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Class II malocclusion represents a significant component of the day-to-day 
case load for most working orthodontists. It manifests with a wide range of 
clinical variation and can represent something of a challenge to achieve con-
sistently successful outcomes. This textbook has been written as an evidence-
based guide to the clinical management of class II malocclusion and will 
serve as a useful reference for all clinicians interested in managing this wide-
ranging malocclusion.

The chapters have been written by an international group of orthodontists 
with considerable experience and expertise in the theoretical and practical 
aspects of class II management. The first section of the book contains a brief 
overview of the clinical and epidemiological characteristics of class II maloc-
clusion, followed by a discussion of treatment timing and then an extensive 
overview of the contemporary evidence base relating to outcomes for class II 
treatment. The second section deals with the practical aspects of managing 
class II treatment in children and adults and includes chapters on the use of 
removable and fixed functional appliances, molar distalisation, fixed appli-
ances, and an outline of current aspects relating to aligner-based treatment. 
These chapters are followed by a separate overview of class II division 2 
treatment and a final chapter on orthodontic-surgical management of class II 
cases.

This text will be of interest to specialist trainees in orthodontics, newly 
graduated orthodontic practitioners, and those with more experience in man-
aging class II cases. It provides a succinct and definitive overview of strate-
gies aimed at correcting this type of malocclusion with multiple clinical 
examples and reference to the contemporary evidence base. We hope it will 
be of relevance to the global orthodontic community and will find its place on 
their bookshelves.

London, UK Martyn T. Cobourne  

Preface
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1Epidemiological and Clinical 
Features of Class II Malocclusion

Jadbinder Seehra

1.1  Introduction

A Class II occlusion has been recognised since 
the 1900s [1]. In the antero-posterior dimension, 
this malocclusion is subdivided into three catego-
ries. A Class II Division 1 incisor relationship is 
defined as when the lower incisor edges lie pala-
tal to the cingulum plateau of the upper incisors. 
Typically, the upper incisors are proclined or of 
an average inclination with an increased overjet 
(Fig. 1.1). In a Class II intermediate incisor rela-
tionship, the upper incisors are upright or slightly 
retroclined with an increased overjet present. In 
contrast, in a Class II Division 2 incisor relation-
ship, the upper incisors are retroclined with a 
minimal overjet (Fig. 1.2). However, in this cate-
gory, the lower incisors can also be retroclined 
and the overjet maybe increased [2].

Based on molar relationship, within a 
Caucasian sample the prevalence of Class II 
Division 1 and Class II Division 2 malocclusions 
were reported at 19% and 4% respectively [1]. 
More contemporary prevalence studies have 
reported variation in the prevalence of a Class II 
malocclusion within different genders and eth-
nicities (Table 1.1).

J. Seehra (*) 
Department of Orthodontics, Faculty of Dentistry, 
Oral & Craniofacial Sciences, Kings College London, 
London, UK
e-mail: Jadbinderpal.seehra@kcl.ac.uk

Fig. 1.1 Class II Division 1 incisor relationship

Fig. 1.2 Class II Division 2 incisor relationship
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1.2  Aetiology of Class II 
Malocclusion

As with many malocclusions, a multifactorial 
model consisting of both environmental and 
genetic factors has been proposed in the aetiol-
ogy of a Class II malocclusion. Both exposure to 
alcohol during embryonic development [11] and 
preterm births [12] have been associated with the 
development of retrognathic mandibles. Although 
inter-arch relationships such as overjet, overbite, 
and molar relationship appear not to be under 
genetic control [13], environmental factors such 
as caries experience [14] and non-nutritive suck-
ing behaviours (NNSB) can influence these 
occlusal traits.

The term non-nutritive sucking behaviour 
(NNSB) describes habitual sucking of digits, 
pacifiers, and objects by a child in order to source 
comfort, a sense of security, and calmness [15]. 
Although this may be viewed as a normal process 
of a child’s growth and development, depending 
on the age of the child, the presence of NNSB can 
result in occlusal disturbance and contribute to 
the development of a malocclusion which exhib-
its Class II features [16] [17]. Historically, in the 
vertical dimension, as a result of reduced alveolar 
growth [18], an anterior open bite with an associ-

