It is simpler to obtain a good incisor relationship, and the
appearance is usually better if the lower incisor edge lies close to the A—Po line
than if it is far from it. However, this line should not be regarded as a treatment
goal 1o the positioning of the lower incisors because it offers no guide to the
position of stability.

The angle between the upper and lower incisors is related to the depth of
overbite (except in Class Il cases). A wide interincisor angle is uvsually
associated with a deep overbite and if at the end of treatment this angle remains
large, the overbite will usually deepen and may become traumaltic.

The soft tissue profile

Various cephalometric assessments of the soft tissue profile have been proposed.
It must be recognized that none of these can give guidance as to whether a
particular face is attractive or not and such measurements are of very little
diagnostic value. However, they may help in describing a patient’s facial
appearance. Perhaps the most useful of these is the Aesthetic Line, which
touches the tip of the nose and the tip of the chin. It has been maintained that the
facial appearance is more likely to be pleasing when the lips lie close to this
line. Another indicator is the naso-labial angle: ideally the naso-labial angle
should be of the order of 110", Too obtuse (large) a naso-labial angle often gives
a rather poor facial appearance. Careful consideration should be given to the
management of patients with a tendency towards a more obtuse naso-labial
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angle: reduction of an owverjet, particularly with a fixed appliance, can have
undesirable effects on the lip profile.

Racial variation

Note that the norm values given in Figure 4.4 have been derived from Caucasian
groups and should not be applied to other racial groups.

Postero-anterior or frontal cephalograms

It is also possible to take jaw and skull radiographs using a cephalostat to
produce a postero-anterior view. However, such films are difficult to reproduce
consistently and point identification is generally inaccurate. On occasions they

may did the assessment of a clinically diagnosed facial asymmetry but are of

limited use in any detailed analysis.

In patients with severe craniofacial asymmetry, often syndromal in origin,
three dimensional radiographic CAT scans may be taken (see Chapter 19).
However, significant radiation dosages to the patient are associated with the
taking of such computer-based images. As a consequence they should only be
considered prior to a likely joint orthodontic/surgical treatment. Such data can
be used to generate CAD/CAM acrylic models of a patient’s skull and jaws for
detailed surgical planning.

Less invasive light scanning systems are under current evaluation. They can
capture three dimensional images of the face and will be of great value in the
tuture in the diagnosis and treatment of facial deformity.

Further reading

Baumrind, 5. and Frantz, R.C. (1971). The reliability of head film measurements, |) Landmark
identification, American Jowrnal of Orthodontios, 60, 111-27.

Baumrind. 5. and Frantz, R.C. (1971). The reliability of head film measurements, 2) Conventional
angular and linear measurements. American Jowrmal of COrthodansies, 60, 505-17.

Broadbent, B.H. (1931). A new X-ray technique and its application to onhodontics. Angle
Orthodonrisr, 1, 4566,

Broadbent, B.H. (1937). The face of the normal child: Bolton standards and technique. Angle
(Irehadontist, T, |83-233,

Drowms, W, B, (1948, Variations in facial relationships: their significance in treatment and prognosis,
American Jowrnal of Orehodantics, 34, §12-44),

Gravely, 1LE and Benzies, PM, (1974). The climical significance of tracing error in cephalometry.,
Brivixh Jowrnal of Orthodonrics, 1, 95101

Houston, W.ILB. (1983), The analysis of errors in arthodontic measurements. American Journal of
Ovithodoniics, B3, 38290,

Jagobson, A. (1975). The *Wits" appraisal of jaw disharmony. American Sowrnal of Orchodonrics, 67,
125-33
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Chapter 5

The soft tissues: morphology and
behaviour

Traditionally the soft tissues considered to have greatest influence on tooth
positions have been the lips and the tongue, with the emphasis being placed on
their respective functions during swallowing. However, the current view that
teeth will move optimally in response to light continuous forces suggests that
the resting positions of tongue and lips are of greater significance in dictating
tooth position than the transient heavy forces exerted during swallowing. It is
important to remember that other soft tissues of the mouth and naso-pharyny,
such as the fraenum, periodontal ligament and adenoidal tissues, may also have
a role in the aetiology of malocclusion and the stability of orthodontic
treatment.

Muscle balance

The teeth occupy a position of balance determined by the interaction between
the tongue and lips. the jaw relationship and occlusal forces. If the position of
the teeth is to be altered and remain stable, another position of balance must be
sought. Alteration of the balance of soft tissue forces. by relieving the pressures
of the cheeks and lips while allowing the tongue to expand the dental arches
laterally and antero-posteriorly, is deliberately attempted by the exponents of
spme myofunctional appliances (see Chapter 18).

The lips

The lips may be described as being either competent or incompetent,

Competent lips

In this situation the lips are held together easily. with minimal activity of the
circumoral musculature, forming an anterior oral seal when the mandible is in
the rest position (Figure 5.1a).

In patients where the lips have the potential to meet easily together, but are
held apart, the term potentially competent may be applied. This may be found in
those patients where prominent upper incisors rest between the lips or where
nasal obstruction encourages mouth breathing.

- =
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I]

(< (d)
Figure 5.1 (a) Competent lips. (b) Incompetent lips due to increased facial height, (¢) Incompetent

lips due to severe antero-posterior skeletal discrepancy. (d) Incompetent lips held together by
muscular effort; note the puckering of the skin over the chin signifying mentalis muscle activity

Incompetent lips

In this situation, where there is minimal activity of the circumoral musculature
and the mandible in the rest position, the lips are held apart. In the absence of
any neuromuscular deficit, such as that found in cerebral palsy, this is usually
due to an imbalance between the anterior lower face height and the length of the
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upper and lower lips (Figure 5.1b) or a severe antero-posterior discrepancy
(Figure 5.1¢),

The degree of incompetence varies between individuals, depending on both
their skeletal and dental architecture. Mild or moderately incompetent lips may
be held together with muscular effort. This can be recognized by the pucker-
ing of the skin over the chin due to the contraction of the mentalis muscle
(Figure 5.1d). In more severe cases the patient will have great difficulty in
achieving even transitory lip contact.

Lip exercises (which are prescribed by some clinicians for use with certain
types of functional appliances) will not increase lip length, but they may
encourage the development of a neuromuscular habit that brings the lips
together. Such changes may be difficult to distinguish from those that are often
seen to occur naturally as the child matures.

Significance of lips

It has been suggested that the lower lip has an important role in the development
of a malocclusion, in treatment to correct a malocclusion and in the long-term
stability of the corrected malocclusion. The form of the lower lip may guide the
path of the erupting permanent incisors. In patients with a reduced anterior
lower face height, the lower lip may direct the erupting maxillary incisors down
its inner surface and contribute to the establishment of a Class 11 Division 2
malocelusion, or alternatively it may guide the incisors labially to produce a
Class 1l Division | malocclusion. Of course, the developmental position of the
incisors 15 also an important contributory factor and the interrelationship be-
tween soft and hard tissues 15 complex. Clinically it 1s found that where the lips

Figure 5.2 Tongue to lower Hip oral seal. Note the upper lip plavs no part in forming an anterior aral
seal. The activity of the lower lip will hinder the overjet reduction
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Figure 5.3 A lip bumper being used to hamess muscular forces from the lower lip in order to move
lower molars distally. (2) Occlusal view: (b) right buceal view

arc full and everted both the upper and lower labial segments are more often
proclined (bimaxillary proclination), whereas in individuals with more vertically
positioned or straight lips the upper and lower labial segments are more often
retroclined (bimaxillary retroclination).

During treatment of a Class II Division | malocclusion, the contact of lower
lip to tongue to form an oral seal may make overjet reduction difficult (Figures
3.2 and 12.2a). On occasions muscular activity of the lower lip may be harnessed
by means of a lip bumper to help move lower teeth distally (Figure 5.3a.b).

The long-term stability of a corrected Class Il Division | malocelusion relies
on the lower lip covering the incisal third of the labial surface of the upper
incisors to control their position (see Figure 12.2b). If this treatment aim cannot
be achieved there is a risk that without permanent or semipermanent retention of
upper incisor position the overjet will re-establish.
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The tongue

The tongue adapts to the form of the oral cavity. In the infant the tongue hes
between the gum pads in contact with the lips and cheeks. Feeding and
swallowing take place with the tongue in this forward position. As the teeth
erupt oral function changes, mastication is established and there is a gradual
matuaration of tongue activity from infantile to a more adult pattern. This is
usually complete by the time the deciduous dentition has become established.
However, for a small number of individuals the infantile pattern of behaviour
may persist and influence the position of incisor teeth,

Lateral spread of the tongue, especially in the lower arch, has been suggested
as the mechanism that prevents the first permanent molar from moving mesially
as much when both deciduous molars have been extracted, as when a single
deciduous second molar has been lost (Figure 5.4).

Oral seal and swallowing

The tongue will usually work in conjunction with the lower lip to form an
anterior oral seal, both at rest and during swallowing.

Oral seal
This may be found in different circumstances, as outlined below:

e Where the lips are incompetent and habitually parted, an anterior oral seal

Figure 5.4 Lateral spread of the (ongue following loss of the first and second deciduous molars
preventing substantial mesial movement of the lower first permanent molar. Note also that there has
been no over-eruption of the opposing premolar
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may be obtained by contact between the tongue and lower lip. This will be
associated with an incomplete overbite and some upper incisor proclination.

» A large overjet such as is found in a Class Il skeletal pattern will lead to an
anterior oral seal by tongue/lower lip contact. The features are similar to those
associated with incompetent lips (above).

 If the overbite is incomplete, due for example 1o a digit-sucking habit or an
increased lower face height, the tongue will come forwards over the lower
incisors. As with all adaptive characteristics this will spontaneously revert to
normal on correction of the malocclusion.

Swallowing

This is classically divided into the voluntary and involuntary stages. During the
voluntary stage of a normal adult swallow, the lips are brought together, the
tongue contacts the palate in the region of the rugae, and the teeth are brought
lightly together. The bolus is transferred by the tongue to the pharyngeal region
where receptors initiate the involuntary stage.

Primary atvpical tongue behaviour fendogenous tongue thrust)

Rarely there is an inborn atypical pattern of neuromuscular activity by which the
tongue 1ip retains a more infantile position, and comes forwards to contact the
lips during swallowing (an endogenous tongue thrust). This can produce both an
increase in overjet and a reduction in overbite. Clinically it is difficult to
distinguish between the atypical (endogenous) and the adaptive tongue be-
haviour. However, the difference is important since correction of the former is
likely to be unstable. The following guidelines may help in recognizing
endogenous tongue behaviour:

e The tongue is thrust forwards more forcibly than with adaptive patterns and
the amount of circumoral contraction seems to be greater than would have
been expected from the degree of lip incompetence.

e The incompleteness of the overbite is greater than is found with adaptive
tongue behaviour associated with lip incompetence or a large overjet. Re-
member that digit-sucking habits or increased anterior skeletal face height
may be associated with a similar vertical incisor arrangement,

Other oral tissues

Fraenum

The upper labial fraenum has been implicated in the persistence of a midline
diastema (see Chapter 8).

The lower midline labial fraenum may retain its point of attachment high on
the gingival margin of the lower incisors, and the pull exerted by this may lead
to the formation of a Stillman’s cleft. While this, in itself, will not contribute to
a malocclusion, from a periodontal point of view the poor prognosis may
influence the orthodontic extraction pattern. especially in the adult.
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Periodontal and effects of other tissues

It 15 clear that cellular events within the periodontal ligament and adjacent
alveolar bone probably mediate tooth movement (see Chapter 15). The mucosa
surrounding the teeth remodels at a much slower rate than the alveolar bone.
The supracrestal periodontal fibres have been shown to stretch when a tooth is
derotated, and take up to nine months to reorganize fully. This has implications
for the length of retention following treatment (see Chapter 25).

Reduction of an overjet using a removal appliance may be hindered by an
accumulation of the soft tissues palatal to the upper incisors. Unless provision is
made for the soft tissues to build up by judicious trimming of the baseplate.
taoth movement can be brought to a halt, and the soft tissues ulcerate and cause
pain as they become trapped between the baseplate and the teeth (see Chapter
L&)

Mouth breathing

It has been suggested that mouth breathing may influence the skeletal pattern. A
major difficulty is in determining exactly what defines *mouth breathing’. A
lips-apart posture does not necessarily signify exclusive breathing through the
mouth — the tongue may seal off the oral airway by contact with the palate, and
the normal situation of nasal breathing may exist. However, obstruction of the
naso-pharyngeal airway by a chronic allergic condition, adenoid hyperplasia or
other physical obstruction will result in a downward and forward tongue posture,
a lowered mandibular position and a tilted back head posture to permit mouth
breathing. If this situation continues for a prolonged period the typical “adenoid
face” may develop. This may be identified as a lips-apart posture, a long face
(increased maxillo-mandibular planes angle, with the possibility of an anterior
open bite), narrow nostrils, usually a Class 11 skeletal pattern, with a constricted
maxillary arch and upright incisors. There is limited evidence to support the
view that removal of the blockage will lead to a resolution of the skeletal and
dento-alveolar problems.

[t has been proposed that rapid expansion of the maxilla, perhaps with
surgical removal of the tonsils and adenoids, may help to correct mouth breath-
ing by increasing the size of the nasal airway. This remains a controversial, if
interesting, approach to the correction of this type of problem.

Further reading

Proffit, W.R. (1972). Lingual pressures in the transition from rongue thrust o adult swallowing
Arehives af Chal Biology, 17, 355-63

Proffit, W.E. (1978). Equilibrium theory revisited. dmnele Ovthodansise, 48, 17586,

Proffit, W.R. {1993). The aeticlogy of onthodontic problems. In Confempoarary Orthodontics, 2nd
edn. pp. 130-3. 5t Louis: Moshy Year Book,




Chapter 6
Development of normal occlusion

Occlusal development may be divided into five stages:

Stage 1. Birth to establishment of deciduous dentition.
Stage 2. Deciduous dentition to early mixed dentition.
Stage 3. Early mixed dentition to late mixed dentition.
Stage 4. Late mixed dentition to permanent dentition.

Stage 5. Permanent dentition.

While these stages form a convenient basis for description, occlusal develop-
ment should be considered a continuous process that does not cease with the
establishment of the full permanent dentition.

Stage 1. Birth to establishment of deciduous dentition

At birth, the maxillary and mandibular gum pads have segmented elevations
corresponding to the unerupted deciduous teeth. The elevations for the second
deciduous molars are poorly defined at birth and are not properly present until
the age of five months. The groove that marks the distal margin of the canine
segment continues into the buccal sulcus and is called the *lateral sulcus’.

The upper arch 15 horseshoe-shaped and the vault of the palate is very shallow.
The alveolar part is separated on its palatal side from the hard palate by a
continuous horizontal groove known as the *dental groove” or “gingival groove’,
The lower arch is U-shaped and the gum pad anteriorly is slightly everted
labially.

With the mandible in its physiological rest position the gum pads are apan,
with the tongue filling the space between them and projecting against the lips
anteriorly, the lower lip forming the principal boundary to the front of the oral
cavity. The upper lip appears to be very short at this age.

The gum pads rarely come into occlusion. The maxillary gum pad overlaps
the mandibular both buccally and labially, corresponding to the ultimate occlusal
relationship of the teeth (Figure 6.1). The gum pads at birth are too small to
accommodate the developing incisors, which are crowded and rotated. During
the first year of life the gum pads grow rapidly, especially laterally, which
permits the incisors to erupt in good alignment, helped by pressure from the
tongue and lips.
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Birth

3 years

6 years

Figure 6.1 Suages in the development of normal occlusion

MNeonatal teeth

Occasionally a child is born with teeth already erupted. These are termed
neonatal teeth. They are usually present in the lower jaw, are normal teeth from
the deciduous series, and have little root development. This, in turn, means that
they are often quite mobile; however, there is no indication to remove them
unless they are interfering with feeding by causing ulceration of the underside of
the tongue, or discomfort to the mother during breast-feeding, or if they are so
loose that there 15 a danger of exfoliation. They should not be confused with
gingival cysts of the newborn (Epstein’s pearls or Bohn's nodules), which are
keratin-filled cysts derived from the dental lamina.

The deciduous dentition ( Table 6.1)

Eruption of the lower central incisors hegins at about six months of age. It
should be recognized that the timing of eruption is very variable and a range of
six months on either side of the representative figures given in Table 6.1 is
commonplace. Usually by about the age of 2! years all the deciduous teeth have
erupted (Figure 6.1). :

Points to notice at 2! years:

e The incisors are more vertical than their permanent successors and they are
often spaced.

¢ In a normally developing occlusion, there will be spacing distal to the lower
canines and mesial to the upper canines (the so-called “primate spacing’).

e In a normally developing occlusion, the distal surfaces of the second
deciduous molars should end in line with each other (termed the ‘flush
terminal plane’). Where the lower deciduous molar is distal to the lower molar
(i.e. a Class Il molar relationship), it is termed a distal step. Where the lower
molar is mesial to the upper molar (i.e. a Class 111 relationship) it is termed a
mesial step.
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Table 6.1 Typical ages of eruption and mesiodistal widths of the deciduous teeth

Time of eruption (months) Mesiodistal wideh {mm)
Maxillary teeth
Central incisor 8 6.5
Lateral incisor 9 5.0
Camne I8 6.5
First molar 14 1.0
Second molar 24 8.3
Mandibular teeth
(Central incisor iy 4.0
Lateral incisor 7 4.5
Canine 16 i
First molar 12 8.0
Second molar 20 9.5
Pandies

1. Mesiodiatal widths vary by up e 20% on cither side of the igures given.

2 Calesfication iof the decidusus iecth begins between 4 and & months in wien

Rawt formation is complete between 12 and 18 months afier enaption

There is often a difference of 2 Fow weeks botween tooth cruption en ihe keft and right sides.
Usually the lower tecth crupl abead of their upper counterpars

TN SRR

Stage 2. Deciduous dentition to early mixed dentition (Table
6.2)

At the age of six years permanent teeth, usually the first molars or lower central
incisors start to erupt. As in the case of the deciduous teeth, eruption times and
the order of eruption are very variable and a range of 18 months on either side
of the figures given in Table 6.2 is not unusual.

Table 6.2 Typical ages of eruption and mesiodistal widths of the permanent tecth

Time af eruption (years) Mesiodistal width
{1mm)
Maxillary teeth
Central incisor 7. 8.5
Lateral incisor B3 6.5
Caning 11.5 8.0
First premolar 10.0 .0
Second premolar 110 6.5
First molar .0 10.0
Sccond molar 12.0 9.5
Mandibular teeth
Central incisor .5 5.3
Lateral incisor 7.5 6.0
Canine 10.0 7.0
First premalar 10.5 T4
Second premaolar 1.0 7.0
First molar 6.0 11.0
Second malar 12.0 105
Notes

. The figines given both for eruption times and messodiseal widths commanty vary by up o 209% on cither side of the figares grom

3 Calcification dates are variahle buf the permancnl teeth have usually started to caleify as follows: At Birth ¥, by 6 moaths i, by 2
vears &, by 4 vears 4. between B and 14 years

3. Reoot foemation ix wormally completed 2-3 years after craption
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3
1)

Figure 6.2 (a) Developmental positions of the permanent incisors. Note that the permanent ingisors
develap lingual 1o the raets of the deciduous incisors and that the upper kiteral incisors are
overlapped by the central incisors and canines, (b) Palatal eruption of permanent upper ceniral
incisors, Wote retained deciduous predecessors

The permanent incisors

The permanent incisors develop lingual to the roots of the deciduous incisors
(Figure 6.2a). Space for these teeth, which are larger than their deciduous
predecessors, is provided by:

= Utilization of existing spacing between the deciduous incisors.
e A growth increase in intercanine basal bone width, which takes place during

I
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the eruption of the incisors.
* The upper permanent incisors are more proclined and thus form a larger arch
than the deciduous incisors.

Notes

I, It the deciduous mcisor root is not resorbed normally, the permanent incisor
may be deflected lingually (Figure 6.2b).

. The upper lateral incisors n their developmental position are overlapped by
the central incisors (Figure 6.2a). They escape as the central incisors erupt.
HMowever, if there is insufficient growth in arch width they may be trapped in
this palatal position,

- The "ugly duckling’ stage: when the upper incisors erupt they are frequently
distally inclined so that there is a median diastema (Figure 6.3). This is due
to the incisor roots being crowded mesially by the permanent canine crowns.
Additional features that characterize the ugly duckling stage are the large
permanent incisors (with their prominent mammelons) in a child-size face:
these are darker and less regular than their deciduous predecessors. This
natural developmental stage should not be mistaken for a malocclusion and
treatment must not be undertaken to close the midline diastema before the
permanent canines erupt.

4. There 1s usually a small growth spurt associated with the eruption of the first

permanent molars leading to an increase in face height and a growth in width
across the canine region to accommadate the larger permanent incisor teeth

(see Chapter 3). This growth in width usually ceases at around the age of 9
years,

2

Lad

The permanent molars

The upper permanent molars develop in the maxillary tuberosity with their
occlusal surfaces facing distally and buccally as well as occlusally. Posterior

Figure 6.3 The “ugly duckling” stage
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growth in maxillary length is necessary to allow them to rotate forwards and
downwards into the line of the arch. The mandibular molars develop under the
anterior border of the ascending ramus of the mandible. Growth in mandibular
length, which involves resorption on the anterior margin of the ascending ramus,
is necessary if the tooth is to have room to erupt.

The permanent molars are guided into position by the distal surfaces of the
second deciduous molars, In a normal occlusal relationship the flush terminal
plane of the deciduous molars brings the first permanent molars into cusp-to-
cusp contact (see also bullet point 3 under ‘Stage 1. Birth to establishment of
deciduous dentition’. on page 50). Asynchronous growth between the maxilla
and mandible, and/or premature loss of deciduous molars may contribute (o a
Class 11 or Class I1I molar relationship.

Stage 3. Early mixed dentition to late mixed dentition

After the rapid and dramatic changes that occur during the transition from
deciduous to permanent incisors, and the eruption of the first permanent molars,
there is a lull in occlusal development for about 12—18 months. The start of the
next stage is usually signalled by the eruption of the mandibular canines and
maxillary first premolars.

Stage 4. Late mixed dentition to permanent dentition

During this phase the remaining deciduous teeth are shed and replaced by their
permanent successors and the second permanent molars erupt.

Leeway space

The discrepancy between the mesiodistal widths of the deciduous molars and
the premolars creates space in both arches and is termed the “leeway space’. The
leeway space is greater in the lower arch than the upper arch, and this allows the
lower permanent molar to move forwards further than the upper molar and
establish a Class T molar relationship; i.e. the mesiobuccal cusp of the maxillary
first permanent molar occludes with the mid-buccal groove of the lower first
permanent molar. The second permanent molars should be guided directly into
ocelusion by the distal surfaces of the first permanent molars. See above for
descriptions of anomalous molar relationships.

Stage 5. Permanent dentition

The variability of presence and morphology of the third molars means that these
teeth are rarely considered in descriptions of occlusion. Angle’s classification
was based on the relationship of the first molars, a normal or Class 1 molar
relationship described as above. More recently Andrews has described six keys
to a normal occlusion, i.e. these are features that are commonly found in non-
orthodontic, well-ordered occlusions, They form a basis for identifying devia-
tions from a normal occlusion and a treatment goal for orthodontic correction.
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Key L. Molar velationship:

® The distal surface of the distal marginal ridge of the upper first permanent
molar contacts and occludes with the mesial surface of the mesial marginal
ridge of the lower second molar,

® The mesiobuccal cusp of the upper first permanent molar falls within the
groove between the mesial and middle cusps of the lower first permanent
molar.

* The mesiolingual cusp of the upper first permanent molar seats in the central
fossa of the lower first permanent molar,

Key Il Crown angulation:

The gingival portion of the long axis of each crown is distal to the occlusal
portion of that axis, 1.e. each tooth crown has a mesiodistal tip and this varies
with each tooth.

Kev I, Crown inclination:
For upper incisors the gingival portion of the labial surface of the crown is
Yingual to the incisal portion,

For all other teeth the gingival portion of the labial or buccal surface of the
crown is labial or buccal to the incisal/occlusal portion. This is called labiolin-
pual torque.

Keyv IV Rotations:
There should be no rotations,

Key ¥ Contacts:
Provided there are no genuine tooth-size discrepancies, there should be tight
contact points,

Key VI Curve of Spee:
This is measured from incisors to molars and should not exceed a depth of
1.5 mm.

This is a fairly full description of a static occlusal relationship, to which Roth
has added some functional goals for occlusion:

* (entric occlusion and centric relation should coincide.

» Occlusal forces should be directed down the long axes of the postenor teeth.

¢ There should be 0.005 in (0.1270 mm) space between the anterior teeth when
in occlusion.

e In lateral and protrusive mandibular movements the canines and incisors
disclude the posterior teeth.

He calls this a mutually protective occlusal scheme whereby the posterior teeth
protect the anterior teeth in occlusion, and the anterior teeth protect the posterior
teeth during mandibular excursions.

While Roth, and other orthodontists, favour mutually protective (also referred
to as canine-guided) occlusion as a functional goal, it must be emphasized that
there is hittle scientific evidence to support either canine guidance, or the
alternative occlusal philosophy of group function, as the ideal functional
occlusion.
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Changes in the permanent ocelusion

The eruption into occlusion of all the permanent teeth (except the third molars)
between the ages of 12 and 14 years does not mark the end of occlusal change.

Incisor crowding

Increasing incisor crowding may be associated with mandibular growth rotations
and/or dento-alveolar changes such as reductions in arch width, depth and
perimeter. This occurs to a greater extent in males, but is almost ubiquitous and
could be considered a normal occlusal developmental feature.

Mesial drifi

It has also been suggested that mesial drift of buccal teeth may contribute to this
late crowding. Mesial drift is observed when the continuity of the arch is broken
by extraction of teeth but the cause is not understood. The following explana-
tions have been offered:

1, Itis a natural growth tendency in the human.

2. Crowded teeth, particularly third molars, exert a forward pressure on the
other teeth. It should be noted, however. that mesial drift occurs even where
third molars are developmentally absent.

3. The anterior component of force: this arises because the upper and lower
teeth are slightly mesially inclined. Vertical occlusal loading produces an
intrusive force and a small anterior component of force which could be
responsible for mesial drift. However, the evidence in support of this theory
is insubstantial.

It is disappointing to realize that similar changes in the dental arrangement can
occur even following orthodontic treatment. There appear to be no good
prognostic indicators of an occlusion which will remain stable in the late teenage
years and onwards or one which will deteriorate.
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Chapter 7
Malocclusion

A malocclusion is defined as an irregularity of the teeth or a malrelationship of
the dental arches beyond the accepted range of normal. Thus malocclusions are
for the most part variations around the normal and are a representation of
biological variability. Biological variation is expressed elsewhere in the body
but minor irregularities are more readily noticed and recorded in the dentition
and so have attracted greater attention with an associated demand for treatment,
The majority of malocclusions are primarily of hereditary causation although
environmental factors, for example the unplanned extraction of teeth, may also
contribute.

There is evidence that the prevalence of malocclusion is increasing, particu-
larly in developed communities. This increase may, in part, reflect an underlying
evolutionary trend towards shorter jaws and fewer teeth, but it is more probably
largely the result of an increase in the genetic vanability of these populations
brought about by intermixture of racial groups. It has been proposed by Bege
that one reason for the increase in the prevalence of crowding is that there is
now little approximal or occlusal attrition of the teeth. In primitive people living
on a coarse diet an appreciable reduction in the mesiodistal widths of erupted
teeth occurs due to attrition. This loss of tooth substance, which can amount to
several millimetres in each quadrant, would reduce a tendency to crowding.
Unfortunately. there is little solid evidence to support this view.

Malocclusions may be associated with one or more of the following:

» malposition of individual teeth
* malrelationship of the dental arches.

Malocclusion of individual teeth

A tooth may occupy a position other than normal by being:

L. Tipped — the tooth apex is normally placed but the crown is incorrectly
positioned. Teeth may be tipped laterally (termed angulation) or may be
tipped labiopalatally (termed inclination).

Displaced — both apex and crown are incorrectly positioned,

Rodated — the tooth is rotated around its long axis.

In infraocclusion — the tooth has not reached the occlusal level.

In supraocciusion — the tooth has erupted past the occlusal level.

£ L 1o

L¥ -
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6. Transposed — two teeth have reversed their positions: an example of this
might be an upper canine and first premolar.

Teeth that are tilted or displaced are described according to the direction of the
malposition: for example, an incisor may be labially meclined (or proclined),
lingually inclined (or retroclined), mesially angulated, or distally angulated.
Similar terms may be applied to displacements. Rotations arc probably best
described by the approximal surface that is furthest from the line of the arch and
the direction it faces. As an example, a rotated upper incisor is described as
mesiolabially rotated if the mesial aspect is out of the line of the arch, whilst a
similar rotation would be described as distopalatal if the distal aspect was
palatally positioned.

There are two terms commonly used to describe the relationship of upper to
lower incisors:

The overjet is defined as the horizontal overlap of the incisors. Usually the
upper and lower incisors are in contact and the overlap reflects the thickness of
the upper incisor edge — usually 2 to 3 mm. When the lower incisors are ahead
of the uppers this is termed a negative or reverse overjet,

The overbite is defined as the vertical overlap of the incisors. Usually the lower
incisor edge is in contact with the middle of the palatal surface of the upper
incisor: this area is called the cingulum. Normally the overbite is about 2 mm.
On occasions it may be significantly reduced until there is a vertical gap
between the tooth edges: this is called an “anterior openbite’. If the overbite is
increased this may lead 10 a ‘deep overbite’, which may, on occasion, be
‘complete” to the palate.

Malrelationship of the dental arches

Malrelationships of the arches may occur in any of the three planes of space:
antero-posterior, vertical or transverse. The actiology and treatment of vertical
and transverse malrelationships are dealt with in Chapter 10. The classifications
of malocclusion described in this text are based on antero-posterior relationships
as described below. The aetiology and treatment of these malrelationships are
dealt with in Chapters 1114,

Classification of malocclusion

For convenience of description, it is useful to have some classification that will
divide up the wide range of malocclusions into a small number of groups. Many
classifications have been proposed but the one that is universally recognized is
Angle’s classification, which is based, in the first instance, on the arch relation-
ship in the sagittal plane. The key relationship in Angle’s classif ication is that of
the first permanent molars: it is suggested that in normal occlusions, the anterior
buccal groove of the lower first permanent molar should occlude with the
anterior buccal cusp of the upper first permanent molar (see Figure 1.1). If the
first molars have drifted, allowance must be made for this before the occlusion
is classified. In functional terms, a Class | molar relationship is better defined
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Figure 7.1 An Angle’s Class | malocclusion

by the position of the upper distobuccal cusp of the first molar interdigitating
and contacting the embrasure between the distobuccal cusp of the lower first
molar and mesiobuccal cusp of the lower second molar.

Angle’s classification

Class I. Malocclusions in which the lower first permanent molar is within one
half~cusp width of its correct relationship to the upper first permanent molar
(Figure 7.1). This arch relationship is sometimes known as ‘neutro-occlusion’,

Fignre 7.2 An Angle’s Class [l Division | malocelusion
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Class 11. The lower arch is at least one-half cusp width posterior to the correct
relationship with the upper arch, judged by the first molar relationship (Figures
5.3 and 7.2). This arch relationship is sometimes known as *disto-occlusion’

Class 11 may be further subdivided according to the inclination of the upper
central incisors:

Division 1. The upper central incisors are proclined or of average inclina-
tion with an increase in the overjet (Figure 7.2).

Division 2. The upper central incisors are retroclined (Figure 7.3), being
less than 105° to the maxillary plane. The overjet is usually of an average
size but may be a little increased. Sometimes the upper lateral incisors are
praclined, mesially inclined and mesiolabially rotated.

Class 111 The lower arch is at least one-half cusp width too far forward mn
relation to the upper arch, judged by the first permanent molar relationship. This
arch relationship is sometimes known as ‘mesio-occlusion’,

A number of problems may be encountered when attempting to classify a
particular malocclusion according to Angle’s method.

|. The first permanent molars may have been extracted or they may have drifted
following early loss of deciduous molar teeth (Figure 7.4). Where the first
molars have drifted forwards as a result of early loss. due allowance should
be made before classification. This is not always simple and it is well
worthwhile looking at the general features of the occlusion and, in particular,
at the permanent canine relationship. The upper permanent canine should
occlude into the embrasure between the lower canine and first premolar. Thas
relationship should match the first permanent molar relationship: in Class 11
cases the embrasure between the lower canine and first premolar will be
distal to the cusp of the upper canine; in Class 111 cases, it will be too far
forwards. In general, if the molar and canine relationship match one another,
the classification can be affirmed with reasonable confidence; but if they do

Figure 7.3 An Angle's Class 11 Division 2 malocelusion
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Figure 7.4 An Angle’s Class 111 malocclusion

not, care must be taken and classification may have to be undertaken on the
general features of the occlusion.

2. The occlusion may differ between sides. Angle allowed for this by describing
subdivisions of Class 1l and Class Il where one side was in a normal
relationship. However, it is probably more useful to classify the occlusion
according to its general features,

3. It can be diffieult to know where to draw the dividing line between Class |
and the other classes. Here again, the final decision must rest on the general
features of the ncclusion. It 1s often helpful to look also to the position of the
upper distobuccal cusp of the first permanent molar. In a Class | relationship
with good function, this normally occludes to the embrasure between the
lower first and second permanent molars.

Angle considered that the first permanent molars had constant developmental
relationships to their respective jaws so that, by classifying the occlusion, the
skeletal pattern could also be assessed, It must be emphasized that this
assumption is not correct and that the developmental positions of the teeth on
the jaws may vary. Thus the occlusal and skeletal classifications may not
necessarily coincide. Tt is usually helpful to classify the skeletal, molar and
incisor relationships separately since their classifications do not always coin-
cide.

Incisor classification

The incisor relationship does not always match the buccal segment relationship.
Since much of orthodontic treatment is focused on the correction of ncisor
malrelationships, it is helpful to have a classification of incisor relationships
{Figure 7.5). The terms used are the same but this is not Angle’s classification,
although it is a derivation. In clinical practice the incisor classification is usually
found to be more useful than Angle’s classification.
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Figure 7.5 Incisor classification: {a) Class 1; (b) Class 1 Division 1; {¢) Class 11 Division 2 {d)
Class 11

Class 1. The lower incisor edges occlude with or lie immediately below the
cingulum plateau (middle part of the palatal surface) of the upper central
incisors (Figure 7.5a).

Class II. The lower incisor edges lie posterior to the cingulum plateau of the
upper incisors.
There are two divisions to Class 11 malocclusion:

Division 1. The upper central incisors are proclined or of average inclina-
tion, with an increased overjet (Figure 7.5b).
Division 2. The upper central incisors are retroclined (less than 1057 to the
maxillary plane). The overjet is usually of an average size but may be
increased (Figure 7.5¢).

Class I11. The lower incisor edges lie anterior to the cingulum plateau of the
upper incisors (Figure 7.5d). The overjet may be either reduced or reversed.

Aetiology of malocclusion

For the convenience of this discussion, the causes of malocelusion can broadly
be divided into general factors and local factors.

Cieneral factors are discussed in detail in the relevant chapters and include
variations in skeletal relationship (Chapter 3), disproportion between tooth and
arch size that may result in either crowding or spacing (Chapter 9) and soft
tissue factors (Chapter 5).

Malocclusions may also be associated with a number of genetic and develop-
mental disorders; examples of this might include Down's syndrome (mongo-
lism), hypothyroidism (cretinism), cleidocranial dysostosis and many other
relatively uncommon syndromes. To maintain the brevity of the current text
these will not be discussed further here. However, due to the dental importance
and comparative frequency of cleft lip and palate, this condition is discussed
further in Chapter 23.

Local factors are essentially habits and anomalies in the number, form and
developmental positions of the teeth. In spite of their classification as local
factors, their effects may be quite extensive. Local factors may coexist with one
another and with any of the general factors mentioned above.

E—
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Chapter 8 _
Aetiology and management of the

abnormally developing occlusion:
interceptive orthodontics

Unfortunately most occlusions do not develop in the normal manner described
carlier in Chapter 6. Indeed in excess of 60% of children have a variation from
normal development leading to a malocclusion, To understand fully the impact of
abnormal development and hence the consideration of timing of correction it is
relevant to develop a knowledge of why the occlusion may develop in an
abnormal way. It is important to understand that the cause of malocclusion
involves a complex interaction of genetic factors (those inherited from a certain
specific or mixed genetic pool) and environmental factors, where the genetic
predisposition to a type of occlusal development can be modified by factors in the
surrounding tissues and spaces. Malocclusion can be caused by variation in the
size of the jaws (skeletal factors) or a variation in the relationship of the dentition
to the jaw size (arch length discrepancies). In addition local environmental factors
can affect one particular area of the dentition to create a malocclusion.

Skeletal factors

As the alveolus and the basal bones of the maxilla and mandible support the
teeth, any deviation from ideal growth and development can be reflected in a
malrelationship of the teeth. It is also important to remember that the face is a
three-dimensional structure so that any variation from normal development can
occur in each plane or in a combination of any of the three planes,

Sagittal. Here there is a difference in the relationship of the maxilla and the
mandible in the anterior-posterior plane. This can be due to a combination of
factors:

e the maxilla is too large or small opposite a normal-sized mandible

e the mandible is too large or small opposite a normal-sized maxilla

e there is some variation in size of both the upper and lower jaws in the opposite

direction.

It the magnitude of variation is sufficiently large the teeth, as they erupt, cannot
compensate for the difference. One usually then sees a variation in the incisor
relationship that reflects some or all of the sagittal skeletal discrepancy (see
Figures 12.1 and 14.1).

Vertical, Here there is a difference in the relationship of the upper face height
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(1e. the maxilla) and the lower face height (i.e. the mandible). In addition,
sometimes there can be a difference between the vertical development of the
total anterior face height and the total posterior face height (see Chapter 3).
Again, if this malrelationship is sufficiently severe it can be reflected in a
variation in the position of the incisor teeth, which might be anything from an
anterior open bite 10 a deep overbite. The latter may, occasionally, result in
trauma to the soft tissues, to the gingivae either labial to the lower labial segment
or palatal to the upper incisors (Figure 8.1).

Transverse. Here there is a difference in the lateral relationship of the maxilla
and the mandible. The most common causes of this are when the maxillary
dentition is narrow and opposed by a normal-sized mandible. Alternatively it
may be seen when a normal-sized maxilla is opposed by a wider region of the
mandible. This malrelationship is manifest clinically by the presence of a buccal
crossbite. This can either be unilateral (one-sided) or bilateral (both sides). Less
frequent is the condition of a lingual crossbite (*scissors bite’). Here the upper
teeth in the buccal segment occlude to the outside of the mandibular dentition
(Figure 8.2).

This transverse malrelationship of the dental bases is an important cause of
malocclusion in the developing dentition. Where a transverse malrelationship of
the bases exists then occasionally the mandible on its arc of closure may bring
the teeth into premature contact with one or more maxillary teeth. This, in turn,
may cause the mandible to be displaced from its normal path of closure to a
position of maximum occlusion, which is not consistent with the centric relation
of the condyle in the glenoid fossa. This has been implicated as a cause of
craniomandibular dysfunction (or temporomandibular pain dysfunction syn-
drome), although the evidence remains controversial. However, this occlusal
problem is amenable to early orthodontic correction, and expansion of the
maxilla 1s possible in the mixed dentition to eliminate this displacement (Figure
§.3). This can be achieved with either slow expansion (using a remaovable
appliance or a fixed quadhelix) or rapid expansion (using a palatal expander to

Figure 8.1 Decp overbite resulting in trauma to the soft tissues of the lower incisor gingivae
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Figure 8.2 Lingual crosshite or seissors bite

achieve orthopaedic separation of the intermaxillary suture, which 1s not
completely fused until the late teenage years.

Arch length discrepancy

This may present as a malocclusion where there is variation between the size of
the dental arches and the size, or position, of the erupting dentition.

The dentition develops within the confines of the basal bones. Cn eruption of
the teeth there may be msufficient space to accommodate the dentition without
irregulanty. This 1s then manifest as crowding. As discussed in Chapters 3 and
6, one can expect some change in arch dimension with growth. However, after
the age of about 9-10 years very little change in arch perimeter size occours.
Any need to obtain space to accommodate arch length discrepancy requires
careful consideration.

Crowding

When the size of the dentition is greater than the space available to accommo-
date the teeth in good general alignment then crowding may be said to occur. In
the early mixed dentition some degree of crowding is normal and up to the age
of 8-0 vears one can expect to see some spontaneous improvement in incisor
alignment. After this age spontaneous alignment is unlikely, Occasionally, 1f
there is far too little space for the developing maxillary incisors then a lateral
incisor may be deflected palatally resulting in a localized single tooth in
crossbite with insufficient space.

Crowding in the labial segments in the mixed dentition has been the subject
of much debate in the orthodontic literature. Anecdotally there has been a
traditionally held belief that obtaining alignment of the labial segments at an
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Figure 8.3 (a) Buccal crossbate associated with a mandibular displacement. (h) Followang tréatment
with a guadhehx for upper arch expansion

early age may enhance the stability of the resulting alignment. To achieve this
result Kjelleren introduced the concept of “serial extraction” in 1948,

Serial extraction

In this therapeutic intervention it is suggested that, in Class 1 malocclusions with
developing incisor crowding, extraction of deciduous teeth, initially the decid-
uous canines followed by first deciduous molars may be advantageous. This is
intended to facilitate the alignment of the teeth of the labial segments and
promote the eruption of the first premolars before the permanent canines. These
events, combined with the increasing severity of the crowding in the buccal
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segments, are said to lead to favourable conditions for extraction of the first
premolars and subsequent spontanecus alignment of the permanent canines.

Such an approach might be considered initially at 7-8 years of age with loss of
deciduous canines, then followed with almost yearly interventions for extraction
of first deciduous molars (when roots of the first premolars, bicuspids, are half
formed) and then finally the first premolars (bicuspids) (see Chapter 9).

The benefits of such an approach have to be balanced against the possible
risks associated with three episodes of exodontia and the reliability of a
predicted outcome. Little hard evidence exists, outside case reports, as to the
value of such an approach in reducing overall treatment time or complexity, or
in enhancing stability.

Displaced erupting incisor

In some circumstances early correction of a maxillary incisor that has erupted f
into a lingually displaced position can produce significant and sustainable

benefit to the occlusion. This might involve the early balanced removal of
deciduous canines to gain sufficient space. Simple removable appliance therapy

can be provided. if a sufficient space exists or can be created, to correct the |
reverse overjet on the tooth. Care must be taken in the assessment of the
condition that no generalized maxillary transverse constriction exists and that =
any posterior crosshite should be corrected if present.

Spacing

More rarely one sees the condition where the arch perimeter is greater than the
combined mesiodistal widths of the dentition even when all the teeth are present.
Under such circumstances it is likely that generalized spacing will be evident
between the teeth, This is generally refractory to orthodontic correction and
indeed a spaced dentition is less susceptible to caries than one with intact
contact points or crowding! If aesthetics are compromised a joint approach
involving a combined restorative orthodontic approach may be indicated.

Curve of Spee

To obtain ideal occlusal goals it is desirable during orthodontic treatment to
produce a flat occlusal plane. However, if the occlusal plane has a significant
curve of Spee an increase in arch length will be required to accommodate the
flattening of this curve. Fixed appliance mechanics to flatten a curve of Spee
will cause an increase in arch length and therefore this effect must be considered
during the assessment of space requirements during treatment planning.

Incisor inclination

In certain rare circumstances it is also considered necessary to alter the labial
segment inclination. As an example, any significant proclination of the lower
incisors will adversely influence the arch length. This might occur in the case of
bimaxillary proclination where the incisors might be required to be retracted for
facial aesthetics. In this situation, not only will space be required for relief of

=




-

Agtiology and management of the abnarmally developing occlusion: interceptive orthodontics 69

crowding and to level the curve of Spee but also additional space will be needed
to accommaodate this labial segment retraction,

Local factors

The issues of skeletal and arch length discrepancy most usually affect the whole
malocclusion. However, many of the variations from ideal may be confined to
just one part of the occlusion. These are often referred to as local factors and
can be a common cause of malocelusion.

Variation in tooth number

Hypodontia

This means the congenital absence of teeth. It can affect both the deciduous and
permanent dentitions but 15 more common in the permanent dentition, Brook in
1974 reported a prevalence of 4.4%, with the teeth most commonly absent
{excluding third molars) being second premolars, maxillary lateral incisors and
mandibular incisors. However, it is possible to have any tooth congenitally
absent and any combination may occur. The management of hypodontia is
complicated and requires comprehensive assessment and treatment planning.
McNeill and Joondeph, in 1973, suggested that the primary factor to consider is
the malocclusion (e.g. the degree of crowding). After this the secondary factor
to consider 1s the morphology of the loeal standing teeth, for example the size.
shape and colour of cuspids if they were to be advanced 1o replace missing
lateral incisors. It is also important to consider and plan the fate of deciduous
teeth retained because of congenital absence of the succadaneous tooth. Loss of
such a tooth at the correct time may favourably influence spontancous space
closure and eliminate or reduce active appliance therapy.

Hyperdontia

In hyperdontia a person may develop teeth in addition to the normal number of
teeth expected. These are commonly called supernumerary teeth and again can
occur anywhere in the mouth. They have a prevalence of approximately 2% in
the permanent dentition and most commonly they occur in the anterior region of
the maxilla where they are referred to as mesiodens. If they appear similar in
morphology to the teeth near where they are located they are referred to as
supplemental teeth. Supernumerary teeth can cause failure of eruption or
displacement of the adjacent teeth, Early detection and removal of supernumer-
ary teeth usually results in a high chance of spontaneous eruption
of delayed teeth, providing sufficient space is available. In the event that the
affected permanent tooth fails to erupt a direct attachment and gold chain is
often provided to facilitate orthodontic traction to the unerupted tooth (Figure
8.4; also see Chapter 20).

Variation in tooth form

Megadantia
Teeth that are larger than usual can cause difficulties in orthodontic treatment
planning. These teeth often have pulp chambers in proportion to the tooth.
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Figore 8.4 (a) Unerupted central incisors with supernumerary tegth. (b} Supemumerary teeth
remaved and zold chamn and orthodontic atachment bonded to the unerupted teeth to facilitate
traction 1f spontaneous eruption frils to occur

Seldom can they be easily reduced to the correct size without compromising

their vitality, and often their loss as part of an extraction pattern to relieve
crowding 1s indicated. |

e . B
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Microdontia

Occasionally a patient presents with small teeth, ofien associated with one
particular tooth type and most commonly the maxillary lateral incisor. These are
often referred to as ‘peg laterals’ and. again, their long-term viability should be
assessed as part of an overall orthodontic treatment plan. Their role as a
predictor of position of the maxillary cuspid remains controversial but it appears
that missing or small maxillary lateral incisors could be associated with ectopic
{usually palatal) eruption of these teeth.

Ivaeinations

Some patients present with an abnormality of the crown of a tooth. In particular
this is found in maxillary lateral incisors where a reversal of the normal layers
and an ‘invagination” of the enamel structure disrupt the normal arrangement of
the dental hard tissues, This can present as mild, as in ‘dens-in-dente’, or more
severe, as an invaginated odontome (Figure 8.5). The management depends on
the degree of deformity and the requirements of the overall malocclusion,

Damage due to trauma

Inevitably some children suffer trauma to the deciduous dentition. Trauma to the
upper labial segment can result in the deformity of the permanent teeth. This
can vary from enamel hypoplasia to severe crown—root dilaceration (Figure
8.6). The management depends on the severity and direction of the dilaceration,
but severe deformities are unlikely to be accommodated successfully due to the
width of the alveolar process.

{a) (b}

Figure 8.5 (a, b) Abnormalities of the lateral incisors due 1o disturbed development resulting in
imviginations or dens-in-dente
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Figure 8.6 Trauma to a deciduous incisor has led to severe crown-root dilaceration of the
permanent successor. Also note other associated anomalies: peg laterals, missing reeth and ectopic
PP ENT CArics

Variation in tooth position or eruption

Submerged deciduous teeth

This condition occurs when a deciduous tooth appears to lie beneath the occlusal
plane of adjacent teeth. It is not uncommon to find the permanent tooth
congenitally absent. although it can ocecur in the presence of a successor. It is
behieved that the deciduous tooth undergoes ankylosis to the surrounding
alveolar bone and fails to “erupt’ and keep pace with the surrounding dentition.
A more appropriate term would be infraocclusion. The vast majority of these
teeth exfoliate normally as the resorptive phase of the normal eruption process
releases the ankylosis. However, it is important to monitor submerging teeth
since the “tipping over’ of the adjacent teeth may prevent spontaneous correction
and exfoliation of the submerged teeth from occurring. For this reason extraction
of the submerged teeth once they go below the contact point of adjacent teeth
should be considered.

Premature foss of deciduouns teeth

In general terms premature loss of deciduous teeth results in further loss of
space for permanent successors and an increase in crowding. In some cases,
such as serial extraction, this is a therapeutic decision. [n other cases space loss
may not be required and space maintenance should be considered, although if
teeth are lost prematurely due to caries the oral environment may not be
conducive to long-term appliance wear. Sometimes, particularly if there is
premature loss of a deciduous canine or first deciduous molar from one side of
an arch, the dental centre line may shift towards the side with the tooth loss. In
these circumstances consideration should be given to a balancing extraction of
the contralateral tooth to minimize the impact of a centre line shift provided this
can be accomplished easily and without unnecessary stress to the patient, It is
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hardly ever necessary to compensate between arches for the loss of deciduous
teeth.

Unplanned loss of permanent teeth

First permanent molars

Unfortunately patients with carious first permanent molar teeth still present at
the dentist’s surgery. In the voung patient, where the quality of the first
permanent molars raises concern in the mixed dentition, consideration should be
given to incorporating them in an extraction pattern if so required. It is consid-
ered that an ideal time for their extraction is approximately at 10 years of age or
more precisely just as the bifureation of the second permanent molar begins to
form. However, a comprehensive orthodontic treatment plan for each patient
should be made. This should include consideration of not only dental develop-
ment but also presence of other permanent teeth, degree and site of potential
crowding, overall space requirements of the malocclusion and the need to
extract the contralateral or contravertical first permanent molars. Indeed. pa-
tients with such poor quality teeth may not be good candidates for extensive
orthodontic therapy.

Ectopic eruption of permanent teeth

Impacted first permanent molars

In some early mixed dentition malocclusions the erupting first permanent molar
has insufficient space. This may lead to impaction of the permanent molar into
the distal surface of the deciduous second molar. In severe cases the second
molar undergoes root resorption and this can result in early exfoliation and
space loss. In the milder case the impaction can lead to caries in the mesial
surface of the first permanent molar, and if the impaction 1s significant,
consideration should be given to moving the molar distally to release the
impaction. It is likely to be an early indication of crowding.

Maxillary cuspid eruption

The maxillary cuspid has the furthest of all the permanent teeth to travel on its
path of eruption into the mouth. Therefore, it is not surprising that it is the tooth
most likely to exhibit ectopic eruption. Ectopic positioning of the canine occurs
in approximately 3% of patients and, of these, over three-quarters are palatally
displaced. Some sources suggest that up to 50% of palatally displaced canines
are associated with small or congenitally absent lateral incisors. This has led to
speculation that a lack of guidance from the root of the lateral incisor could be
responsible for the malpositioning. Other authors suggest that there may be a
genetic predisposition to the condition. Certainly, early detection of this problem
should be a priority for the dental practitioner.

Note: /f the canine is not palpable in the buccal sulcus (just distal to the root of
the lateral incisor) by 10 years of age an appropriate radiograph should be
taken 1o assess whether the deciduous tooth is undergoing resorption.

If this is not the case further films should be taken to localize the permanent
canine. If the canine is becoming palatally displaced. extraction of the deciduous
canine should be considered. As an interceptive measure extraction of the
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deciduous tooth has been shown to produce in excess of 70% improvement of the
malpositioned canine provided sufficient space is available (Ericson and Kurol,
1988). Failure to diagnose ectopically erupting permanent teeth can mean that a
vital opportunity to intercept a developing problem is missed, and may lead to
damage of other teeth in the labial segment by root resorption (Figure 8.7).

[ranspositions

The developmental position of tooth crypts can occasionally be switched around
and in such cases the sequence of teeth within the arch can be reversed. When
this occurs between the maxillary cuspid and the first bicuspid it has been
suggested that there is a strong genetic basis for its aetiology. Management of
such transpositions requires detailed assessment of the malocclusion and an
understanding of the requirement and timing of exodontia.

Secondary retention of permanent molars

This rare condition occurs when permanent molar teeth fail to erupt or,
consequent upon their eruption, begin to infraocclude. The suggested actiology
is ankylosis but the cause of the ankylosis remains unclear. There is often a
stunted dilacerated root pattern on affected molars, These are refractory to
orthodontic traction and their removal, as part of an overall treatment plan,
should be considered (Figure 8.8).

Soft tissues

Tongue position

The swallowing pattern of a growing child matures in a similar manner to most
of the somatic functions of the body. The so-called infantile swallow usually
alters as the dentition and feeding habits mature. It has been suggested that in
some individuals there is a persistence of the infantile swallow into maturity.
This has been labelled an ‘endogenous tongue thrust” and if present interposes
itself between the teeth on swallowing leading to an increase in overjet and
possibly an anterior open bite or reduced overbite. Before reaching the diagnosis
of endogenous tongue thrust one must be careful to seek another explanation for
the incisor abnormality. The endogenous tongue thrust, if it does occur, is rare.
Some authors estimate the incidence at 3.1% of the population. However, its
relevance is considerable since any treatment undertaken may well relapse if the
positions of the teeth in the labial segment are positioned where such soft tissue
pressure would adversely influence them. Most cases in which the tongue is
interposed between the teeth in function are due to the need to complete an
anterior oral seal during swallowing and are an adaptation to the positioning of
the incisor seements. This adaptive tongue thrust will not persist once the incisor
abnormality has been corrected.

It is not uncommon in cases of increased overjet that the overjet magnitude is
greater than the underlying skeletal discrepancy between the mandible and the
maxilla. In such cases the soft tissue position and function often act to increase
the severity of the overjet. Moreover, the lower lip often lies behind the upper
incisors at rest and during function to obtain an anterior oral seal, This so-called
“lip trap” may exacerbate the proclination of the upper incisors to worsen the
overjet relationship. It has also been suggested that excessive function of the
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Figure B.7 Dumage to the roots of the permanent incisor from ectopically positioned permanent

caming tooth

Figure 8.8 Secondary retention of permanent molar
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lower lip, often called a *straplike’ lower lip, can lead to excessive retroclination
of the lower labial segment in some cases.

Fraenal attachment

The presence of fraenal attachments to the alveolar gingival margin is a normal
appearance of the spaced deciduous dentition. With normal development of the
alveolar process the fraenal attachment usually migrates apically. The labial
fraenae of the lower incisor region occasionally retains a high attachment. In
such cases, and particularly where there may be a bony dehiscence on the labial
aspect of a tooth, disruption of the integrity of the gingival margin and recession
may occur,

In the maxillary dentition it is not uncommon to see the persistence of a low
fracnal attachment and a diastema between the central incisors. In fact a
diastema here in the mixed dentition is a normal appearance and most
commonly this resolves spontaneously on the eruption of the permanent cuspids.
Occasionally this persists and it is an easy assumption to make that the frenum
is aetiological in the presence of a continued diastema. In such circumstances
should treatment for the spacing be provided and the fraenal attachment
surgically relieved we may reasonably expect the stability of such a space
closure to be enhanced. In fact the evidence that fraenectomy enhances the
stability of diastema closure is very limited. Indeed, there is a strong argument
that prolonged retention may be a preferred option to the surgical procedure if
stability of the diastema closure is the main concern. Sometimes the appearance
of a fleshy fraenum 15, in itself, sufficient indication for surgical treatment.

Herhits

It is known from our understanding of the soft tissue environment surrounding the
teeth that they lie in a zone of equilibrium between the balancing forces of these
soft tissues. The perioral muscles, the tongue and the periodontal ligament all act
both at rest and in function to retain the stable position of the teeth. If any of these
forces change, for example loss of periodontal support, or if another force acts for
sufficient time and magnitude, the teeth can be influenced to move to a different
position. It has been shown that any force acting on the dentition needs to be
present for approximately six hours to influence the tooth position. Digit-sucking
habits are perhaps the most common example of this influence. A usual presenta-
tion of a thumb- or finger-sucking habit in the mixed dentition is evidenced by the
presence of a reduced or incomplete overbite, often asymmetrical, proclined
upper incisors and/or retroclined lower incisors, and not uncommonly due to
increased activity of the buccinator muscle. the presence of a unilateral crossbite.
If the habit i1s broken early many of the presenting signs are reversible. The
presence of the crosshite, however, is the least likely to spontaneously resolve and
active treatment imvolving maxillary arch expansion is usually indicated.

Pathology
Syndromes and cleft lip and palate

Major disruption to development in the first trimester of pregnancy can result in
severe disturbance in the growth and development of the oro-facial region.
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These are produced by a complex interaction of genetic and environmental
factors and are more fully described in Chapter 23,

Growth deformity due to trauma

In some children damage due to trauma can extend further than just the teeth. A
number of children will suffer damage to the condyles of the mandible following
trauma, often due to a minor fall as a ‘toddler’. Most of these will resolve
without consequence. Lund, in 1974, estimated that 75% of such children do not
suffer any disturbance of condylar function on the affected side. In some cases a
‘functional ankylosis’ can occur. This can have marked effects on the growth of
the mandible on the affected side, and complex treatment may be required to
restore normal growth and development.

Other pathological processes can affect the developing occlusion but these are
fortunately rare. Careful clinical and radiological examination will detect early
deviations from normal development and indicate the need for special investiga-
tions. Treatment of such cases often involves interdisciplinary team working.

Conclusions

It can be seen that the majority of children will develop a malocclusion, The role
of the dental practitioner is to detect early any deviation from normal and
consider when, and in what manner, that deviation might require treatment. As
can be seen, a thorough knowledge of normal development and continued
evaluation of the patient’s progress against normal landmarks is required. A
careful consideration of interceptive treatments can prevent a number of
conditions from progressing to a position where a more complicated treatment
might become necessary.
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Chapter 9
Tooth—arch disproportion

Disproportion between tooth size and arch size is common. It is usually manifest
as crowding but occasionally there is generalized spacing. Tooth size is under
direet genetic control whilst the size of the dental arches depends on skeletal
base size and on the soft tissue morphology and activity: as such the dental arch
is under the influence of both environmental and genetic factors. This disparity
in the factors influencing tooth and arch size goes some way to explaining the
tendency to crowding.

Spacing

This is best accepted unless it gives an unsightly appearance in the upper labial
segment, In this region, the spacing may be concentrated in the midline as a
median diastema. It is sometimes possible to obtain an acceptable result by
moving the upper central incisors together, distributing the space mesial and
distal to the lateral incisors prior to a build-up in width of these teeth using
composite additions or, alternatively, composite or porcelain veneers. A frae-
nectomy (Chapter 20) may then be performed to facilitate complete closure; in
addition this will help to stabilize the result. When a patient first presents with a
median diastema it is important to determine if there is a family history: in such
a situation there is usually a strong tendency towards at least a partial relapse,
which appears to be determined by the inherited tooth size. A build-up in the
width of the relevant incisors with composite or a porcelain veneer can often be
of assistance in such cases since it might avoid the need for long-term fixed
retention. Sometimes, if the crowns of the lateral incisors are diminutive and
contributing to the local spacing, these may be built up in a similar way.

Where spacing is more generalized and if treatment is indicated, appliances
may be used to concentrate the spacing in the buccal segments. Some form of
prosthesis (preferably a bridge) will then be required both for aesthetic reasons
and to assist in preventing relapse.

Crowding

Crowding is common and any teeth may be involved: the incisors and canines if
the arch is narrow or short; the molars where the arch is short (see Figure 9.1);
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Figure 9.1 Crowding in the upper and lower molar regions. The upper molars are “stacked”. The
lower third miolars will be unpacted

the premolars and canines 1f there has been drift of teeth following early loss of
deciduous molars (see Chapter 8},

In general, it is not possible to produce a stable increase in arch size by labial
movement of incisors or lateral expansion of buccal segments. Provided that the
skeletal bases are long and the molars are not crowded, small amounts of space
can sometimes be gained by distal movement of buccal segments using extra-
oral traction (see Chapter 17). However, if appreciable amounts of space are
required to relieve crowding, extractions are required. Clearly, the poor condi-
tion or abnormal form of any teeth will influence the choice of extraction.
However, in the following discussion it will be assumed. unless explicitly stated
otherwise, that all permanent teeth are present and sound. To an extent, whether
or not an active appliance is to be employed and the type of appliance also will
dictate the choice of extraction. As an example, where crowding of the arches iIs
moderate with little overjet or overbite reduction required, and a fixed apphiance
is to be fitted, then extraction of second rather than first premolars may be more
appropriate. This might save treatment time by reducing the amount of residual
extraction space closure required whilst also reducing a tendency to any
undesired incisor retrusion in a patient who already has a retrusive lip profile.

Treatment of the upper and lower arches is discussed separately. It is, of
course, essential that treatment of the arches should be coordinated. This 1s
discussed when the different classes of malocelusion are considered later in the
text (Chapters 11-14).

The erowded lower arch

Crowded incisors and canines

Crowding is very commaon in this area and it tends to become worse with age. in
part due to mesial drift of the buccal segments but more importantly due to the
uprichting of the lower incisors that occurs during the later stages of facial
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growth. If the crowding is very mild and the lower arch is not crowded
elsewhere. it may be best to accept the irregularity: recent research has shown
this area to be prone to long-term relapse, especially where the initial crowding
was mild. However, if crowding is appreciable, extractions should be under-
taken. Provided that the lower canines are mesially inclined, the extraction of
lower first premolars will usually be followed by satisfactory spontaneous
alignment of the labial segment. Any residual space will be taken up by forward
drift of the buccal segments.

Extractions are best undertaken after the lower canines have emerged through
the alveolar mucosa but before they have reached the occlusal level. However,
the lower canines commonly erupt before the first premolars and so this is not
always possible. Should crowding be very severe so that most or all of the
extraction space is required, a space maintainer should be fitted. The degree of
spontaneous space closure should be assessed approximately six months after
extraction and, where necessary, an active appliance should be preseribed if full
closure is a treatment aim.

Where the lower canines are distally inclined, spontaneous resolution of lower
incisor crowding will not follow the extraction of first premolars. and lower
fixed appliance treatment to retract the canines is usually indicated. Where a
lower canine is crowded it is sometimes tempting to extract this tooth. However.,
the approximal contact between a lower lateral incisor and first premolar is
rarely satisfactory due to the shape of the teeth and so extraction of a lower
canine should be avoided if at all possible.

Although it often seems to offer a simple solution to lower incisor crowding.
normally the extraction of a lower incisor should be avoided for the following
reasons:

¢ Crowding frequently reappears amongst the remaining three incisors.

# The lower intercanine width decreases and this may lead to a secondary
reduction in upper intercanineg width with crowding in the upper labial
segment.

¢ Usually it 15 not possible to fit four upper incisors around three lower incisors:
either an increase in overjet or upper incisor crowding may have to be
accepted wunless the upper canines can be retracted beyond their normal
relationship with the lower canines.

However, in a few well-defined cases, listed below, the extraction of a lower
incisor may be appropriate, although some of the problems mentioned above

still apply:

o Where one lower incisor is completely excluded from the arch and there are
satistuctory approximal contacts between the other incisors.

» Where one lower incisor is damaged (e.g. fractured) or where there is
extensive periodontal recession so that its long-term survival is in doubt.
Fixed appliances are usually required to close the space in such circum-
stances.

« Where one lower incisor 15 severely malpositioned so that apphiance treatment
would present problems. Fixed appliances are still usually necessary to
achieve space closure and alignment of the other teeth.

* Where the lower canines are severely distally inclined and the lower incisors
are fanned there may be a case for extracting a lower incisor. However,
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alignment of the remaining incisors requires fixed appliance treatment and it
is usually preferable in these cases to extract first premolars and use fixed
appliances to retract and upright the canines.

As may be seen from the comments above the extraction of a lower incisor is not
straightforward and will most often require the addition of a fixed appliance to
achieve an acceptable result. On specific occasions a lower incisor extraction
may be appropriate, for example in an adult adjunctive treatment. However, it
should be remembered that mild crowding of the lower incisors will usually
appear better in the long term than any residual dark spaces.

In cases of mild lower incisor crowding, usually when presenting in the adult,
enamel stripping. whereby the mesiodistal width of the incisors or canines is
reduced, may provide just sufficient space for alignment with a local fixed
appliance.

Crowded lower premolars

Where there has been early loss of deciduous molars, space loss may follow so
that the premolars are crowded. It will commonly be the second premolar which
is short of space since it usually erupts later than the first. The second premolar
may become impacted between the first premolar and first permanent molar or
be deflected lingually. If space loss is slight and the second premolar erupts
before the second permanent molar, it may force its way into the arch by driving
the first molar distally or b forcing the anierior teeth mesially so that incisor
crowding increases, Sometimes it is appropriate to fit a lower removahle
appliance to move the first molar distally. This may be undertaken mare readily
following extraction of the lower second permanent molar (see below).

In the majority of cases, space loss is moderate and there may also be
crowding of the lower incisors. In these circumstances, extraction of the first
premolar may be indicated. Extraction of the second premolar does not usually
allow a satisfactory spontaneous approximal contact between the first premolar
and first permanent molar: the teeth tip towards one another and a stagnation
area is created between them unless a fixed appliance is placed.

Where space loss has been severe so that there is already an approximal
contact between the first premolar and first permanent molar, the extraction of
the second premaolar is advised. Severe space loss of the type mentioned above
usually follows very early loss of the second deciduous molar, allowing the first
permanent molar to erupt too far forwards, In these circumstances, the first
permanent molar is reasonably upright and an acceptable approximal contact
with the first premolar is present.

Crowded lower molars

Impaction of lower first or second permanent molars is rare and probably
reflects an abnormal developmental position of the tooth rather than crowding.
However, crowding of third molars is very common and, unless other permanent
teeth are missing or have been extracted, there is rarely room to accommeodate
them in the arch. If the lower arch is otherwise regular, the extraction of the
crowded third molar itself could appear to be the most suitable treatment. This
could be undertaken either by a lateral approach at the time of crown completion
or by conventional surgical techniques when about two-thirds of the roots have
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formed. However, increasingly. the limited evidence available sugpests that there
are few situations where asymptomatic third molars should be removed. No
research has clearly demonstrated that impacted third molars are a cause of
lower incisor crowding. The contemporary approach to the problem 15 to
consider surgical removal of the third molars if they are causing symptoms or
alternatively as part of a definitive treatment, perhaps for lower arch alignment.

Extraction of lower second permanent molars to provide space for crowded
third molars is not usually indicated since the position of eruption of the third
molar is variable and it will rarely move spontancously into a position as good
as that originally occupied by the second molar. However, where a small amount
of space is also required in the second premolar region or where the second
permanent molar is extensively carious, its removal mav be indicated. Timing is
important. For the best results (Figure 9.2), the second molar should be removed
just after root formation of the third molar has started, wsually between 12 and
|4 years of age. It is important that the third molar is in a favourable position: it
should be slightly mesially inclined, its long axis forming an angle of less than
307 to the long axis of the second molar. However, as mentioned above, even
when the timing of extraction of the second molar 15 correct and the starting
position of the third molar favourable, it is not possible to guarantee a pood
result.

First permanent molars are rarely the teeth of choice for orthodontic extrac-
tion. However, where one or more of these teeth are extensively canous and the
long-term prognosis is questionable their removal must be considered. This is
discussed in more detail in Chapters 8 and 17.

The crowded upper arch

Crowded incisors and canines

As in the case of the lower arch and provided that the canines are mesially
inclined, extraction of first premolars usually gives the most satisfactory result.
For maximum spontaneous improvement of crowding, the first premolars should
be extracted after the camines have emerged into the mouth but before they have

Figure 9.2 In this case the extraction of second molars has allowed the third molars to erupt into a
oo position
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reached the occlusal level. They should not be retracted with an appliance until
they have reached the occlusal level. Care should be taken to ensure that forward
drift of the buccal segments does not encroach on the space required for the
canines. If space is short a space maintainer should be fitted, and this is very
effective in this situation.

Sometimes in crowded cases, there is a good approximal contact between the
permanent upper lateral incisor and first premolar with the canine completely
excluded from the arch. In these cases, extraction of the canine should be
considered. The upper canine is slightly wider than the first premolar and
extraction of the premolar will not provide sufficient space to accommodate the
canine. If the canine is distally inclined or palatally placed and it is possible to
obtain a satisfactory contact between the lateral incisor and first premolar by
simple orthodontic treatment, extraction of the canine should again be consid-
ered. To improve the appearance it may be necessary to grind down the palatal
cusp of the first premolar. A problem arises if the buccal surface of the first
premolar is distally rotated since the appearance may then be rather poor. In
these circumstances fixed appliance treatment may be required, either to align
the premolar after extraction of the canine or to align the canine following
extraction of the premolar. The treatment of choice depends on the features of
the individual case.

If a lateral incisor is crowded into lingual occlusion with the apex palatally
displaced and if the canine is erupting in a forward position and is upright or
distally inclined. consideration may be given to extraction of the lateral incisor
itself. The presence of a canine adjacent to a central incisor does not usually
give an ideal appearance and, where possible, it is preferable to extract the first
premolar or the canine to provide space for the lateral incisor. However, fixed
appliance treatment would be required to move the lateral incisor apex forwards.
If the patient is unsuitable for or is unwilling to wear fixed appliances, the
simple expedient of extracting the lateral incisor may be justified.

Crowded upper premolars

As in the case of the lower arch, it is usually the second premolar that is
crowded. If there is a good approximal contact between the first premolar and
first permanent molar, the second premolar should be extracted. However, where
the first premolar and first permanent molar are not in contact and particularly
if there is also incisor or canine crowding, the first premolar should be removed
to make space for the alignment of the second premolar. Where crowding is very
mild, it may be possible to make space for the crowded second premolar by
maoving back the first permanent molar with an appliance, possibly following
extraction of the second permanent molar (see below).

Crowded upper permanent molars
In the developing dentition, crowding of the upper molars will be manifest as
‘stacking’ (see Figure 9.1). When they erupt crowded molars are usually distally
and buccally inclined.

Impaction of upper first permanent molars against the second deciduous
molars is a result of their abnormal developmental position rather than crowd-
ing. First permanent molars are not usually the teeth of choice for orthodontic
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extraction. Treatment planning, where the extraction of these teeth is necessi-
tated because of their poor life expectancy, is discussed in Chapter 8.

It is usually the third permanent molars that are crowded and if the arch is
otherwise well aligned these teeth should be extracted on eruption. If more space
18 required to allow retraction of the upper buccal segments and provided that
third molars are present, of normal size, and in favourable positions, upper
second molars may be extracted. In contrast with the lower arch, the third molar
will usually erupt to obtain a satisfactory contact relationship with the first
permanent molar although on occasions this tooth may rotate around a large
palatal root as it descends forwards along the curve of Spee.

Serial extractions

This 1s a procedure where, in order to encourage the spontaneous alignment of
crowded incisors, the timely removal of certain deciduous and permanent teeth
15 undertaken. The classic approach is as follows:

I, The four deciduous canines are removed as the upper permanent lateral
incisors are erupting (at about eight years of age); the alignment of the
incisors should improve at the expense of space for the permanent canines.
The first deciduous molars are removed in order to encourage the early
eruption of the first premolars. This will be most successful if the premolar
roots have half formed (at about nine vears of age). It is desirable that the
first premolars should erupt in advance of the canines although this is often
not the case in the lower arch.

3. When the lower permanent canines have just emerged through the oral
mucosa, the first premolars should be extracted. This is the most important
stage of the serial extraction procedure. Therefore it is important to recheck
that the case is suitable for treatment by extraction of first premolars: all
teeth must be present and sound; the permanent canines must be mesially
inclined; and there must be crowding sufficient to justify the extraction of
first premolars. If these conditions do not apply the case must be treated on
its merits; the fact that serial extractions have been started by removal of
deciduous canines does not commit one to going through with this line of
treatment.

13

The full serial extraction procedure has several disadvantages:

e The child is subjected to extractions on a number of occasions and certainly
multiple general anaesthetics are not justified.

* The lower permanent canine may erupt ahead of the first premolar into the
extraction space of the first deciduous molar, impacting the premolar and
making its removal difficult.

* Frequently, the patient requires appliance treatment anyway.

In spite of the disadvantages and limitations of ‘serial extractions’ as a tech-
nigue, the principle of timing extractions to take advantage of spontaneous tooth
movements is still valid. The removal of deciduous canines under a local
anaesthetic to allow spontaneous alignment of crowded incisors may simplify
later apphiance treatment; and the extraction of a first premolar, before a
crowded, mesially inclined canine has fully erupted, allows it to drift into the
line of the arch without apphance treatment. However, the practice of extracting
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first deciduous molars in order to encourage the eruption of the first premolars
should be carefully considered: in eertain circumstances it might be valid:
however, such extractions are often performed to little purpose.
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Bishara, 5.E., Khadivai, P and Kakobsen, LR, (1995), Chanpes i tooth size-arch length relation-
ships from the deciduous to the permanent dentition: a longitudinal study. American Jowrnal of
vrhadontics and Demofacial Orthopedics, TO8, 60713,

Proffit, W.R. (1986}, On the activlogy of malocelusion. British Journal of Orthodontics, 13, 1=11.

Proffir, W.E. {2000}, The aetiology of orhodontic problems. In Contemparary Ovthodoniics, Chapter
3, 5t Louis: C.N Moshy.




Chapter 10
Arch malrelationships

Arch malrelationships may occur in any plane. Antero-posterior arch malrelation-
ships form the basis of Angle’s classification as described earlier in Chapter 7.

Antero-posterior malrelationships
Buccal segments

Antero-posterior malrelationships of the buccal segments often reflect antero-
posterior jaw malrelationships. However, since the position of the teeth in
relation to the skeletal base can vary, it is possible to find cases with normal
skeletal relationships and arch malrelationships, and vice versa, When the lower
buccal segment is posteriorly positioned relative to the upper. this may be
referred to as a Class 11 buccal segment relationship or as a disto-occlusion.
Where the lower buccal segment is forward in relation to the upper, this is a
Class 111 buccal segment relationship or mesio-occlusion.

Labial segments

The labial segment relationship often, but not always, follows the buccal
segment relationship. For example, it 1s possible to find a case wath a Class I
incisor relationship but a Class | or even Class 111 buccal segment relationship.

The aetiology and treatment of the different antero-posterior arch malrelation-
ships are discussed in Chapters 1114,

Vertical malrelationships
Buccal segments

Vertical malrelationships are not common in the buccal segments. Where the
intermaxillary height is increased and there is a skeletal anterior open bite
(Figure 10.1) this may extend into the buccal segments so that perhaps only the
most posterior molar teeth are in occlusion. In these cases there is a lateral open
bite as well as an anterior open bite. Occasionally a lateral open bite is found in
isolation from any other occlusal anomaly. The reasons for this are usually
obscure but there may be a localized failure of alveolar development.




Arch malrelationships 87

Figure 10.1 This patient has a Class 11l malocclusion with a skeletal anterior open bite and a
bilateral crossbite, These occlusal malrelationships reflect skeletal malrelationships: there 15 a Class
1] skebetal pattern; the lower facial third is increased in height, and the maxilla is narrow relative to
the mandible

Over-eruption of buccal teeth that are unopposed or occlude against a
submerging deciduous tooth are, of course, seen quite commaonly.

Labial segments

In normal occlusion the lower incisors occlude with the cingulum plateau of the
upper incisors and the overbite is one-third to one-half of the height of the lower
incisor crowns,

Irﬂf'."f't'l"{t" in r'.l'l'v!"'i"li”.“"'

Skeleral factors. It is ofien stated that a small lower facial height is associated
with a deep overbite. However, this is not a constant relationship and occlusal
factors (see below) must also play a part.

Occlusal factors. Where there is no incisor contact due to a large overjet (Class
Il Division 1), the lower incisors will often erupt until they contact the palatal
mucosa and the overbite will be deep. Where there 1s an adaptive anterior oral
seal between tongue and lower lip, the overbite 1s incomplete but 1s still deep in
most cases (see Chapter 3).

Where the overjet is normal and the incisors are retrochined (Class 1l Division
2), so that the interincisor angle 1s increased, the overbite will also be increased.
This may happen developmentally or as a result of an inappropriate treatment of
a severe Class 11 Division 1 incisor relationship with removable appliances so
that the upper incisors are over-retroclined. Even if the overbite has been
reduced during treatment, it will increase again when appliances are discarded.

The reduction of a deep overbite will be stable only if at the end of treatment
the lower incisors occlude with the palatal surfaces of the upper incisors, the
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interincisor angle is within the normal range, and the teeth are in a position of
labiolingual balance.

Reduction in overbite
If there is a mild Class 11 incisor relationship with occlusal contact between the
upper and lower incisors, the overbite will be reduced.

An overbite may be reduced and incomplete for a variety of reasons, which
are dealt with in the following section.

Anterior open bite

Here there is no occlusal contact between the incisors, and the upper incisors do
not overlap the lowers in the vertical plane. Anterior open bite is discussed
below according to its actiology: skeletal, soft tissue, habit and miscellancous.

Skeletal factors. Where the anterior intermaxillary space is increased, the
vertical growth of the labial segments may be insufficient to achieve tooth
contact when the posterior teeth are brought into occlusion (Figure 10.1). In the
most severe cases only the last standing teeth will meet in occlusion. Generally,
the Frankfort-mandibular planes angle is increased and frequently, but not
always, there is a Class [11 skeletal pattern.

It is interesting that except in the most severe cases, the open bite is seldom of
concern to the patient either aesthetically or functionally. Frequently, of course,
coexisting features such as mandibular protrusion do worry the patient, Correc-
tion of the anterior open bite by orthodontic means alone is rarely indicated.
Appliance therapy 1o elongate the incisors will rarely be successful. Extraction
or grinding of posterior teeth 15 defimitely contraindicated since the patient will
then be forced to overclose into occlusion, exaggerating any prominence of the
mandible and possibly giving rise to muscle pain at a later date. Overlay
dentures are contraindicated because of the problems of food stagnation and
because they rarely improve the appearance of this tvpe of patient. The only
successful treatment is surgery (see Chapter 22), although such an approach is
vilid only in highly motivated patients. Of course, if surgery to correct a Class
[1I skeletal pattern is to be undertaken it should be planned to deal with the open
bite at the same time.

Soft tissue fauctors, Where there is an anterior open bite due to other aetiological
factors (e.g. a habit) the tongue will frequently come forwards to fill the gap.
This is purely an adaptive pattern of behaviour. A tongue-to-lip anterior oral seal
(see Chapter 5) i1s usually associated with an incomplete overbite. The tongue
behaviour will re-adapt on correction of the overbite. In the very rare cases of a
primary atypical tongue thrust, the soft tissue activity is responsible for an
incomplete overbite or even an anterior open bite. As discussed in Chapter 5,
these cases are difficult to diagnose and may not be suitable for orthodontic
treatment.

Habits. Digit or dummy sucking may produce an anterior open bite, which will
often improve spontaneously on cessation of the habit (also see Chapter 8).

Miscellaneous. The various developmental (e.g. cleft palate), pathological (e.g.
bony dysplasia) and traumatic (e.g. bilateral condylar fracture) causes of anterior
open bite will not be discussed here.
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Transverse malrelationships
Buceal segments

e malrelationship of the buccal segments 1s termed a ‘crossbite’ and
W e k= Mleteral (Figure 10.1) or unilateral (Figure 10.2). In most cases of
crossbite the upper arch is narrow, relative to the Yower, so the buccal cusps of
the lower teeth overlap the buccal cusps of the uppers. Occasionally, a lingual
crosshite or “scissors bite’ is found in which the upper teeth completely overlap
the lowers buccally.

Bilateral crossbite

This is a symmetrical transverse arch malrelationship and is usually skeletal in
origin. The maxilla i5 narrow in relation to the mandible and this is reflected in
e arch widths. Bilateral crossbites are frequently found in association with
severe Class 111 malocelusions (Figure 10.1), in part because the maxilla is often
narrow relative to the mandible and in part because a broader part of the lower
arch opposes a narrower part of the upper arch (due to the honzontal discre-
pancy ).

Although from a theoretical viewpoint masticatory efficiency 15 reduced. 1n
practice a bilateral crosshite is seldom of functional significance. Additionally,
expansion of the upper arch 1o correct the crossbite 15 rarely stable. Thus these
malocclusions are usually best left untreated. Occasionally, rapid expansion of
the mid-palatal suture may be attempted using a lixed appliance, This should be
undertaken only as part of a more general treatment plan, and although
expansion of the suture may be stable, occlusal relapse may still follow.

Unilareral crosshite
It is important to distinguish between unilateral crossbites with lateral displace-
ment and those without.

With displacement (Figure 10.2). In most non-pathological cases of unilateral
crossbite, when the mandible is at rest, the arches are symmetrical. However,

Figure 10.2 A unilaters] crosshite. Mote that the lower centre line is also off to the right. In centric
relation this patient’s buccal teeth would meet cusp to cosp, and so there 15 a lateral displacement to
thi right i order te obtain maximal ecclusion
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both arches have the same relative width and with normal hinge closure the
cheek teeth would meet cusp to cusp, In order to achieve maximal intercuspa-
tion, the mandible is displaced to one side so that there is an apparently
asymmetrical malocclusion. Generally, the midlines of the arches will be
coincident at rest (before contact), but in occlusion the lower midline will be
displaced to the side of the crosshite.

The aetiology of this type of occlusion may be a transverse skeletal discre-
pancy, similar to but less severe than the type causing a bilateral crosshite (i.e.
the maxilla may be narrow relative to the mandible and there may be a mild
Class 111 skeletal pattern). However, a unilateral crosshite of this type may be
caused by soft tissue factors. For example, if swallowing habitually takes place
without occlusion of the teeth, pressure from the cheeks may equalize the widths
of the arches. Similarly, with habits such as persistent digit sucking, forces from
the cheeks whilst the teeth are not in occlusion may narrow the maxillary arch
so that a unilateral crossbite with mandibular displacement occurs.

The amount of expansion of the upper arch necessary to correct the crosshite
is small and, unlike a bilateral crosshite, the occlusion of the teeth will normally
prevent relapse. As the maxillary arch is basically symmetrical the expansion
should be bilateral.

Without displacement. Here there is a true asymmetry of one arch which will
often reflect an underlying skeletal asymmetry. This may be within normal
limits but occasionally it is produced by some pathological factor. For example,
unilateral cleft palate produces a maxillary asymmetry, whilst unilateral con-
dvlar hyperplasia may produce a mandibular asymmetry with secondary ocelu-
sal effects.

Clearly, where the crossbite is produced by some pathological factor, treat-
ment considerations will primarily be directed towards the basic anomaly
although occlusal factors are also important (cleft palate is discussed in Chapter
23}

A unilateral crosshite without displacement in an individual with an otherwise
normal occlusion does not usually require treatment but, if treatment is under-
taken, it may be unstahle.
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Class 1 maloeclusions are by far the most common problem, accounting for
about half of all malocclusions.

Occlusal and dento-alveolar features
Labial segments

In a Class I incisor relationship, the lower incisor edges should occlude with or
lie directly below the cingulum plateau of the upper incisors (Figure 11.1). This
relationship need not apply to all the incisors: for example, there may be local
irregularities such as rotations or there may be one or two instanding upper
incisors. However, taking the labial segments as a whole, there should be a
normal antero-posterior relationship between them.

Figmre 1.1 A Class | malocclusion associated with a Class | skeletal paitern
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Buccal segments

There may be any type of molar relationship present. This will depend on the
teeth that have been lost previously. The buccal segments may be asymmetrical
due to earlier asymmetrical tooth loss. This, in turn, may produce a centre-line
shift. Because of the order of eruption, if there is a crowded dental arch, the last
tooth within the arch to erupt will often be impacted or crowded out of the line
of the dental arch. Mandibular second premolars often have a vertical impaction,
and maxillary canines are frequently buccally excluded.

Skeletal relationships
Antero-posterior

The skeletal pattern is usually Class I (Figure 11.1), but it is possible to find a
Class | malocelusion in association with a Class 11 or Class 111 skeletal pattern
provided that the inclinations of the teeth, and their positions on the skeletal
bases, compensate for the skeletal malrelationship.

Vertical and transverse

The jaw relationships in the vertical and transverse planes are usually within the
normal range but there may be malrelationships in these planes and associated
occlusal anomalies.

Mandibular positions and paths of closure
Displacement of a single tooth from arch line due to crowding may give rise to a

premature contact with the opposing arch and lead to a displacement on closure.
(See also Chapters & and 10.)

Soft tissues
As in the case of the skeletal relationships, the soft tissue form and activity are
usually within the normal range.

Growth

For Class | malocclusion there will be harmonious growth between the maxilla
and mandible which maintains the skeletal relationships in all three planes.

Oral health

As with most malocclusions, except in specific circumstances, a Class |
malocclusion, per se, does not pose a specific threat to the long-term dental
health of the individual. There are one or two exceptions:
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. Incisor crosshite. A lingually placed upper incisor may suffer abrasion on its
labial surface from its opposing tooth which, in turn, may be displaced
labially with loss of periodontal support.

2. Localized problems. Partially erupted or impacted teeth, or severely imbri-
cated teeth, may create local stagnation areas where plaque removal is
particularly difficult, even for the oral hygiene enthusiast! This can lead to
the two major plaque-related diseases of caries and periodontal disease.

Treatment aims

The aims of treatment can be summarized as follows:

. To improve the aesthetics of the teeth and the function of the teeth and jaws.

2. To relieve crowding and produce alignment of the teeth within the arches.

1. If necessary, to reduce a deepened overbite and improve the interincisal
angle.

Treatment planning

Treatment of the upper and lower arches must be coordinated. The general aims
of treatment will be relief of crowding and alignment of the teeth. As a rule, it is
simplest to plan treatment of the lower arch first, then to build the upper arch
around the lower. Usually the size and form of the lower arch must be accepted
if the result is to be stable. As a general rule in Class | cases, if extractions are
necessary in the lower arch, matching teeth should be extracted from the upper
arch. However, if there is an asymmetrical problem (e.g. a centre-line shift), then
an asymimetrical extraction pattern may be required. Usually the absence of any
teeth will necessitate modifications to the treatment plan.

Treatment options
No treatment

The presence of a malocclusion does not automatically indicate a need for
remedial treatment. Many mild malocclusions can and should be accepted as
part of the rich variety of life. Some patients feel that mild tooth displacements
lend ‘character” to their smile and do not wish treatment.

Extractions

Where teeth are favourably inclined, for example mesially-tipped canines, loss
of first premolars will create space for the spontaneous uprighting of the
canines, Similarly, loss of lower first premolars will relieve the vertical impac-
tion of second premolars and they should then erupt into occlusion. There can
be no guarantee that this spontancous change will occur, and the patient should
be reviewed regularly.

Approximately nine months after the extractions most of the spontaneous
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change will have taken place and a decision will need to be taken regarding
further active treatment.

Removable appliances

An upper removable appliance can tip teeth mesiodistally or labiopalatally.
Provided that the mitial position of the tooth is favourable for tipping, a

ih)

Figure 11.2 (a) Occlusal view of upper arch of patient with hypodontia. Note that hoth first
permanent molars are rotated mesiopalatally, (b} A quad helix appliance has been attached to
stainless-steel bands on the molars to derotate them, and is now being used to help stabilize these
teeth whilst other work s carried out using a bonded upper fixed appliance
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satisfactory result may be expected. Lower removable appliances are seldom
used, as they are difficult to fit, constrict the tongue space and have limited
space for the active components. Should tooth movement in the lower arch be
necessary, a lower fixed appliance should be used.

Single arch fixed appliances

A common approach in the UK is the *2 % 4’ single arch fixed, 1.e. bands on the
molars (the ‘2") and bonded brackets on the incisors (the *4"). This produces
alignment of the anterior teeth and may be placed on the upper or lower arches.
This is particularly useful if there are incisor rotations. A full single arch fixed
will clearly give better control of all the teeth.

Upper and lower arch fixed appliances

There 1s no doubt that these give the best control of all the teeth and hence a
high likelihood of a good quality result. In the severely crowded mouth with
anterior and/or posterior rotations, this 1s the treatment of choice. Adjuncts such
as a quad helix may be used to derotate molars (Figure 11.2b), or correct simple
crosshites, as well as contributing to molar anchorage. Vertical control of teeth
18 also possible, elastics being attached to the upper and lower teeth to close
down an open bite arising from a dento-alveolar problem such as a prolonged
digit-sucking habit.

Functional appliances

These are rarely of assistance in the management of true Class | cases.

Orthognathic surgery

This approach is only of assistance in unusual and specific conditions, most
often related to severe vertical discrepancy.

Post-treatment stability

Correction of rotations i1s one of the major problems of post-treatment stability.
Various methods have been tried to enhance stability. (See also Chapter 25.)

Over-correction. By anticipating the relapse, over-correction of the rotated
tooth should allow the tooth to settle in its correct position. It 15 very difficult to
estimate how much over-correction will be necessary.

Pericision. This is severing of the supracrestal periodontal fibres that run between
the tooth and the gingivae (see Chapter 20 and Figure 15.2). These fibres are slow
to remodel (not being attached to bone), and by cutting through them the tension
within the area is released, and new attachments are made with the tooth in its
corrected position. This technique has failed to fulfil all its theoretical promise,
although the amount of' relapse is reduced in teeth which have had pericision.
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Positive retention. Using a palatally or lingually bonded retainer, attached 1o
the derotated tooth and its adjacent teeth, there should be little opportunity for
rotational relapse to occur.

Long retention. Reitan showed that tension in the periodontal ligament follow-
ing tooth rotation lasted for about nine months. This means that full-time
retention should last for at least that long. This may be achieved in part by
correcting rotations early in treatment.

Combined treatment. Any of the above in combination.

Further reading

Ahreus, DG, Shapiro, Y, and KulTinee, M.M. (1981 L An approach o rotational relapse. American
Sorermal of Chethogontics, 80, 8391,

Houston, WAB. (1989). Incisor cenlroid relationships and overbite depth, Ewropean Journal of
Cirthoenetics, 11, 139=43.




Chapter 12
(Class Il Division 1 malocclusions

After Class I malocclusions, Class I1 Division | are the most common malocelu-
sions, accounting for between 25 and 33% of all malocclusions in a typical
Western population.

Occlusal and dento-alveolar features
Labial segments

The lower incisor edges lie posterior to the cingulum plateau of the upper
incisors and there is an increased overjet. The overjet may be increased due to:

¢ Proclined upper incisors as a result of digit-sucking, lower lip activity or
developmental position.

¢ Retroclined lower incisors as a result of digit-sucking, lower lip activity or, in
severe cases with increased overbite, the lower incisors being trapped behind
the vertical part of the anterior palate.

o Skeletal Class I1 relationship. With a skeletal Class 1l relationship the lower
incisors may well be proclined beyond their normal angulation, as a result of
a natural attempt to compensate for the antero-posterior skeletal discrepancy.
In the upper arch the incisors may be at a normal angulation to the maxillary
plane.

* Any combination of the above.

The overbite is variable and may be influenced by the underlying skeletal pattern
or various soft tissue factors such as tongue thrust or digit-sucking. Most
commonly, the overbite 1s increased and complete.

Buccal segments

It is possible to have Class I buccal segments, in which case the upper incisors
will be proclined or lowers retroclined. More usually the molars are Class 11,
with the mesiobuccal cusp of the upper first molar anterior to the mid-buccal
groove of the lower first molar.
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Skeletal relationships
Antero-posterior

There is usually a Class Il skeletal pattern (Figure 12.1). In many cases this is
the primary actiological factor responsible for the Class 1l arch relationship. The
more severe the skeletal malrelationship, the more severe the malocclusion is
likely to be and the poorer the prognosis for orthodontic correction alone.

In a number of cases the skeletal pattern is Class | (or rarely mild Class I11).
In these cases, it is the position of the teeth on the skeletal bases that is at fault.
due either to their developmental positions or to their inclination under the
influence of the soft tissues or digit-sucking habit.

Vertical

The anterior skeletal face height is usually average, although it may be either
high or more rarely low. A high angle or dolichofacial pattern is usually
associated with an unfavourable facial profile with little chin prominence.
Orthodontic treatment for these patients is difficult. The incisor overbite will
often reflect the vertical skeletal arrangement.

Transverse

There are no characteristic transverse malrelationships.

Figure 12.1 A Class [l Division | malocclusion associated with a Class (1 skeletal pattern
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Mandibular positions and paths of closure

In many cases the mandible is habitually in the rest position and there is a
centric path of closure. In a few cases the mandible is habitually postured
forwards to facilitate the production of a lip seal, the so-called ‘Sunday face’. 1f
there is a well-established postural habit. the patient will be able to close easily
into their forward position, and the unwary practitioner may attempt to correct
what, at first sight, appears to be a relatively mild problem. Once treatment has
started, the mandibular posture will be revealed and this may present consider-
able treatment difficulties, especially if inappropriate teeth have been extracted.
True distal displacements are rare.

Soft tissues and habits

The lips are frequently incompetent (see Figure 5.1¢). This often contributes to
the lack of control and consequent proclination of the upper incisors. In some
cases, a lip seal will be maintained, but frequently there is a tongue-to-lower-lip
seal with the lower lip lying behind the upper incisors (Figures 12.2a and 5.2),
If, after retraction of the upper incisors, a lip seal will be obtained with the lower
lip covering the incisal third of the upper incisor {(Figure 12.2b), the outlook for
stability is good. If, however, the lower lip does not control the corrected upper
incisor position but a tongue-to-lower-lip anterior oral seal continues, the prog-
nosis for treatment stability is poor.

In & very few patients there is a primary atypical swallowing behaviour (see
Chapter 5). This will be an aetiological factor in producing the incisor
malrelationship and will preclude a stable reduction of the overjet. In these cases
the overjet should be accepted.

{a) ih)

Figure 12.2 (0} An adaptive anterior oral seal with contact between tongue and lower lip. (b)
Following retraction of the upper incizors, an anterior seal will be obtained by lip contact. The lower
lip covers the incisal third of the upper incisors and this will ensure stability of the overjet reduction
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Those patients with a reduced face height (brachyfacial) will have an everted
lower lip resting on the palatal of the upper incisors, and will frequently have a
strong mentalis muscle activity maintaining an oral seal (see Figure 5.1d). These
can be difficult to treat as the lower lip resists the lingual movement of the upper
incisors (see Figure 5.2).

There is often a history of digit-sucking and in some cases this may have
contributed to the incisor malrelationship (see Chapter 8),

Growth

The differential growth rate of the two jaws is generally helpful in Class [l
Division | cases, as mandibular growth will tend to reduce the severity of the
problem. Those patients with dolichofacial patterns (see Figure 5.1b) will have
less favourable growth direction than the brachyfacial pattern, the former
exhibiting vertical mandibular growth, the latter horizontal mandibular growth.

Oral health

An overjet in excess of 6 mm, in conjunction with incompetent lips in a 7-14-
year-old boy, signifies a high risk of accidental fracture of the upper incisors.
Unfortunately, unless a functional appliance is prescribed (see below and also
Chapter 18), the age range during which there is the greatest risk of trauma is
not normally associated with orthodontic treatment.

Incompetent lips are also often associated with hyperplastic gingivitis around
the upper incisors. This is sometimes incorrectly called ‘mouth-breathing
gingivitis’, although in fact these patients are not usually mouth-breathers (there
is often an anterior oral seal between tongue and lower lip and a posterior seal
between the soft palate and dorsum of the tongue). The gingivitis is a result of
the dryving out of the oral mucosa due to the lack of lip cover.

Although in some cases with a deep, complete overbite the lower incisors
occlude directly with the palatal mucosa, trauma is surprisingly rare.

Treatment aims

The aims of treatment can be summarized as follows:

|. To improve the aesthetics of the teeth and the function of the teeth and jaws.

2. To relieve crowding and produce alignment of the teeth within the dental
arches.

3, To reduce the overjet but not at the expense of worsening the upper lip
contour. {Beware over-retracting the upper incisors to match a true mandi-
bular arch retrusion. )

4, To reduce the overbite and achieve a stable interincisal angle, if necessary
applying palatal root torque to the upper incisors.

5. To achieve a good intercuspation between upper and lower buccal teeth. This
would usually be Class 1, but could be Class 11 (see below).
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Treatment planning

The primary objectives of treatment are to relieve crowding and to correct the
incisor relationship. Attention should also be paid to the buccal segment
relationship. In the interests of stability and occlusal function, there should be a
good intercuspation between the upper and lower teeth. A Class 11 buccal
segment relationship (which may result if premolar extractions are undertaken
only in the upper arch) is, on occasions, acceptable provided that the intercuspa-
tion is good. It is a prerequisite of any orthodontic treatment plan that the
number, location and long-term prognosis of all teeth are confirmed, most
particularly if tooth extraction is envisaged.

The lower arch

The lower arch should be planned first. Under most circumstances the antero-
posterior position of the lower incisors, and the intercanine width must be
accepted. Proclination of lower incisors is only acceptable if they are clearly
held in a retroclined position. This means that if there is crowding, teeth usually
will have to be extracted. Research has shown that the lower intercanine width 1s
stable after the age of about nine vears, and alteration of this dimension will not
be stable. Space will also be required in the lower arch in order to level the curve
of Spee, which is frequently increased when the overbite is deep. Without
extractions, space for lower arch levelling can only come from such spacing as
may already be present, or arch expansion such as lower incisor proclination or
molar retroclination. Transverse expansion is rarely indicated.

Figure 12.3 When the overjet is large and if the upper incisors are not sufficiently proclined,
retraction with a removable appliance will produce a Class 11 Division 2 incisor relationship
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The upper arch

The upper anterior teeth are much more amenable to permanent and stable
alteration of their positions. Thus. the upper arch should be built around the
lower arch. If lower extractions are required, then upper extractions will be
necessary. Particular attention should be paid to the post-treatment incisor
inclination; where tipping of the incisor leads to a retroclined final position,
bodily movement and/or torque with a fixed appliance should be planned for,
and the necessary anchorage requirements considered in the initial plan. A Class
Il Division | incisor relationship should never be converted to a Class [l
Division 2 pattern by treatment (Figure 12.3).

Treatment options
No treatment

A mild Class 1T Division 1 incisor relationship may be considered quite
attractive, and correction of the problem should only be considered if there are
clear oral health or psychological reasons.

Extractions only

This is rarely successful. Loss of teeth will relieve crowding, but has no benefit
to the antero-posterior inecisor relationship. In fact, if anything, loss of lower
premolars will encourage some mild retroclination of lower incisors, which
would increase the overjet. In the lower arch, if extractions are necessary,
increased mesial crown tip of the canines must be present so that these teeth
may upright spontaneously into the extraction site. Residual space should close
by mesial movement of the posterior teeth. On occasions, as a compromise,
totally buccally excluded teeth may be extracted when no other treatment is
planned.

Removable appliances

If the upper incisors are proclined, and the maxillary canines have an increased
mesiodistal tip, then removable appliance mechanics can produce a satisfactory
result, Remember that if lower canines will be moving distally, the amount of
distal movement necessary for the upper canines to achieve a Class | relation-
ship will be increased, and this may influence the choice of treatment mech-
anics,

Typically, treatment of Class Il Division 1 using removable appliances will
involve the following stages:

4/4
|. Extraction of first lars: -
Xiraction or rrst premolars 4;"4

2. Upper removable appliance with:

s Adams clasps on the first molars
» Southend clasp on the incisors
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e canine retraction springs (these may be buccally or palatally approaching,
depending on the labiopalatal position of the canine)
» an anterior biting platform for overbite reduction.

Once the canines have been moved distally into a Class 1 relationship with the
lower canines, a second appliance for overjet reduction and maintenance of
overbite reduction will be needed as follows:

* Adams clasps on molars

o soft wire spurs to mesial of 3/3

* wire spring (e.g. Roberts retractor) to reduce overjet (for a full range of labial
bows suitable for palatal tipping of upper incisors see Adams and Kerr, 1990)

o anterior biting platform to maintain overbite reduction.

The acrylic should be trimmed progressively from behind the upper incisors to
provide space for their palatal movement. In trimming the bite plane to allow
upper incisor retraction (see Figure 16.11), it is important to clear it well away
from these teeth yet to maintain contact with the lower incisors and provide
space for the palatal mucosa to move back. This is because the soft tissues
remodel at a much slower rate than the hard tissues. The wire spurs to the
canines will have to be removed in the later stages of treatment to allow contact
between canine and lateral incisor.

Once overjet reduction is complete the same appliance with a passive labial
bhow may be used as a retainer. Alternatively, a third retainer appliance will he
necessary:

» Adams clasps on first molars
» Hawley bow.

This should be worn full time for 4—6 months followed by a period of nocturnal
retention. (See also Chapter 16 for further details on appliance construction and
use. )

Anchorage control

There is no such thing as a static anchor point, unless an implant or ankylosed
tooth is used. It is important therefore to be able to assess the amount of
anchorage loss that is occurring. There are a variety of ways in which anchorage
loss (i.e. in these circumstances unwanted mesial movement of the upper
molars) may be judged:

Reduction in canine—molar distance. Progress of distal movement of canines 1s
often recorded by measuring from a reproducible point on the canine, such as
the cusp tip, back to another reproducible point on the molar, such as the mid-
buccal groove. During treatment this distance should reduce and this may be
brought about by:

» distal movement of the canine {desirable). or
* mesial movement of the molar, which is undesirable anchorage loss.

Canine relationship. 1f the canine is moving distally, and provided that there
have been no lower arch extractions, there will be a change in the canine
relationship towards Class 1. However, if there have been lower arch extractions
the lower canines will also be moving distally spontaneously, consequently there
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may be little or no change in canine relationship for some time and this may
mask loss of anchorage control,

Maolar relationship. If no lower arch extractions have been carried out, mesial
movement of the upper molar will result in a change in the molar relationship.
However, if lower extractions were carried out, then mesial movement of the
upper molar may go undetected, as the lower molar will also move mesially.

(verjer. If the molars move mesially during canine retraction, the baseplate of
the appliance. which is attached to the molars via the Adams clasps, will also
move mesially. Contact of the baseplate with the palatal of the upper incisors
will, in turn, mean that these teeth will be pushed forwards with a consequent
increase in overjet. This is probably the most reliable means of monitoring
anchorage loss. It must be remembered, however, that the presence of an anterior
hiting platform will rotate the mandible downwards and slightly backwards, and
this in itself will produce a small increase in the overjet. The overjet should
always be measured with the appliance out of the mouth, and with the mandible
In maximum retrusion,
For methods of anchorage reinforcement and control see Chapter 16.

Bimaxillary proclination

Correction of a Class Il Division | malocclusion in which there is an increased
and complete overbite and proclined lower incisors, as in a significant bimax-
illary proclination, should not be attempted using removable appliances. The
resolution of forces on the lower incisors from the anterior biting platform will
tend to procline these teeth even further, and prevent full overbite reduction
(Figure 12.4). This is an unstable situation and will lead to failure of treatment.

Single arch fixed appliance

The use of a single arch fixed appliance to correct a Class 11 Division |
malocelusion can only be attempted where there is no overbite problem, and is
indicated where the angulations of the canines are unfavourable for tooth tipping

Figure 12.4 The unwanted effects of an anterior biting platform on a removable appliance used in a
bimaxillary proclination case. The effect of the biting platform on the lower incisor is to produce a
smill amount of intrusion, and some further proclination of the tooth, This will be self-limiting when
the root meets the lingual cortical plate of bone. The overall effect is an unexpected reduction in
overjel caused by lower incisor proclination, which is unstable and liable to relapse when the
apphance 15 withdrown
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and/or there are incisor rotations. The need for headgear is also increased, as
mtermaxillary anchorage reinforcement is impossible in the absence of a lower
appliance.

Upper and lower arch fixed appliances

This treatment has the ability to deliver the highest quality of result in the
majority of cases. Control of all the teeth in all planes of space is possible. and
the opportunity to use intermaxillary traction to reinforce anchorage can often
obviate the need for headgear. Use of fixed appliances is indicated where any of
the following conditions exist:

* the angulation of the canines is unsuitable for simple tipping

the upper incisors are already at their correct inclination to the maxillary
plane

there are anterior and/or posterior rotations

the lower incisors are proclined or retroclined

the maloeclusion is more severe

controlled space closure of residual space in the extraction site is required
there is an increased and complete overbite in an adult

multiple and/or three-dimensional tooth movements are necessary.

Functional appliances

Use of a functional apphiance is appropriate in specific circumstances:

 there must be two well-aligned arches

» there must be average face height/maxillary : mandibular planes angle

e there should be some proclination of the upper incisors, and minimal
proclination of the lower incisors

# there should be a noticeable improvement in the facial profile when the
patient postures the mandible forwards

* the patient should not yet have entered their adolescent growth spurt

¢ it must be accepted that further treatment using other forms of mechanies
may be necessary.

See Chapter 18 for a full discussion of functional apphances.

Orthognathic surgery

Severe skeletal discrepancies will not allow the usual dento-alveolar camouflage
that orthodontic treatment can produce. A combined orthodontic/orthognathic
surgical approach is required. This essentially involves alignment of each arch
ndividually to produce correct tooth relationships and inclinations within each
arch. The arch relationships are then surgically corrected and some further
orthodontic treatment will be required to settle the teeth into a suitable final
occlusal arrangement. This requires careful planning by both the orthodontist
and the maxillofacial surgeon for a successful outcome. See Chapter 22 for
further details.
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Post-treatment stability

The aim of treatment is to bring the upper incisors under control of the lower
lip. This usually means that the lower lip should overlap the incisal third of the
upper incisor, If this lip control cannot be achieved, some form of permanent
retention may be necessary. This may take the form of a Hawley retainer worn
on alternate nights, or a bonded palatal retainer attached to the six upper anterior
teeth.

Further reading

Adams, C.P and Kerr, WIS, ( 1990). The Desipn and Use of Removable Applianees, 6th edn. Oxford:
Butterworth-Heinemann,
Houston, W.I.B. and Walters, N.R.E. (1977). The design of buccal canine retraction springs for

removable orthodonte appliances, British Journal of Chthodontics 4, 191 -5,
Muir, 110 and Reed. BT, (1979, Toork Movemenis with Removatde Applignces. London: Pitman

Medical.




Chapter 13
Class 11 Division 2 malocclusions

Class 11 Division 2 malocclusions occur in approximately 7 to 10% of a Western
(largely Caucasian-based) population.

Occlusal and dento-alveolar features

According to Angle’s classification, in a Class 11 Division 2 malocclusion the
lower arch should be at least one-half cusp width postnormal to the upper, and
the upper central incisors should be retroclined (see Figure 7.3). The upper
lateral incisors may be similarly retroclined although in other cases, particularly
in the presence of crowding, they may be proclined.

Labial segments

The amount of retroclination of the upper central incisors is closely related to
the degree of postnormality of the lower arch, which is, in turn, related to the
severity of the skeletal malrelationship. The upper lateral incisors, when
proclined, are typically mesially inclined and mesiolabially rotated (see Figure
7.3). Otherwise they may be retroclined in a line with the central incisors.

The lower labial segment is frequently retroclined, in sympathy with the
uppers. a feature that may contribute to lower incisor crowding but also
increases the interincisor angle and so has an adverse effect on the depth of
overbite. Often the overbite is worsened by a tendency to dento-alveolar vertical
excess of both upper and lower labial segments. In such a presentation typically
the lower curve of Spee is increased, whilst in the upper jaw the patient may
appear to have a ‘gummy smile’.

The overjet is usually only slightly increased, the distal position of the lower
arch being compensated for by the retroclination of the upper central incisors. In
severe cases, where there is a marked Class 11 skeletal pattern, the overjet may
be larger. In this type of case the overbite tends to be deep and complete, the
depth of overbite depending on the severity of the skeletal malrelationship and
the size of the interincisor angle.

In the majority of patients presenting with this malocclusion the overbite is
only mildly or moderately increased but on occasions it can be very deep. with
the lower incisors occluding on the palatal mucosa and the upper incisors on the
gingivae labial 1o the lower incisors. In the presence of poor oral hygiene there
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can be severe soft tissue inflammation associated with such a presentation.
Fortunately — for they are quite difficult to treat — these severe cases are quite
rare. Most Class Il Division 2 cases are mild with a deep, but not excessive,
overbite,

Buccal segments

These may be crowded if there has been early loss of deciduous molar teeth with
forward drift of the first permanent molars. Lateral or vertical exclusion from
the dental arch of the second permanent premaolars is not uncommon,

Skeletal relationships
Antero-posterior

The skeletal pattern is usually Class | or mild Class Il (Figure 13.1). The profile
15 frequently well balanced. although tending to a bimaxillary retroclination,
with the chin in a good relationship with the rest of the face.

The receding chin, so often seen in Class T1 Division 1 cases, is not commaon
in Class 1l Division 2. These malocclusions are not usually associated with
severe Class II skeletal patterns unless the malocclusion is a result of an
inappropriate treatment where the upper incisors in a severe Class 11 Division 1
case have been tipped back to reduce the overjet (see Figure 12.3). In the patient
presenting with a true Class Il Division 2 with a significant skeletal discrepancy.
studies employing lateral cephalograms have found the cause of the discrepancy
often to be an increase in the length of the anterior cranial base. This leads to a
more distal positioning of the glenoid fossa and thus the mandible.

Figure 13.1 A Class I Division 2 malocclusion associated with a mild Class 11 skeletal pattern
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Vertical

The lower facial height 1s reduced or average. The Frankfort—mandibular planes
angle 1s often low, this reading frequently being accentuated by an upward
canting of the distal part of the maxillary plane. The low anterior facial height
may contribute to the depth of overbite.

Transverse

There are no characteristic malrelationships. However, in rarer presentations
with a large skeletal discrepancy, a ‘scissors bite” (with upper buccal teeth
occluding outside lowers) may be present.

Mandibular positions and paths of closure

In many cases, the habitual position of the mandible is the rest position and the
path of closure into occlusion is a simple hinge movement. In some of the more
severe cases, however, the mandible is habitnally postured downwards and
forwards. The reasons for this are obscure but it i1s important to recognize that
the upward and backward path of closure in these cases is a deviation into a
position of centric occlusion and is not a distal displacement. True posterior
displacements are sometimes found in Class Il Division 2 cases, particularly
where there has been loss of posterior teeth. These patients will often present
with pain in early adult hife. Attrition facets will be observed on certain teeth.
Careful occlusal analysis and equilibration are necessary.

Soft tissues

The lips are held together, usually with minimal circumoral contraction. The lip
line is often high, the lower lip covering more than the occlusal half of the upper
incisors, a factor which is often important in the aetiology of the condition (see
Chapter 5). In some cases there may be an accentuated labiomental fold. and an
increased nasio-labial angle, with flattening of the upper lip profile is a frequent
finding.

Variations in swallowing behaviour are not usually important in the actiology
or treatment of this malocclusion.

Growth

Many patients with this type of malocclusion exhibit a closing growth rotation
(see Chapter 3). This will contribute to the reduced facial height and the deep
overbite tendency. It may also make the reduction of the overbite more difficult
during treatment necessitating true intrusion of the lower incisors, by means of a
fixed appliance to reduce (flatten) the curve of Spee.
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Tooth morphology

A common finding in this group of patients 15 a reduced or absent palatal
cingulum on the upper incisors. This can be another factor contributing to the
excessive overbite. There 1s also an increased chance of the teeth being smaller
than normal. Occasionally there is a reduced crown/root angulation, although
beware the superimposition effect between central and lateral incisors on lateral
cephalograms when making this diagnosis.

Oral health

Oral health is usually good. given a reasonable level of oral hygiene and dental
care. In cases with excessive overbite, where the lower incisors occlude with the
palatal mucosa and the upper incisors with the gingivae labial to the lower
incisors, direct trauma to the gingivae may develop. This often does not anse
until the patient reaches adult life, and 1t is much more common where there has
been loss of posterior teeth. Where inflammation of the palatal mucosa
associated with a deep, complete overbite is observed, the symptoms appear to
be evelical. Local oral hygiene is often an important factor in this presentation
and should always be addressed first.

An excessive overbite is a potentially traumatic relationship; it should. where
possible, be corrected in the early permanent dentition. This is not an easy
correction and usually requires complex fixed appliance treatment.

Treatment aims

The main treatment aims can be summarized as follows:

1. To improve the aesthetics of the teeth and the function of the teeth and jaws
but not at the expense of the lip and facial profile.

To relieve crowding and produce alignment of the teeth within the arches.
Where the overbite is excessive, to reduce it. Where the overbite is not
excessively deep and there is tooth-to-tooth contact, it may then be best to
accept the position of the upper central incisors and concentrate on alignment
of the other teeth. If the overbite is to be reduced, the interincisal angle must
also be reduced by torquing back the upper incisor apices with a fixed
appliance.

4. If the overjet is increased, reduce it.

b

ek

Treatment planning

It is of course essential to check that all teeth are present, sound and in
favourable positions. The absence of third molars will not usually mfluence
treatment unless extraction of second permanent molars is being considered. In
fact this approach, or alternatively a non-extraction treatment, is not an
uncommon choice in these cases, since space is provided by increasing the arch
length when incisor inclinations are changed to improve the interincisal angle.
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As is common in other malocclusions the planning process usually involves
an initial assessment of the lower arch to estimate space requirements. As part
of this process the crowding present, the overbite reduction necessary and the
flattening of the curve of Spee that is required should all be considered in the
calculation of the space needed for treatment.

In many cases a bimaxillary retroclination is an integral part of the presenting
malocelusion. In order to obtain an improved profile and in the interests of
obtaining a good finishing interincisal angle the incisors may, on occasion, be
proclined during treatment. This procedure always carries a risk with regard to
long-term stability but carries the best prognosis in Class [1 Division 2
malocelusions where incisors often present far more retroclined than normal.

The upper arch is examined from the point of view of crowding, torque
requirements (where the upper incisors are significantly retroclined) and ancho-
rage.

Treatment options
No treatment

In milder Class Il Division 2 malocclusions in which the typical facial
appearance Is acceptable, as is the overbite, and the incisors are neither too
retroclined nor too crowded. advising no active treatment can be a very reason-
able approach to management.

Extractions only

This is rarely an acceptable treatment approach in this type of malocclusion.
However, where buccal crowding is severe with a tendency for the premolars to
be excluded from the arch this may be an option to consider, always provided
that the Class 11 Division 2 pattern 1s mild.

Removable appliances

In these types of malocclusion an upper removable appliance is most frequently
used to assist in the reduction of the deep overbite during the early stages of a
fixed appliance treatment (adjunctive support). In a very limited number of cases
a definitive simple removable treatment alone may be appropriate. An example
might be where a labial spring is used to tuck a single proclined lateral incisor into
the arch. This movement would be performed after an ‘en masse” appliance (see
Chapter 16) had been used to move the teeth of the buccal segments distally in a
case where both the incisor alignment and overbite was otherwise acceptable.

The use of an isolated removable appliance, particularly in combination with
a premolar extraction pattern, is rarely prescribed in Class 11 Division 2
malocclusion.

Single arch fixed appliances

An upper fixed appliance alone might be considered where the overbite and
upper central incisor inclination 1s largely acceptable. Extra-oral traction might
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then be applied to the upper first molars via cemented fixed bands (see Chapter
17). When sufficient space has been achieved by this means or by a second
premolar extraction when buccal segment crowding is present, an upper
appliance may be fixed to the teeth to align and derotate the upper lateral
incisors. Some limited torquing of incisor apices may be possible, as may
limited centre-line corrections; otherwise these types of movement are best
achieved with a full twin-arched fixed appliance.

Upper and lower arch fixed appliances

The vast majority of patients presenting with a Class 11 Division 2 malocclusion
are best treated through the application of a full upper and lower fixed appliance.

Extraction pattern

The first option, which should always be considered, is whether this malocclu-
sion may be corrected on the basis of ‘no extractions’ or alternatively loss of the
permanent second molars. Often. where the incisors are retroclined, torquing the
root apices palatally will increase the arch length and gain sufficient space to
both align the dental arches and reduce the overbite. In such a situation a high
level of patient compliance is essential since the end result depends on the extra-
oral traction (headgear) being worn by the patient for long periods to supplement
the anchorage. Where the incisors require more torque to achieve an acceptable
interincisal angle, or there is a deeper mitial overbite, or the crowding is more
severe, then premolar extractions might be considered (usually four second
premolars).

Occasionally, when only limited movements of lower teeth are deemed
necessary, upper premolar extractions alone might be a valid plan in combina-
tion with a full fixed appliance. However, if this approach is to be taken a Class
Il molar relationship will result at the conclusion of treatment. There 15 some
evidence that in such a circumstance, especially in Division 2 cases, that there 1s
a higher risk of long-term lower incisor imbrication (and/or residual spacing in
the upper arch) since the width of a premolar does not match half a molar.

Overbite

One of the chief reasons for employing a twin arch fixed appliance is to correct
the overbite to a stable result, This is achieved by active intrusion of the lower
incisors to flatten the curve of Spee. On occasions an upper removable appliance
with an anterior bite plane may assist this process. In the upper arch where there is
often an element of dento-alveolar vertical excess it is also desirable to intrude
upper incisors; however, this movement is difficult to achieve consistently.

Interincisal angle
In many patients, by definition, the interincisal angle is obiuse at the start of
treatment. Obtaining a stable overbite correction is dependent on torquing the
incisor root apices palatally to achieve a more acute (reduced) interincisal angle,
a solid ‘occlusal stop’ being formed by the incisor contact. Improving the incisor
relationship in this way also improves the aesthetics and function of the finished
ocelusion.
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The full fixed appliance is the most common, and reliable, approach to the
treatment of mild to moderate Class 11 Division 2 malocclusions.

Functional appliances

Since some functional appliances are most effective in cases where the lower
facial height is reduced their advocates have suggested their use in Class 11
Division 2 cases. The upper incisors are furstly proclined to create a Class 11
Division 1 malocclusion; this is then managed in the conventional manner (see
Chapter 18). However, at least initially, the upper incisors are in a position of
instability in relation to the lips (outside the area of soft tissue balance) and the
functional appliance must be worn well to hold the upper incisor position whilst
the created overjet is reduced.

Orthognathic surgery

In the more severe forms of this malocclusion, where the facial profile is poor
and the overbite is very deep (and traumatic), a combination of orthodontics and
jaw surgery is the best approach. Expert planning on the presentation of these
types of severe malocclusion is important (see Chapter 22). In such cases in the
initial presurgical phase of fixed appliance orthodontics, the upper incisors are
proclined to create an overjet, whilst the deep overbite is maintained. The
mandible is then advanced by surgery to reduce this overjet and correct the
facial profile. Since the lower curve of Spee is maintained postsurgically there
are lateral open bites. Subsequently these are closed orthodontically by extrusion
of lower teeth of the buccal segments to preserve the increase in lower facial
height gained in the surgery.

In only a limited number of Class 11 Division 2 cases is such a combined
approach appropriate. Presurgical planming and orthodontics should only be
undertaken by an appropriately skilled specialist team.

Post-treatment stability
Lateral incisor alignment

There 15 a very strong tendency for the lateral incisors to return part way towards
their original position. This is particularly true if they were rotated. Where
possible the position of these teeth should be overcorrected during treatment.
Some authorities recommend prolonged retention but it is not yet clear whether
retention beyond six months does improve stability or whether it merely
postpones the relapse. As mentioned in Chapter 11, pericision is sometimes
performed on these derotated teeth. Correction of these rotations carly in any
treatment is usually advisable. There is some evidence that these approaches
reduce, even if they do not eliminate, relapse of rotations.

Overbites

As discussed earlier, relapse of overbite reduction will occur unless palatal
movement of the incisor apices has reduced the interincisor angle. It is some-
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times suggested that, in Class 11 Division 2 cases, proclination of upper and
lower incisors (out of muscle balance) followed by permanent retention should
be undertaken. The disadvantages of permanent retainers should not be over-
looked: removable retainers will encourage food stagnation and plaque forma-
tion with consequent deterioration of the patient’s oral health, and if they are lefi
out even for a few weeks, relapse will oceur. Fixed retainers are complex to
make and need to be supervised very carefully.

However, there is no doubt that in some patients where there is considerable
retroclination of the incisors the only feasible means of achieving an improved
interincisal angle and full overbite correction involves allowing some forward
movement of the incisors during the apical torquing process. Frequently, such a
movement also complements the facial profile. It should be recognized that such
movements, out of the classic position of muscle balance, should be undertaken
with caution and the retention phase carefully supervised. Those cases where
such a labial movement of the incisors is likely to remain stable are difficult to
select with any degree of certainty.

Further reading

Mills, LR.E. (1973). The problem of overbite in Class 1l Division 2 malocclusion, Srirish Joremal of
Chthedontics, 1, 348,

Williams, A. and Woodhouse, €. (1983), The crown root angle of maxillary incisors in different
incisor classes. Brirish Jotrnal of Orthodoniics, 10, 159-61,




Chapter 14
Class III malocclusions

Class 111 malocclusion is found in about 3 to 5% of a Western population.

Occlusal and dento-alveolar features

According to Angle's classification, the lower arch should be at least one-half
cusp width too far forward relative to the upper arch. Provided there is a Class
Il incisor relationship, the lower incisor tips lving anterior to the palatal
cingulum of the upper incisors, milder degrees of prenormality are also included
in this group of malocclusions (see Figure 7.4).

Labial segments

The upper incisors are often crowded and they are usually proclined. The lower
incisors may be slightly crowded but they are often spaced. Frequently the lower
incisors are retroclined. Thus, in many cases, the inclination of the incisors
compensates to an extent for the underlying sagittal arch malrelationship. In other
words there is usually dento-alveolar compensation of a Class I11 skeletal pattern.

By definition there is a Class [l incisor relationship when the lower incisor
edges are lying anterior to the cingulum plateau of the upper incisors. The lower
incisors may lie anterior to the uppers so that there is a reverse overjet (see
Figure 7.4) and an anterior displacement on closure may have contributed to
this. The overbite varies considerably between cases. If there is incisor contact,
the overbite will be reduced. Frequently if the anterior intermaxillary height is
increased (and there is a large Frankfort— or maxillary-mandibular planes
angle), there will be an anterior open bite (see Figure 10.1). Occasionally when
there is a reverse overjet and the anterior intermaxillary height is low, the
overbite will be deep.

Buccal segments

Frequently the upper arch is short antero-posteriorly so that the buccal segments
are crowded: the canines may be mesially inclined and the first permanent
molars distally inclined. In the developing occlusion, second and third molars
may have become stacked and impacted (see Figure Y.1). Where there has been
early loss of deciduous molar teeth, space reduction is rapid in the crowded
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upper arch. Often the lower arch is long and there may be spacing. A frequent
presentation is of a crowded upper arch with canines buccally excluded, whilst
the lower arch is well aligned.
In the vertical plane, if there is an anterior open bite, this may extend into the
buccal segments, and in the most severe cases only the last erupted molars meet
in occlusion. Not infrequently, there is a crosshite in the buccal segments. This
may be unilateral or bilateral. A unilateral crossbite is usually associated with
lateral displacement of the mandible to obtain maximal intercuspation (see
Chapter 8). |
In the transverse plane, crosshites are often present (see Figure 10.1), in part
because the upper arch is narrow relative to the lower, and in part because, with .
the Class Il antero-posterior occlusal discrepancy, a wider part of the lower arch .
opposes a given part of the upper.

Skeletal relationship ",

The skeletal pattern is frequently the most important factor in producing a Class
[T malocclusion.

Antero-posterior \
Usually there is a Class 111 skeletal pattern (Figure 14.1). The more adverse the !
skeletal pattern, the more severe the Class Il malocclusion is likely to be and

the less amenable to treatment except by surgery. |

Figure 14.1 A Class 11 malocclusion associated with a Class 111 skeletal pattern and increased
lowwer facial {intermaxillary) height

R &
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Although attention is often focused on a large mandible, it must be remem-
bered that a Class 111 skeletal pattern is also frequently associated with a short
retrognathic maxilla and a forward position of the glenoid fossae on the skull
base so that the mandible is more anteriorly positioned than usual. The anterior
cranial base is frequently short.

Rarely is the skeletal malrelationship due to a single anomalous factor. More
commonly it is a combination of factors (mandible, maxilla and cranial base)
which, although each may just be within the normal range. combine to produce
an overall Class 111 skeletal effect.

Although the majority of Class [l malocclusions are associated with a Class
I skeletal pattern, it is possible to have a Class 111 malocclusion with a Class |
skeletal pattern. In these cases the inclination of the teeth or their positions on
the skeletal base are responsible for the antero-posterior arch malrelationship.

Vertical

Frequently the anterior height of the intermaxillary space is high. The
Frankfort-mandibular planes angle is correspondingly high. This is associated
with a reduced overbite or anterior open bite. However, in some cases the
Frankfort-mandibular planes angle is average or even low and the overbite may
be normal or deep (with the lower incisors lying anterior to the uppers),
Therefore there is a wide variation in the intermaxillary height and it is
important to identify and quantify this variable in the diagnosis since it will
greatly affect the treatment plan,

Transverse

In many, but not all, cases the maxillary base is narrow and the mandibular base
wide. The resulting transverse discrepancy is aggravated by the forward position
of the mandible relative to the maxilla: as in the case of the dental arches, the
skeletal bases diverge posteriorly so that when the lower base is in a forward
position, a wider part lies below a given part of the maxilla. In many cases, a
buccal inclination of the upper teeth and a lingual inclination of the lower teeth
compensate for the transverse discrepancy. However, if this is not sufficient
there will be a crosshite.

Some authors divide patients with Class 111 malocclusions into two subgroups
according to their facial pattern. One subgroup would have a small. narrow
maxilla and a mandible of normal length but with a large gonial angle so that
the Frankfort-mandibular planes angle is increased. The other subgroup of the
Class 111 skeletal pattern would be due to the large mandible rather than the
short maxilla. The Frankfort-mandibular planes angle would be either average
or low. Although patients corresponding to these types are found, the majority of
Class IIT cases have features of both groups and so this allocation of patients to

- groups s not satisfactory. It does, however, draw attention to the wide range of
facial patterns which may be associated with Class 111 malocclusions and how
- these must be recognized in any treatment planning process.
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Mandibular positions and paths of closure

Usually there is a simple hinge closure from rest to occlusion. In a number of
cases with a mild Class Il incisor relationship and a normal or increased
overbite, when the mandible is in centric relation, the incisors would meet edge-
to-edge (with the posterior teeth out of occlusion) but, in order to obtain a
position of maximal occlusion, there is a forward displacement of the mandible
which exaggerates the severity of the occlusal and skeletal base malrelationship
ar discrepancy. A few of these cases may also overclose.

Where there is a unilateral crossbite with the teeth in occlusion there will
usually be an associated lateral displacement of the mandible on closure. In
theory, patients with occlusal disharmonies and mandibular displacements of the
types described may be more liable to suffer from muscle pain. although there is
limited evidence to support this contention. However, since it is straightforward.
it usually makes sense to correct such displacements early as a simple inter-
ceptive measure. However, where the maxillary base is narrow and the inclina-
tion of the teeth already compensates for this to some extent, simple arch
expansion may not be stable.

Soft tissues

Where the anterior intermaxillary height is large the lips are frequently in-
competent. Such cases often have a skeletal anterior open bite, and during
swallowing there will be an adaptive variation of swallowing behaviour with the
tongue coming forwards into the gap between the incisors, Where the intermax-
illary height is reduced sometimes the upper lip may also be shorter and
hypotonic.

Growth

In most Class 111 cases it is usually best to proceed on the basis that any growth
will be unfavourable, at least until this assumption is proved wrong!

This is due to the fact that dento-alveolar compensation is often at its limit by
the time the patient enters their prepubertal growth spurt, the mandible grows
more prognathic relative to the maxilla, and further dento-alveolar adaptation is
not possible.

Where the height of the intermaxillary space is normal or reduced such
growth may result in a worsening of the reverse overjet and the horizontal
profile of the face.

Where the height of the intermaxillary space is increased with growth the
tendency to a skeletal anterior open bite may become greater as the effect of the
opening growth rotation (see Chapter 3) continues. Similarly, the growth
tendency, in this case vertical, exceeds the limits of dento-alveolar adaptation
and the anterior open bite may dramatically worsen with only posterior molars
in contact. In such cases there is often a similarly dramatic effect on the vertical
profile of the face.
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Oral health

Mandibular displacements due to occlusal disharmonies eventually may be
associated with muscle pain. Although it should be stressed that this could be
only one factor out of many contributing to a presentation of temporomandibular
joint pain dystunction syndrome.

Where there 1s a premature contact in the incisor region there may be gingival
recession around one or more lower incisors, but this is more common in Class |
cases with a single instanding upper central incisor and an associated anterior
displacement. Although in cases where there is an anterior open bite, periodontal
changes might be expected around the non-functional teeth (those out of
occlusion), no characteristic problems are found.

Treatment aims

The principal treatment aims can be summarized as follows:

I. To improve the aesthetics of the teeth and the function of the teeth and jaws
whilst mamtaiming or improving the facial profile.

2. To relieve crowding and produce alignment within the arches.

3. To correct the incisor relationship to obtain a more normal overjet, overbite
and interincisal angle.

4. To eliminate antero-posterior and unilateral lateral crossbites together with
associated displacements.

Treatment planning

When treatment planning a Class 111 case it is important to establish the true
occlusal position after all displacements have been eliminated. It is often of
value to have two sets of records, one with the occlusion in the displaced
position and the other set at the retruded condylar position with displacements
elimnated. The patient will often present complaining of upper arch (canine)
crowding associated with a narrow and/or short dental arch. In such cases the
crowding should not be relieved without some consideration being given to the
likely effect of future growth on the dental arch relationship. It is wise to
develop a longer-term provisional treatment plan before arranging extraction of
any permanent teeth.

Treatment options
No treatment

Where crowding of the dental arches is minimal, there are no displacements
apparent, and the Class Il appearance of the incisors and/or the jaws is
acceptable, the “no-treatment” option is a reasonable approach to management,
Italso has the advantages of keeping the Class 111 growth tendency under review
and minimizing any intervention until growth has largely finished and the jaw
profile has been finally established.
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Extractions only

In many cases where the lower arch is well aligned, the upper arch is crowded,
there is no displacement and the appearance of the Class Il ncisor and jaw
diserepancy is acceptable to the patient; upper arch extractions only may appear
a simple and attractive treatment. Usually upper first premolar loss is considered
to facilitate the alignment of buccally excluded upper permanent canines, always
provided that they are favourably (mesially) inclined.

Great care should be taken with this approach, since upper incisors can drop
back into any residual extraction space, to worsen the incisor pattern. However,
on occasions it is appropriate, although an upper removable space maintainer

may. in addition to its usual role. act to support the position of the labial
segment.

Removable appliance

Treatment with an upper removable appliance works particularly well where one
or two incisors are ‘caught behind the bite’ and there is an associated forward
displacement of the lower jaw. Such an approach is most frequently employed as
an interceptive measure in the mixed dentition. An adequate overbite is essential
at the completion of tooth movement to maintain the correction.

Occasionally a removable appliance may be used in company with a fixed
appliance to clear the occlusion during the early stages of treatment or alterna-
tively to provide an intermittent anchor in the lower arch from which to attach
Class 11 intermaxillary elastics to an upper fixed appliance.

Single arch fixed appliance

An upper single arch fixed appliance may be considered when the lower is well
aligned the jaw and incisor discrepancy is acceptable to the patient. In addition
there should be no displacement but there are substantial rotations in the
maxillary arch. Depending on the crowding, either first or second premolars
would often be exiracted.

Full arch fixed appliance

This would be the usual orthodontic approach to a purely dento-alveolar
correction of this type of malocclusion. Before prescribing such an appliance a
careful assessment is required. The underlying skeletal discrepancy should be
relatively mild and susceptible to dento-alveolar camouflage, otherwise surgery
will be necessary to achieve a correction. Ideally the upper incisors should at
presentation be upright or retroclined and the lowers proclined. such that they
may be tipped to make the correction. It is an advantage if there is also an imitial
anterior displacement on closure. The patient should be checked to see if they
can obtain an edge-to-edge incisor contact; this is often indicative of a good
prognosis for treatment providing that the incisal inclinations are favourable.

Before starting such treatment due consideration should be given to the
pattern of growth since if this is unfavourable it could rapidly outstrip the
amount of dento-alveolar movement available to disgwise the underlying hor-
izontal skeletal discrepancy.
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In patients with a tendency towards an increased lower facial height, special
care should be taken since most tooth movements in this type of case will tend
to open the bite on the molars and encourage a further increase in the anterior
mtermaxillary height. This 1s especially true when upper arch expansion devices
are employed (see Chapter 17). In patients with this type of tendency (towards
an anterior open bite), growth modification may be possible by means of a high
pull headgear to the upper first permanent molars. Such an approach is very
dependent on active growth and good patient cooperation.

Extraction pattern

This will of course depend on the amount of horizontal movement of the incisors
required and the degree of crowding present. In a typical case where upper
incisors are to be tipped forwards (thus adding space to the arch) and the lower
ncisors are to be tipped back, a common extraction pattern might be removal of
upper second premolars and lower first premolars.

Chverhire
It is usually important to finish treatment with a positive overbite in order to
maintain the incisor correction.

Interincisal angle

This should be within normal limits at the conclusion of treatment. If upper
ncisors are proclined too far or the lowers over-retroclined not only may the
result be unstable but also the health of the supporting tissues may be
prejudiced. In particular, transverse loading of an upper incisor can result in
rapid periodontal breakdown.

In a suitable case a full fixed appliance can give an excellent and consistent
result. However, case selection is particularly important in Class 1l cases. If
dento-alveolar camouflage is attempted in a patient with a strongly active
unfavourable growth pattern not only will treatment fail but future skeletal
correction employing surgery may have been prejudiced also,

Functional appliance

This has been a popular treatment approach in Class 11l malocclusion in the
past, the Frankel Fr. 3 (see Chapter 18) being a commonly used appliance.
Usually, such an appliance was fitted early in the mixed dentition stage of
occlusal development. Problems with the long-term retention of the occlusal
result during continuing growth, and the essentially dento-alvealar nature of the
correction have made such functional appliances less popular in contemporary
orthodontic management of Class 111 malocclusion.

Orthognathic surgery

This has become increasingly popular in the treatment of patients with moderate
to severe Class [11 skeletal discrepancy. An initial orthodontic phase is usually
necessary in these patients to decompensate the arches by putting the teeth in
the ideal positions to facilitate the surgery. The maxilla may be advanced or the
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mandible pushed back as the patient’s profile and occlusion demands. Often a
combination of upper and lower jaw surgery is necessary with the addition of a
reduction genioplasty of the chin.

Vertical skeletal excess may be dealt with by the addition of a Le Fort |
posterior impaction osteotomy. This is a commonly employed approach to the
problem of skeletal anterior open bite, A more detailed description of surgical
correction of Class [11 malocclusions is given in Chapter 22.

Over the last decade surgical correction has become a common approach to
patients with significant Class 1l jaw and/or facial profile discrepancies.
Approximately 30-40 per cent of patients presenting with a Class 111 might be
suitable to consider a surgical correction. If a voung patient shows early signs of
developing such a problem and there is a chance of further unfavourable growth,
dento-alveolar camouflage generally should be avoided. Such untimely interven-
tions can create problems later if orthognathic correction is to be considered.

Surgery in these cases would usually be performed when all growth has
ceased since otherwise there is a danger of the skeletal discrepancy regrowing.

Post-treatment stability

Stability of overjet correction depends in the short term on an adequate overbite
and in the long term on facial growth. The greater part of orthodontic treatment
is undertaken in the growing patient. On average, the mandible grows down-
wards and forwards slightly faster than the maxilla. In Class 11l patients this is
an adverse growth trend and may result both in a worsening (or relapse) of the
overjet and a reduction in overbite. An early sign of this happening is loss of
overbite on the upper lateral incisors with the result that they relapse into a
reverse overjet,

In some patients the Class 111 skeletal pattern will become markedly more
severe after treatment and in these cases relapse is inevitable. In other patients
the facial proportions change little during the later stages of growth and no
adverse occlusal changes should result. In Class 11, more than in other types of
malocclusion, long-term stability depends on a favourable growth pattern, and
this holds true whatever treatment approach is adopted.




Chapter 15

Tissue changes associated with tooth
movement

The arrangement by which a tooth is suspended in a socket in the alveolar bone
via the periodontal ligament is well known.

Normal alveolar bone

This consists of a layer of lamellated compact bone adjacent to both the
periodontal membrane (lamina dura) and the oral mucosa. Cancellous or spongy
bone is found between these two compact layers. The lamellae of the compact
bone run parallel to the long axis of the tooth. On the labial or buccal sides of
the alveolar crest the bone is almost entirely compact.

The physical properties of bone situated elsewhere in the body and the
reaction of this bone to different stresses is relatively well understood. However,
this is not necessarily the case when examining those bony changes in the
alveolus that occur in relation to stress associated with tooth loading.

Periodontal ligament

In general much less is known of the properties of the periodontal ligament
(PDL) than those of bone. Histologically, it consists of collagenous connective
tissue, cells, blood vessels and tissue fluids; additionally, it would appear to be
viscoelastic although, apart from this, the physical properties are poorly defined.
However, it would seem that as well as cushioning the tooth against sudden
blows, having a role in eruption and mediating sensory response, this ligament
15 also vital in the process of orthodontic tooth movement,

The classic experiments on tissue changes following orthodontic loading and
initial tooth movement were performed by Sandstedt and by Oppenheim, first
on monkeys and then on humans early in the 1900s. Much of our understanding
of tooth movement is still based on these early studies together with later work
by Reitan in the 1960s and 1970s on the tissue response of the PDL, bone and
cementum to load.
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Figure 15.1 The effects of a tipping force: A, areas of bone deposition: B, areas of bone resorption

Types of tooth movement
Tipping (Figure 15.1)

This is produced typically by application of a single point force via a removable
orthodontic appliance, With light forces the fulerum is about 40% of the length
of the root from the apex.

Bodily movement and rotation

Usually, these are not practicable with removable appliances since they require
the application of a force couple. However, most fixed appliances are capable of
producing bodily tooth movements and rotations through their potential to
transport both crown and root through three dimensions of space.

Extrusion and intrusion

The force distribution within the periodontal ligament depends on the nature of
the tooth movement. With tipping movements, areas of maximal pressure and
tension are set up at the apical and cervical regions of the root, whereas with
bodily movements the force is distributed reasonably evenly along the root axis.
Extrusion and intrusion of teeth are also possible, although much reduced forces
are required in the latter instance since the force is being concentrated at the
small apical area of the root.

Tissue changes

The tissue changes produced depend principally on the values and duration of
the forces used. Different regions of the periodontal ligament may show differ-
ent types of tissue reaction at any one time depending on the force values within
the periodontium at that particular point.

Within the first 24 hours after the application of the force, the tooth moves
some way through the periodontal space, setting up areas of tension and
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compression within the periodontium. This initial movement appears to be, at
least in part, a viscoelastic effect.

Areas of pressure

Light forces

Light forces are typically 30 g or 0.03 N per single-rooted tooth for tipping
movement. The periodontal ligament is compressed but not crushed and the
blood vessels remain patent. Within 2448 hours osteoclasts appear along the
bone surface and direct bone resorption proceeds. Within the cancellous spaces.
deposition of osteoid takes place.

Heavy forces

The periodontal ligament is crushed between the tooth and the socket wall, The
blood vessels are occluded and the periodontal ligament becomes acellular and
hvaline in appearance. The osteocytes of the underlying bone die. These hyali-
nized areas are often fairly localized, and osteacytes appear adjacent to them and
within the cancellous spaces of the underlying bone. In this manner the hyalinized
area 1s removed by undermining resorption and the tooth will eventually move, If
the range of action of the force (e.g. spring) has been large, the force applied will
still be excessive and further areas of hyalinization will appear.

Areas of tension

Initially there is a proliferation of fibroblasts and preosteoblasts and the perio-
dontal fibres are elongated. Osteoid tissue is deposited along the bone surface in
spicules, lying in the direction of the stretched periodontal fibres. Subsequently
this osteoid tissue is progressively replaced by bundle bone.

Where heavy forces have been used. the periodontal fibres on the tension side
may be torn and blood vessels ruptured. When the tooth is being moved labially
or palatally, modelling resorption and deposition on the external alveolar
surface, particularly in the marginal region, will maintain the thickness and
contour of the alveolar plates.

Retention

Retention is the term applied to that period of treatment during which the teeth
are held passively after orthodontic correction has been achieved (see Chapier
25). During the period of retention further tissue changes take place. In the
tension areas the remaining osteoid is replaced by bundle bone, which in turn is
reorganized to form lamellated bone with Haversian systems.

In the regions of pressure the osteoclasts remain for up to two weeks. Osteoid
is deposited over the areas of resorption and, in due course, this is replaced by
bundle bone and ultimately by mature lamellated bone,

The periodontal fibres also become reorganized during the retention period.
Most of these changes are completed within six months. However, reorgamization
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Figure 15.2 Pericision. The free gingival fibres and trans-septal fibres are severed

is much slower after certain tooth movements; for example, after rotations, the
trans-septal and free (circum-) gingival fibres remain displaced for a consider-
able time. It 15 possible that the failure of readaptation of these fibres contributes
towards relapse of such tooth movements. For this reason, surgical section or
pericision (Figure 15.2) of these fibres may be undertaken following tooth
alignment, This does not always eliminate relapse but appears to be effective in
reducing the relapse tendency provided that it is correctly performed. The tooth
should then be retained in the conventional manner for about six to nine months.
Another approach to this problem is to correct any tooth rotations early in the
active treatment phase; they are then effectively retained throughout appliance
therapy.

Force and tissue change: the contemporary view

The preceding description of tissue change in reaction to a force on a tooth was
first described nearly 40 years ago. However, the precise mechanism by which
stresses are set up within the periodontal ligament and how such stresses
mediate cellular change with resultant orthodontic tooth movement is still not
understood. Computer models employing sophisticated finite element stress
analysis software, as previously applied to bridge and building design in
engineering. have been used to define these stresses together with the resultant
strains. Such a three-dimensional model (Figures 15,3 and 15.4) confirms the
basic, if simplistic. description given previously (Figure 15.1) but it also demon-
strates that the arrangement of stresses in the ligament is constantly changing, in
both magnitude and direction. This holds true even in the scenario of a steady
single point load applied to a single-rooted tooth,
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Figure 15.3 A 3D computer model used to mvestigate tooth movement
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This more recent type of study has also indicated that, although the traditional
view of a single-rooted tooth tipping about a point 40% from the apex makes
sense in a two-dimensional diagram, in the true situation where one is operating
in three dimensions the picture is more complicated. The centre of rotation
appears to move constantly within an elliptical area towards the apical third of
the root (see McGuinness ef al., 1992).

The factors linking stress to cellular response are also largely unknown
although piezoelectric and various chemical factors (e.g. prostaglandins) have
been implicated (Sandy and Harris, 1984).

This lack of detailed knowledge on how teeth move goes someway to
explaining the unpredictability of individual tooth responses in the clinical
situation. One reason for this difference in individual response is the variation in
the physical properties of the periodontal ligament with relation to age and
disease. Both of these factors have been demonstrated to affect the strain
response and thus ultimatelv cause a varied resultant tooth movement. This is
one of the reasons why orthodontic treatment in the adult (over 16 years) 1s
different and is considered separately in Chapter 21.

Force magnitude

The threshold value below which tooth movement will not occur is very low. For
tipping movements a very light force should be applied initially and this can be
increased to ahout 30-70 g (0.03-0.07 N) for a single-rooted tooth. The force
applied should be proportional to the root area and correspondingly heavier
forces may be applied to molar teeth.

Heavier forces may also be used for bodily tooth movement as the force 1s
more evenly distributed throughout the periodontal ligament.

Shown below are possible ranges for force application to a typical single-
rooted tooth. Larger forces may be appropriate where larger rooted teeth are to
be moved, especially when in groups and when applied intermittently (to convert
grams to Newtons multiply by 1000).

Tip = 30-70 ¢

Bodily = 100-150 g
Extrude = 30-100 g
[ntrude = 10-30 g.”

Rate of tooth movement

About 1 mm per month may be regarded as an acceptable rate of tooth
movement. However, various factors, including the rate of growth and local
tissue turnover, may affect the rate of tooth movement.

Nature and duration of the force applied

Both light and heavy forces will result in orthodontic tooth movement. However.,
it is generally felt that light continuous forces minimize hyalinization of the
periodontal ligament, the rate of tooth movement being faster and more
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efficient. Heavier intermittently applied force is less likely to maintain a
physiological tissue response.

The effect of age

In the adult, the periodontal ligament is much less cellular than in the child. In
addition, the alveolar bone in children is less dense than in older patients. This
means that, in general, tissue turnover and thus tooth movement will be slower
in the adult patient, particularly in the early stages of treatment.

Individual variations

There 1s considerable individual variation in the response to orthodontic forces.
This is at least in part dependent on the density of the alveolar bone. In some
mdividuals the alveolar bone is cancellous with large marrow spaces, whereas in
others it is dense lamellated bone with few marrow spaces. Tooth movement will
be much slower in the latter.

Harmful effects of orthodontic tooth movement
Pulp death

This is not common but can result from the application of heavy forces,
particularly if the apex of the tooth is closed. It is always wise to proceed
cautiously where there is either evidence and/or a history of trauma to the tooth
which it is planned to move. In such a situation the blood supply to the pulp may
already have been prejudiced and the tooth may become discoloured and non-
vital as the treatment progresses. This is not a common problem but when it
oceurs it is usually associated with an upper incisor.

Root resorption

Minor areas of resorption of cementum on the lateral aspects of the root may be
seen during orthodontic tooth movement. These are not important and are
usually repaired by cementum. Much more serious is the apical resorption
sometimes seen, particularly when teeth have been moved bodily over long
distances by fixed appliances. Such root damage may be extensive but little can
be done. In severe cases some may advocate a calcium hydroxide dressing in the
rool canal to try to arrest the progress of the resorption. If such root resorption is
observed during treatment the tooth movement should be stopped for some
months to allow repair by secondary cementum and then. if absolutely neces-
sary, tooth movement may be very carefully recommenced. It is important to
recognize that root resorption is not uncommon in patients who have not
received orthodontic treatment. For this reason all teeth to be moved should be
radiographed prior to treatment.

Where evidence of apical root blunting or alternatively of thin spindly roots is
seen on the initial radiographs, the clinician should be aware that these patients
are more likely to experience root resorption during orthodontic treatment. If
root resorption is observed, one should be very cautious about undertaking
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treatment and, if necessary, a regular clinical and radiographic review should be
maintained during the period that the tooth is loaded.

General conclusions

It is generally thought that only light forces should be used for orthodontic tooth
movement. Both vital and non-vital (endodontically treated) teeth can be moved.

Orthodontic movement is possible only because cementum is more resistant
to resorption than bone. Some authors recommend intermittent pressure, others
constant pressure, When properly applied, little clinical difference probably
exists between the two approaches to treatment.

When excessive force is used it is very likely that the anchor teeth will move,
the amount of force applied to them being ideal to encourage movement of
larger rooted teeth. In such a situation the tooth that it is desired to move will
often remain stationary due to the excessive force causing hyalinization of the
ligament and local bone necrosis.
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Chapter 16

Removable appliances

Removable appliances are orthodontic devices that can be taken out of the
mouth by the patient for cleaning. Myofunctional appliances are sometimes
called removable appliances in North America (see Chapter 18).

Removable appliances have a limited role in modern orthodontics. They may
be active or passive. Active appliances are chiefly confined to use in the mixed
dentition, producing simple tipping tooth movements using wire springs or
bows, screws, elastics or the acrylic baseplate. Passive appliances are designed
to maintain teeth in their present position (e.g, space maintainers or retainers).
The main components of a removable appliance are as follows:

1. Active component.
2. Retention (fixation).
. Anchorage.

. Baseplate.

SR

Some of the components will have a dual function.

Active component

This provides the force that moves the tooth, which may be derived from wire
springs or bows, screws or elastics.

Springs are made from hard stainless-steel wire. The simplest spring is the
cantilever (Figure 16.1a).

The factors affecting the force (F) applied by this spring are given by the
eXpression:

F~drt/P

In other words, the force is directly proportional to the deflection (), to the
fourth power of the radius (r) and inversely proportional to the cube of the
length (/) of the wire. Thus, small variations in the length and particularly in the
diameter of the wire will have major effects on the spring characteristics.

A light continuous force is considered to be the ideal force to produce
optimum tooth movement (see Chapter 15). To achieve this the wire should be
made as long as possible within the confines of the oral cavity and as thin as is
consistent with adequate strength. Incorporating a coil (Figure 16.1b) may
increase the effective length of the spring. For maximum stored energy

— b

e =i
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Figure 16.1 {a) A simple cantilever. {b) The incorporation of a coil increases the deflection of the
spring for a given load. Note that the coil should unwind as the tooth moves

(i.e. resilience), the coil should unwind as the force is dissipated (Figure 16.1b).
This is not always possible with buccal springs.

The spring must be carefully designed so that the tooth will move in the
direction intended. The direction of movement 15 perpendicular to the tangent to
the tooth surface at the point of contact of the spring (Figure 16.2). It is very
common to find that palatal springs are placed too far back. so that the resultant
force is buccally directed. Palatal finger springs are readily distorted and should
be protected, either by being boxed within a recess of the baseplate or guarded
by a length of wire or preferably both (Figure 16.3). The free action of the
spring must not be impeded by the box or guards.

Labial bows are mechanically more complex than springs and their flexibility
in the horizontal plane depends to a great extent on the height of any vertical
loops mncorporated in them. Supported bows, such as the Robert’s retractor

Figure 16.2 A palatal spring with a guard. This
spring is positioned so that the tooth will he
moved in the line of the arch: the ooth will
move perpendicular to the tangent 1o the surface
at the paint of contact with the spring
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Figure 16.3 A simple appliance to retract upper canines with palatal springs. [t is usually wise to
have tubes attached to the clasps on the molars =o that, if required. a facebow (the ooter bow ) can be
fittedd to them and anchorage can be reinforced by extra-oral traction wom in the evening and at
nights. 1T a facebow was to be fitted for

mlar use to the appliance shown then an antenor ¢lasp on

the incisors and a locking catch should be included

(Figure 16.4), are made from (.5 mm diameter wire. This bow, made from

thinner wire, 15 very much more flexible. and mechanically advantageous.
Nerews may be designed to act directly on the teeth through the baseplate

(Figure 16.5). A screw applies 4 heavy intermittent force to the teeth, which is

not considered to be ideal. In most cases screws should be activated. by the

Figure 16.4 A Robert’s retractor
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Figure 16.5 A screw plate 1o procline four upper incisors

patient, one quarter-turn each week. This opens the screw by about 0.2 mm.
Thus the tooth movement is small and the periodontal ligament is not crushed.
Weekly activation of the screw is usually appropriate. They may also be used to
contract dental arches by constructing the appliance with the screw already
opened. Screws have the disadvantages that compared with springs they are
bulky and expensive.

Elastics are usually used as an aesthetic alternative to a wire bow for reduction
ol an overjet, They are not commonly used as the active component because
they can slide up the labial surface of the teeth and damage the gingiva.
Placement of elasties directly to teeth (1o close a midline diastema, for instance)
should not be carried out as this can lead to severe periodontal damage and
possible loss of the teeth.

Fixation or retention

Retention is a term used to describe the means by which the appliance resists
displacement. Retention is also used to describe the period following active
tooth movement during which the teeth are held in their new positions while
they stabilize (see Chapter 25). To avoid confusion the term fixation is
preferable,

Fixation 1s usually provided by clasps or bows. Adequate fixation can be
obtained from Adams clasps on the molars (Figure 16.6a) and, provided that the
incisors are not being moved by springs, a Southend clasp on the central incisors
(Figure 16.6b). Appliances with inadequate fixation will be unable to deliver the
correct force to the tooth, will be uncomfortable for the patient and will
ENCOUTAZE POOT WEAr,

Remember that teeth to be moved should not have any form of fixation,
unless a screw plate is being used, as the clasp will prevent movement,
Adjustment of incisor positions in Class Il Division | malocclusions is achieved
by a labial bow, which will tend to provide its own fixation. Additional fixation
can be obtained by clasping the canines. This has the advantage of preventing
canines moving mesially, but the mesial arm of the clasp may occupy space that
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Figure 16.6 {a) An Adams clasp. Note the arrowhead engages in undercuts on the mesiobuccal and
distobuccal aspects of the molar but does not contact the adjacent teeth. (b) A Southend clasp

15 necessary for complete overjet reduction, and modification or removal of the
clasp may be necessary in the later stages of treatment.

Anchorage

Ihis 1s the resistance to the reactive forces generated by the active components
of the appliance. Anchorage may be preserved by:

. Placement of clasps or bows on teeth which are not being moved.
Contact of the baseplate with other teeth not being moved
Contact of the baseplate with the vertical part of the palate in the area of the
rugae (for distal movement of teeth).

|
g
3
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. Use of light forces to move teeth.

. Movement of a single tooth per quadrant.
Intermaxillary clastics (see below).

. Extra-oral traction — headgear (see below),

~1 o Lh o

The resistance to tooth movement is related to:

|. The surface area of the roots.

. The type of tooth movement permitted: teeth can be tipped more readily than
they can be moved bodily. By designing the appliance so that the anchor teeth
cannot tip, the anchorage is increased. However, although this is a common
practice with fixed appliances, it is not easy with removable appliances.

. Other factors, such as the intercuspation of the teeth may contribute to the
anchorage.

[

tad

For descriptive purposes, certain terms are used to classify the various forms of
anchorage.

Intramaxillary is where the teeth within the same arch are used as anchorage.
This anchorage may be:

¢ Simple, where teeth of greater resistance are used as anchorage for movement
of a tooth or teeth of lesser resistance, for example pushing an incisor ‘over
the bite” against the buccal segment teeth.

® Reciprocal, where two teeth or groups of teeth of equal resistance are used to
maove each other reciprocally to an equal extent in opposite directions, for
example transverse arch expansion.

Intermaxillary anchorage is where the opposing arch is used for anchorage.
['his anchorage may also be simple or reciprocal.

Intermaxillary anchorage is most commonly used with fixed appliances where
elastics are stretched from the front of one arch to the back of the other (the
direction of pull depending on the malocclusion to be treated). However. this 1s
rarely used with removable appliances because the force of the elastics may
overcome the fixation of the appliances.

Extra-oral anchorage may be used with a removable appliance, where a “head
cap’ or ‘neck strap” is used to provide. or reinforce, anchorage. When extra-oral
anchorage is used as reinforcement to the intramaxillary anchorage. a removable
‘facebow’ is usually uséd to transmit the forces to the appliance. The headgear
should be worn at night and the force applied should be about twice that
provided by the active component of the appliance.

Where anchorage i1s entirely extra-oral and the force is apphied by extra-oral
elastics, as in the en masse appliance for retraction of upper buccal segments
(Figure 16.7), the appliance need be worn only with the headgear. For an
acceptable rate of progress, the headgear and appliance must be worn for more
than 12 hours out of every 24. Many large-rooted teeth are being moved and so
quite heavy forces are appropriate — up to 500 g (about 5 N) in all.

Safetv: It is possible for J hooks or removable facebows to become disengaged,
either during play or at night. A few cases have been reported of serious soft
tissue laceration or even damage to an eye resulting in the loss of sight. Various
types of safety headgear or safety straps are available to minimize the risk of
this happening. These should be used routinely with J hooks or detachable
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Figure 16.7 An “en masse” appliance for distal movement of the upper buccal segments, Note the
midlime screw to expand the buccal teeth as they move distally, and Adams clasps on the first molars
and premolars 1o assist retention (fixation)

facebows. To avold problems of headgear detachment, it is good practice to
either design the headgear as an integral part of the appliance or employ an
extra-oral bow that locks (see Chapter 17).

Cienerally, extra-oral support for anchorage should only be emploved by or
under the supervision of an appropriately trained orthodontist.

Baseplate

This is usually made of cold-cure acrylic, which should only be as thick as is
consistent with the strength required. This is quicker and more convenient to use
than heat-cure acrylic. A heat-cure acrylic baseplate may be necessary for adults
or children with a strong bite. Various coloured acrylics are available which can
enhance acceptance of the appliance by the patient.

The baseplate performs the following functions:

1. Supports the wire or screw components.

2. Contributes to anchorage by contact with the palate and with teeth that are
not to be moved.

3. Prevents unwanted drift of teeth.

4. Transmuts forces from the active components to the anchorage.

5. Protects palatal springs.

. May be extended to form anterior or posterior bite planes.

Anterior bite planes

These are used in order to reduce a deep overbite. They are also useful for
relieving occlusal interference with tooth movement in cases with an initial deep




138 W & H Orthodontic Notes

Figure 16.8 Trimming an anterior bite plane to allow incisor
retraction. So that the lower incisors will still occlude with it, the
bite plane should not be trimmed back too far. Then it is
undermined to clear well away from the palatal surface of the
UPPET INCIS0TS

overbite. Overbite reduction with an anterior bite plane depends largely on
occlusal movement of the posterior teeth that are held out of occlusion, and some
minor intrusion of the lower incisors. Anterior bite planes are usually successful
in growing children who have an increased curve of Spee in the lower arch.

In Class Il cases, overbite reduction should be commenced at the canine
retraction stage. The bite plane should exceed the freeway space by 2-3 mm.
When the incisors are retracted, a somewhat thicker plane should be constructed
or a low plane may be thickened by addition of cold-cure acrylic (Figure 16.8).
It is useful when designing an appliance to record the size of overjet so that the
technician can extend the bite plane by an appropriate amount.

Posterior bite planes

These are used to clear occlusal interferences to tooth movement (particularly
where there is a mandibular displacement) in appliances for correction of
unilateral crossbite (Figure 16.9a) and instanding upper incisors (Figure 16.9b).
For comfort, the occlusal coverage of the posterior teeth should be only just
thick enough to clear the occlusion.

Construction of removable appliances
Materials used

Stainless steel
In orthodontic work. 18:8 hard austenitic stainless-steel wire is used.

e Advantages. Cheap, strong, resilient, not affected by the oral fluids, and fairly
easy to manipulate. and may be easily welded. (The pieces to be welded are
held together under pressure and a current is passed. The resistance at the
junction of the parts results in a rise in temperature and fusion occurs due to
localized melting at the point of juncture. The grain structure of the wire
should not be seriously affected. A high-density low-voltage current is used
(100 A. 5V) and the time of the weld is made very brief (0.01 s) to avoid
overheating of the wire adjacent to the weld.)
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I'i,‘lllﬂ‘ 16.9 {a) An :I_[1:1|I_||"|-. e o l.".F'l.IIIli. the upper arch. Acrylic cover g the occlusal surfaces of the
premolars and malars will relieve am cuspal mierference from the lower teeth, which may hinder
tooth movement. (b} An appliance to procline an instanding incisor with a palatal finger spring. Mote
that 1t 15 cranked 1o avoid contact with the other incisors and protected by an acrylic cover. Acrylic
covering the premaolars and molars will prop the bite open and prevent the incisal overbite from
hindenng tooth movement

* Disadvantages. Must be worked in hard state, but excessive working causes
fatigue and [racture. Soldering is difficult and requires special flux, and even
then umion 1s poor, Special fluoride-containing fluxes are necessary to remove
the passive surface film of chromium oxide. A low-fusing silver solder is
most suitable. The essential points to be observed are that the wires should be
thoroughly cleaned, in close contact and liberally coated with flux. The area
of the joint must be adequately heated using a gentle blue flame. The
operation should be completed as rapidly as possible to minimize overheating
and annealing the adjacent wire.

Acryiic vesin

This is used for the baseplate.
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Construction

Construction of removable appliances is carried out in the orthodontic labora-
tory to the prescription of the clinician. The instructions should be clear and
unambiguous and the clinician should state what he or she wants the apphance
to achieve. The design should be simple and should not carry too many active
components. In addition to a written prescription, a drawing may also be helpful
for the technician.

o Adams clasps are constructed from (.7 mm diameter hard stainless-steel wire
(HSSW) for all except deciduous teeth, where 0.5 mm diameter HSSW may
be used instead.

o Southend elasps are constructed from heat-treated 0.7 mm diameter blue
Elgiloy it wire.

o Pularally approaching springs which are protected by the baseplate are
constructed from 0.5 mm diameter HSSW, or 0.7 mm diameter HSSW for
molars.

o Buccally approaching springs may be self-supporting, in which case they are
constructed from 0.7 mm HSSW. Supported buccally approaching springs are
constructed from 0.5 mm HSSW, which i1s sheathed from the baseplate to the
coil by 0.5 mm internal diameter stainless-steel tubing.

An example of a laboratory prescription card for an appliance to be used in the
first stage of the correction of a Class II Division 1 malocclusion, with no
anticipated anchorage problems and with the left canine buccally placed and the
right canine in arch line. is shown in Figure 16.10.

For details of construction of the various components see Adams and Kerr
(1990).

Techmcmn: Cnhodonac Dept Patient’s Nome:
B.H.R. Cardiff Denial Hospital
PP Dai Jones
Dhate for finish:
i 17.1.94 31 Rhondda Streat
Clinician | Staft v Study model No, Vaysybwl
Sudem 1234
Appliance’s functon: URA 1o retract 3| 3 please
Insmuctons:
1 - Ademselaspr 6 [ 6 (0.7mm 1.1.]
2 Soeathend ¢lazp 11 1 [0.7mm Elgiley)
3 Palatal cantilever finger spring to retract 3| [0.5mm)
4 Supported bocesl caming retracter |3 [0.5mm = sleeved|
5 Anterior bite plane [everjet : 6.0mm]

Drate of impression Patienr's next App. | Surgeon's Sig-
Sty Gl 5.1.94 19.1.94 R.6.0.

Figure 16.10 A laboratory card for an appliance to retract maxillary canines. The right canine 15 1n
arch line, but the left canine is buccally placed and therefore needs a buccally approaching spring 1o
correct its position. Note that the patient has a Class 11 Division | malocclusion, and an anterior
biting platform has been incorporated into the design 1o reduce an increased overbite. A second
appliance will be necessary 1o reduce the overjet
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Indications for removable appliances

The key to all successful orthodontic treatment is a correct diagnosis and
treatment plan. When used under the correct circumstances and in competent
hands. treatment using removable appliances can provide a simple and economic
solution to occlusal problems. Removable appliances are capable of:

simple tipping movements

overbite reduction

elimination of occlusal interferences

space maintenance/retention

minor derotations of incisor teeth

simple extrusion in conjunction with a fixed attachment.

- s 8 8 & @

A typical example of an appliance to tip teeth both distally and palatally is
shown in Figure 16.4. If a tooth is to be tipped, its initial position must be with
excessive tip so that, in its final position, it is ideally angled with a mild mesial
tip. although an upright position 1s acceptable. A tooth should not finish with its
crown distal to the root, as it will suffer inappropriate load on the periodontal
ligament, which will be non-physiological (pathological) during function.

It should be remembered that prochnation of a tooth to correct an incisor
crosshite will effectively reduce the overbite, and a positive overbite at the end
of treatment is essential for stability. Conversely, retroclination of an incisor to
correct an increased overjet will effectively increase the overbite, and will
require overbite control to allow a Class | incisor relationship to be established.

Elimination of occlusal interferences

Anterior or posterior bite planes will efficiently eliminate occlusal interferences,
which may hinder crossbite correction, Lower removable appliances with bite
planes may also be used to assist a maxillary fixed appliance, which is
attempting crossbite correction.

Space maintenance/retention

Keeping space in the dental arch for unerupted teeth can be achieved by a
variety of means. The advantage of a removable appliance for this purpose is
that it can incorporate an anterior bite plane to control the overbite. It is also
easy o attach a prosthetic tooth to the baseplate. The tooth will not only act as a
gpace maintainer, but also provide an occlusal stop for opposing teeth and, in
cases with an absent anterior tooth, enhance aesthetics. A passive removable
appliance is frequently used as a retainer following active tooth movement.

Minor derotations of incisor teeth

A force couple, i.e. two wires acting in opposite directions on diametrically
opposed corners of the incisor tooth, will cause derotation (Figure 16.11a). This
is only possible if the rotated tooth is upright. Careful adjustment of the
appliance is needed to achieve a satisfactory result. Remember that a rotated
incisor occupies less space in the arch, and space will be required for derotation.
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Figure 16.11 (a) A force couple acting on a rotated central incisor. The palatal *Z” spring is active
on the distopalatal corer and the labial bow 15 active on the mesiolabial comer of the crown of the
tooth. (b) Extrusion of a maxillary canine using a combination of a fixed and removable appliance in
an adult, A Begg bracket has been directly bonded onto the labial surface of the crown, and a free-
ended wire spur in 0.6 mm hard stainless-steel wire has been soldered onto the Adams clasp on the
first molar. The spur is adjusted to lie just below the level of the incisal edge of the lateral incisor,
and is lifted up and placed in the vertical slot of the Begg bracket. This taath was successtully moved
in three months

Simple extrusion of teeth in conjunction with a fixed attachment

The wide palatal coverage of a removable appliance provides excellent ancho-
rage. This can be particularly helpful when straightforward vertical movement
of a tooth is necessary, such as extrusion of a partially erupted maxillary canine,

—__




Removable appliances 143

or an incisor with a fracture that needs extrusion to simplify restorative care.
A free-ended spring, with a coil for additional flexibility, constructed in 0.5 mm
HSSW, hooks over a suitable attachment on the tooth (Figure 16.11b).

Fitting removable appliances

There are several steps involved in fitting an apphance:

. Before the patient arrives:

(a) Check that you have the correct appliance for the patient.

{b) Check that the appliance matches the laboratory prescription.

(¢c) Check the fit surface of the appliance has no sharp projections (it is often
easier to detect these without gloves).

(d) Check that the appliance fits the model and that the time since the date
of the impression is not unacceptably long.

(e) Check the positioning of the components.

(f) Check that there is free movement of the active components.

(g) Check that the headgear bow is a rigid and tight fit to the tubes in the
appliance. If there is a locking mechanism (the preferred option), check
that it works.

2. With the patient:

(a) Check the fit of the appliance.

(b) Check and adjust the extension of the baseplate, e.g. trim acrylic from
the path of teeth to be moved.

(¢) Adjust the active components.

(d) Adjust the retentive components.

(¢) Add and adjust headgear if necessary.

(f) Take tooth position measurements, e.g. for retraction of canines measure
distance between two reproducible points such as the cusp tip of the canine
and the mid-buccal groove of the first molar. Impaling the patient’s file with
the points of the dividers obviates the need to record the distance in
millimetres. Record which landmarks have been chosen. This can be rep-
eated at subsequent visits and comparison made to check progress. Measure
overjet (with appliance out of the mouth) and record in the patient’s file.

(g) Ask patient if appliance feels comfortable. N.B. If this is the patient’s
first appliance it will feel strange and a real *mouthful’, but it should not
be uncomfortable.

(h) Demonstrate insertion and removal of the appliance with the components
in their correct positions to both the patient and parent (if appropriate).

(i) Check that patient can achieve insertion and removal unaided.

(i) Give instructions on hours of wear (almost always full-ime wear) and
cleaning (toothbrush and toothpaste at least once a day). Issue wear chart
if necessary. Back up verbal instructions with a written sheet.

(k) Warn patient of initial difficulties in acclimatizing to the appliance, e.g.
eating and speaking, and reassure that after 48 hours or so these dif-
ficulties will ameliorate, Ask if there are any questions about appliance.

(1) Give subsequent appointment; this will usually be in four weeks' time.

3. At the subsequent visit:
(a) Ask patient and/or parent about any difficulties with appliance.




144 W & H Orthodontic Notes

(b) Ask patient about wear of appliance. Often the wear of the appliance is
dictated by difficulties experienced. If a headgear is fitted, check fit and
make sure it does not become detached at night.

{c) Adjust appliance to overcome reported difficulties if necessary.

(d) Repeat measurements to check tooth movement. Between | and 2 mm
per month movement 15 satistactory progress. Untoward overjet increase
when moving buccal teeth distally indicates loss of anchorage. See above
for methods of preserving anchorage.

(e) Check condition of mouth. Look for marginal gingivitis especially on the
palatal aspects adjacent to the baseplate, trawma from the baseplate,
retentive or active components and candidal infection beneath the base-
plate. Give appropnate advice, prescription or adjustment of appliance.

(f} Reactivate components or, if the tooth movements that the appliance was
designed to achieve are complete, then stop treatment or take an im-
pression for the next apphiance. Remember at this stage to keep the
current appliance passive so that the new appliance will fit,

(g) Tell patient (and parent) of progress. or lack of progress.

(h) Give subsequent appointment.

Appliance not being worn

There are several signs which can indicate that the appliance is not being worn:

I. There is little or no tooth movement.
. The appliance still looks new. The baseplate retains its high polish, and does
not become cloudy due to absorption of oral fluids.
. The patient’s speech is affected when the appliance is in the mouth.
The patient has difficulty removing and, more importantly, inserting the
appliance.
The springs are still active.
The apphance may not fit well, as there may have been tooth movement
when the appliance was out of the mouth.
7. There will be no imprint of the arrowhead of the Adams clasp on the
gingivae.
8. There will be no outline of the shape of the baseplate on the palate.
Y. The patient may admit to not wearing the appliance. Possible reasons for this
include:
{a) instructions misunderstood
{b) pain or discomfort
{c) appliance broken/lost
(d) appearance

(e) dislike/intolerance of appliance.

= had b2

o o

The clinician should identify the cause for lack of wear and attend to the
problem. It is important that both patient and parent realize the importance of
compliance with appliance wear.
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Unsuccessful appliance therapy

This may be due to poor compliance (see above), iatrogenic factors and intrinsic
patient factors.

latrogenic factors

e Incorrect choice of treatment mechanics, i.e. attempting to correct a maloc-
clusion using the wrong type of apphiance.

# Incorrect choice of extractions. This usually means extraction of second
premolars rather than first premolars and having insufficient space to achieve
full alignment. The reverse can also be true. with too much space being left at
the end of treatment.

s Poor anchorage control.

= Incorrect appliance design. Although a removable appliance might be suitable
for correction of the malocclusion, incorrect design will hinder progress.

» Poor fit of appliance, leading to patient discomfort. May be due to overlong
period between taking impression and fitting appliance. This problem of fit
may be compounded if extractions have been performed in the interim,
Normally a removable appliance should be fitted within | month of taking the
impression, and preferably sooner if extractions have been carried out.

¢ Baseplate trimmed incorrectly. Failure to clear acrylic from the path of the
advancing tooth, or to appreciate the bunching-up of soft tissues in front of
the tooth can prevent tooth movement.

« Too many active components. The appliance should be designed to move only
a small number of teeth, It is preferable to use two or more appliances to
achieve correction than to try incorporating all the components into one
appliance.

* Active components mcorrectly adjusted. Too much activation of springs, etc.,
is likely to cause loss of anchorage because the reaction to the heavy foree on
the tooth to be moved will be a light (optimal) force on the anchor teeth,
encouraging their movement (see Chapter 15).

e Fixation (retentive) components ineffective. This will allow displacement of
the appliance with a reduction in efficiency of the spring and will be
uncomfortable for the patient.

¢ Trauma. Incorrectly placed or adjusted springs can cause trauma, which, in
turn, will discourage appliance wear.

« Wrong instructions given to the patient regarding appliance wear.

¢ Unstable end-point of treatment. If the teeth have been moved into an unstable
position there will, without permanent retention, always be relapse.

Intrinsic patient factors

In spite of a correctly designed. constructed, adjusted and worn appliance, teeth
may still fail to move. This may be because the tooth is ankylosed, for example a
previously traumatized incisor that has healed by ankylosis. There is nothing
that can be done to move this tooth. There may be an area of sclerotic bone in
the path of the tooth. This may be the result of a difficult extraction.

There may be anatomical limitations, Teeth can only be moved where there is
bone. Severe skeletal discrepancies will require a combination of surgery and
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orthodontics to overcome these problems (see Chapter 22). At a local level, loss
of alveolar bone will lead to a narrowing of the channel of cancellous bone
through which the tooth can move easily.

Further reading

Adams, C.P. and Kerr, WS, (1990). The Design and Use of Removable Appliances, 6th edn, Oxford:
Butterworth-Heinemann,

Houston, W.JB. and Walters, M.R.E. (1977). The design of buceal canine refraclion springs for
removable orthodontic appliances. British Jowrnal of Orthodontics, 4, 191-5.

Muir, J.D. and Reed, R.T. {1979). Tooth Movements with Removable Appliances. London: Pitman
Medical.




Chapter 17
Treatment with fixed appliances

Fixed appliances are powerful and complex mechanisms and their unskilled use
may lead to extensive and rapid unwanted tooth movements. The dental practi-
tioner without special training should not attempt to use fixed appliances.
However, he may need to refer patients requiring fixed appliance treatment to an
orthodontic specialist. Thus he should have some knowledge of their scope and
action.

Defintrion. A fixed appliance is an orthodontic device where attachments are
fixed to the teeth, Forces are applied to the teeth via the action of arch wires or
auxiliaries through these attachments. This allows precise three-dimensional
control over the nature and direction of the forces applied.

Components of fixed appliances
Attachments

The attachments (brackets, tubes, etc.) are peculiar to each fixed appliance
technique. Their function is to allow a controlled force (or a force ‘couple’) to
be applied to the tooth (Figure 17.1). The attachments may be directly fixed to
the teeth by means of etch-retained composite resin (Figure 17.2) or some
similar system. Alternatively, the attachment may be welded to stainless-steel
bands which are then, in turn, cemented to the teeth. Bands may be purchased in
a variety of stock sizes or may be individually constructed from stainless-steel
tape for teeth of unusual size or shape. Directly bonded attachments are

Figure 17.1 A mechanical couple can be applied
to 4 tooth with a fixed appliance, This means that
precise control over root movement is possible




148 W & H Onthodontic Notes

(b

Figure 17.2 An Edgewise appliance with directly bonded attachments. {(a) A thin-diameter round
wire is used to obtain initial alignment of the teeth. (b} Precise control of tooth positions 1s achieved
by the use of rectangular archwires. The loops in this latter wire are active components designed o
retract the incisors and reduce the overjet

generally less conspicuous than bands, but during bonding, the tooth must be
kept absolutely dry. Generally they are used on anterior teeth whilst molars,
particularly if extra-oral traction is to be applied, are usually banded.

Archwires

Depending on the technique, round or rectangular archwires may be used and
are fixed to the brackets by soft wire ligatures, elastomeric rings or pins. The
archwire may be active (the archwire is deflected on tying in to the attachments
so that forces are applied to the teeth) or passive (the archwire is not deflected
but forces are applied by auxiliary springs or elastics). Active archwires often
have loops bent into them (Figure 17.3a) to increase their flexibility at sites of
irregularity or where spaces have to be opened or closed.
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Figure 17.3 A Bege apphance. The
brackets have vertical slots, which
sccommodate soft metal pins 10 hold the
archwire in place. {a) Prior 1o treatment. (b)
After initial alignment of the teeth with
looped arches, plain arches are used in
conmjunction with intermaxillary elastics (o
close space and attam an edge-to-edge
incisor relationship. {(c) In a later stage of
treatment apical movements of the teeth are
made o correct their inclinations; these are
achieved by auxiliary attachments and
springs. (d} Finished result. {Records of this
case kindly provided by Mr R. Edler)
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Auxiliaries

Forces may be applied to the teeth by auxiliary springs or elastics. As an
example, latex elastics are used for transmitting forces between the arches
(intermaxillary traction) as well as within any one arch (intramaxillary traction).

Advantages and disadvantages of fixed compared with
removable appliances

Fixed

D 1

Precise control over force distribution to individual teeth means that rotation
and controlled root movement are possible.

Multiple tooth movements can be performed simultaneously.

Complex to make and use so special training is needed.

. Chairside time 1s comparatively long,

Components are usually more costly (this is now less of a problem).

. Oral hygiene is made more difficult.

Removable

Single point application of forces means that only tipping movements are
readily produced.

. Usually only a few teeth should be moved at any one time. The apphance

should be kept as simple as possible.

. Treatment should be kept comparatively simple and should be within the

scope of the dental practitioner.
Only suitable for carefully selected cases.

. Chairside time is usually short but laboratory time is generally greater than

tor fixed apphances.

. Components are usually inexpensive and easy to obtain.

Since the appliance is removable the problems of oral hygiene should not be
any greater than normal,

Limitations of fixed appliances

It should be recognized that many of the limitations of removable appliance
treatment apply equally to fixed appliances.

k.

2

3.

Patient cooperation is required, even though the appliance is a fixture. The
uncooperative patient will not maintain an adequate standard of oral hygiene,
will not wear intra-oral elastics or headgear as directed and may intentionally
or carelessly damage his or her appliances. Thus fixed appliance treatment is
not appropriate for the uncooperative child who will not wear removable
appliances. Indeed, in general. a similarly high level of cooperation is
required whatever type of orthodontic appliance is selected.

. The rate of tooth movement is limited by the biological response of the

supporting tissues. This is the same, regardless of the type of appliance used.
Treatment effects are limited to the teeth and alveolar structures. Whilst it is
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possible by controlled tooth movement with fixed appliances to obtain good
occlusion even where the skeletal relationship is unfavourable, the improve-
ment in the patient’s facial appearance may not match the improvement in
occlusion. Where the skeletal pattern is very adverse, it is not possible to
obtain a good occlusion, even with fixed appliances. In such situations
surgery would be required to correct both the skeletal discrepancy and
improve the facial profile.

4. Stability of treatment with fixed appliances depends on exactly the same
factors as with removable appliances: the position of balance depends on the
harmonious interaction between skeletal relationship, soft nissue pattern and
interdental forces. Having stated this, multiple tooth movement is possible
with a fixed appliance and therefore careful consideration should be given to
the retention phase. In particular, teeth with large rotations are prone to
relapse: such corrections should be made early and retained for longer.

Fixed appliance techniques
Multiband techniques

A variety of techniques are available in which attachments are fitted to most or
all of the teeth. Archwires are designed so that controlled tooth movement in
any plane of space is possible. The most widely known fixed appliance systems
are based on the Edgewise and the Begg techniques.

Edgewise technigue

This technique is based on a method for moving teeth first described by Edward
Angle, the father of modern orthodontics (see Angle, 1928). Attachments with
rectangular slots are used (Figure 17.2). Light, small-diameter, round wires may
be fitted for initial alignment, but for controlled tooth movement in all planes of
space, rectangular archwires, which more closely fit the corresponding slot in
the bracket, are used.

Begg technigue

In contrast with the Edgewise technique, the attachments have simple vertical
slots, which allow free tipping of the teeth (Figure 17.3). Round archwires are
used, and controlled root movement in any direction is obtained by the use of
auxiliary springs (Begg and Kesling, 1977).

Treatment stages

Whichever technique is selected, treatment may be divided mto four main
phases.

|. Alignment phase. During this initial phase, crowding and rotations are
rapidly dealt with to allow the placement of more rgid working archwires.
Very flexible wires with large working ranges are used during this early part
of treatment. In the past multiple loops might have been bent into a steel wire
to allow the distraction of the archwire into the brackets on malpositioned
teeth: it is more common in current practice to use thin twisted (braided/
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multiflex) steel or preformed superelastic mickel-titanium alloy wires, both of
which are very efficient at gaining initial tooth alignment with reduced
chairside time.

2. Working phase. During this middle period of treatment, horizontal and
vertical dento-alveolar corrections are made. Thus the overbite and overjet
are reduced. During this phase a more rigid archwire is employed along
which the teeth (via the brackets) are generally moved. All spaces are
eliminated.

3. Finishing phase. Larger archwires more closely fitting the bracket slot are
placed. Tooth position is carefully detailed to achieve the best aesthetic and
functional result. Where the final archwire is left in place passively for the
last 2—3 months this serves as a very effective start to the retention phase.

4. Retention phase. The fixed appliance is removed and usually retainers are
fitted. These, in contemporary practice, are most usually upper and lower
removable appliances designed to fit tightly around the incisors and hold any
corrected rotations. The retainers are worn full time for 4—6 months, then at
night time only for 4—6 months. Since they are removable they can then be
gradually withdrawn to test for tooth stability. There is no absolute rule with
regard to a retention regime, every case being treated on its merits. On occa-
sion fixed retainers may be appropriate. These are most commonly employed
in the region of the lower incisors, where they might be bonded directly to the
lingual surfaces of the lower permanent canines (see Chapter 24).

Fixed-removable appliances

Sometimes it is useful to be able to use fixed attachments in association with a
removable appliance. As an example, where the retention of a removable 1s
liable to be poor and it is desirable to use extra-oral traction. bands may be
cemented direct to upper molars to carry a facebow (Figure 17.4). This can be
used alone to retract the upper molars, or to reinforce anchorage in conjunction
with a removable appliance. In that case modified clasps to fit over the tubes on

Figure 17.4 Bands cemented to first permanent molars carry tubes into which the ends of the
facebow can be fitted. This. together with the headgear, is worn at mghts or as prescribed. Some
form of safety headgear should always be used (see text and Figure 17.6)
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Figure 17.5 A modified molar clasp for an upper removable appliance to be worm in conjunction
with the bandson the molars

the molar bands are used on the appliance (Figure 17.5). In either situation, it is
wise to incorporate safety mechanisms to reduce the risks of recoil and resultant
injuries, which may affect the face, or, in more serious circumstances, the eyes.
Such injuries are often due to an incorrect headgear removal procedure. horse-
play by the patient or detachment of facebows during sleep. A number of safety
mechanisms are available (Figure 17.6); however, they do not reduce the need
for careful instructions on fitting, and any patient experiencing detachment of
their headgear should return to the clinician as soon as possible. The “gold
standard” are headgears that “lock” into the fixed appliance.

Where one or perhaps two incisors are rotated, a whip and bonded attachment
may be effective when used in conjunction with a labial bow from a removable
appliance (Figure 17.7), although a local fixed appliance generally gives better
control. By simuilar means a favourably inclined canine may be drawn across the
occlusion from a palatal position (see Figure 17.8a). In both of these examples
directly bonded attachments are useful, being connected to the tooth to be
moved by the conventional acid/etch technigue.

An upper removable appliance may also be used in the early stages of a
standard fixed appliance treatment, an anterior bite plane assisting bite opening
or clearing the occlusion to allow early lower incisor bracket placement. Gently
activated springs mesial to molars may assist the distal movement of these teeth
by extra-oral traction (Figure 17.8b).

Segmental fixed appliances

These constitute locally applied fixed appliances generally used in isolation in a
buccal or labial segment of the dental arch to improve the tooth alignment, They
often form part of an adjunctive treatment (see Chapter 21).
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Figure 17.6 Various methods for improving headgear safery, Top lefi 1o bottom right elockwise:
snap-release: anti-recoil strap; locking catch between inner bow and maolar buccal tabe; plastic
covering all wire ends, (This figure kindly provided by Mr . Samuels)

Preadjusted fixed appliances
Edgewise

In recent years preadjusted (prescription) versions of the Edgewise apphance
have become popular. In such systems, instead of having a simple slot cut in the
Edgewise bracket and making adjustments to the tooth position by placing bends
or twists in the archwire, each individual tooth correction is built into each
bracket slot and/or base. An individual bracket is available for each tooth and
carries the average correction for angulation and inclination (torque). Varying
the thickness of the bracket base allows the “in/out’ relationship of each tooth to
the arch form to be considered. As an example, the average tendency of an upper
lateral incisor to be more palatal than the neighbouring central incisor 1s
reflected in a thicker bracket base for the lateral. This detail, which is built into
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Figure 17.7 {a) A whip on the upper lateral incisor with a directly bonded Edgewise bracket. (b)
Ihe design of the whip, which s made from (K5 mm wire, It chips over the wings of the bracket and
i5 held in place by a ligature twisted through the loops in the wire. The free end of the whip clips
over the labial bow and a rotational couple is applicd 1o the twoth. The patient can take out the
removable appliance for cleaning

every individual bracket, means that flat archwires, of a set curve (preformed in
the factory), may be fitted with the minmimum of adjustment straight from the
packet. In particular, such systems facilitate the use of superelastic (nickel-
titanium-based) alloys which have a “shape memory’ and improved flexibility.
This generation of archwires place a constant (more physiological) load on a
tooth not related to the deflection in order to tie that tooth to the wire.

T'he advantage of such systems lies in the saving in clinical time and the
improved consistency of a good fimished result. The disadvantages include cost,
the increased stock required and the need for the clinician to recognize the
oceasional cases where a set prescrniption in the bracket or archwire i1s
inappropriite,

It is important in any tvpe of fixed appliance mechanism to correctly position
the bracket on the crown of the tooth; this 1s an especially important factor when
the main prescription for tooth movement 1s built into the bracket.

Popular types of Edgewise preadjusted appliances include the systems
described by Andrews (1979) or alternatively Roth. These two systems only
differ in the prescription (the amount of tip and torque) built into the bracket
and base. A case treated by the Roth prescription appliance is shown in Figure
17.9.

Another Edgewise approach is to treat the case in the early stages by sectional
arches and then, when the main corrections have been achieved. fit full arches in
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1]

(b}

Figure 17.8 (a) A removable/fixed appliance for moving a ¢a nine where the crown ss palatal but the
root apex is favourably positioned. (h) A removable appliance to support distal movement of upper
molars with extra-oral traction. Springs should be enly lightly activated. {Case kindly provided by
Mr 1. Buckley)

4 similar manner to conventional Edgewise to finish. An example of such a
system is the Bioprogressive technique, as first described by Ricketts ( 1969), Its
advantage lies in minimizing the effects of friction whilst allowing a careful
balance of anchorage to be maintained. Its disadvantage lies in the difficulty in
controlling tooth movements especially during the early stages of treatment.
Figure 17.10 shows a case treated by this technique. A fuller description of the
technique is available elsewhere (see Jones ef al., 1992).
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Figure 17.9 A case treated by means of the Roth prescription “Siraight-Wire Appliance” - A
preadjusted Edgewise appliance emploving full arch mechanics. Middle left to lower right
{clockwize) shows sequence of mechanics for a moderate Class [1 Division 1 case. Note overjet
reduction by means of sliding mechanics along the archwire, the force being provided by
intrfmaxillary elastic traction whilst the anchor molars are held in position by headgear. The upper
views show start to finish overjet. (Records of the case kindly provided by Dr J. Knox)

Begg

A preadjusted version of the Begg appliance is also available, called Tip-Edge.
In this system the early stages of treatment follow conventional lines (Figure
17.3); however, the bracket includes a preadjusted element similar to the Edge-
wise bracket which facilitates the fitting of a rectangular finishing wire at the
end of treatment. The progress of treatment is shown for a typical Class Il
Division | Tip-Edge case in Figure 17.11.
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Figure 17.10 A case treated by means of the Bioprogressive technique - a version of a preadjusied
Edgewise appliance employing sectional mechanics, Middle left to lower right (clockwise) shows the
sequence of mechanies. Initially o space maintainer has been fitted to both hold space following
extraction and start bite opening. Afier the upper canines have erupted they have been retracted
using a sectional archwire (see also Figure 21.3). Next the overjel has been reduced using another
section termed a “utility”. Finally, full archwires have been fitted to respond to the preseription in the
bracket and Facilitate individual tooth positioning. The upper views show the before and after facial
profile. (Records of the case kindly provided by Ms H. Taylor)
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ial

(b

(d)

Figure 17.11 Treatment with the prescription *Tip-Edge” appliance. This is derived from the
original Begg appliance. A typical treatment of a Class [ Division | malocclusion is shown, (a)
Original malocclusion. (b Completion of alignment phase — addition of Class 11 elastics is *driving’
the overjet redection. (¢} *Detailing phase’ — rectangular archwire and auxiliary springs in place. (d)
The pest-treatment result on day of appliance removal (debond)

Further reading

Andrews, F ( 1979), The straight wire appliance. Brinsh Journal of Ovthadonrics, 6, 125-43,
Angle, E. ( 1928). The latest and best in orthodontic mechanisms. Demtal Casmos, 70, 1143158,



160 W & H Orthodontic Notes

Begg, PR. and Kesling, PC. (1977). Bege Orthodontic Theory and Technigue, Ird edn. Philadelphia:
W.B. Saunders.

Bowden, D.EJ. (1978). Theoretical considerations of headgear. Parts | & 2. British Journal of
Orthodantics, §, 145-52, 173-81.

Evans, T.IW., Jones, M.L. and Newcombe, R.G. (1997). A clinical comparison and performance
perspective of three aligning archwires. American Jowrnal of Orthodontics and Demofacial
Orthopedics, 114, 32-9,

Jones, M.L., Nicholson, PT, Oliver, R.G. and Robertson, N.R.E. {1992). The place of the
Bioprogressive technique in postgraduate teaching, British Jowrnal of Orthodontics, 19, 1-13.

Jones, 5. and Waters, N.E. (1989), The mechanics of quadhelix expansion appliance. Parts 1 & 2.
Ewrapean Jowrnal of Orthodontics, 11, 169-78, 195-9.

Kesling. P.C. (1989), Dynamics of the tip-edge bracket. American Journal af Orthadontics and
Dentofacial Ovthopaedics, 946, 16-25.

Ricketts, R.M. {1969). Bioprogressive therapy as an answer 1o orthodontic needs. Part 1. American
Jowrnal af Orthodontics, T0. 241 -68.

Roth, R. (1994). Treatment mechanics for the straight wire appliance. In Orthodontics: Curvent
Principles and Practice, 2nd edn. (T.M. Graber and R.L. Vanarsdall, eds) St Louis: Moshy.

Samuels, RH.A. and Jones, M.L. {1994). Orthodontic facehow injuries and safety eguipment.
Enropean Jovurnal of Orthodontics, 16, 385-94.

Tweed, C.H. (1941). The application of the principles of the edgewise arch in the treatment of
malocclusions. Angle Ovthodontisi, 11, 5-67.

Waters, N.E.. Houston, W.1B. and Stephens, C.I) (1981). The characterisation of archwires for the
initial alipnment of irregular teeth. American Journal of Orvthodontics, 66, 487-97.




Chapter 18
Treatment with functional appliances

Functional appliances utilize the forces of the orofacial musculature o move
teeth. The fact that they depend on muscle forces in no way implies a special
mode of action: they produce their effects as a result of tooth movement brought
about by the tissue changes described in Chapter 15. The major effect of
functional apphiances is on the position of the teeth and alveolar processes, in
other words the correction of the malocclusion is largely by dento-alveolar
camouflage. There is still much debate about the possibility of orthopaedic
change, with some evidence that in favourable cases mandibular condylar
growth may be modified or redirected.

Many functional appliances have been described but only the more important
examples from each group will be mentioned in this text. For a more detailed
account of their use and construction see Adams and Kerr (1990), Isaacson ef al.
(1990) or Orton ( 1990).

The Andresen appliance

This appliance (Figure 18.1a) was developed from the monobloc of Robin (1902).
It consists of upper and lower appliances sealed together with the mandibular arch
postured, so that the forces of the muscles of mastication can be transmitied
between the dental arches. This produces an intermaxillary tvpe of force which
acts to correct the Class 11 type of antero-posterior arch discrepancy.

Although a variety of malocclusions may be treated by the expert, the general
use of the Andresen appliance is confined to carefully selected Class 1 Division
| cases with the following classically described features:

|._The arches must be uncrowded and in regular alignment. It is advantageous
if the upper incisors are spaced. The upper molars must not be inclined
distally.

2. The lower arch should not normally be more than a half cusp width distal to
the upper.

3. The skeletal pattern should be ideally Class 1 or mild Class 11.

4. There must be no habit posture of the mandible.

5. Ideally the patient should not have entered their prepubertal growth spurt.

For success, the working bite and laboratory procedures must be carried out
carefully. The working bite is taken with the mandible symmetrically postured
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Figure 18.1 (a) An Andresen appliance {the bite has been postured forwards in this Class 11
Division | case — in this instance it is more open than classically described). (b) A Frankel appliance
ithe bite has been postured forwards into the appliance (o correct the Class 11 Division |
malocelusion), (¢} Clark’s twin-block appliance (in this adaptation of the appliance headgear tubes
are also included: the models have been opened for the purposes of illustration in this Class 11
Division | case - note the angled posterior bite-blocks which serve 1o posture the mandible for wards
omn closure)

forwards to obtain a Class I buccal segment relationship and opened about 2 mm
beyond the freeway space. This means that when the apphance is fitted the
mandible is held forwards and the muscles acting on it (in particular the posterior
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fibres of temporalis) tend to retract it to its normal position. As a result forces are
generated which tend to move the upper teeth distally and the lower teeth mesially.
This is an example of intermaxillary traction. In order to facilitate tooth move-
ment and allow overbite reduction. channels are trimmed over the occlusal
surfaces of the molars and premolars. These channels are directed backwards in
the upper arch and forwards in the lower. As a result, the appliance contacts the
upper posterior teeth only on their mesiopalatal aspects and the lowers only on
their distolingual aspects. This guides their direction of eruption to encourage
correction of the occlusion. It is important that, in the construction of the
appliance, the acrylic should be carried over the lower incisor tips. The capping
acts as a bite plane to permit overbite reduction and is meant to prevent the lower
incisors from tipping forwards. However, a major problem with the Andresen
appliance is that the lower incisors may be moved labially out of muscle balance
and therefore could relapse when treatment is completed.

The patient is instructed to wear the appliance at night and for as many hours as
possible each day. With careful case selection good results may be obtained, but
the clinician needs to make a careful assessment of the facial profile before
prescribing a functional appliance: where a true maxillary protrusion is present,
such cases may more readily be treated by using a more conventional appliance.
For example, the mild uncrowded Class Il Division | malocclusion may be treated
by using extra-oral traction to retract the upper buccal segments, followed by
overjet reduction, without any risk of disturbing the balance of the lower arch.

The Harvold appliance

This appliance, which is also known as the Harvold activator (Harvold and
Vargevick, 1971), belongs to a group of essentially tooth-borne appliances
which all derive from the original design of Andresen. It differs in that it holds
the teeth further apart thus exhibiting a greater potential for both bite opening
and intermaxillary traction, It is also trimmed differently in that the appliance’s
lingual flange is constructed to be well clear of the teeth of the lower buccal
segments: this allows the teeth of the lower buccal segments to erupt upwards
and forwards to assist both the overbite and the horizontal molar correction.

The very large amount of vertical opening is intended to take advantage of a
theoretical muscular and soft tissue recoil to correct the Class Il arch relation-
ship. However. such a degree of opening can also make the appliance uncomfor-
table to wear.

The Fllfankel appliance

This is a variety of functional appliance (Figure 18.1b) which differs from the
Andresen appliance in that its action primarily depends on acrylic shields which
are designed to hold the lips and cheeks away from the teeth. so disturbing the
muscle balance and producing tooth movement. This appliance has been des-
cribed as being soft-tissue-borne rather than tooth-borne, the latter being the
case with most other appliances in the family of functionals. In Class 11 cases,
the appliance is designed to hold the mandible in a forward position.

The appliance is described by Frankel (1980) as a ‘function regulator’ (FR)
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and. as its name implies, he believes that it permanently modifies the position and
activities of the orofacial muscles and promotes growth at the mandibular
condyle. At present there is no objective evidence to support these views. Treat-
ment with the Frankel appliance is usually begun in the early mixed dentition.
The appliance is worn part time until the patient is accustomed to it, then full
time. Although the appropriately designed Frankel appliance can theoretically be
used to treat any arch malrelationship, it is used most commonly in Class 11
Division 1 malocclusions. Crowding in Class 11 cases is not a contra-indication
for its use since some arch expansion is produced, but clearly the result will not be
stable unless the teeth are in a position of muscle balance at the end of treatment.

Clark’s Twin-Block appliance

This tooth-borne functional appliance has become very popular in recent years
for the treatment of moderate to severe Class 11 Division | type malocclusions. It
differs from the Andresen in that the upper and lower components of the appliance
are not sealed together, being free to move apart when the patient opens their
mouth. On closure (Figure 18.1¢), angled posterior bite blocks on the upper and
lower plates guide the occlusion into a postured position, similar to that obtained
with other functionals. The principal advantage of the twin block is that it is better
tolerated than most functionals and is therefore worn for longer to achieve a more
rapid correction of the antero-posterior arch discrepancy. As with other functional
appliances, it is usually unwise to attempt a full horizontal occlusal correction in
one go. Accordingly, the mandibular arch should not be initially postured
forwards by much more than 7 mm. otherwise the appliance may prove uncom-
fortable and will not be worn. Clark’s appliance may be activated quite easily
during treatment by adding acrylic to the blocks (see Clark, 1988).

In both Clark and Frankel appliances the likely effect on the facial profile of a
successful treatment may be rehearsed by asking the patient to posture the
mandible forwards to a Class | incisor relationship.

Activators for use with fixed appliances

There are now available a range of ‘cut-down’ activators based on the earlier
design described above. However, these appliances are less bulky, easier to wear
and as a result may be worn simultaneously with a twin arch fixed appliance.
This obviously has major advantages in being able to correct the underlying
Class Il dental arch discrepancy whilst dealing with arch alignment of teeth.
These appliances were first described by Orton and are discussed in more detail
in his excellent text on functional appliances (see Orton, 1990).

Adjunctive appliances to support functionals

There are a variety of appliances that may be used to facilitate, support or retain
a functional treatment. The use of a fixed appliance either during or after
treatment with a functional has been mentioned already. However, upper arch
retained removable appliances also have a role:
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Fipure 18.2 (a) An " ELSAA appliance (see text). Such types of removable appliance are used
prepare the maxillary demtal arch to receive the definitive functional appliance. This one expands the
upper arch whilst aligning the labial segment. (b) An example of a second-stage appliance for use
after the correction of a Class 11 Division | malocelusion with a functional. The angled upper
anterior bite=-plane helps to retain the overjet correction whilst allowing the buccal sepments to settle
into their final honizontal and vertical relationship
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e They may be used to expand the maxillary arch and align the labial segment
prior to the functional phase of treatment. An example of this is the ELSAA
(Expansion & Labial Segment Alignment Appliances) (Figure 18.2a).

e They may be used as post-functional retainers. This can be achieved through
the construction of a second-stage appliance which has an angled anterior bite
plane to support the overjet reduction whilst allowing the buccal segments the
freedom to drift into an improved vertical and horizontal position (Figure
18.2b).

Conclusions

A very large number of functional appliances have been described in the
literature, unfortunately there have been very few scientifically valid studies to
investigate how they achieve correction of the malocclusion. However, it would
appear that much of the change in dental arch relationship is achieved by a
combination of dento-alveolar camouflage and favourable growth of the jaws.
For the best chance of success the appliance must be worn for lengthy periods
and the treatment timed to coincide with the individual's growth spurt. Since
both of these factors are, to a large extent, outside the control of the clinician it
is wise to review progress carefully. If little change is seen after six months it
would probably be sensible to consider other possible treatment options.

At their most effective, functional appliances are very valuable in that they
provide a possible treatment in the mixed dentition for significant horizontal
dental arch discrepancies. Although they may be employed in other types of
malocclusion they appear to be most useful in Class 11 Division 1 types. Once
the overjet is corrected a fixed appliance can be fitted subsequently to allow
detail tooth alignment.
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Chapter 19
Radiology in orthodontics

The importance and value of radiographs in diagnosis and treatment planning 1s
well documented. However, a radiograph should never be taken unless it offers a
‘benefit’ to the patient that outweighs the ‘risk” of the radiation exposure.
Therefore, the orthodontic clinician should be able to justifv the taking of each
radiveraph as being to the advamiage of each individual patient. Taking a
radiograph cannot be justified on medicolegal grounds alone. Interpretation
should be made only from good quality radiographs in terms both of technique
and processing.

This chapter gives a brief account of the main projections used in orthodon-
tics, the main clinical indications for radiography, and some recommendations
to assist the clinician in matching the appropriate view with the information
required. Bearing in mind the biological effects and risks of X-rays, the practi-
tioner has ethical and legal obligations to minimize the radiation dose to
patients, practitioner, staff and public.

Radiation dose

The absorbed dose measures the amount of energy imparted by radiation to a
unit mass of tissue, It i1s expressed in a unit of measurement termed the gray
{symbol: Gy). Since equal absorbed doses from various radiations (e.g. X-rays,
alpha particles) do not necessarily have equal biological effects, another quantity
is needed. This is the dese equivalent, which is expressed in a unit of measure-
ment called the sievert (symbol: Sv), Dose equivalent is equal to the absorbed
dose multiplied by a factor that takes account of the way a particular radiation
distributes energy within tissue, thus influencing its effectiveness in causing
harm. The risk of fatal malignancy or hereditary damage per sievert is not the
same for all tissue types, For example, it is lower for the thyroid than for the
testes or ovaries. For this reason, the dose equivalent in each of the major organs
and tissues of the body is subject to a weighting factor related to the individual
nisk to that organ. The sum of these corrected measurements is termed the
effective dose equivalent and it is recorded in sieverts,

The word ‘dose’ is applied loosely to the effective dose equivalent, and the
units millisievert (mSv) and, more wsually, microsievert (uSv) are used. The
average radiation dose from different radiological examinations, together with
the estimated risk and equivalemt period of natural background radiation, 15
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Table 19.1 Mean effective dose equivalents from different radiological examinations - esti-
mated risk per million of a fatal cancer?

X-roy examisation Effective Estimated risk per  Equeivalent period of
dose (uSv) million of a fatal narural background
Cencer raelfation®
Imira-oral (periapical, bitewing, 2-14 0.06-0.7 | day

upper standard occlusal)

Oblique lateral (bimolar) 2-3 (.06 0.7 | day
Dental panoramic 7-26 0.21-19 1 -6 days
Lateral cephalometric 3 (.06 (11 2.5 days
Skull 100 6.0 17 days
Chest 20-40 02 3-7 days
Barium meal 000 265 2.1 years

* There are inconsisencies i the literature because off differences in methed of caleulation
tEstimate of avernge dose per vear for exch inhahitant of the LK m 220 @Sy

given in Table 19.1. Effective dose is calculated for any X-ray technique by
measuring the energy absorption in a number of ‘key” organs in the body. so that
the final figure is a representation of *whole body’ detriment.

No dose of radiation can be considered as safe, no matter how small,
However, the small risks involved in dental radiography should be kept in
perspective.

Paediatric radiography

Radiation risk is age-dependent, being the highest for the young and the lowest
for the elderly, The risk of cancer is tripled for the age group 0-10 years, and
doubled for those aged 10-20 years (see ICRP, 1990).

The majority of orthodontic patients are children. Since they are both growing
and developing, their tissues are generally at higher risk from radiation. There-
fore, it is important that radiation protection procedures are rgidly enforced.

Generally, children require smaller radiation doses than adults since their
tissues are reduced both in thickness and density. As a consequence, it is often
possible to employ a reduced exposure time or a lower milliamperage. Since
children have a tendency to move when radiographs are being taken, it is best to
decrease the exposure time rather than the milliamperage. This prevents blurring
and produces a more consistently sharp image.

Measures and factors modifying effective dose

In addition to the use of well-maintained and monitored X-ray equipment and a
high standard of radiographic technique, the operator must never stand in the
direct line of the main beam. It is best to stand behind a lead barrier or no closer
than 1.5 metres (6 ft) to the unit during an exposure, and preferably at right-
angles to the beam. The following general measures should also be followed.
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Selection criteria

Prescription of radiographs should be based on the history and clinical findings,
and they must only be undertaken when the investigation is likely to affect the
management of the patient in terms of diagnosis and treatment. Decisions should
be based on the information required. Important factors are:

the likely abnormality being investigated and 1ts extent

whether a general or detailed view is necessary

whether the patient 1s new to the clinic or has been recalled
whether special radiological or scanning techniques are indicated.

The freguency with which films are taken will depend upon the availability and
timing of previous radiographs, together with any monitoring regimen that is
being pursued. However, it is important that radiography 1s not seen as a
‘routing’ procedure that automatically accompanies a periodic recall examina-
tion. Radiographic screening of children for malocelusion has not been shown to
be of benefit to the community at large and, in general, 15 not recommended.

Quality assurance programme

The purpose of a quality assurance programme is to produce radiographs that
are of high quality with maximum diagnostic information, while using the least
amount of radiation. They should also be produced at mimimum financial cost.
This programme includes processing and darkroom quality control.

The tollowing factors modify effective dose:

method of X-ray generation (pulsating or constant potential)

exposure factors (kilo voltage, milliampere-seconds — mAs)

filtration (to absorb ‘soft” low-energy radiation from the heam)

collimation (to restrict the volume of the beam to the area of interest)

cone length (focus to skin distance — fsd)

image receptor (film speed, film/screen speed. or digital system): e.g. rare-
earth intensifying screens significantly reduce radiation without affecting the
diagnostic yield

+ lead apron and thyroid collar,

General orthodontic indications for dental radiographs
Intra- and extra-oral views

The main function of lateral cephalometric skull films 1s to produce a record of
the developing face and dentition (see Figure 4.2). The need, use and analysis of
such films have been discussed previously in Chapter 4. Postero-anterior (PA)
skull views may be of use in patients presenting with facial asymmetry and may
occasionally be helpful in the assessment of certain jaw or dental anomalies.

For general assessment and when dental panoramic tomography is not avail-
able, right and left lateral oblique or bimolar projections (Figure 19.1) may be
taken, together with upper and lower standard (central oblique) occlusals.

The bimolar is an oblique lateral projection designed to show premolars and
molars in both jaws on the same radiograph. By careful application of a lead
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Fipure 19.1 Bimolar or lateral obligue radiographs, Mote the congeninal absence of the maxillary
second premalar on the patient’s right side (left radiograph) and congenial absence of the
mindibular sécond premodar on the patient’s lefl side (nght radiograph). The artetact on the left
radiograph below the border of the mandible is a metal stud-fastener on the patient’s jacket

screen to cover half of the cassette at each exposure, it is possible to fit both
sides of the jaws on one film.

The upper standard occlusal is usually taken together with a dental panora-
mi¢ tomogram particularly where there are reasonable grounds for suspecting
that pathology exists, or when searching for a supernumerary tooth or an odon-
tome. This occlusal view provides additional information in 20% of instances to
contemporary panoramic radiography. A small mesiodens can sometimes be
missed on panoramic projections if it lies outside the focal trough or 1s resorbing.

The vertex occlusal film is taken with the X-ray beam aimed down the root of
the upper incisors. It gives a plan view of the upper arch and has often been used
in the past to localize an unerupted upper canine. However, this projection is not
recommended for regular use in contemporary practice, as it gives an unaccep-
table level of radiation dose for usually poor contrast and detail. On the rare
occasions that it proves necessary to employ this view, a dental X-ray set with a
capability in excess of 65 kV should be employed, together with an intra-oral
cassette containing intensifying screens. A lead apron should protect the gonads.
Whenever intra-oral periapical radiography is employed, a paralleling technique.
with film-holder and beam-aiming device is recommended.

The panoramic or bimolar projections may need to be supplemented by
appropriate periapical films where additional fine detail might be necessary, as in
suspicion of root resorption, dilaceration or other similar dental malformations.

Dental panoramic tomograph (DPT)

his film is useful when a comprehensive dental examination, including dental
development, anomalies and pathology of the jaws, is desirable (see Figure 8.6).
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The temporomandibular joints and maxillary sinuses are also depicted. This
projection is relatively easy to perform and has the added value of a reduction of
radiation when compared with a series of full-mouth intra-oral films. This latter
approach would be rarely indicated in the orthodontic clinic.

It is important to appreciate that the DPT differs from conventional radiographs
by being a sectional radiograph, and only the structures within the section (focal
trough or zone of sharpness) will be in focus in the final image. The other
structures on both sides of the section will be blurred and degrade the picture.

The principles of panoramic imaging are described in specialized textbooks
(see Whaites, 1996). The discussion here will be confined only to important
points, which should be understood as they influence both image quality and
interpretation.

Since the DPT has a predetermined focal trough corresponding to the average
shape of the dental arch, the distortion and unsharpness of the image increases
as the dental arch diverges from the norm. The focal trough narrows anteriorly,
which means that often even a quite small positioning error of the incisor teeth
could greatly distort the local image. Magnification in panoramic radiography 1s
complex because the ratio of the focus-object to the object—film distance 1s not
everywhere identical. Magnification also varies across the film and from patient
to patient. In practical terms this means that the size of teeth may be over- or
underestimated, and the inclination/angulation of teeth cannot be accurately
perceived.

Common artefacts might include ghost images of the hard palate and nasal
structures (usually overlapping the maxillary sinus of the opposite side), the
mandibular ramus of the other side and cervical vertebrae. Ghost images are the
result of the projection of structures that are positioned between the X-ray
source and the centre of rotation. They are seen on the opposite side of the film
enlarged, distorted and at a higher level from the real shadows.

In order to obtain a diagnostic-quality panoramic image, free of both artefacts
and positioning errors, the patient must be prepared (i.e. hair slides, spectacles,
nose and/or earrings and studs, and intra-oral appliances should all be removed).
The patient should then be positioned in the machine with the mid-sagittal plane
perpendicular to the floor, and the Frankfort plane roughly parallel to the floor.
The anterior teeth should be centred in the focal trough and the neck should be
extended. A common pitfall is the positioning error when the chin is raised too
high and as a consequence the roots of the maxillary anterior teeth are “cut off”,
mimicking root resorption.

Further notes on panoramic radiography

|. Where there is an extreme discrepancy in the facial skeleton (Class I or I1I)
the anterior teeth relationships may make it impossible to obtain a clear
image of the maxillary and mandibular anterior segments simultaneously. In
patients with an Angle’s Class 11 Division | malocclusion, it might be
necessary to lift the face slightly during positioning. In Class II Division 2. it
may be advisable for the patient to occlude on a cotton roll during exposure
to avoid a vertical overlap of the teeth.

2. In the buccal regions, the maxillary teeth show much more overlap than those
in the mandible. The image of the hard palate usually overlaps the unerupted
teeth or the developing roots.
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3. Evaluation of space. In the developing dentition, accurate space measurement
is seriously limited. In general, angular measurements are more reliable in
the buccal areas. Usually linear dimensions in the vertical direction are
enlarged by a more constant factor, whereas in the horizontal direction this
effect is more variable, increasing from the mesial part of the film back to
the distal.

4. The DPT is of limited use in the evaluation of patients with jaw and other
dental asymmetries.

5. A new generation of panoramic radiographic machines has arrived with the
development of the “Scanora R’. This apparatus incorporates zonography
software, which permits tomography of the temporomandibular joint or
cross-section of the jaw. A current drawback to such equipment is the high
cost, and its value in the orthodontic context still awaits assessment. Among
other developments is the increased availability of digital imaging. which
may become more widely used in the near future. The eventual intention is to
replace film-based technology with computer-based devices that may record
and then store the image in a digital form.

Localization of unerupted or misplaced teeth

The basis for the localization technigue is a change in positional reference
(object and the reference object) that results from altering the central ray
projection. The relative object—film distance may provide clues: objects closer
to a film appear sharper and of actual size; objects distant to the film appear
more blurred and enlarged.

One method of location is by the application of two different projections (that
are at right-angles to each other). Another technique, frequently employed in
orthodontics, is the parallax method. where one standard projection is taken and
then the tube is shifted either horizontally or vertically with a resultant change
in the central ray projection, As an example, a standard (central oblique)
ocelusal film may be used together with an appropriate peri-apical to locate an
unerupted maxillary canine (Figure 19.2). On each film the image of the root of
the lateral incisor and the crown of the canine will be visible. The image, which
moves in the same direction as the X-ray tube, is the palatally or lingually placed
object. Likewise, the object, which moves in the opposite direction to the
movement of the tube, is buccal or labial.

Panoramic radiographs also may assist in tooth location. In the plane of the
film, objects that lie in front of the image layer (focal trough) are blurred and
reduced in size, whereas those that are behind the image layer appear out of
focus and enlarged,

Phases of orthodontic radiography

Orthodontic radiographic examinations can be considered in four phases:

|. Pretreatment phase. General radiographic assessment as an aid to diagnosis
and treatment planning is particularly helpful where extractions and/or apical
movements are being considered, and also when local pathology needs to be




Figure 19.2 Amterior maxillary root length ocelusal radiograph (centre) with periapical radiographs
of the right and left maxillary canine regions. Relative 1o the root of the lateral incisor. on both sides
the shadow of the unerupted canine has moved in the same direction as the movement of the X-ray
tube. This indicates that the unerupted maxillary canmines are palatally placed

lad

excluded. A dental panoramic tomograph or alternatively left/right oblique
lateral {(himolar) views, together with the appropnate occlusal radiographs,
are often indicated to provide an initial scan of the teeth and jaws in a new
patient. True cephalometric lateral skull views are taken to aid orthodontic
diagnosis and treatment planning, especially in cases of suspected skeletal
discrepancy. Such films may provide a baseline for the monitoring of
treatment, provided that they have been properly analysed (see Chapter 4) by
tracing or computer digitization. It should be emphasized that there is no
evidence that a single cephalometric view 1s of use in the prediction of facial
erowth, and a single film should not be taken solely for this purpose.
Monitoring (mid-treatment) phase. In many cases the more experienced
orthodontic clinician requires few monitoring radiographs. However, in more
severe cases of malocclusion and/or when two-arch fixed appliance techni-
ques are being used, lateral cephalometric views may be necessary for
periodical assessment of treatment progress. Intra-oral radiographs, including
standard occlusal views, may also be indicated to assess the progress of
unerupted teeth or when root resorption is suspected. evidence of the latter
being hypermobility of the teeth or where the root apices are initially blunted,
thin or spindly.

End of active treatment phase. Routine radiographs taken at the end of
active treatment do not generally benefit the individual patient. However,
there are situations where long-term stability is less certain, due to the
treatment itself, to aetiological factors or to the unpredictability of future
growth. Such cases may require radiographs to provide a baseline from which
to assess further changes. Post-treatment films are of most value to a
clinician’s learning process, when they are collected to a set regimen,
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particularly when constituting part of an accepted research protocol or
auditing process. In such situations the taking of films is justified as being of
benefit to the population as a whole (see National Radiological Protection
Board, 1994).

4. Post-retention phase. Radiographic examination during the post-retention
phase is usually not necessary for the future management of the patient.
However, films may be justified in selected cases where there is a clinical
indication or as part of the structured learning process mentioned previously.

Conclusion

In summary, the following statement (Faculty of General Dental Practifioners,
1998) should be the guiding international principle in the taking of all radio-
graphs for orthodontic purposes:

No patient should be expected to receive any additional radiation dose
and risk as part of a course of dental treatment unless there is likely to
be a benefit in terms of improved management of that patient

Further reading
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ICRP (1990). Recommendations of the Intemational Commission on Radiological Protection 60,
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Mational Radiological Protection Board (1994). Guidelines on Radiology Standards for Primary
Denval Care. NRPB Vol. 5, No. 3, London: HMS(0.

Whaites, E. (1996). Essentials of Dental Radiography and Radiofegy, 2nd edn. London: Churchill
Livingstone.




Chapter 20

Dento-alveolar surgery in relation to
orthodontics

Introduction

The specialties of oral surgery and orthodontics relate closely to one another in
a number of ways. Minor surgical procedures can facilitate and expedite
treatment, improve the periodontal condition. reduce relapse. add to post-
orthodontic stability and improve dental aesthetics for orthodontic patients.
There are also a number of surgical procedures which have been specifically
designed with orthodontic treatment in mind.

A team approach, with discussion about the type and timing of surgery, is
essential. This should also include discussion about possible alternatives to
treatment and any anaesthetic proposed.

General principles
Preoperative assessment

One of the problems of a joint approach is the risk that one party erroncously
assumes that the other has performed a particular task. For example, all patients
should have a thorough medical history taken and recorded in the patient’s file.
This would include conditions which might affect wound healing or suscept-
ibility to infection, and identification of those who require prophylactic anti-
biotic cover. It is also important to obtain information on bleeding disorders,
allergies and medications which might complicate any planned procedures.

Initially, the proposed procedure should be fully explained to both the child
and the parents. This explanation includes an outline of advantages, disadvan-
tages and possible complications so that the patient, parent or guardian may give
mformed consent. Anxieties should be alleviated as far as possible and plans
made for any premedication that may be necessary.

A decision to recommend a particular type of anaesthetic should be made on
clinical grounds, local being preferable to general wherever possible. Clinical
judgment must also be employed to assess whether children are capable of
coping with the stress of a minor oral surgical procedure without being put off
dentistry for life. Where there is some doubt, sedation techniques may offer an
acceptable alternative mode of treatment.
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Operative considerations

The general principles of good surgical technique should be applied to minor
oral surgery as much as to any other procedure. Despite the remarkable ability
of the mouth to heal well, the risk of infection remains considerable and can be
minimized by use of an aseptic technique and appropriate antibiotic prescribing.
The use of steroids is seldom indicated for simple minor oral surgical procedures
priat to orthodontics.

Surgical incisions should be made cleanly and safely, bearing in mind the
proximity of any anatomically important structures. Wherever possible, the
design of the flap should be such that it is firmly based on bone, has a wide base
and narrows at its apex, is parallel to the muscle insertions where present and
can easily be repaired. The flap should be large enough to provide good access
and visibility whilst minimizing trauma to the tissues. Incisions around the
cervical margin should be relieved vertically by elevating the whole of the inter-
dental papilla, rather than splitting it in half. Care must always be taken with the
retraction of the flap during the operative procedure.

When bone removal is necessary, this can be undertaken with surgical burs or
sharp chisels, Occasionally bone-nibbling forceps such as Rongeurs can be used.
When the patient is anaesthetized, a chisel is more efficient and less traumatic
than a bur to expose a tooth crown or root. It may also be used as a hand
instrument under local anaesthetic to ‘shave’ bone and gently expose a site. At
the end of the procedure the wound should be irrigated and cleansed with sterile
saline to remove any debris. Sharp bone edges should be filed or smoothed with
a suitable bur, haemostasis achieved and the wound closed.

When replacing the flap. the margins should be approximated accurately over
bone and should not be overlapped. The comers of the flap are sutured first,
starting with the mobile corner to the fixed. The sutures must not be too tight
and the knots should be away from the incision to prevent irritation. There is
sood evidence that excessive suturing causes increased swelling so sutures
should be placed with enough space to allow for some drainage. This will help
to minimize swelling and the likelihood of any haematoma formation. When a
flap cannot be replaced over bone for some reason, it may be helpful to use
horizontal mattress sutures to ensure the flap edges evert and thus promote
healing by primary intention.

Postoperative instructions

The importance of adequate postoperative instructions cannot be emphasized
enough. Patients should be informed as to the likely progress of the healing
process and given appropriate analgesia. Antibiotics should be prescribed if
there is a significant risk of infection, but in preorthodontic minor oral surgery
this is rarely the case. Instructing a patient in good oral hygiene techniques and
the use of antiseptic mouthwashes, such as chlorhexidine, is usually more than
adequate for most patients.

Verbal and written instructions must be provided with details of whom to
contact in the event of a postoperative complication (e.g. bleeding). Finally,
arrangements should be made for any review either to remove packs/sutures, etc.
or to assess the need for, and timing of, future orthodontics.
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Common oro-surgical procedures for orthodontics

There are basically three types of oral surgical procedures for orthodontics.
These are:
1. Surgery on the soft tissues.

2. Surgery relating to unerupted or misplaced teeth.
3. Surgery on the hard tissues.

Some of the more common procedures are outlined below.

Surgery on the soft tissues

Fraenectomy
Fraenectomies may be carried out on maxillary and mandibular fraena. The
presence of a gap (diastema) between the maxillary central incisors may be
accompanied by a low attachment of the labial fraenum which, in severe cases,
can even merge with the incisive papilla. It has been suggested that if the
fraenum is removed, the space may be closed with appliances more easily.
Fraenectomy is an operation designed to remove the entire fraenum and, if
necessary, the fibrous tissue lying in the intermaxillary suture between the roots
of the central incisor teeth. A fraenectomy may be performed at two main times:

1. In the early transitional dentition, when an extremely large diastema
(6-8 mm) is present. This procedure facilitates space closure and may
prevent ectopie eruption of the lateral incisors and/or canines. On occasion it
may lead to some spontaneous space closure without orthodontic treatment,
but this is unpredictable:

2. In the late transitional dentition, following the complete eruption of the
lateral incisors together with the canines and where the diastema has failed to
close naturally.

A V-shaped radiographic appearance of the interproximal bone beiween the
maxillary central incisors is a useful diagnostic sign that a fibrous fracnum
contributing to the diastema is present: it is also an indicator that it may require
removal.

The surgical techniques for performing a fraenectomy are described in detail
in several specialized textbooks (see Further reading). However, there are
several points worth emphasizing. When the fraenum is relatively thin but
simply attached too low, a horizontal incision can be made into the midpoint of
the fracnum. This creates a rhomboid-shaped wound, the edges of which can be
undermined prior to suturing. Since no tissue is actually excised, the results tend
to be extremely good with minimal scarring. In cases where the fraenum is thick
and fleshy, it should be partially excised using two vertical incisions. When
these join palatally on the tip of the incisive papilla, the tissue on the mesial
aspect of both central incisors should be left. This is very important for the
regeneration of the interdental papilla, and gives an improved aesthetic result. It
is also important to clear completely all fibrous tissue from the median suture
and, on rare occasions where excessive bone is found in the suture, this should
be reduced with a bur.

An enlarged mandibular labial fraenum is comparatively rare compared with
the maxillary fraenum but, when present, it may contribute to movement of the
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marginal gingiva around the lower central incisors when the keratinized tissue
has been lost. reduced, detached or where mechanical trauma exists. In these
situations a simple fraecnectomy is unlikely to be adequate and a free gingival
graft should be considered,

The mandibular lingual fraenum, with high attachment to the alveolar ridge
between the lower central incisors, may also contribute to a diastema. If
necessary it can be divided horizontally near the alveolar ridge and, if the wound
15 large, sutured vertically. Many cases require no suturing at all. The usual
cause of complaint regarding the lingual fraenum is that of a child being tongue-
tied. In itself this is not an indication to undertake surgery. particularly in the
VeTy young.

In older children lingual fracnectomy should only be considered if:

o the child cannot place his or her tongue on the buccal aspect of the upper first
molars
# e ar she s & specch wnpediment which may be related do the Faenwn

s the fraenum is causing trauma or is being traumatized.

Pressure from parents to intervene at an early age should be resisted since a
number of prominent lingual fraena regress with age.

Pericision
Pericision is a technique used to reduce the amount of relapse following de-
rotation of a single tooth. It is simply performed by using a number 15 blade to
cut through the periodontal fibres attached to the coronal aspect of the root. The
cut is made all the way round so that, in theory, the whole of the periodontal
tissue can reattach itself in a better orientated position.

Pericision used to be extremely popular but many orthodontists now favour
implementing longer-term retention, rather than intervening surgically with a
technique which has not been fully proven.

Surgery for unerupted or misplaced canines

Impacted maxillary canines are amongst the most common of the eruption
abnormalities, affecting some 3% of the population. Impaction may occur for a
variety of reasons, including crowding, small lateral incisors, and the abnormal
developmental position of the tooth germ (see Chapters 6 and 8). Maxillary
canines particularly have a long path of eruption and during this process may be
deflected. Palatal displacement is much more common than buccal displacement
in the maxilla although the opposite is true in the mandible.

The failure to identify unerupted canines at an early age is one of the main
problems with regard to their management. Their progress should be followed
from about the age of 10 years and surgical intervention should be considered
from 13—14 years of age. An attempt should always be made to localize the
teeth clinically by palpation and radiographically (see Chapter 19) in order to
assess any bucco-lingual displacement.

In addition, radiographs should be examined for:

 resorption of incisor roots (especially maxillary laterals)
= cystic change/enlargement of the follicle
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» apical dilaceration
s displacement of related teeth.

Treatment planning must be based not only on a correct diagnosis but also on
the wishes of the patient since orthodontic treatment options involving impacted
canines may be long and demanding. In general terms, therefore, the options
are.

* |eave alone

# surgical exposure alone

# surgical exposure plus orthodontics

¢ extraction and discard the tooth (with or without replacement)
s surgically reposition

* auto-transplantation.

Non-intervention may be recommended in adults or older teenagers if the camine
is asymptomatic, with no evidence or likelihood of any pathology (infection,
cystic change or resorption) and no other orthodontics is required. If a decision
is made to leave the tooth in sty it should be reviewed periadically to ensure
that no pathology is developing.

Exposure of a tooth can be undertaken if:

e the canine is favourably positioned with its apex close to the correct position

s the potential path of eruption is not obstructed

s adequate space is available (or potentially available) to accommodate the
canine,

Teeth that are situated buccally or in a mid-alveolar position, should be exposed
by means of an apically repositioned flap (Figure 20.1). The surgical technique

Figure 20.1 Surgical exposure of a labially located maxillary canine using an apically repositioned
{tap technigue. Note how the attached keratinized mucosa has fited around the neck of the tooth
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of the apically repositioned flap generally results in a better appearance,
providing a sound gingival margin with an attached, keratinized mucosa, which
resists inflammation and maintains the depth of the labial sulcus. It also has
other added advantages in that dressings are not needed and the dento-gingival
attachment created helps to prevent marginal bone loss and gingival recession.

Palatally situated teeth should be exposed by removing a ‘lid’ of tissue over
the crown of the tooth. Any bone covering the crown of the tooth should be
carefully removed, taking particular care not to damage the crown of the tooth
or the adjacent roots. Because of the phenomenal ability of the palatal mucosa
to regrow, the exposure 1s usually kept open by stitching a pack into position —
normally comprised of | em ribbon gauze soaked in compound 1odoform paint
(Whitehead's varnish), as in Figure 20.2 or by use of an acrylic plate.

As long as the crown of the tooth is near the coronal third of the adjacent
teeth, simple exposure is usually all that is required to encourage a tooth to
erupt. However, for teeth which are more deeply placed, it may be advisable to
attach a bracket onto the palatal aspect of the unerupted crown, a procedure
which is often complicated by the presence of blood and saliva. Very deep
canines should have a special bracket with a gold chain attached. In such cases a
flap may be raised and replaced without removing much palatal tissue, Ortho-
dontic, sub-mucosal traction can then be applied to bring the tooth into the
mouth prior to further fixed appliance therapy. The techniques are usually
successful but somewhat prolonged. 18-24 months being an average time to
complete treatment. Frequently, compromises have to be made, however, and the
retention of deciduous canines, space closure following extraction of the canine.
and even implants should be considered (see below).

A decision to extract and discard a canine should never be undertaken lightly

Figure 20.2 Surgical exposure of a palatally located maxillary canine (see text for explanation)
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but there are some occasions when this is a preferred line of treatment. Such
occasions would include:

o cases with totally excluded canines and a good lateral incisor-premolar
contact

s cases where a canine is so far displaced that there is little other option

* cases in whom active resorption of adjacent roots can be demonstrated.

Even in cases of resorbing lateral incisors, however, there are times when it may
be preferable to extract the incisor to allow eruption of the canine.

When a tooth has been extracted, there may be occasions when the space
created has to be replaced by some means. Three alternatives are available:

* provision of a removable prosthesis (denture)
¢ provision of a fixed prosthesis (bridge)
* replacement by osseointegrated implant.

The use of implants has grown markedly during the last 20 years and shows no
sign of abating. Ingenious uses of implants in relation to orthodontic treatment
have also included the use of fixtures for providing anchorage in fixed appliance
therapy. (The details of such treatment are outside the scope of this book but can
be found in the relevant literature.)

In carefully selected cases, where there are no medical contraindications, it is
possible to undertake surgical repositioning or reimplantation/transplantation of
the canine, thereby avoiding the need for either future prosthetic replacement or
possibly a prolonged course of orthodontic treatment. Despite their similar
objectives, the two techniques are completely different.

Surgical repositioning is a one-stage technique of moving the tooth crown
whilst maintaining the apical position in order to try to maintain pulp vitality
(Figure 20.3). The crown can be moved in a fairly wide arc but providing the
apical displacement 1s small, the blood supply should remain intact and therchy
avoid pulp necrosis. Unlike transplantation the tooth is not removed from its
socket, Success in surgical movement of teeth with incompletely formed roots is
attributed to the rich vascularity of the apical region and the presence of
undifferentiated mesenchymal tissue in the remnant of the dental papilla. This
permits the vascular supply needed to repair severed or torn tissues. The
technique is limited by the availability of space. the degree of root maturation
fideally half to two-thirds of root is formed) and the degree of tooth rotation
about the apex that is required. Postoperatively the vitality of the tooth should be
evaluated periodically.

Transplantation. however, is a technique whereby a tooth is reimplanted
after removal into a modified or newly created socket (Figure 20.4). As in
repositioning, sufficient space must be available (both mesiodistally and verti-
cally). Various success rates have been quoted for transplantation but success is
more likely when the root apex is wide open and the socket has been created
with minimal trauma. Excessive instrumentation during elevation or damage to
the tooth with a bur also increases the likelihood of failure. Generally, root canal
therapy should not be attempted at the time of transplantation; instead, the need
for this should be assessed after the tooth has been stabilized. It is the current
view that transplanted teeth should be root filled after dressing with calcium
hydroxide during the three months following surgery in order to minimize the
tendency to root resorption. If this procedure is left until signs of resorption are
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() - (d)

Figure 20.3 Surgical repositioning of an impacted maxillary third molar. (a) Preoperatively: (b, ¢}
three years postoperatively: (d) clinical appearance with healthy gingivae

apparent on a radiograph, the long-term prognosis for the transplanted tooth is
said to be much poorer (as so often, however, there are few well-controlled
clinical trials to validate this).

In order to minimize the likelihood of ankylosis, at the time of operation the
repositioned or transplanted tooth should not be rigidly splinted. Partial or total
pulp obliteration may occur following either procedure, and root resorption is more
common in transplanted teeth, invariably occurring at the cervical margin due to
the gripping, with an instrument, of the tooth in this area. Continuing root develop-
ment is an indication of revascularization and confirmation of a good prognosis.
Nevertheless, it should again be emphasized that transplantation of teeth should
only be carried out when orthodontic alignment is clearly contraindicated.

Surgery for other unerupted or misplaced teeth
Other impacted teeth are encountered from time to time. Upper incisors
occasionally require surgical exposure to facilitate their eruption. The criteria
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{d)
Figure 20,4 Aulotransplantation of the night mandibular third molar into the Tower left first molar
sockel. (a, b) Immediate postoperative stage: (¢, d) two vears postoperatively, Note the bone healing
around the ransplanted tooth with the formation of lamina dura {arrow), Also note the partial pulp
obliteration

are similar to the surgical exposure of labially placed canines. The failure of
eruption is often associated with the presence of a supernumerary tooth ob-
structing the path of eruption of the incisor. In such cases. provided that the
timing 1s right, the space for eruption is adequate, and the position of the incisor
1s favourable, it will often erupt following removal of the supernumerary tooth.
Provided that the incisor is not too high, an apically repositioned flap is
appropriate. If, following exposure, the tooth still fails to erupt, then traction
may be applied to bring the incisor down into the line of the arch. Where the
incisor is more poorly positioned (as may be the case with a dilacerated incisor
resulting from trauma to the deciduous incisors), it is usually very high and not
palpable, a gold chain may be bonded in a similar fashion to that described for
the maxillary camine. This facilitates submucosal traction to draw the tooth
down until it is beneath the attached gingiva, at which time it will either break
through on its own or will require a small exposure. Unerupted central incisors
should not be exposed in the non-attached mucosa, since a very poor gingival
contour will result and the long-term prognosis for the periodontium is poor.
When fully erupted and correctly positioned, the third molars may form an
important part of a normally functioning occlusion. Third molars should be
removed when there is a valid clinical indication. However, impaction of lower
third molars is a common problem (see Chapter 9). There is no convincing
evidence that impacted lower third molars cause lower incisor imbrication
although some evidence exists that they may aggravate it. On occasion however,
third molar removal may be justified as part of an active orthodontic treatment
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plan. Occasionally, a mildly mesio-angularly impacted third molar may be
uprighted orthodontically or even surgically, usually as part of a simple
adjunctive treatment plan.

Many of the orthodontic aspects associated with supernumerary teeth have
already been discussed in Chapters 6 and 8. If a supernumerary tooth is
symptomless and deeply buried, it is generally best to leave it in siru but to
review its position from time to time. In other cases it is appropriate to arrange
removal of a buried supernumerary tooth. This might be indicated if. for
example, there are signs of any pathology such as cyst formation. It would also
be appropriate to remove them as part of an orthodontic treatment plan when a
supernumerary tooth was in the way of any proposed orthodontic tooth move-
ment. If removal is planned, then accurate localization is absolutely essential
prior to any surgical procedure although the vast majority of unerupted super-
numeraries displace palatally. In addition, surgery should be delayed where
possible until the root formation of the adjacent teeth is nearing completion (see
Chapters 6 and 19).

In most cases, taking into account the age of the patient and the difficulty of
access, these teeth are often best removed under general anaesthesia, usually on
a day-case basis. The surgical approach depends upon their position and the
same principles apply as with removal of unerupted canine teeth. 1t must be
stressed that a minimum of bone should be removed to gain access to the
supernumerary tooth and that great care should be taken not to damage the
standing permanent teeth. Exposure of any unerupted normal incisors and
interference with their follicles should generally be avoided since this may lead
to the formation of scar tissue, which in itself can impede eruption and so
necessitate a later procedure to uncover the incisor.

The impaction of other teeth is less common but not rare. It may affect lower
canines and upper and lower premolars especially, and each case must be
assessed individually. However, the principles for management are largely the
same as those of the impacted maxillary canine (see above) although, since they
are commonly displaced due to a lack of space. extraction of such teeth is more
common than with maxillary canines.

Retained roots may also interfere with orthodontic tooth movement and it 1s
important that ‘routine’ extractions are carried out carefully, the roots of the
delivered tooth being inspected closely for signs of fracture. Should a fractured
root be discovered it is important to extract it with mimimal bone removal,
preferably by opening a window in the buccal plate (being careful to avoid
damage to the roots of adjacent teeth), thereby preserving the height of the
alveolus.

Surgery on hard tissues

Surgical procedures are occasionally undertaken on the bony tissues as an
adjunct to orthodontic treatment. Minor procedures are relatively uncommon
although occasionally a pathological process, such as fibrous dysplasia. requires
the removal of hard tissues. In addition the formation of odontomes, the
development of submerged teeth or areas of sclerotic bone may require minor
oral surgery.

Finally mention should also be made of the surgical procedures which are
carried out in relation to orthognathic and cleft surgery. This may include bone
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grafting, sectioning of the palate to aid maxillary expansion, and other dento-
alveolar procedures which are discussed later in this text. In all cases the

purpose of treatment should be to facilitate the end result — one of a contented
patient who is pleased with a good aesthetic and functional result.

Further reading

Sailer, HLF, and Pajarola, G.F (1999), Oval Surgery for the General Denrist, New York: Thieme,
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Orthodontic treatment in the adult

The adult patient in comparison to the child

Before discussing the orthodontic options available to adult patients it would
seem worthwhile to define exactly what we mean by an ‘adelt’ in the
orthodontic context. An adult patient is one in whom growth has ceased to be of
relevance in the treatment planning tor the correction of a malocclusion. For the
purposes of the current discussion this would usually mean a patient older than
16 years, This does not mean that there is no growth after this age. Indeed,
recent evidence would suggest small, but significant, increments of growth
affecting the facial form occur into the thirties or perhaps even later. However,
such growth is unlikely to cause any significant change in the skeletal pattern or
soft tissue profile of the face over the relative short term of an active treatment.
It is also unlikely that such small increments of growth occurring over a long
period of time would be of any assistance in the correction of the malocclusion.
For example, both extra-oral traction (headgear) and functional apphances
would be of limited use in any adult treatment.

Treatment planning

There is a traditional belief amongst many clinicians that orthodontic manage-
ment of the adult is more difficult than that of the child. This is not necessarily
true. The treatment need not be any more difficult provided it is recognized that
the treatment planning of these cases needs careful attention, and that several
additional factors need consideration at the outset.

Past examination of UK national statistics (Dental Practice Board) would
suggest that adult treatments, in general, fail more frequently than those for
children, thus reinforcing the belief that orthodontic treatment in this group is
more complex, However, such statistics probably reflect more the mappropnate
use of simple removable appliances, since in most adult treatments a fixed
appliance should constitute the *standard’ contemporary approach.

In fact there are certain advantages in treating this group of patients, the
principal one being the ability of the adult to clearly identify the aesthetic or
even the functional problem; these patients usually have a far better perception
of their malocclusion than does the child (see McKiernan ef al., 1992). However,
although this type of patient may play a role in deciding treatment goals, it is
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equally important that their contribution be restricted when it comes to selection
of the appliance system. Frequently, it is patient pressure that has led to
inappropriate selection of a removable appliance in the past.

Some of the main advantages and disadvantages of treating the adult as
opposed to the child patient are listed below.

Advantages
I. The facial form and skeletal pattern is largely established. Unfavourable
growth during treatment is not a factor.
. The patient is usually able to identify clearly the aesthetic problem.
. This type of patient usually has excellent compliance. There is often an
element of self-referral and the patient is strongly internally motivated.
4. Since growth is largely complete, orthognathic surgery may be included in
any immediate treatment plan where the skeletal or profile discrepancy is to
be corrected.

L

Disadvantages

1. Treatment cannot depend on the assistance of favourable growth. Appliances
that depend on such growth for the majority of the correction have only
limited use (e.g. headgear or functionals).

. The adult patient is likely to be more demanding when it comes to assessing
the final result.

3. There can be a problem with social acceptability of fixed appliances for
adults in some environments. The improved appearance of the new genera-
tion of aesthetic tooth-coloured (or clear) brackets helps to solve this
problem. In selected cases lingually bonded, fixed appliances may also
improve the aesthetics.

. Dento-alveolar camouflage of underlying skeletal problems is only usually
appropriate in the milder discrepancies. In the adult patient, greater con-
sideration needs to be given to the effects on the profile of the soft tissues
following tooth movement. This is especially true where overjet reduction is
being planned.

5. There are often also greater repercussions on the surrounding tissues; for
example, ulceration may be a short-term result of fixed appliances whilst root
resorption might be a longer-term consequence.

6. There 1s often slower initial movement of the teeth in the adult. Once the
turnover of the cells in the periodontal ligament has increased, tooth move-
ment speeds up.

7. There is usually more initial pain following an appliance adjustment in the
adult. Such discomfort normally recedes after 3—4 days.

e

E <y

There are additional considerations involved in the process of treatment
planning in the adult:

* having been ‘around longer’ the adult is more likely to present with retained
roots, impactions, apical cysts and other local pathologies

» previous loss of permanent teeth, due to caries for instance, may leave spacing
in the dental arch which is poorly placed to assist in the occlusal correction

# there may be areas of significant apical root resorption which could prejudice
planned tooth movement
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s existing or previous periodontal disease may himit the amount and duration of
possible tooth movement

s there may be a history of temporomandibular joint pain which orthodontics
could worsen, at least in the short term

» there may be systemic disease present which might affect the treatment
approach.

These points, along with others, would need to be addressed prior to commen-
cing any treatment. Any active periodontal disease should be treated and
stabilized, whilst restorations in the teeth should be made sound at the same time
that active caries is treated.

In the situation where significant and inappropriate spacing in the dental
arches is present. bridgework and/or dental implants may often be a valuable
addition to any plan. Conversely, pre-existing bridgework or crowns/veneers
may need to be removed to allow orthodontic correction.

In addition to these general points, careful thought also needs to be given to
the likely active treatment span: over-ambitious tooth movements should either
be restricted or avoided altogether. Decisions on extractions may be dictated by
the prognosis of the standing teeth; nonetheless some consideration should also
be given to the difficulty that can arise in adults when attempting to close
excessive extraction space.

In the adult a perfect occlusal result 1s not always possible, the treatment goal
being determined by a process similar to Figure 21.1.

In developing such a treatment goal. the aesthetic correction requested by the
patient is an important consideration. The patient would also expect this goal to
be achieved within a reasonable time scale. As an example, our patients are
usually told to expect 2024 months of active appliance therapy.

The result will also be determined by the presenting pathology (missing teeth,
loss of alveolar bone, etc.), but the eventual goal should also be a functioning
occlusion = an important factor in the stability of the final result.

In the achievement of a good static and functioning post-treatment occlusion
it must be remembered that post-treatment ‘settling in” cannot be depended upon
in the adult as it might be in the child. Therefore the occlusion must be precisely
detailed to a conclusion, another good reason for using a fixed appliance.

A ‘set-up’ as shown in Figure 21.2 is often helpful in deciding the eventual
occlusal goal; the various options for tooth movement being rehearsed on the
study casts.

Aesthetic result desired
by patient.
A stable and l Ccclusal result
functional » TREATMENT _ possible in a
post-treatmant GOAL realistic

occlusion. T time scale.

The presenting occlusion,

and associated pathology

{missing teeth elc.).
Figure 21.1 Establishing the treatment goal
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Figure 21.2 A ‘set-up’ of planned 1ooth and jaw movements. This is achieved by sectioning then
repositioning the study casts

Treatment

The treatment of adult malocclusion falls into two main categories (Proffit,
2000

I. Comprehensive treatment — achieving the best functional and aesthetic
occlusion possible:

(a) by dental alveolar movements with an orthodontic appliance
(b) by orthognathic surgery in combination with orthodontic movements.

E\J

Adjunctive treatment — accepting the overall arrangement of the teeth but
making local tooth movements to improve the ocelusion whilst making it
both more functional and more physiological. This could involve inter-
speciality treatment, for example bridgework.

Comprehensive treatment

This involves full correction of the malocclusion to the best possible aesthetic
and functional occlusion, In mild to moderate malocclusions with only a limited
skeletal discrepancy this can be best achieved by applying a fully fixed
preadjusted appliance (see Chapter 17) from second molar to second molar to
achieve a good dento-alveolar correction (Figure 21.3). However, since appli-
ances which rely on growth modification (see Chapter 18) are inappropriate in
the adult, greater care should be paid to the facial profile, and a combination of
orthodontics and surgery will need to be considered in patients with any
significant degree of presenting skeletal discrepancy (see Chapter 22).

The treatment time for both dento-alveolar and orthognathic approaches will
be similar as will the appliance used. This will usually be fixed, with the
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lal

Figure 21.3 Comprehensive treatment of a malocclusion in the adult patient using a preadjusted
fixed appliance. (a) Start and fimsh; (b) mechanics employed

occasional assistance of an upper removable to allow clearance of occlusal
interferences during the early stages of treatment.

Removable appliances as the sole system for comprehensive correction of
malocelusion are usually inappropriate in the adult for a number of reasons:

I. They are poorly worn due to slow adjustment to the immediate effects on
speech and eating.

They do not move teeth with sufficient precision to achieve regularly the
desired standard of occlusal finish.

They are not, consistently, clinically effective in adults.

There is only limited post-treatment settling in such patients.

They reduce overbite by relative intrusion from an anterior bite plane (see

[had

ke
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Figu re 213 (conrinued)

Chapter 16). This is an inappropriate approach in the adult where true
mtrusion of lower incisors is usually preferred. In any event, bite planes are a
much less effective approach in the non-growing adult.

6. They are biomechanically less efficient since ageing changes to the alveolar
bone and periodontium will increase the tendency of teeth to tip.

Adjunctive treatment

Where removable appliances may have more of a role is in adjunctive treatments
in which limited, usually localized, tooth movements are undertaken to achieve a
more physiological and functional occlusion. Such treatments are often asso-
ciated with other dental procedures, for example advanced restorative or perio-
dontal treatments, the aim being to improve the dental health or function
without necessarily achieving an ideal. or indeed Class 1. occlusal result. which
would require the comprehensive approach, previously described (see Figures
21.5 and 21.6).

Figure 17.8 demonstrates a typical adjunctive treatment where a removable
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Figure 21.4 Example of an adjunctive type of trestment where a molar is 1o be uprighted prior 1o
bridgework being placed mesial to il

Figure 21.5 Example of an adjunctive
treatment where previously periodontally
invalved and splayed incisors are being brought
together, by means of a simple fixed appliance,
price to placement of a splint retainer. (Mote the
enlarged porcelain crowns on the central
incisors — this was a previous, purely restorative
solution reducing the diastema)
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Figure 21.6 Example of an adult treatment which is on the borderline between the adjunctive and
comprehensive type. The patient’s initinl presentation is shown at the top. Numerous teeth are
missing, there is a large displacement on ¢losure with a travmatic bite such that a denture cannot be
comfortably wom, In addition the patient is experiencing temporomandibular joint symptoms. In the
treatment views note the upper partial denture being used as an anchor whilst the overjet is being
reduced, As a consequence, the incisor spacing (due originally 1o loss of periodontal support through
discase) has been closed. The bottom views show the finished occlusion in retainers prior 1o the
definitive restorative work being commenced

appliance has been used to bring a canine crown from its palatal position,
eliminating a displacement on closure. Figure 21.4 shows a more conventional
treatment where a molar has been uprighted and a plunger cusp mechanism
eliminated prior to placement of a crown.

Finally, Figure 21.5 shows a patient in whom splayed incisors have been
collected together following the stabilization of the causative factor (chronic
periodontal disease), the management of a similar, although more complex
problem is shown in Figure 21.6.
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Conclusion

Adult orthodontics 1s a fast growing area of the speciality. In the USA prior to
1970 this group represented 5% of all orthodontic patients. In the 1980s this was
estimated to have risen to 20-25% of treatments. One may speculate that during
20002010 1t is likely in the Western world that approximately 40% of
orthodontic patients presenting for treatment will be over 16 years of age. Many
of the treatments will be of an interspeciality nature,

When adults are treated, initial tooth movement may be slower and more
painful than in the child or adolescent. However, adult patients are generally
highly motivated and, if planned with expertise, may be treated to a finished
result of a consistently high standard.

Further reading
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Chapter 22

The role of orthognathic surgery:
planning and treatment

Planning and treatment

The surgical correction of jaw deformity aims to create ‘straight jaws’, a literal
definition of the word *orthognathic’. Such corrections are largely achieved by
osteotomies, a surgical technique by which parts of the jaw are sectioned and
then moved into new positions whilst preserving their blood supply.

Although commonly indicated for moderate to severe skeletal discrepancies
of the Class 1T or Class HI type, these procedures also allow the correction of
vertical discrepancies (long or short faces). open bite deformities, transverse
discrepancies (asymmetries) and congenital craniofacial syndromes (e.g. cleft
lip and palate, first arch deformities or the craniosynostoses). Except in severe
syndromal cases. definitive surgery is usually delayed until around the age of 16
years, when most maxillary and mandibular growth of any significance has
occurred (see Chapter 3).

Patient complaints

Patients often present to orthodontists and dental surgeons complaining of the
appearance of their teeth. Concerns about their facial appearance and speech are
volunteered less frequently but are often present and may provide a further
underlying cause for concern to the patient. Therefore, a careful history is
important in such cases. It is always important to explore the patient’s motivation
for seeking treatment and to emphasize that orthognathic surgery is an elective
procedure. The clinician should never try to persuade the patient to undergo
treatment but rather should respond to their concerns. A careful explanation of
what can be done should be given and it is an advantage if written and/or visual
material, weighing potential advantages and disadvantages, can be given to the
patient so that a carefully considered. informed decision may be made.

Documentation
Standard records should include:

o g detailed description of the patients” concerns
e facial and dental photographs
* dental study casts usually based in centric occlusion
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+ an orthopantomogram (OPT) and lateral cephalogram, with a postero-anterior
(PA) cephalogram for those patients presenting with an asymmetry

¢ adetailed dental history and examination

* a detailed medieal history and examination.

Occasionally, a speech assessment will be required and, in complex syndromes,
three-dimensional radiographic techniques (e.g. 3D computerized tomography
reformats — see Chapter 19) can be valuable.

Analvsis
This needs to be based on:

1. A detailed clinical assessment of dento-facial form, dimensions and relation-
ships (Figure 22, 1a).

2. A lateral cephalometric analysis for all antero-posterior and vertical discre-
pancies (Figure 22.1b).

FRONTAL FACIAL ASSESSMENT

RATY CTRARLAL [HF CTY

PROFORTIORS GF HEBHT
B WELITH OF FACE

PPER IRCISTR DXFOLURE
DENTAL By RELATRON TO FAdahl CEWTRES

L AN O DEFOEWTY

ih) i

Figure 22.1 (a) The frontal clinical assessment. (b) The lateral cephalometric assessment. (¢) The
postero-antenor { FA) cephalometric assessment
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3, PA cephalometric analysis for asymmetries (Figure 22.1¢).
4. A comparison of traced lateral cephalogram films with standard skull
templates of the appropriate age and racial group (e.g. Bolton standards).

By following such a regime, usually a clear diagnosis can be made. For example,
in Figure 22.2 the patient shown has vertical excess and an antero-posterior
deficiency of the maxilla, with an antero-posterior excess of the mandible and
vertical excess of the chin. In addition, there is significant natural dento-alveolar
compensation for the underlying skeletal discrepancy with, in particular, retro-
clination of lower incisors acting to disguise the underlying mandibular excess
(Figure 22.3a).

The presence of any medical conditions or dental problems which may
interfere with surgery or orthodontics should be considered at an early stage in
the planning.

Presurgical orthodontics

The usual aims of orthodontic treatment prior to surgery are to eliminate any
dento-alveolar compensation (and thus reveal the true jaw discrepancy) and
create coordinated, well-aligned dental arches, which will be compatible with
each other after surgery. This presurgical orthodontic phase facilitates the
planned skeletal and facial correction.

In patients presenting with a severe Class 11l problem the lower incisors are
commonly retroclined (Figure 22.4). These pretreatment tooth positions natu-
rally act to ‘compensate’ and ‘camouflage’ the original deformity. Presurgical
orthodontic correction (see shaded teeth in Figure 22.4) serves to reveal the
‘true’ jaw discrepancy and thus permits full correction of the facial skeleton by
means of the subsequent surgery.

In Class 1I cases, the dento-alveolar compensation presents typically as shown
in Figure 22.4 (Division | and Division 2 cases) but often these different
presentations of Class I require similar surgical corrections. In all cases, a
decision needs to be made on whether the planned orthodontic treatment
requires tooth extraction within the dental arch to facilitate the necessary tooth
movement. Such a decision will depend on the need for space and will also be
related to the extent of the crowding present. In general, poorly positioned
ectopic teeth should be removed.

Once the orthodontic treatment aims have been achieved. large-sized rectan-
gular archwires (usually a minimum of 0.19 > 0.25 in) will need to be placed.
At least six weeks should be allowed for these wires to become passive retainers
of the tooth positions. Immediately prior to surgery, ‘surgical hooks’ should be
attached to the archwire (or the brackets) to aid surgical intermaxillary fixation
and/or postsurgical elastic traction.

Planning

Due to the many changes, including those related to growth, that oecur during
orthodontic preparation, detailed surgical planning will usually be delayed until
the last few weeks prior to surgery. It should be based primarily on a sound
clinical analysis.

Some form of detailed planning, based principally on lateral cephalometric



149 W & H Orhodontic Notes
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Fipure 22,2 (a. cp A patient with & Class [ (horizontal amd vertical) orthognathic problem a
presentation. (b, d) The appearance of the face after arthadontic and surgical correction. (e, f) The
surgical change achieved shown by pre- and postsurgical cephalograms
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Figure 22.3 (a, b) Pretreatment occlusion and the occlusal correction achieved after orthodontics
and surgery (same patient as Figure 22.2). (Orthodontic treatment performed by Mr R. Samuels).

tracing, is usually appropriate in the attempt to quantify the intended movements
of the bones. Such a process may be performed manually by cutting and
adjusting multiple tracings. However, this 15 a tedious process and simple
inexpensive computer programs are now available which allow different move-
ments to be rehearsed quickly on-screen, Figure 22.5 shows such an analysis
performed for the patient in Figure 22.2. In the average case such systems can
be surprisingly accurate (see Eales ef al., 1994), The result of the planned facial
profile change can also be clearly shown to the patient through the adjustment
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(a) CLASS 111 (b) CLASS II div(i)

(c) CLASS II div(ii)

Figure 22.4 {a—) The most commonly presenting incisor position, which naturally serves to
camauflage the underlying skeletal discrepancy. This is shown for three presenting malocclusions,
The shaded teeth show the tooth movements (orthodontic decompensation) achieved prior to surgery

of digitized presurgical photographs of the patient, This technigue is termed
*video planning™ and again provides a surprisingly accurate prediction of the
results of both tooth and jaw movements.

These planned movements are then translated to articulated dental study casts
in the laboratory using reference lines to measure distances. When a maxillary
procedure 15 planned. the models are usually placed on an anatomical semi-
adjustable articulator. Occlusal wafers/splints are constructed (in acrylic) in the
final and (in two-jaw bimaxillary surgery cases) intermediate surgical positions
to facilitate accurate location of the jaws at the time of operation.
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Figure 215 (a) A computer-generated lateral cephalometric analysis of the patient in Figure 22.2,
(b) Using the same software (in this instance COG 3.1), a profile prediction tracing, taking into
account orthodontic and surgical effects, is generated

Mid-face surgery
Le Fort 1 osteotomy

Le Fort 1 Osteotomy (Figure 22 6a) is the most versatile, stable and commonly
used of all orthognathic procedures. It permits the repositioning of the upper jaw
in all dimensions and, if necessary, the maxilla can be divided into multiple
segments. The key to success is to create an ideal position of the upper incisor
teeth in relation to the upper lip with their centre line on the facial centre. The
antero-posterior discrepancy of the jaws is fully corrected. This will produce an
ideal naso-labial angle and a good lip profile, The desired occlusal plane is
created by vertical posterior movements and, in anterior open bite cases, poster-
lor intrusion (maxillary rotation) permits full correction.

A suleus ncision from first molar to first molar allows exposure of the entire
anterior maxilla, which is sectioned with surgical saws and osteotomes along the
anterior wall, tuberosity, lateral nasal wall and septum, It is then digitally *down-
fractured” and mobilized with forceps. The bone is pedicled on the soft tissues
laterally and palatally. Bony interferences can then be removed, intermaxillary
fixation applied across the planned occlusal splint (acrylic wafer), and bone
fixation with wires or (more commonly) plates and screws inserted. The post-
operative use of intermaxillary fixation depends on the rigidity of the fixation
and personal preference of the surgeon. In the authors experience, it can be
avoided in 95% of cases.

Le Fort 2 osteotomy

Le Fort 2 osteotomies (Figure 22.6b) are valuable especially when there is a
genuine antero-posterior (and sometimes vertical) deficiency of the nose and
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(b

Fignre Z2.6 The most commaonly emploved maxillary osteotomies: (2) Le Fort | osteotomy: (b) Le
Fort 2 osteotomy:; () Le Fort 3 osteotomy
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maxilla. When the whole mid-face is involved, including both cheekbones, a Le
Fort 3 osteotomy (Figure 22.6¢) is required. These procedures can sometimes be
combined with Le Fort | osteotomies in more complex cases.

Premaxillary osteotomy

Premaxillary osteotomies (Wassmund, Wunderer or down-fracture techniques)
are segmental procedures which used to be very popular. Modern fixed band
orthodontic treatment ensures that they are now rarely indicated.

Mandibular surgery
Sagittal split osteotomy

This is the mandibular equivalent of the Le Fort 1. Although first described by
Trauner and Obwegeser in 1957, the modification of Dal Pont (1961} is the
procedure most commonly carried out (Figure 22.7a). By splitting the outer part
of the ramus from the inner, it permits the entire tooth-bearing part of the

(k) (<) :

Figure 22.7 The most commonly employed mandibular osteotomics. (a) Sagiital split osteotomy of
miandible. (b Sub-sigmoid osteotomy of mandibular ramus, (c) Inverted L osteotomy of mandibular
ramus. (d) Total sub-apical osteotomy of mandible. (¢) Genioplasty
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mandible to be repositioned anteriorly or posteriorly. It is carried out through an
oral approach and can be fixed with screws (often inserted through a small
transbuccal skin incision), plates and screws, or wire.

Its versatility is slightly restricted by the need to avoid lengthening the ramus
against masticatory and supra-hyoid muscle pull since this may prove unstable.
Advancements tend to be less stable than posterior movements but there is some
evidence that screw fixation and supra-hyoid myotomy improve stability in such
cases,

Sub-sigmoid osteotomy

Sub-sigmoid osteotomy (Figure 22.7b) of the mandibular ramus was once the
most popular technique to correct prognathism and used to be carried out by an
extra-oral approach. The procedure can now be performed intra-orally but it
tends to be technically difficult to fix the bones by such a process and may prove
less stable than the equivalent sagittal split osteotomy. A further disadvantage is
that intermaxillary fixation is usually required.

Inverted L osteotomy

Inverted L osteotomies (Figure 22.7¢) are indicated when the ramus must be
lengthened and advanced (e.g. first arch deformity, condylar hypoplasia). They
are usually carried out from an external approach with bone grafis inserted into
the spaces created.

Sub-apical osteotomy

Sub-apical osteotomies are indicated when only the tooth-bearing part of the
mandible needs to be moved. Although usually anterior segments are set up or
down, the entire dental arch can be repositioned if desired (total sub-apical
osteotomy, Figure 22.7d).

Body osteotomy

Body osteotomies may be valuable in severe prognathism and asymmetry, the
cuts usually being made ideally in an edentulous area, interdentally or after
extraction of teeth. The inferior dental nerve is protected.

Genioplasty

Genioplasty (Figure 22.7e) is probably the most valuable mandibular procedure
of all, and is normally carried out by means of a horizontal sliding osteotomy.
The chin can be advanced in one or two slices, with or without the addition of a
bone graft. With appropriate bone removal or grafting the chin can be reposi-
tioned in any dimension. Widening and narrowing may also be performed. This
simple operation often produces the most dramatic changes to the profile and
overall appearance of the face,
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Results and stability
Figures 22.2 and 22 3 show the changes achieved in the Class I1I case described
earlier. Initial orthodontic decompensation has been performed by means of a
tixed appliance (there is rarely a place for other than an Edgewise derived fixed
appliance in such treatment). Surgical correction has been achieved by means of
a maxillary advancement and intrusion at the Le Fort 1 level, a mandibular
pushback by bilateral sagittal splits, and a vertical chin reduction genioplasty,
Figure 22.8 shows a Class I case where a significant profile improvement has

Figure 22.8 A patient presenting with a Class 11 Division | skeletal discrepaney where most of the
profile improvement has been achieved by means of an advancement genioplasty
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been achieved by means of a relatively small mandibular sagittal split advance-
ment and a large genioplasty advancement. This demonstrates the value of the
latter procedure, with a considerable change being obtained in the appearance of
the face from this relatively minor procedure.

In almost every case. surgery is followed by a period of orthodontics (usually
3=6 months) to finalize tooth position and occlusion. Following the removal of
the fixed appliance (debonding), conventional orthodontic retention is necessary
(see Chapter 25). Patients undergoing orthognathic surgery are generally
reviewed for a minimum of two years after surgery. Such audit of results
indicates that the horizontal stability of a Le Fort 1 osteotomy at one year varies
between 6 and 25% (depending on the study), with the vertical change more
liable to relapse (16—45%). For sagittal split mandibular advancements. reported
relapse at one year varies between 15 and 30%. The significance of reporting
data at one year is that nearly all of the postsurgical skeletal relapse that is going
to occur should have happened by that time. Not surprisingly, the long-term
success of orthognathic treatment 1s very technique- and surgeon-sensitive.

Distraction osteogenesis

Osteotomies to reposition the jaws as described above have revolutionized the
correction of dento-facial deformities. They are limited to some extent by the
need to place the bones in a precise position at surgery, by the limitations on
movements that this imposes. and by the enveloping soft tissues., which may be
deficient. In addition, interventions during growth are usually avoided and bone
grafts are sometimes required.

These limitations may be overcome, to some extent, by another technigue,
termed ‘distraction osteogenesis’ (DO), also known as “callus distraction’. This
15 the *mechanical induction of new bone between bony surfaces that are
gradually pulled apart’. Although first described in long bones in 1905, the real
pioneer in this field in orthopaedic surgery was llizarov working in Siberia (then
in the USSR) from 1950 to 1990 and best known for leg lengthening. The
method was not reported as applied to the mandible until published by
McCarthy in 1992. Since then, devices which can move bone in one, two and
several directions simultaneously have been described, some of which are
external, some internal and vet others which are a combination of both, The
method has also been applied to the mid-face and cranium and especially to
congenital deformity.

The technigue consists of making an osteotomy cut in the bone and attaching
(by pins or screws in the bone, or fixation to teeth) a device which permits
lengthening of the bone. After a latency period of a few days, this device or
distracter is usually activated by turning a screw to produce small movements of
lengthening of the bone (usually around one millimetre each day), and thus a
gap in the bone forms. When the desired length has been achieved, the device is
kept in situ for several weeks until bone has filled the gap. The device 15 then
removed. At that stage, orthodontic support with a modified (prescription)
functional appliance is often valuable.

The principal advantages of DO are:

1. The potential for interventions during growth.
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The avoidance of the need for bone grafting in most cases.

The ability to lengthen the bone until the desired changes have been
produced, limited to some extent by the device used and by biology.

The ability to lengthen previously grafted bone.

The ability to repeat DO if necessary at a later date.

The more minor surgery involved compared with conventional orthognathic
Surgery.

7. Simultaneous lengthening achieved of the soft-tissue matrix.

i
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The principal disadvantages (at this time) are:

. Scarring with external devices.

2. Length of distraction limitation with purely internal devices.

3. Difficulty in controlling direction.

4. The limitations of existing devices (although the number and variety of
devices available are increasing rapidly).

5. Significant cooperation is required from both the patient and their family in
most cases,

Without doubt, distraction osteogenesis is now revolutionizing the correction of
skeletal facial deformity, especially in the management of severe congenital
deformirty in children.

Conclusion

Orthognathic surgery is very worthwhile in suitable cases. Although most surgery
is by no means minor, three decades of surgical refinement of large numbers of
cases have enabled it to become, in experienced hands, safe and effective. Both
the orthodontics and surgery require careful planning. In addition, the overall
treatment can take as long as 24 months. Therefore the patient needs to be highly
motivated and their motivation for seeking treatment should be exhaustively
explored by the clinicians concerned. Care should be taken to explain the planned
changes in facial appearance to the patient. To assist in this process, systems
which video capture images of the face have become available. Such images may
then be adjusted by suitable software to rehearse the surgery and demonstrate the
result to the patient. In more complex cases, three-dimensional plastic models
(using data from 3D CT scans) can be constructed and the various surgical options
rehearsed on the models in advance of operation.
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Chapter 23

Orthodontic management of cleft lip and
palate

Cleft lip with or without cleft palate is a highly visible congenital deformity of
the mouth and face, and is a relatively common condition, occurring in
approximately 1:700 live births in the Western world. There is some variation in
incidence between racial groups. With modern ultrasonic scanning equipment it
Is usually possible to diagnose facial clefting from about the third month of
pregnancy.

Aetiology

The cleft may be part of a syndrome or may occur in isolation. For some there is
a clear familial history of facial clefting, implying a genetic disorder. but for the
majority of cases the occurrence is sporadic, suggesting that as vet unidentified
factors have an important role in the aetiology of the condition. However, this is
an area of rapid development and the errors in the genetic messages that lead to
the development of a cleft are only now beginning to be properly understood.
Embryologically the nose, lip and primary palate are formed by the fusion of the
medial nasal, lateral nasal and maxillary processes in about the 8th week of
intrauterine life. Clefting may arise due to failure of fusion, or fusion followed
by partial or total breakdown between the facial processes with continued facial
growth. The secondary palate and soft palate fuse in the midline (with each
other and with the nasal septum) during the 9th and 10th week and failure of
fusion results in a cleft of the hard and/or soft palate (see Chapter 3).

Pierre Robin syndrome, in which there is a U-shaped cleft of the secondary
palate, a retrusive mandible, and a risk of airway obstruction by the retro-
positioned tongue in severe cases. is thought to arise due to the inability of the
tongue to drop down from between the palatal shelves during palatogenesis.

Classification

There is no entirely satisfactory system of classification and this reflects the
wide variety of presentation. For the individual patient it is probably most
convenient just to describe the defect. However, for purposes of classification it
is useful to divide clefts in three groups:
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Figare 23.1 (a) A simple numencal classification system for clefis — the “siriped Y. The lip is
represented by 1 and 4: the alveolus by 2 and 5; the primary palate by 3 and 6 the hard palate by 7
and 8; and the soft palate by 9. (b) Left-sided cleft lip and alveolus onlv. (<) Right-sided complete
clelt of lip and palate

l. Clefts of the primary palate — may involve only the lip, or the lip and alveolar
process as far back as the incisive foramen.

2. Clefts of the secondary palate — may involve the soft palate only or the soft
palate and hard palate as far forwards as the incisive foramen,

3. Clefis involving both the primary and secondary palate.

Clefts of the lip and primary palate may be unilateral (most commonly on the
left side) or bilateral. In addition Kernahan (1971) has produced a symbolic
method — the “striped Y" to describe clefts (Figure 23.1). The small circle at the
junction of the Y signifies the incisive foramen. This describes the extent of the
cleft by cross-hatching the appropriate squares, and has the added advantage of
lending itself to computerized records. In the UK all clefts are registered on a
national database called CARE (Craniofacial Anomalies REgister). Other
countries have similar central registration systems, which are essential to run a
proper nationally coordinated system of care.

Effects of cleft lip and palate

Dental effects

Number of teeth. There may be missing teeth, extra teeth or the correct number
of teeth. The area of the cleft is most frequently affected, but evidence is
growing that there is a higher incidence of absent teeth elsewhere in the mouth,
most especially in the second premolar regions of both dental arches.

Morphology of teeth. The lateral incisor on the cleft side may be diminutive
and/or peg shaped.
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Structure of teeth. There may be enamel hypoplasia and/or hypomineralization
of teeth, especially in the region of the cleft.

Position of teeth. The lateral incisor on the affected side may be located in
either portion of the alveolar bone adjacent to the cleft. The tooth or teeth will
often be displaced palatally and rotated.

Eruption delay. There is often a delay in demal development on the cleft side,
leading to delayed eruption times.

Occelusal effects

A Class 11 incisor relationship i1s frequently found with a centre-line shift to the
cleft side. In bilateral cleft cases the deciduous dentition may initially be in
Class 1 or Class II Division 1 arrangement, but by the early mixed dentition the
effects of limited maxillary growth (see below) are often reflected in a reverse
overjet, Unilateral cases will frequently demonstrate a crossbite in the buccal
segment, especially on the cleft side, which becomes progressively worse
anteriorly. There will usually be a gap in the dental arch in the line of the cleft as
teeth cannot erupt or move into an area with limited bone.

Skeletal effects

There is often a Class 111 skeletal relationship, with both the maxilla and to some
extent the mandible being retrusive. Lintil the age of 6-8 vears the bilateral clefi
has a protrusive premaxilla. However, with the restraint on growth imposed by
the surgical repair early in life there may be change towards Class 111 (maxillary
retrusion) in the early teenage years. There is also an increased anterior face
height for both unilateral and bilateral clefts; a lateral open bite may also be
found on the cleft side due to a localized failure of alveolar development.

Growth effects

There is strong circumstantial evidence to show that the surgical repair of the lip
and palate early in life has a deleterious effect on growth of the facial skeleton,
an effect that becomes particularly evident during the prepubertal growth spurt
as a developing maxillary retrusion. This is supported by studies of individuals
whose clefts have remained unrepaired. In Western countries it is unacceptable
to leave a cleft unrepaired beyond the first year of life, and hence it seems
almost inevitable that this compromise must be accepted. Currently there is
much research interest in the process of wound healing, with the eventual
possibility of manipulating the healing process to produce a scar-free result,
with its obvious attendant benefits.

Hearing effects

The muscles of the soft palate act as a valve at the pharyngeal end of the
Eustachian tube, equilibrating pressure between the middle ear and the oral cavity
and allowing drainage of fluids. Repair of the soft palate cannot always ensure
adequate muscle function. Despite early palate repair suppurative otitis media
(glue-ear) is common. This will result in a variable degree of hearing loss, for
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which consultation with an ENT consultant is mandatory. This may be managed
in children by the insertion of grommets (small tubes for drainage) through the
cardrum, or by the prescription of a hearing aid on a temporary basis.

Speech effects

Normal speech development depends on good hearing, which forms part of a
feedback mechanism necessary for the acquisition of correct speech sounds.
Inadequate function of the soft palate subseguent to repair may also lead to
partial escape of the airstream through the nose leading to hypernasal speech.
This may also occur with a patent oro-nasal fistula, Other factors which conspire
to affect speech in cleft patients are increased anterior face height, Class 111
malocclusion, spacing in the line of the cleft, a high-vaulted, narrow palate, and
(if a cleft lip was repaired) a ‘whistling’ deformity of the upper lip. It is little
wonder that speech problems rank alongside the dental and facial problems
encountered by the patient.

Management and treatment of cleft lip and palate

The objectives of treatment are to allow the patient to:

& ook well
* speak well
» function well.

Ideally this should be achieved by a small team of specialists who treat a high
number of patients since it is believed that high-volume centres for care have
better overall long-term results. Core members of the team should include the
orthodontist, oral and maxillofacial surgeon. plastic surgeon, speech therapist
and ENT surgeon. Contributions to care of clefts from other disciplines are
equally important, and omission from the core list does not diminish their role.
The general dental practitioner has a vital role in maintaining the deciduous and
permanent dentition in a good state of repair and establishing an early regime of
preventive measures: this permits the full range of orthodontic, surgical and
restorative procedures to be available for later treatment.

Early treatment

The unexpected birth of a baby with a facial cleft can cause considerable
psychological distress to the parents, and careful counselling is necessary
immediately after birth to reassure parents with regard to the future management
and likely outcome of treatment.

Treatment regimes vary both nationally and internationally. Generally, lip
repair will be carried out early, within the first 3—6 months of life. Surgery may
be preceded by a phase of oral orthopaedics to align the displaced cleft
segments. This is achieved by the use of an intra-oral plate acting to mould the
segments towards each other, and extra-oral strapping working from outside the
mouth (Figure 23.2). Such “plates’ carry the additional benefits of obturating
the cleft and facilitating feeding whilst preventing the tongue from lying
between the palatal shelves, which arguably might inhibit their growth. They
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Figure 23.2 A presurgical orthopaedic system being applied in an infant 1o correct displaced dental
segments and soft tissues. This baby has a bilateral eleft of lip and palate

also provide a more normal form to the roof of the mouth, which may in turn
have benefits for the proprioceptive aspects of speech development. Undoubt-
edly in some (especially bilateral) cleft treatments, such orthopaedics makes
primary surgery a little less difficult (Figure 23.3).

Very early lip repair has been advocated by some who feel that normalization
of facial appearance assists parental bonding. However, there are no other
reported substantiated benefits and certainly the administration of a general
anaesthetic at such an early age poses a risk to the infant.

The timing for repair of the palate is quite variable, any time between 9 and
18 months being common. Further surgery, in the form of soft tissue revisions to
improve the appearance of the lips and nose, may take place in the early years
and, for cases with hypernasality associated with severe velopharyngeal incom-
petence. some form of pharyngoplasty may be necessary to help with speech
and feeding. This latter type of surgery is intended to improve the posterior seal
of the nose and reduce the nasal escape of air during speech.

Regular visits to the faumily dentist should begin carly, with great emphasis
being placed on preventive measures.

Early mixed dentition

One or more permanent incisors will frequently erupt into lingual crossbite. At
this stage a simple treatment to procline the upper incisors to eliminate the
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Figure 23.3 The same patient s in Figure 23.2 after three months presurgical orbopaedics. The
lower pictures show the appearance immediately after lip closure. (Primary surgery performed by Mr
M. Milling)

crossbite together with associated anterior displacement may be undertaken.
This can be performed either with a removable or a simple fixed appliance. Care

should be taken with orthodontic movement where teeth are close to the site of

the cleft; in such situations, particularly if an incisor is rotated, it is only too easy
to move a tooth out of alveolar bone with an inevitable consequence on the
long-term prognosis of that tooth.

Later mixed dentition

Alternatively, and more commonly, correction of incisor crossbites may be
delayed until the preparatory stage for autogenous alveolar bone grafting, which
is usually performed at about 810 years of age. Preparation for such a graft
may involve expansion of segments comprising the upper dental arch to achieve
a normal form. A quad-helix appliance is often used to facilitate these move-
ments (Figure 23.4; see also Chapter 17).
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Figure 23.4 A quad-helix appliance being used
to expand dental segments prior (o secondary
bone grafting of a unilateral alveolar cleft.
{Records kindly supplied by Mr R, Samuels)

Shortly after the eruption of the upper lateral incisor and prior to the eruption
of the upper permanent canine, if there is an alveolar defect, cancellous bone is
grafted to eliminate the alveolar cleft. The bone is usually obtained from a donor
site at the anterior iliac crest. The advantages of this grafting technique are that
it stabilizes the maxillary segments, improves the vestibular appearance of the
alveolar ridge, assists the closure of any fistula, and facilitates the eruption of
the canine into the cleft site, Such treatment also facilitates orthodontic tooth
movement and may allow a non-prosthetic rehabilitation of the patient.

Early permanent dentition

Extractions to reduce crowding may be performed at this time as part of a
definitive orthodontic treatment plan; the initiation of treatment usually being
delayed until the permanent canine has erupted through the graft site (occasion-
ally because of local scar tissue this must be facilitated by means of an apically
repositioned flap). Aims of treatment at this stage might include alignment,
decrowding, dental centre-line correction and space closure or opening at the
cleft site, depending on the case. Full occlusal correction in the early permanent
dentition depends on there being no great underlying dental base discrepancy so
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that any camouflage necessary can be achieved by dento-alveolar movements
alone (Figure 23.5).

The range of orthodontic problems presenting at this stage may vary greatly
and therefore a dogmatic regime cannot be described; rather each case should be
carefully examined and treated on its merits. Careful assessment will include an
evaluation of the underlying skeletal pattern and the likely effect of any future
growth. Where growth is adverse and the patient is developing a significant
Class 1l incisor and skeletal pattern (with an associated poor facial profile),
then fixed appliance treatment should be delayed to coincide with any planned
orthognathic surgery.

Figure 23,8 An example where correction of the occlusion has been by dento-alveolar movements
alone. There has been a secondary bone graft prior to the fixed appliance being placed. A partial
denture retainer is in place in the finish picture prior to a long-term restoration being placed. This
would be either bridgework or dental implants, {Records kindly provided by Mr P, Duming)
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Late permanent dentition (orthognathic surgery)

Once the patient presenting with cleft lip and palate (CLP) enters adulthood they
should be reassessed. This provides an opportunity to examine the result of any
previous treatments, which might include orthodontics, soft or hard tissue
surgery, or speech therapy. Patients in whom large discrepancies of the jaws are
developing may be identified. Many may have a sigmificant Class Il incisor and
skeletal discrepancy with retrusive maxilla, such that the middle third of the face
will appear flattened or ‘dished in’. The patient’s concerns, motivations for and
expectations from treatment should be carefully explored at this stage.

As in all patients requiring orthognathic surgery, very careful planning is
important with, in particular, maxillo-facial surgeons working closely with the
orthodontist. However. other dental specialities may also need to be mvolved
early in the planning process, for example, the restorative dentist may examine
the need for any crown and bridgework as part of the overall plan for the
occlusion and long-term stability.

The basic regime for orthognathic planning is very similar to that described in
Chapter 22. as are the requirements for presurgical fixed appliance orthodontics.

Most frequently a maxillary advancement osteotomy, usually of the Le Fort |
type (see Chapter 22), is an appropriate approach in these patients; very large
advancements of up to 2.5 cm are sometimes indicated. It should be remem-
bered that often the mandible may appear short in comparison to a normal
profile (Figure 23.6) but it is doubtful whether mandibular advancement is oflen
necessary. Occasionally, however, if a very large Class 1l jaw diserepancy is
present a mandibular push back osteotomy as well as a maxillary advancement
may be necessary to facilitate full correction of the skeletal and facial profile. In
some patients movements of the chin (a genioplasty) may prove a valuable
additional surgical procedure in improving the profile of the face. In the
ocecasional CLP patient higher level Le Fort surgical procedures are appropriate.
These will usually be at Le Fort 2 level, and sometimes in combination with Le
Fort 1.

In contemporary management of CLP cases requiring orthognathic surgery
the best results are obtained by moving the maxilla forwards in one piece
following previous alveolar grafting (Figures 23.7 and 23.8). A careful evalua-
tion of the cleft site should be made prior to the presurgical orthodontics, and
where there is either a failed secondary graft (or more rarely none at all) the
alveolus should be bone grafted at least six months prior to definitive jaw
surgery. This later procedure is termed tertiary bone grafting.

Retention

Similar to other patients treated by these complex orthodontic and surgical
techniques, in CLP all cases should have an individually prescribed system of
retention and should be reviewed for a prolonged period of time. Whatever the
method of treatment in CLP, stability is notoriously difficult to predict in these
cases due largely to the variable nature of the scar tissue in the region of the
repaired cleft; in many cases some form of long-term fixed retainer may be
appropriate to hold expanded dental arches. One area where there has been good
news in recent years relates to the stability of maxillary surgery in patients with
repaired cleft lip and palate. If performed well, with good mobility of the upper
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Figure 23.6 Tracing of pretreatment lateral cephalogram of the patient shown in Figure 23.8. This is
superimposed on matched outling of a non-CLP patient

Jaw being obtained prior to internal fixation, relapse of the horizontal position
may be as little as 6.5% at one year post-surgery.

However, the vertical surgical correction remains a ‘lottery’, with an average
of 16% change at one year (see Jones ef al., 2000). These results would indicate
that orthognathic surgery performed well in cleft patients can show similar
stability to non-cleft patients (13.5% horizontal and 33% wertical relapse at |
year}, at least in the medium term.

Some cleft patients on reaching maturity and when the above treatment is
complete, will require late soft tissue revisions, rhinoplasty, pharyngoplasty and
advanced restorative treatment such as fixed or removable prostheses or implant
retained crowns. Throughout their first 20 years of life, the cleft patient will
only derive the best from modern treatment if their dentition is maimntained n
good condition at all times. The role of the general dental practitioner in this 15
crucial.

Cleft lip and palate: centres for care

In recent years it has become widely accepted internationally that patients born
with this condition are best managed, and that the most consistent high-quality
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Figure 23.7 Pretreatment/post-treatment intra-oral views of an adult with CLP wreated by means of
fixed apphance orthodantics, an alveolar bone graft and a maxillary advancement. View on lower
left shows ecclusion prior to crown and bridgework but with retainer in situ. (The secondary surgery
was performed by Mr AL Sugar)

results are achieved, in specialist centres. These should be of a limited number
in any country and should have sufficient throughput of patients to allow valid
comparisons of outcome to be made with other international units. In the UK
in 1997 a report was published (see CSAG, 1997) which determined a national
strategy of care. This followed an extensive nationwide audit of all 5- and 12-
year-old patients born with a complete unilateral cleft of the lip and palate.
This report recommended that patients should be managed in a small number
of national centres with two primary cleft surgeons usually treating a minimum
of 80-100 cases a year between them. Whilst it was thought important that
surgery should be centralized it was accepted that orthodontics and speech
therapy might be delivered on a *hub and spoke” basis, with records, treatment
supervision and audit being delivered from the centre. A similar approach has
been successfully followed for a number of years in countries such as Norway,
where there is a proven track record of consistent high-quality results (see
Semb, 1988, 1991).

Other craniofacial syndromes

Of course cleft lip and palate is not the only condition which might affect dental
and facial aesthetics and where a combined orthodontic and surgical approach
may prove helpful. Other craniofaeial syndromes (Treacher-Collins and cranio-
facial or hemifacial microsomia, Crouzon’s, Apert’s and Binder’s syndromes)
although all relatively rare, present on *combined clinics® from time to time. It is
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Figure 23.8 Pretreatment/post-treatment extra-oral views for the same patient as in Figures 23.6 and
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not the place of this text to discuss these conditions in any detail. However, as an
example of orthodontics and orthognathic surgery working in tandem in these
conditions, the developing facial asymmetry associated with craniofacial or
hemifacial microsomia can often be effectively intercepted carly in the growth
cycle by the combination of a costochondral graft and functional appliance.
New treatments for this condition are also coming in to play in craniofacial
centres whereby the deficient side of the mandible (and increasingly the
maxilla) is lengthened by a process of distraction osteogenesis (see Chapter 22).

Conclusion

This text has, for the sake of brevity, concentrated on the orthodontic and
maxillofacial surgical aspects of CLP treatment; it should be remembered that
many other specialities are also involved including restorative and paediatric
dentistry, plastic surgery, speech therapy, ENT surgery and audiology. All should
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form part of a co-ordinated team. However. in order for these children to obtain
maximum benefit from the various treatment regimes described it is vital that
both the parent(s) and child are dentally motivated from an early age and that a
high standard of dental care is maintained.
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Chapter 24
The orthodontic—restorative interface

This subject can be considered both from the standpoint of the contribution that
restorative dentistry can make to the overall management of the orthodontic
patient and also the role of adjunctive (supportive) orthadontic treatment in the
solution of restorative problems.

The majority of orthodontic patients will be under the simultaneous care of
the general dental practitioner, most of whom have considerable experience in
restorative dentistry, and the orthodontic specialist. It is important that the
complementary skills of each are employed to secure the most satisfactory and
durable results of treatment. Inevitably this will involve consultation and collab-
oration during initial treatment planning and at all stages during the treatment.
Occasionally, when an orthodontist is confronted by more complex and challen-
ging problems, the involvement of restorative specialists will be particularly
beneficial.

Restorative support to orthodontic treatments

The contribution of restorative dentistry to the management of orthodontic
patients can be considered under a number of headings:

e general considerations

e alterations to tooth size, shape and colour
» endodontic treatment

« management of traumatic dental injuries,

General considerations

It is well recognized that proper restorative management of children during the
development of the dentition can assist in preventing future orthodoniic pro-
blems. Particularly important aspects are caries prevention and control. The
provision of appropriate advice on the limitation of refined carbohydrates in the
diet, use of topically applied fluorides and prescription of fluoride supplements
are fundamental aspects in the management of all child patients, including those
who may require orthodontic treatment at some stage.

Of equal importance is the management of carious lesions, should they
develop, by appropriate restorative means. It is important that deciduous molars
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be conserved, by pulp treatment and stainless-steel crowns if necessary, so that
they can fulfil the function of space maintenance for their permanent successors.
First permanent molars also should be conserved. The loss of the first molar
prior to the eruption of the second molar will make the use of space maintainers
very difficult. Under these circumstances, the second molars, when they erupt,
may be tilted mesially and rotated lingually. This will result in a less than ideal
occlusal relationship with opposing teeth and may also complicate any subse-
quent appliance treatment. Should the loss of a first molar be inevitable, an
orthodontic opinion should usually be sought by the restorative dentist concern-
ing the advisability of balancing extractions of opposing and contralateral first
molars also (see Chapter 8),

It is well recognized that placing any sort of appliance in the mouth. including
fixed or removable orthodontic appliances, results in increased plaque retention
in relation to the appliance. The restorative dentist must cooperate with the
orthodontist in ensuring a high standard of oral hygiene in order to minimize the
effects of plaque retention on the gingival tissues. This is important in the case
of children, where the localized inflammatory response is likely to be reversible,
but even more so in the case of adult patients, particularly those with an
increased susceptibility to the effects of plaque. which may lead to the establish-
ment or progression of periodontal disease.

Alteration of tooth size, shape and colour

The ability of the restorative dentist to alter tooth size, shape and colour by
providing acid-etched retained composite additions, veneers and crowns can be
very useful in optimizing the final result of orthodontic treatment, particularly
in hypodontia cases (also termed partial anodontia). In these patients there may
be a number of teeth absent, with those remaining of a reduced size. Occasion-
ally teeth may be diminutive or conical in form (peg-shaped; see Chapter 8).
The teeth most often missing from the permanent dentition are third molars.
followed by upper lateral incisors, lower second premolars and upper second
premolars.

In severe cases there may be a significant number of teeth missing (oligodon-
tia). In these cases the early involvement of the restorative dentist in treatment
planning to advise on the optimum final position of the few remaining standing
teeth is vital. It 1s helpful to the orthodontist to have a clear idea of the likely
prosthodontic plan before placing appliances. Treatment planning decisions may
be helped by the use of study cast ‘set-ups’ as described in Chapter 21 (see
Figure 21.2). They are particularly useful in explaining to the patient the likely
outcomes of a variety of treatment options, and can be important in raising the
patient’s morale and securing their cooperation in what may be a prolonged
treatment. Such an approach also forms an important part of the informed
consent process in what are often complicated treatments.

In younger patients, where the upper lateral incisor is missing, a decision has
to be made on whether to allow the upper canine tooth to erupt adjacent to the
central incisor or whether to maintain space to facilitate later prosthetic
replacement of the lateral incisor. The factors dictating this decision are
discussed in Chapter 8. Whichever option is chosen, the restorative dentist has a
role to play: either the shape of the canine tooth will require camouflaging or a
prosthetic replacement will need to be provided.
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Figure 24.1 Joint orthodonticrestorative
management of 4 hypodontia case. {a)
Condition on presentation with missing upper
lateral incisors (2,/2), and upper centrals (1/1)
malformed and the upper right permanent
b canine I:;"_.EI peg-shaped ﬂh.b { ':m\pl.c':'rnn of the
orthodontic phase: upper right canine (3/) has
been moved distally ta create space for a
prosthetic lateral incisor {2/ ); the diminutive
upper left permanent canine ( /3) has been
moved into the lateral incisor position and a
space 15 left for a prosthetic camine (3}, (c)
Completion of the restorative phase: the
residual median diastema has been eliminated
by placement of porcelain veneers on the upper
central incisors and the upper left canine [/ 3)
has heen veneered to simulate a lateral incisor,
Saddles in the upper right lateral incisor and
upper lefit camine regians have been restored by
means of acid-etch/resin-retamed bridzes

Where the option of allowing the canine to erupt adjacent to the central
incisor is chosen, the final cosmetic result may be compromised by the shape of
the canine tooth on its eruption. On occasions it will be wider than the lateral
incisor which it is replacing. In this situation the greater bucco-lingual width of
the canine may dictate that it be placed in a relatively labial position so that it
does not interfere with the occlusion. This may result in a square or flat contour
to the dental arch of the upper labial segment.

Where the alternative option of regaining space to allow the prosthetic
replacement of the lateral incisor is selected, the options are to provide:

s a removable partial denture
o a fixed bridge
o an osseointegrated implant retained crown.

Whichever option is selected it is important that the patient maintains a very
high standard of plaque control. On occasions such an approach may be best
deferred until the patient is of sufficient maturity to cooperate fully with the
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la) (b

() {d)

Figure 24.2 Management of a hypodantia case with missing upper laterals and an unerupted upper
right permanent canine which has caused extensive resorption of the root of the central incisor on the
same side. (a) Condition on presentation. There is a retained right deciduous lateral incisor with an
artendant deep overbite and midline diastema. Note the tri-tubercular shape of the eentral incisors.
(b} Following the extraction of the upper right central incisor the canine on that side has started to
erupt. A temporary partial demure has been provided to improve the aesthetics, (¢) Orthodontic
phise. The right canine is being retracted to create space for a prosthetic lateral incisor. Some
overbite reduction is also being undertaken., (d) Restorative phase. A resin-retained bridge replaces
the upper lateral incisor and the shape of canine on that side has been modified by the addition of
acid-etch retained composite material

maintenance of any fixed restorative work placed in the mouth. As a rule,
implant retained crowns are the preferred long-term solution but age and/or
economic factors may limit their use.

Occasionally the restorative dentist is called upon to give an opinion on the
prognosis of standing hypoplastic teeth. One example of this may be a *‘Turner's
tooth’, the permanent successor to an abscessed deciduous tooth; another might
be a lateral incisor in the line of a cleft (see Chapter 23). Where extractions are
planned these may be the teeth of choice; alternatively, if it is necessary to retain
them, short-term options of composite repair or *build-up’ are available with the
long-term option being a crown or veneer.

Endodontic treatment

Resorption of the root of an adjacent upper lateral incisor tooth may be one
consequence of impeded eruption of a misplaced upper canine tooth. If the root
damage is substantial it may be a clear indication for extraction. Alternatively, if
an impacted canine has been surgically removed (see Chapter 20) any interrup-
tion to the blood supply to the pulp of the lateral incisor tooth may result in pulp
necrosis. In these circumstances root canal treatment will be required if the
lateral incisor is to be preserved,
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fe) ()

(e} ()

Figure 24.3 Management of o severe hypodontia case with retained deciduous teeth, (a, b)
Condition on presentation. In the upper jaw there is a large median disstema, missing upper laieral
incisors and only one premolar; the canines are malformed and there are two retained decidoous
molars, In the lower jaw second premolars and all permanent incisors are absent, the canines are
malformed and the first premolars are diminutive. Twa deciduous molars are retained. (c)
Completion of the orthodontic phase. The diastema has been eliminated and space collected for
prosthetic replacement of upper lateral incisors and a second premolar, (d-f) Completion of the
restorative phase, Upper central incisors have been modified by the addition of acid-eich retained
composite material. Minimal preparation, adhesive retained metal-ceramic crowns have been
constructed for 3/3. Bridge pontics reploce (52/ 21(21/12). A first molar has had a metal onlay
placed,

Management of traumatized teeth

It is important that any tooth tissue lost as a result of trauma is restored as soon
as possible so that the full width of the crown is retained. If it 1s not, there may
be a loss of space, which will then need to be regained as part of the orthodontic
treatment so that the best cosmetic result can be achieved. This can be somewhat
tedious for the orthodontist. In addition the condition of the pulp will need to be
monitored so that prompt endodontic treatment, which may include apexogen-
esis or apexification procedures in the case of immature teeth, can be provided.
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Orthodontics as an adjunct to restorative treatment

Orthodontic treatment for adult patients comprises as much as 50% of the
patient load in many orthodontic clinics. Of these cases, many are adjunctive to
support complex restorative treatment. It should be remembered that treatment
times may be prolonged in the adult patient, they may be less ready to accept
fixed appliances and be less tolerant of discomfort during treatment. However,
there are a number of instances where such preliminary orthodontic treatment
may greatly facilitate planned restorative treatment. These might include:

# teeth tilted, rotated or displaced buccally or palatally

& bodily repositioning teeth to permit optimum bridge design

* periodontally mvolved teeth

» rapid extrusion of teeth fractured subgingivally

* cases with deep overbites resulting in trauma to the palatal tissues
e patients with tooth surface loss.

Tilted, rotated or displaced teeth

In many cases, orthodontic uprighting of a tilted tooth, derotation of a rotated
tooth or the alignment of a buccally or palatally displaced tooth may improve
the prognosis for fixed. or less commonly removable, prosthodontic treatment,
Subsequently there may be a tendency for the orthodontically repositioned tooth
to relapse, and some form of prolonged retention may be necessary. This can
present a challenging management problem. The involvement of the tooth in
fixed bridgework will provide good permanent retention. In addition pericision,
the surgical severing of the crestal periodontal fibres, may reduce the tendency
to rotatory relapse.

Bodily repositioning teeth to permit optimum bridge design

When teeth are replaced using removable prostheses, these are not always
effective in preventing movement of neighbouring teeth, which may ultimately
result in space closure and a deterioration in the aesthetics with the development
of occlusal abnormalities. Orthodontic repositioning followed by fixed bridge-
work may achieve a better long-term result.

Periodontally involved teeth

As a result of loss of attachment consequent upon chronic periodontal disease,
tecth may drift and become cosmetically unacceptable. Provided that effective
periodontal care i1s provided and that the patient maintains an exemplary
standard of plaque control. orthodontic repositioning of the drifted teeth, fol-
lowed by fixed retention, may enable the teeth to be preserved rather than
extracted.

Rapid extrusion of teeth fractured subgingivally

Where, as a result of caries or traumatic loss of tooth substance, a projected
crown margin is placed deeply subgingival, there is the possibility of localized
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periodontal problems as a result of plagque accumulation in relation to the
margin. These problems are compounded by the difficulty in taking an adequate
impression of the preparation margin. Rapid orthodontic extrusion, with or
without repeated pericision, can permit the provision of a crown, which elicits a
more favourable periodontal response. Simply extruding the remaining root will
tend to ‘drag’ the gingival margin coronally as the tooth ‘erupts’. Although a
crown lengthening procedure would be possible eventually, if the discrepancy at
gingival level is cosmetically unacceptable, an alternative is to divide the crestal
periodontal fibres every 3—4 weeks whilst the extrusion is in progress.

Cases with deep overbites resulting in trauma to the palatal tissues

In cases with favourable skeletal and soft tissue patterns, it may be possible to
depress the lower incisors, usually by using fully banded fixed appliances,
sometimes supported by an upper bite plane. The result is produced by a
combination of depressing the lower incisors and allowing overeruption of the
posterior segments, both dependent on providing incisal contacts perpendicular
to the long axes of the lower incisors for permanent stability. If there is an
inadequate occlusal stop between the upper and lower incisors there will be a
tendency for the lower incisors to be forced lingually, resulting in lower incisor
imbrication.

Patients with tooth surface loss

As tooth tissue is lost from the occlusal surfaces of the posterior teeth, the
palatal surfaces of the upper incisors or the incisal edges of the lower incisors, a
number of mechanisms combine to maintain, at least partially, the occlusal
vertical dimension. These include deposition of secondary cementum apically
on the roots of the affected teeth and compensatory overgrowth of the alveolar
process, The tooth surface loss is often confined to one part of the dental arch,
usually the anterior sextants. Under these circumstances, it may not be possible
to perform adequate occlusal reduction to accommaodate a satisfactory restora-
tion with an appropriate thickness of restorative material. In such a situation
adjunctive orthodontics may be undertaken to create space by the method
described earlier.

Further reading

Bishop, K., Priestley. D, Deans, B and Joshi, B (1997). The use of adhesive metal-ceramic
restorations as an alternative to conventional crown and bridge materials. British Dental Sournal,
182, 101 -6.

Evans, R.D. (1999), Orthodontic options. Sritish Oental Jowmal, 186, 605 -8,

Oliver, R.G., Edmunds, D.H., Jagger, R.G. and Jagger, D.C. (1997). A combined orthodontic!
restorative clinic. Rationale, evolution and experience. Brirish Jownal of Orthodentics, 14,
159-62.




Chapter 25
Retention and post-treatment relapse

Relapse should be differentiated from the skeletal and dental movements that
occur during continued dento-facial maturation. Relapse can be defined as the
return, following correction, of the original features of a malocclusion. Un-
wanted tooth movements can result from periodontal elasticity, soft tissue
pressures and skeletal changes.

Orthodontic stability demands appropriate treatment planning and a retention
regime that prevents soft tissue forces and growth changes from disrupting arch
alignment and interarch relationships.

Origins of relapse

Dental alignment is a primary objective of all orthodontic therapy. The dentition
lies in a narrow zone of equilibrium between the resting pressures of labial/
buccal and lingual soft tissues. Movement of teeth outside this area of equili-
brium, by expanding arch dimensions or changing arch form, can result in a
relapse, which is usually expressed as crowding,

In addition, when orthodontic tooth movement is complete, periodontal
ligament (PDL) reorganization must oceur to recover its original stable relation-
ship. Within the alveolus, this relies heavily on osseous remodelling. However,
the supracrestal gingival and trans-septal collagenous and elastic fibres have no
osseous connection and often require some time to reorganize. These fibres have
been reported to appear taut and directionally deviated after tooth movement,
and the elastic fibres in particular can exert tooth-moving forces one vear after
apphance removal.

Finally, following the orthopaedic correction of skeletal discrepancy, a return
to the original pattern of facial growth can be expected if treatment is
discontinued before growth is complete. Similarly, a degree of skeletal relapse
should be expected following orthognathic surgery. Both of these post-treatment
skeletal changes must be considered when establishing treatment objectives and
designing retention regimes to maintain three-dimensional interarch relation-
ships.

Therzfore, orthodontic stability requires appropriate treatment planning. an
appreciation of post-treatment skeletal changes and the retention of dental
alignment during periodontal remodelling.
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Treatment planning

To ensure optimal stability of the orthodontic result, the transverse dimensions
of the mandibular arch and the labiolingual position of the mandibular dentition
should remain, largely, unaltered. Although the maintenance of the presenting
lower incisor position gives no guarantee of absolute stability, the incidence of
lower incisor crowding, post-retention, has been reported to be significantly
lower when this strategy has been followed compared to cases in which arch
dimensions have been increased.

A series of studies, originating in the Unmiversity of Washington, have given an
insight into the contribution of the orthodontic treatment plan to the stability of
the result. These studies have focused on the incidence and severity of lower
incisor crowding at the end of active treatment and retention. The treatment
modalities evaluated included serial extractions (with or without appliance
therapy), fixed appliance therapy involving premolar extractions and non-
extraction expansion therapy. The majority of patients treated by each treatment
modality presented with clinically unsatisfactory lower incisor irregularity when
reviewed at 5 to 20) years after treatment. In all treatment groups — other than
those where there was pretreatment spacing and those where mandibular incisors
were extracted less than 30% of cases had satisfactory mandibular incisor
alignment several years after treatment,

However, the changes in mandibular incisor alignment recorded in these
studies have also been observed during the maturation of patients who had ideal
alignment and interarch relationships without orthodontic treatment, In long-
term studies, it has sometimes been difficult to differentiate between orthodontic
relapse and tooth movements due to normal physiological change. Several
authors have suggested that dental occlusion and alignment should be consid-
ered to be ‘dynamic and constantly changing throughout the second to fourth
decades’ and. if dental alignment is to be maintained, permanent retention
should be provided.

A final suggested contributor to loss of alignment following orthodontic
treatment is the third molar tooth. If the eruption of this tooth generated a mesial
force vector or if the presence of the third molar prevented “distal settling’ of the
dentition during growth, then the third molar could be suggested to have a role
in the development of post-treatment crowding. Conflicting reports have been
published involving the study of patients who have congenitally absent or
surgically removed third molars. In summary, if third molars do contribute to
late incisor crowding, their role is a minor one and asymptomatic third molars
should not be electively removed in an attempt to prevent late incisor crowding.

Methods of retention

The maintenance of interarch relationships and dental alignment at the end of
active treatment demands a retention regime that considers postoperative
skeletal changes and the forces generated from elastic periodontal ligament
strains.

Where a presenting malocclusion was largely a product of skeletal growth
pattern, continued postoperative growth could be expected to contribute
to deterioration in occlusal relationships. Antero-posterior and, particularly,
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{c)

Figure 25.1 Examples of different types of retainers. (a) Upper removahle * Hawley tv pe’ retainer
with fitied labial bow. This bow is formed in “Edgewise” wire 1o hold incisor rotational corrections
(b} Lower removable ‘spring Hawley” retainer, Standard remavable retainer for lower arch, Nole
avrylic around lower labial bow to tightly hold alignment of lower incigors. (e} Conventional A
Hawley” retainer with a *standard’ labial bow from canine to canine. This would retain an overjet
reduction with no prior rotational correction. (d) Upper removable ‘wrap-round’ retainer of the
Begg' tvpe. Labial bow runs from second molar to second molar, (e) Lower removable *w rap-roumnd’
retuiner simular to previous. (1) Clear acetate *pull-down” removable retainer { made on heab/vacuum
forming machine), (g) Fixed retainer for the lower incisors. This is made of stainless-steel braided
wire fitted around the lingual surfaces of the lower anterior teeth. It is acid-etch retained to each
tooth. (h) Conventional fixed lingual retainer for the lower labial incisors, This is acid-etch retained
I surfaces of lower canines only

1o hingt
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vertical growth is commonly not complete until several vears atter active
treatment is complete. Continued growth in the pattern that onginally caused
Class 11, Class 111, deep bites or open bites is a major cause of relapse. In such
cases, ‘active retention’ has sometimes been advocated involving the use of
extra-oral forces and functional appliances to maintain interarch relationshi 1ps
during continued antero-posterior and vertical growth

The primary objective of an orthodontic retention regime is (o maintain
alignment during the immediate postoperative phase when the periodentium is
remodelling. Histological studies have demonstrated that at the end of orthodon-
tic treatment, the periodontal ligament will reorganize as soon as the teeth are
free to respond individually to masticatory forces. This process oceurs over a
3-4-month period. However, the col Hagenous gingival fibres reorganize more
slowly, requiring 4-6 months, and the supracrestal elastic fibres can still exert
tooth-moving forces at 1 year after appliance remaoval.

Retention regimes are commonly |r|.1rrmd with this soft tissue reorganization
in mind. For example, full-time retention is required for the first four months
after fixed apphance removal. A removable appliance or non-rigid fixed




134 W & H Orthodontic Motes

retainer, that allows the teeth to respond to masticatory forces, should be used to
promote periodontal ligament changes. The slow response of the gingival fibres
demands that retention continues for at least one year. Removable retainers are
commonly worn for 12-15 hours per day and, at the end of this period the elastic
recoil of the periodonial tissues should no longer cause relapse. However.
mindful of continued maturational changes, many orthodontists now advocate
indefinite retention. using bonded retainers or removable appliances worn at
night. to maintain dental alignment for as long as possible.

In an attempt to release tension and accelerate the return of the periodontal
fibres to a passive orientation, ‘circumferential supracrestal fiberotomy® has
been advocated. This procedure (where a scalpel is used down the gingival
crevice to cut the superior fibres of the PDL) has been demonstrated to improve
the retention of incisor alignment post-treatment without compromising perio-
dontal attachment.

Removable and bonded retainers

Removable retainers should maintain alignment and prevent the extraction space
reopening following fixed appliance removal. They should not hold the teeth
rigidly. allowing individual teeth to respond to masticatory forces, and should
allow any favourable spontaneous tooth movements desired.

A large number of removable retainer designs are available, based on the base
plate, labial bow and retentive elements of conventional removable appliances.
The labial bow is designed to retain incisor alignment and can be constructed
from round- or rectangular-section stainless-steel wire (Figures 25.1a, ¢). Where
additional incisor control is required, the labial bow can be fitted to the labial
contours of the incisors or can have acrylic added to offer the same control
(Figure 25.1b).

Where elements of the removable retainer cross the occlusal plane, care must
he taken to ensure that interarch relationships are not disrupted. To prevent
occlusal interferences and allow vertical settling of the occlusion, a circumfer-
ential design can be employed (Figure 25.1d). Alternatively, the labial bow can
be soldered to the molar clasps to minimize anterior occlusal disruption. This
design also is effective in holding extraction spaces closed (Figure 25.1¢e).

An alternative removable retainer design is the ‘pressure formed retainer’,
which uses a 1-2 mm thick translucent acrylic to provide complete occlusal
coverage (Figure 25.11). These appliances are less bulky and, in the short term,
more cost-effective than conventional retainers. However, they provide no
facility for post-treatment occlusal settling and are insufficiently robust for
long-term use.

Fixed retainers are commonly employed where the long-term retention of
labial segment alignment is planned. They are commonly bonded to the lingual
surfaces of the labial segments, either employing a robust stainless-steel bar
retained by canine bonding pads or a section of multi-strand stainless-steel wire
contoured and bonded to the lingual surface of each tooth to be retained (Figure
25.1g. h).

Bonded retainers are not without their disadvantages. Attachment failure can
rapidly lead to loss of alignment, and plaque control around the retainer 1s
demanding. Furthermore, responsibility for retainer maintenance should be




Retention and post-treatment relapse 235

established at the treatment planning stage. Therefore, careful patient selection
is required before bonding.

In summary, a prescription for retention needs to be designed for an
ndividual patient based on the original features of the malocclusion, the type of
treatment provided and growth potential. A common regime, used to retain
dental alignment, is to use removable retainers worn full time for 3-6 months,
and for 12 hours per day for a further 6-8 months. Thereafier, the retaining
apphiances can be gradually withdrawn (two months night-time-only wear; two
months alternate night-time wear) to assess the stability of the result. However,
it should be noted that the retention plan should be tailored to the individual
patient, and patients who have experienced significant orthopaedic changes
during treatment often require more elaborate retention appliances to maintain
interarch relationships during continued growth.

Methods of retention should be considered during the formulation of the
original orthodontic treatment plan and the patient fully informed of the
demands to be placed on them at the end of active treatment. Orthodontic
relapse is commonly a product of the failure of a clinician or patient to
understand what is required to achieve orthodontic stability.

Further reading

Blake. M. and Bibby, K. { 1998). Retention and stability: A review of the literature. American Soiirnal
of Orthodontics and Dentofacial Ovthapedics, 114, 299-306,




Appendix |

An example of a standardized approach
to orthodontic diagnosis and treatment
planning

Assessment and treatment planning

[ Inwoduction and history

Age and sex.

Reason for attendance.

Previous illnesses and accidents.
Habits.

Assessment of interest and cooperation.

2. Soft tissue morphology and muscle behaviour patterns

Lips

(a) Morphology:

(1) competent or incompetent;

(i) habitual position — whether together or apart;

(iii) lip lines — upper, lower and active.

(b) Behaviour: the amount of circumoral contraction during speech, expressive
behaviour and swallowing.

Tongue

{a) Size.

(b) Position — e.g. tongue resting forwards between the incisors against the lower
lip.

(¢) Swallowing behaviour — typical or atypical.

3. Skeletal relationships
Assessed clinically and verified from lateral skull radiographs if available.

4. Mandibular position and path of closure

{a) Mandibular position — rest or habit posture.

{b) Interocclusal clearance or freeway space.

{c) Path of closure — hinge movement from rest, or deviation or displacement.

5 Intra-oval examination
Clinical examination aided by models and radiographs.

{a) General condition of mouth
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Teeth present:

(i)  erupted and unerupted;

(11) mussing teeth (extracted/developmentally missing);

(iii) extra teeth (supernumerary/supplemental);

(1v) ectopic teeth and pathological conditions (odontomes, cysts, etc.).

Oral hygiene — good, average or poor.
Pertodontal condition.

Condition of teeth:

(i) caries rate;

(ii) damaged teeth/malformed teeth;

{11) non-vital teeth discoloration, periapical involvement;
(iv) resorption.

(h) Tooth positions and relationships
Upper and lower labial segments:

(i) inclinations and rotations;
(1) crowding/spacing;
(111) relationship — midline; overbite, overjet.
Upper and lower buccal segments:
(1) inclinations and rotations:
(1) crowding/spacing;
(ii1) relationship — antero-posterior, lateral, vertical.

. Diagnosis

Summary of salient features elicited in the case assessment (see 1-3 inclusive
above).

Treatment plan

This is decided from the diagnosis, a stable final position for the teeth being all
important. The cooperation of the patient and parents must also be taken into
consideration. Treatment may be:

® ideal
o palliative.

Practical:

{a) General treatment - conservative, periodontal, ete.

{b) Orthodontic treatment — timing and expected duration, extractions, appli-
ances. retention, prognosis.




Appendix [1
A standard orthodontic diagnosis form

CASE SUMMARY AND PRESENTATION

Thig 18 ............... Hefshe iy .. .. years old and is onhappy about .c.ieenneiveroiins
.................................. He/she was referred by .00 cooiiioooo... who
wias concerned about ; g

Heishe has been a regular dtlcnder :1t Ihe prnm:cr: mr ...... :.-enn HL -.hL hﬂb a deimi hu.mr],' ul'

Fn:\rmus d:,nla] Emlur:.- uI nuh:

There is no previcus previous history nrunhudunm,b in the ﬁlrmhr ‘He/she is unhupm "|rl{,|p]r!| 11:;. wtar
a hrace. Travel and/or time off work/school for appointments ixds nor a difficulty. Other relevant
information

Clinical examination

The facial profile looks: Class | Class t Cless T

with a Normal nereased Reduced anterior face height. There is/is not a facial asymmetry

The lips are competent/incompetent/patentially competent,  There is/is mor a tongue thrust on
swallowing.

He/she has'has not got a digit sucking habit, Hefshe hasa Class . ............. incisor relationship,
The overjet is ......... mim. on I/ {mesial/incisal edge). The overbite is  Normalfncreased!
Reduced dmerior Open Rire and incomplete/complere, The dental centre lines are coincident/not
coincident, The upper cenlre=life 18 ... ... ....cvo0e, . to the face. The lower centre line is

. to the upper.
Tht rie mn' u-::.r ] mam:llbular displacement from centric relation to habital occlusion.

The displacement is: Anterior Lateral o LEFT Lateral io RIGHT

The oral hygiene is generally: Croaned Moderite Powr

The tooth quality is gencrally: Gened Muoderate Poar

The canine relationshap is Class ...... on the LEFT and Class . . .... on the RIGHT

The molar relationship is Class ... ... onthe LEFT and Class .. ... an the RIGHT

The upper incisor teeth are: Crowded  Well afigned  Spaced  Rotated  Cross bire

The upper LEFT buccal weethare;  Crowded  Bell aligned  Spaced  Rotared  Cross bite
The upper RIGHT huceal teeth are: Crowded  Well aligned  Spaced  Rotated  Cross bite
The lower incisor teeth are: Crowded  Well aligned  Spaced  Rorated  Cross bive
The lower LEFT buccal teeth are;  Crowded  Well aligned  Spaced  Rotated
The lower RIGHT buceal teeth are:  Crowded  Welf aligned  Spaced  Rotated

The upper dental arch form 1s: Rounded  Tapered Square
The lower dental arch form is: Rounded  Tapered Square
Teeth erupted: ) {

Teeth restored: /

Teeth carious; /

Teeth of doubtful long-term prognosis:
Other clinical features of relevance:




A standard orthodontic diagnasis form 219

Radiographic examination
arT

Unerupted teeth:
Missing teeth:
Displaced teeth

Additional teeth:
T e e e e e e T e e e LR

Lateral CEPH

EMA L Lo o (Mormal B0°-B47)

RITB L aians . [(Mormal 767-807)

ANB......... ... ...(Normal 2°-3° [Age/Sex])

Therefore antero-posterior skeletal pattern is Class | Cleess ] Class 417
With MowilfarvyMandibular EXCESS  andior  Maxviltary Mandibalar REDUCTION
MaxillaryMandibular Plane Angle .. ... o0 (Mormal (257-307)

Therefore vertical skeletal pattern is Nowmal fncreased Reduced
Upper Incisor to Magillaoy Plane .. ...ooo 0. (Mormal (108°-1127)

Therefore upper incisor is: Neormal Proeilined Retroclined

Lower Incisor to Mandibular Plane . ... ... von v on o (Nommal 89°-937)

Therefore lower incisor is; Newrmal Froclined Retrociined

Lower Incisor to APo Limedss .o oo 0 .. (Mormal = | mm 1o 41 mm)

I'herefore lower incisor 1s: Nowemal Proclined Retroclined

Case summary

Ihis patient has a Class | ., .. Incisor Relationship on a Class . . Skeletal Base, with a
wrvenwnas s B0terior face height. The upper incisors are ..............., the lower incisors are

The dental arches are . ...... .-+ in the antenior +/ — buccal segments, There
[ ER Ty S R .. associated with the cross bite. Additional local problems are: ...............o0

Additional problems 1o be considemed Bres ... e e

1OTN  Dental healthis . Asstheticis ., ...

Recommended treatment

L. Mo treatment advised

2. Wail for further ocelusal development

3. Extractions only

4. Tooth npping with simple removable appliance fextierions  —extractions

5, Release of mandibular growth potential using functional appliance

fi. Three dimensional control of reeth using fixed appliances FERractions  —exiniciions
1. Beyond the scope of orthodontics alone: artho/vestorative  orthovoral sirgery

T D s e S S
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Appendix II1

Definitions

1. Soft tissues

Competent lips
Incompetent lips
Anterior oral scal

Posterior oral seal

A lip seal which is maintained with minimal muscular
effort when the mandible 1s in the rest position,

When with the mandible in the rest position muscular
effort is required to obtain a lip seal.

A seal produced by contact between the lips or between
the tongue and lower lip.

A seal between the soft palate and dorsum of the tongue.

2. Teeth and occlusion

Dental arch

Occlusion

Ideal occlusion

Normal occlusion

Malocclusion

Centric occlusion
Owvenet
Overbite

Complete overbite

The curved contour of the dentition or of the residual
ridge.

Any contact between teeth of opposing dental arches,
usually referring to contact between the occlusal
surfaces.

A theoretical occlusion based on the morphology of the
teeth.

An occlusion which satisfies the requirements of
function and aesthetics but in which there are minor
irregularities of individual teeth.

An occlusion in which there 1s a malrelationship
between the arches in any of the planes of space or in
which there are anomalies in tooth position bevond the
limits of normal.

A position of maximal intercuspation which is a
position of centric relation.

The relatonship between upper and lower incisors in the
horizontal plane.

The overlap of the lower incisors by the upper incisors
in the vertical plane.

An overbite in which the lower incisors contact either
the upper incisors or the palatal mucosa.




Incomplete overbite
Anterior open bite
Labial segments
Buccal segments
Cingulum plateau
Incisor inclination
Incisor angulation
Angle’s classification

Crosshite

Scissors bite
Leeway space

Primate spacing

Diastema
Dens in dente (dens

invaginatus)
Dilaceration

Microdontia
Ohgodontia

Odontome
Supernumerary teeth

Supplemental teeth

Buceal segment
classification

[ncisor classification
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An pverbite in which the lower incisors contact neither
the upper incisors nor the palatal mucosa.

The lower incisors are not overlapped in the vertical
plane by the upper incisors and do not occlude with
them.

The incisor teeth.

The canine, premolar and molar teeth.

The middle part of the palatal surface of the upper
INCISO,

An expression of the degree of tip in the labiopalatal
plane.

An expression of the degree of tip in the mesiodistal
plane.

A classification of malocclusion based on the arch
relationship in the antero-posterior axis.

A transverse discrepancy in arch relationship. The lower
arch 1s wider than the upper so that the buccal cusps of
the lower teeth occlude outside the buccal cusps of the
corresponding upper teeth.

A lingual crossbite of the lower teeth.

The excess space provided when the deciduous canine
and molars are replaced by the permanent canine and
premolars. The leeway space is slightly greater in the
lower arch.

A naturally occurring space in the deciduous dentition,
mesial to the upper canine and distal to the lower
canine,

A natural spacing between teeth, A median diastema 1s
tound between the upper central incisors.

An enamel-lined invagination sometimes present on the
palatal surface of the upper incisors.

The deformed development of a tooth as a result of
disturbance of the relationship between the uncaleilied
and already calcified portions of a developing tooth.
Usually principally affects the root of an mcisor.
Abnormally small teeth, often the last of the series.
The developmental absence of a number of teeth
{sometimes incorrectly termed — partial anodontia).
An abnormal mass of calcified dental tissue.

Teeth in excess of the usual number — usually of
abnormal form.

Supernumerary teeth, resembling the teeth of the normal
SEHes.

A classification of antero-posterior malrelationship
according to the relationship of the mandibular buccal
teeth to the maxillary buccal teeth. The molars are
important in this classification but so are the canines
(see Chapter 1).

A classification of the antero-posterior incisor
relationship. This is based on the relationship of the




242 W & H Orthodontic Notes

lower incisor tip to the cingulum (middle third of the
palatal surface) of the upper incisor,

3. Skeletal relationship. mandibular positions and paths of closure

Alveolar process

Skeletal bases
Skeletal pattern
Intermaxiliary space
Bimaxillary
Prognathism
Proclination

Positions of ceninic

Rest position

Habit posture

Interocclusal
clearance

Freeway space

Deviation of the
mandible

Displacement of the
mandible

Premature contact

The parts of the maxilla and mandible the development
and presence of which depend on the presence of the
teeth.

The maxilla and mandible excluding the alveolar
processes.

The relationship between the mandible and maxilla in
the antero-posterior axis.

The space between the upper and lower skeletal bases
when the mandible is in the rest position. It is occupied
by the dento-alveolus.

Pertaining to both upper and lower jaws.

The projection of the jaws from beneath the cranial
base.

The labial tipping of incisor teeth often together with
supporting dento-alveolus.

The relationship between the mandible and maxilla
when the condyles are in the retruded and unstrained
position in the glenoid fossa.

The position of the mandible in which the muscles
acting on it show minimal activity. Essentially it is
determined by the resting lengths of the muscles of
mastication and it 15 a position of centric relation.

A postured position of the mandible habitually
maintained either to facilitate the production of an
anterior oral seal or for aesthetic reasons.

The space between the occlusal surfaces of the teeth
when the mandible is in the rest position or a position of
habitual posture.

The interocclusal clearance when the mandible is in the
rest position.

A sagittal movement of the mandible during closure
from a habit posture to a position of centric occlusion.
A sagittal or lateral displacement of the mandible as a
result of a premature contact.

An occlusal contact which oceurs during the centric
path of closure of the mandible before maximal cuspal
occlusion is reached. This may result in either
displacement of the mandible or movement of the tooth,
or both.

4. Cephalometric points and planes

Anterior nasal spine
[ANS)

The tip of the anterior nasal spine.




Articulare ( Ar)

Gilabella
Ginathion (Gn)
Gomon (Gao)

Menton (Me)

MNasion (N}

Orbitale (Or)

Pogonion (Pog)

Point A

Point B

Porion ( Po)

Posterior nasal spine
(PNS)

Sella (8)
Frankfort plane

Mandibular plane

Maxallary plane

5. Radiology terms
Kilovoltage (kV)
Milliampere (mA)
Relative biological
effectivencss
Kilovoltage peak
(kVp)
Exposure factors
Tomography

Zonography

Cosmic rays
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I'he projection on a lateral skull radiograph of the
posterior outline of the condylar process onto the
inferior outline of the cranial base.

The most prominent point over the frontal bone.
The most anterior inferior point on the bony chin.
he most posterior inferior point at the angle of the
mandible.

The most inferior point on the bony chin,

The most anterior point on the fronto-nasal suture.
The lowest point on the bony margin of the orbit
The most anterior point on the bony chin.

The deepest point on the maxillary profile between
antenior nasal spine and the alveolar crest.

I'he deepest point on the mandibular profile between the
pogomon and the alveolar crest.

The uppermost point on the bony external acoustic
meatus.

The tip of the posterior nasal spine.

The midpoint of the sella turcica.

The plane through the orbitale and porion. This is meant
to approximate the horizontal plane when the head is in
the free postural position, but this varies appreciably.
The plane through menton and which forms a tangent to
the inferior border of the angle of the mandible (or
alternatively through the gonion).

The plane through ANS and PNS.

The potential difference between the anode and the
cathode of an X-ray tube (in X-ray machine).

The current flow from the cathode to the anode, which
regulates the intensity of radiation emitted by the X-ray
tube (1 milliampere = 1/1000th of an ampere).

A factor used to compare the biological effects of
absorbed dosages for differing radiation and tissues.

The peak value (in kilovolts) of the potential difference
of a pulsating-potential generator.

Radiographic kilovoltage, milliamperage, exposure time
and source-to-film distance — all considered when
making an exposure.

A special technigue which makes the image of a layer of
structures more clear than those above and below.

A tomographic technigue which aims to see the whole
of a structure in an undistorted and sharply defined
form.

Radiation of extremely short wavelengths originating
outside the carth’s atmosphere,
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Backaround radiation Implies radinactivity arising from nature {(e.g. cosmic

rays),

X-ray A type of electromagnetic radiation characterized by
wavelengths of 100 angstroms or less.

Film speed The amount of exposure to light or X-rays required (o

give image density. Film speed is progressively
classified from A to I

Localization The taking of a film to identify a site in relation to
surrounding structures.

the End
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Actylic resim, 139
baseplates, [317
Activators, for fixed appliances, 164
Adams clasps, 102-3, 134, 140
Adjunctive appliances, 1646, [91 -3
Adult patients, 18604
advantapes of treating adults, 187
disadvantages of treating adults, 187
treatment, 18993
adjunctive treatment. 1941 -3
comprehensive treatment, [89-91
goals, 138
planming, 186-8
Alveolar bone, 123
in cleft hp'palate, 212
Alveolar process, 242
Anpesthetic, 175
Anchorage. 135-7
contral of, 103-4
extra-oral, 136-7
intermaxillary, 136
intramaxillary. 136
Andresen appliance, 161 -3
Andrews prescription appliance, 155
Angle, Edward. 2
Angle’s classification, 54, 241
Anterior bite planes, 137 -8
Anterior nasal spine (ANS), 35, 242
Antibiotics, 176
Apert’s syndrome, 219
Appliances, See Fixed appliances; Functional
appliances; Removable appliances
Arches, 237
length discrepancy, dH—2
curve of Spee, 68
displaced erupting incisor, 68
incisor inclination, 68-9
serial extraction, 678§
spacing, 68
See also Crowding
malrelationships, 5%, 83690
antero-posterior, 86, 201
dento-alveolar compensation and. 28
transverse, 499
vertical, Bh—8

Archwires. 148, 151, 197
Articulare (Ar), 35, 243

Baseplote, 137
Basion {Ba), 35
Begg hixed appliance, 151, 1579
Bimaxillary proclination, 104
Binder’s syndrome, 219
Bioprogressive technique, 136, 158
Bite planes:

amterior, 1378

posterior, 138
Body ostentomies, 204
Bonded retainers, 234 -5
Bome

alveolar, 123

in cleft lip/palate, 212
removal of, 176
surgery on, 1845
See alzo Osteotomy

Bridgewark, 227

prior orthodontic repositioning, 227
Bugcal segment classificanon, 241

Callus distraction, 206
Canines:
canine—maolar distance, 103
crowding, 7TH-9
loweer arch, 79-81
upper arch, 82—3
deciduous, 50
premature loss of, 72-3
ectopic eruption. 734
extraciion of, 180-1
impaction, | 78-0, 225
in cleft lip‘palate, 213-14
missing incisors and, 223
relationship in Class [ malocclusion.
1034
unerupted misplaced, surgery for, | 7882
surgical repositioning, 181
wransplantation, 181-2
CARE (Craniofacial Anomalies Register), 210
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Caries; 32, 227
manapgement, 222-3
prevention, 222
Centric occlusion, 2410
Centric, positions of, 342
Cephalometric analysia, See Famal skeleton
Cingulum plateau, 241
Clark’s twin-block apphiance, 164
Clef lip/palate, 24, 62, 767, 2009-2]
actiology, 208
centres for care, 21819
classification, 20910
early treatment, 212
effects of, 210- 11
muanagement, 21218
mixed dentition and, 21314
permancnt dentifion and. 215-17
retention, 21718
Cleidocranial dystosis, 62
Competent lips, 42, 240
Cranial growth and development, [9-22
growth patterns, 26
Craniofacial microsomia, 219-20
Craniomandibular dysfunction, 65
Crossbite, 63, 8%, 241
biluteral, 89
correction of, 141
in class | malocelusion, 93
in class 11 maloeclusion, 116, 118
in clefl lip/palate, 211, 21314
umlateral, #4960
with displacement, 8% —H)
without displacement, 90
Croupon's syndrome, 219
Crowding, 66-7, 73, 7T8-85,229
canines, T9-81, 82-3
in Class I malocehasion, 1001, 107, 110
mn Class I malocelusion, 11516
in cleft ip'palate, 215
incisors, 56, 667, TO-81, 823, 230
lowerarch, 7982
maolars, 81-2, 83-4
premalars, ¥1, 83
serial extraction and, 678, B4-5
disadvantages of, 84
upper arch, 824
Cronwn angulation, 55
Crown inclination, 33
Curve of Spee. 55, 68, 107

i C'lass 11 malocelusion, 107, 111, 112, 113

Dens-in-tente, 71, 241
Demal arches. See Arches

Dental panoramic tomography (DPT), 170-2

Dentition:
cleft lip/palate and, 213-17
deciduous, 5, 44930
development of, 49-56
mixed, 5. 51-4

permanent, 5-6, 54-6

See .'I!.\r.l Tizﬂh
Dento-alveolar adaptation, 2934
Dento-alveolar compensation, 28-9

orthognathie surgery amnd, |97
Derotations, 141, 227
Development, See Growth and development
Dastema, 241

median, 78
Digit sucking habits, 76, 88

malecclusion and 97, 98, 100
Dilaceralion, 241
Disto-occlusion, 86
Distraction osteogencsis, 205 -6, 220
Documentation, orthognathic surgery, 195 -6
Down's syndrome, 62

Ectopic eruption, 734
Edgewise fixed appliance, 151, 1534 6
Elastics, 134, 150
ELSAA (Expansion and Labial Segment
Algnment Appliance), 165-6
Endogenous tongue thrust, 47, 74
Examination, 2367
Extraction, 4
i adult patienis; 185
in Class | malocclusion, 93
in Class |l malocclusion, 102, 111,112
in Class [ malocclusion, |20, 121
incheft hp/palate, 215
senal extraction, 67-8, 84-5
disadvantages of, 84
supernumerary teeth, 184
Extrusion, 124, 1423

Facial growth and development, 16
control of, 267
following reatment, 229
growth patterns, 26
prediction of, 301
in clefi lip/palate, 211, 216
mandible, 234
maxilla, 22-3
acclusion and, 2830, 230-3
dento-alvealar adaptation, 29-30
dento-alveolar compensation. 289
growth changes dunng treatment, 34
palate, 24 -5
prenatal, 1920
Facial line (plane), 37
Facial skeleton, 32-41
ceplalometne analysis, 3541
dento-skeletal relationships, 40
from lateral skull radiographs, 39
interpretation of, 39-40
landmarks, 357

postero-anterion frontal cephalograms,
41




racial variation, 41
reference lines and plancs, 37-9
sofi tissue profile, 40
clinical assessment, 324
antero-posterior, 32-3
facial asvmmetry, 34
framsverse, 34
vertical, 33-4
Seealve Facial prowth and development:
Mandible: Maxilla
Fixed appliances, 14759
actvators, 164
adult paticnts, 186, 189—90)
advantages/disadvantages of. 150
alignment phase, 151-2
Begg technique, 151, 157-9
components of, 14750
archwires, 148
attachments, 147-8
auxillianes, 150
definition, 147
Edgewise technigue. 151, 154 -6
fimshing phase, 152
full upper and lower arch, 4
in Cliss | malocelusion, 93
in Class 1l maloccluzion, 105, 112
in Class 111 malocclusion, 1201
limuations of, 150-1
preadjusted. 154-9
retention phase, 152
segmental, 153
single arch, 4
in Class | malocelusion, 95
in Class 1 malocclusion, 104-5, 11112
in Class U malocclusion, 120
working phase, 152
Fixed retainers, 234
Fixed- removable appliances, 1523
Fracncctomy, 79, 177-8
Fraenum, 47, 177-8
attachment, malocc lusion and. 76
Frinkel appliance, 1634
Frankfort plane, 33, 3740, 117, 243
Freeway space, 242
Full upper and lower arch (ixed appliances, 4
i Class | malocelusion, 95
e Class 1 malocclusion, 105, 112
in Clazs 111 malocelusion, 120- |
See alse Fixed apphiances
Functional appliances, 4, 161-6
activitors, 164
adpnchive appliances, 164-6
Andresen appliance, 161 -3
Clark™s twin-block appliance, 164
for adults, 186
Friinkel appliance, 1634
Harvold appliance, 163
in Class [ malocelusion, 105, 113
in Class 111 malocelusion. 121
Functional ocelusal plane (FOP), 37

Index 247

Genioplasty, 204, 217

Gingival cysts of the newbom, 50

Gimgivitis, 100

Gilabella, 243

Glue ear, 211

Ginathion {Gnd, 35, 243

Cromion (go), 35, 243

Grommets, 212

Girowth and development, 17-19
prowth spurts, 27-8
normal growth, 31
acclusion development, 44956, 64
See alse Cramial growth and development;

Facial growth and development
Cium pads, 49
Gummy smile, 107

Hahit posture, 242
Habuis, 76
malocchusion and 97, 98, 99— 100
apen hite and, 88
Harvold appliance, 163
Headgear, (36-7
for adults, 186
Heanng, in cleft lip/palate, 211-12
Henmufacial microsomia, 2 19-20
Hyperdontia (supemumerary teeth), 69, 183,
154, 241
Hypodonta, 649, 223
Hypothyrowdism, 62

Impaction, See Unerupted teeth
Implanis, 181
Incision inferius (11), 36
Incision superius (15). 36
Incizions, 176
Incisors:
angulation, 241
crosshite, 93
crowding, 56, 667, T8-9
lower arch, 79-81, 230
upper arch, 82-3
deciduous, eruption of, 50
derotations of, 141
displaced erupting incisor, 68
in Class [l maloeclusion, 110
in cleft Lip/palate, 21314
inclination, 68 -9, 241
malposition, 5%
microdontia, 71
missing, 2234
permanent, development of, 51
posi-treatment stability, 113-14
relationship, 61 -2
classilication, 61-2, 241
See alse Maloeclusion
unermped, |82-3
Incompetent lips, 424, 100, 240
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Index of Complexity, Chucome and Need
{HCONTY, 12

[ndex of Orthodontic Treatment Need (FOTN),
B=11.12

Infradentale (Id), 36

Infraoce lusion, 71

[mtenncisal engle, 112, 121

[mtermaxillary height, 33

Intemiaxillary space. 33, 40, 118, 242

Imterocelusal clearance, 242

Intra-oral examination, 236

Imtrusion, |24

[mvaginations, 71

Inverted L ostectiomies, 2064

Jwwi surgery, See Orrthognathie surgery

Labial bows, 132-3, 214
Le Fort 1 osteotomies, 200 -3, 217
Lecway space, 53, 241
Lips, 42~ 5, 236
competent, 42, 240
exereises, 44
meompetent, 434, 100, 240
mialoeclusion and, 445, 99 100, 109
Sew alve Cleft hip/palate
Localization techmique, |72

Malocelusion, 2, 7, 57-562, 2440

actinlogy, 62

Class 1, 59, 62, 9]1-5
clett lipdpalate effects, 211
dento-alveolar features, 91 -2
extractions, 93
fixed apphances, 95
grivwth, 92
mandibular positions, 9%
otelusal features, 9| -2
oral health, 923
orthognathic surgery, 95
paths of closure, 92
post-rreatment stability, 956
removable apphiances, 94
skeletal relationships, 92
sofl tisswes, 92
treatment anms, 93
treatment oplions, 93 -5
treatment planning, 3

Clags 11, 5960, 62

Class Il Division 1: 60, 62, 87, 97— 106
Andresen appliance, 161-3
Clark’s twin-block appliance, 164
cleft lip/palate effects, 211
dento-alveolar features, 97

development of, 445, 100
extmctions, 102
fixed appliances, 104-3

Frinkel apphance, 164
functional apphiances, 103, 161, |64, 166
habits and, 99 100
mundibular positions. 5%
occlusal features, 97
ofal health, 100
orthognathic surgery, 105, 197
paths of closure, 99
post-treatrment stabality, 106
removable applinnces, 1024, 134, 140
skeletal relationships, 98
wi'r tissues, Y— 1)
Irearment anmns, 100
Ireaiment opiions, 1025
treatment planming, 1001 -2
Class |1 Division 2z, 44, 6f), 62, 87, 10714
dento-alveolar features, 1078
extractions, |11
fixed applisnces. 111-13
functional appliances, 113
grivwth, 109
mandibular positions, (09
occlusal features, 107-8
oral health, 110
orthagmathic surzery. 113, 197
paths of closure, 104
post-treatment stahility, 11314
removable appliances, 111
skeletal relationslups, 10849
sof1 tissaes, 109
tooth morphology, 110
treatment mims, 11
tresitment options, 111- 13
treatment planning, 110- 11
Class 111, 60,62, 115=-22
cleft lip/palate effects, 211, 217
crosshite and, B9
dento-alveolar features, 11516
extractions, |20
fixed appliances, 120
functional appliance. 121
growth, 118
mandibular positions, 118
occlusal features, 115-16
oral health, 119
arthognathic surzery, 121
paths of closure, 118
post-treatment stability, 122
removable apphance, 1201
skeletal relationship, 116-17
s0ft tissues, 118
treatment aims, 119
freatment options, 119-22
trealment planmng. 119
classification of, 5862
Angles classification. 5961, 241
buccal sepment classification, 241
incisor classification, 61 -2, 2412
defimtion, 37
local factors, 6974

2197




cotopic eruption of permanent teeth, 73-4
[oss of permanent teeth, 73
variation in footh form, 69-71
varation m tooth number, 64
variation m tooth position of emption,
o e o
of mdividual veeth, 578
skeletal factors, 646
sioft tissue and, 746
fracnul attachment, 76
hahats, 76
tongue position, 73
freatment in adults. |89-93
adjunctive treatment. 191-3
comprehensive treatment, 189491
Mandible, 32, 242
cleft lip/palate effects, 211, 217
development, 23 -4
orowih rotations, 29— 31
mitloge lusion and, 64-6
devaation of, 242
displacement of, 242
position, 236, 242
in Class | malocelusion, 92
in Class I malocelusion, 99, 109
i Class HI occlusion, |18
surgery, 2034
distraction esieogenssis, 2056, 220
Mandibular plane { Mn), 33, 37, 3940, 117,
243
Maxilla, 32,242
cleft lip'palate effects, 211
development, 22-3
malocclusion and. 64-6
Le Fort estegtomies, 200 -3, 217
Maxillary plane (Mx). 37, 40, 243
Median diastema, 78
Megadontia. 60
Menton (Me), 36, 243
Mesial doft, 56
Mesio=occlusion, 86
Mesiodens, 69
Microdontia, 71, 241
Micrmosoma, cranmofacial‘hemifiacial, 219-20
Misplaced reeth;
localization of, 172
surgery for, 17884
canines, 17T8-82
Molars:
erowding, TR-9
lower arch, ®1-2
upper arch, 83 -4
decidiious, 5
conservation of, 222-3
premature lossof, 72
impaction, 183
permanent, 54-5
carous, 82
conservation of, 223
development of, 53-4

Index

extraction, 82
impacted. 73
loss of. 73, 223
secondary retention of, 74
relationship, 50, 54, 55, 5861
Angle's classafication, 59-61
im Class |l malocelusion, 104
Mouth breathing, 48
Muscle balance, 42

Masion (W), 36, 243
Meonatal teeth, S

Ccelusal plane, 38
Oreelusion, 240
centric occlusion, 240
changes in permanent ocelusion, 56
cleft hip/palate effects, 21 |
development of, 49- 56, 64
deciduous dentihion, 49-5]
mixed dentition, 31 —4
permanent dentition, 54 -6
facial growth and, 28-30
dento-alveolar adaptation, 29-30
dento-alveolar compensation, 2849
growth changes during treatment, 30
goals in adult patients, |B8
ideal occhusion, 1=2, 240
noomal oceluston, 2, 240
See alsa Malocclusion
Ddontome, 241
invaginated, 7§
Qligodontia, 223, 241
Oipen bite, 86
anterior, 38, 116, 117, 241
Oral seal. 46, 240
Ol surgery, | 75-85
fior unerupted ' misplaced teeth, 178 -84
canines, | T8—42
Ingisions, 176
infeetion nsks, 176
on hard tissues, [B4-5
on sofl tissues, 177-8
fragnectomy, 1778
pericision, 178, 226
operative considerations, 176
post-operative instructions, 176
pre-operative assessment, 173
See alse Orthognathic surgery

Orhitale (Or), 36, 243

Crrthodontic stability, See Post-treatment
stabality
Orthadontic treatment;
aims of. 1,3

as adjunct o restorative treatment, 227-8

arthedontic repositioning prior io
bridgework, 227

244
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Crethodontic treatment {cond, ) post-treatment stabilicy, 113-14
owertite resulting in palatal tissue trauma, removable applinnees and, 141
228 trauma 1o palatal tissues, 228
peniodontally involved teeth, 227 vergel. 46, 58, /4, 240
rapid extrusion of teeth fractured sub- in Class 11 malocclusion, 97, 99, 1060, 104,
gingivally, 227-8 17
tilted. rotated or displaced teeth, 227 i Class 11 malocclusion, 115
tooth surtace loss, 338 in cleft lip/palate, 211

complexity; indices of, 12
cost-gffectiveness of. 14

definition, | Palate;

growth changes during, 30 developmient, 245

hisrory of, 2-3 trauma caused by overbite, 228

need’demand for reatment, 711 Nee also Cleft lip'palate
indices of, 811 Panoramic tomography, 170-2

restorative support, 222-6 PAR Index ( Peer Assessmen Rating), 11-12,
alteration of tooth morphology, 223-4 14
endodontic treatment, 224 Path of closure, 236, 242
traumati zed tooth management, 226 in Class | malocclusion, 92

nsk—benefit assessment. 12-14 in Class 1l malocelusion, 949, 104

scope of, 3 in Class 1 malocelusion, |18

standards, mdices of . 1112 Pericision, 178, 228

timing of, 5 Periodontal disease, 1878, 223, 227

treatment options, 4 Perindontal ligamemt (PDL), 123, 229, 2234

Cirthognathic surgery, 4, 195207 Pierre Robin Syndrome, 2008

analysis, 196-7 Plague control, 223, 234

distraction ostecgenesis, 206- 7, 220 Pogonion (Pogh 36, 243

documentation, 195 -6 Poimt A, 36, 243

in Class [ malocclusion, 95 Paint B3, 36, 243

in Class [I malocclusion, 105, 113, 197 Porion (Po}, 36, 243

in Class T malocelusion, 1212, 197 Post-treatment stabilivy, 229

i cleft lip'palate, 217 in Class 1 malocclusion, 95

mandibular surpery, 203-4 in Class 11 malocclusion, 106, 1 13- 14

mid-face surgery, 201 -3 in Class 111 malocclusion, 122
premaxillary osteotomy, 203 Posterior bite planes, 138

patient complaints, 195 Posterior nasal spine {PNS), 37, 243

presurgical orthodontics, 197 Premature contact, 242

results, 205-6 Premaxillary ostectomy, 203

stability, 2056 Premaolars:

trestment planning, 195, 197-200, 217 crowding, 79

See also Oral surgery lowoer arch, K1

Osteotomy, 195 upper arch, 83

body osteotomics, 204 Pressure formed retainer, 234

genmoplasty, 204, 217 Primate spacing. 30, 24|

inverted L osteatomies, 204 Prochnation, 242

Le Fort | osteotomies, 201 -3, 217 himaxillary, 104

premaxillary osteotomy, 203 Prosthion {Pr), 37

sagittal split osteotomy, 203 -4 Pulp death, 129, 225

sub-apical osteotomies, 204
sub-sigmoid ostentomies, 204

Onitis media, 211 Racial variation, 40
Owerbite, 47, 38, 65, 240 Radiology, 16774, 243-4
complete, 240 cephalometry and, 39
in Class |1 malocclusion, 97, 104, 107, dental panoramic tomography (DPT), 170-2
11012 extra-oral views, 169-T0
in Class 111 madocclusion, 115, 117, 121 following treatment, 172
in-cleft hp/palate, 211 indications for, 169-70
meomplete, 241 mitra-oral views, | 69T
increase in. 878, 97 localization of unerupted misplaced 1eeth,

reduction in, 88, 110—-14, 137-8 172




monitoring {mid-ireatment) phase, 173
pediatrie radiography, 168
post-retention phase, |74
pretreatment phase, 172
quality assurance programme. |69
radiation dose, 1678
maxdifying factors, 168-9
selection cnfena, 169
Relapse, 2249
origms of, 229
See ailvao Post-treatment stabality
Removable appliances, 4, 131 -46
active component, 131 -4
adult patients, 1901
adjunctive tréatment, 191 -3
advantages/disadvantages of, 150
anchorage, 135-7
control of, 103 -4
anterior bite planes, 1378
baseplate, 137
construction of, 138=40
miaterials, [38-9
clastics, 134
fitting of, 143-4
fixation (retention), [34-5
fixed-—removable appliances, 152-3
in Class | malocelusion, 94-5
i Class 1L malocclusion, 102-4. 111
in Class 111 maloeelusion, 120
indications for, 141-3
labial bows, 1323
not being wom, 144
posterior bite planes, |38
retention methods, 233—4
screws, 1334
springs, 131-2
unsuccessful therapy, 1456
Removahle refainers, 2334
Rest position. 242
Retention, 1256, 220
bonded retainers, 234-5
clefi lip/palate and. 217-18
fixed appliances, 152
methods, 2304
removable appliances, 2334
removable retamners, 2334
space retention, 141
See adso Post-treatment stability
Risk evaluation, 13 ’
Roberts retractor, 103, 1323
Ronts
fractured, 154
resorption, 129, 187, 225
retained, 184
Kotations, 58, 124
derotations, 141, 227
Roth preseription appliance, 155

Sagittal split osteotomy, 2034

Index 251

Scissors hite, 65, 241
Screws, 1334
Sedation, 175
Sella (5) 37, 242
Senal extraction, 678, 845
disadvantages of, 84
Single arch fixed appliances, 4
i Class | maloce lusion, 95
in Class 1l malocclusion, 104-5, 111-12
i Class 1 malocclusion, 120
See also Fixed .!l[!lpli.ﬂl'lﬂ'eh
Skull development, See Cranial growth and
development
Soft tissues, 42— ¥, 235, 240
fraenum, 47-8
attachment, 75
lips. 42-5, 236
malocclusion and, 756
Class |, 92
Class 11, 97 08, 99 104, 109
Class 111, 118
muscle balance, 42
open hite and. 8%
oral seal, 46, 240
profile, 40-1
surgery on, 177-8§
!'mcnr:clmuz. 177--8
pericision, | 78, 228
swallowing, 47, 75, 99
tongue. 46, 47, 236
position of, 75
southend clasps. 102, 134, 140
Space maintenance/retention, |41
Spacing, 68, 78
ault patients, |87, 188
primate spacing, S0, 241
Speech:
assessment, |9
in clefl lip'palaie, 212
Springs, 1312, 140, 150
Stability, See Post-treatment stability
Stainless stecl, 138-9
Sub-apical osteotomies, 204
Sub-sigmoid osteotomics, 204
Supernumerary teeth, 69, 183, 184, 241
removal of, 184
Supplemental teeth, 69, 241
Surgery, See Oral surgery: Orthognathic SUrgery
surgical repositioning, 181
Suturing, 176
Swallowing, 47, 74
malocclusion and, 99

Teeth:
alteration by restorative dentistry, 2235
cleft lipipalate effects, 21012
condition of, 237
damage due 1o wauma, 71
management of, 226
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Teeth: (cont. § Tongue, 46, 236

deciduous, 50— development, 25
eruption of, 50 endogenous tongue thrust, 47, 74
prematiire loss of, 72-3 open hite and, B8
subimerged, 72 ord seal, 46, 240

invaginations, 71 position, maloeclusion and, 74-6

megadontia, 69-71 swallowing and, 47, 74

microdontia, 71, 241 Transplamtation, [8] -2

mixed dentition: Transpositions, 74
early, 514 Trauma, 71
late, 54 growth deformity and, 77

mcvemertt: palatal tissue trauma caused by overbite, 228
areas of pressure, 125 traumatized tooth management, 22
aresis of tension, 125-6 Ireacher-Collins svndrome, 219
extrusion, 124, 1423 Treamment, See Orthodontic reatment
forces and. 1268 Treatment planning, 229, 230, 2367
harmfil effects of, 129 adult patients, 1868
in adults, |88, 191 Class | malocelusion, 53
mtrusion, 124 Class Il malocelusion, 101-2, 110-11
pulp death and, 129 Class HI malocclusion, 119
rate of, 1289 orthognathic surgery, 195, 197200, 217
relapue, 229 video planming, 200
root resorption and, 129 Turner’s tooth, 225

rotation, 124, 141
tipping, 124
tissue changes, [24—5, 126-8
ypes of, 124
nmber of)
cleft lip/palate effect, 210
hyperdontia (supernumerary teeth), 69,
|83, 184, 241
hypodontia, 69, 223
oligodontia, 223, 241
permanent, 54-6
ectopic emuption of, 73-4
loss of, 72-3; 187 Video planning, 204
supplemental teeth, 69, 241
surface loss, 228
SNee alve Canmines; Dentition; Incisors; Molars
Temporomandibular joint pain, 65, 119, [88
Tertiory bone grafting, 217
Tip-Edge appliance, 157, 1359
lipping, 124, 141 X-rays, See Radiology

Llgly duckling stagee, 53
Unerupied teeth:
localization of, 172
surgery for, | 7TE—84
canines, | 78-82
ingisors, 182-3
molars, 183 -4

Wil's amalyvsis, 40
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