ated tongue thrust swallowing pattern can mani-
fest. The horizontal component of forces 
generated by NNSB can increase the maxillary 
arch length with concomitant proclination of the 
maxillary incisors [16]. The size of the resultant 
increased overjet can be exacerbated by retroin-
clination of the mandibular incisors [16]. Finally, 
in the transverse dimension, more commonly in 
the primary dentition, a posterior crossbite can 
develop [16]. Systematic evidence has also 
reported variations in the impact on the occlusion 
depending on if the NNSB involves the use of a 
pacifier or sucking of digits. For instance, an 
increased overjet in the primary dentition is less 
likely to occur if a pacifier is used. However, the 
use of a pacifier is associated with an increased 
risk of developing a Class II canine relationship 
and posterior crossbite. In contrast, in the mixed 
dentition, the risk of developing a posterior cross-
bite and anterior open bite is greater with digit 
sucking [19]. The vertical and antero-posterior 
effects on the occlusion tend to diminish once the 
NNSB has been ceased [16]. However, the more 
the NNSB persists the greater the risk of develop-
ing a malocclusion [19].

Support for the genetic basis of a Class II mal-
occlusion stems from the observation of retrog-
nathic mandibles in patients with congenital 

[3]

[5]

[7]

[8]

[8]

[9]

[10]

[6]

1990 [4]

Table 1.1 Prevalence of Class II malocclusion

J. Seehra
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craniofacial abnormalities such as Pierre Robin 
sequence and Treacher Collins [20]. Additionally, 
dental anomalies such as ectopic maxillary 
canines [21] and microdontia [22] which have 
been proposed to have a genetic aetiology are 
commonly associated with a Class II Division 2 
malocclusion leading to some authors to propose 
a shared genetic basis for the development of the 
maxillomandibular discrepancy. More recent 
studies have provided further insight into the 
development of a Class II malocclusion [20]. 
Polygenic inheritance and autosomal dominance 
models, with incomplete penetrance and variable 
expressivity, have been proposed for both Class 
II Division 1 and Class II Division 2 [22, 23, 24]. 
At a genetic level, a Class II malocclusion char-
acterised by mandibular hypoplasia was detected 
in four families in which the affected individuals 
were homozygous for the rare allele of the poly-
morphism rs1348322 within the NOGGIN gene 
[25] which has been shown to be involved in 
mandibular formation in a mice model [26].

1.3  Clinical Features of Class II 
Malocclusion

1.3.1  Dentoskeletal

Within the literature, longitudinal growth studies 
have reported great variability in the dentoskele-
tal components of a Class II malocclusion. These 
studies tended to employ serial lateral cephalo-
grams to assess the growth and development of 
the Class II skeletal and dental complex against a 
sample of “normal occlusions.” However, incon-
sistent use of different cephalometric analyses 
may explain the observed variability in the 
reported dentoskeletal components of a Class II 
malocclusion.

Between the ages of 3 and 7 years, the cranial 
base and the maxilla are normal. The mandibular 
corpus and lower facial height are reduced, the 
gonial angle is large, and the dentoalveolar posi-
tion of the mandible is in a retruded position. 
Both the height of the ramus and the skeletal 
position of the mandible are normal. However, 
the chin becomes slightly retruded after 5 years 

of age. In the transverse dimension, the maxilla is 
deficient. Importantly, the skeletal component of 
a Class II does not appear to be established  during 
the deciduous dentition [27]. However, this 
observation is not universal, as mandibular retru-
sion and a short mandibular length have been 
reported in a sample of 5–8-year-olds [28]. In 
contrast, the occlusal features of a Class II are 
established during this age range. These include 
distal terminal plane of the second deciduous 
molars, Class II canine relationship, increased 
overjet and overbite and both a narrow upper 
dental arch and maxillary base [27, 28].

Between 8 and 10  years of age, the skeletal 
components of the Class II malocclusion seem to 
establish. However, variability exists in both the 
antero-posterior and vertical dimensions [29]. In 
the majority of cases, the maxilla is in the normal 
position. When it deviates from this position it is 
more likely to be retrusive rather than protrusive. 
A more protrusive maxilla as a key component of 
the Class II malocclusion has been reported [30]. 
However, overall, mandibular retrusion appears 
to be a common feature of Class II malocclusions 
[29] which is exacerbated by a shorter total man-
dibular length [28]. Indeed, in addition to a 
reduced lower face height proportion, a degree of 
mandibular retrusion appears to be a key charac-
teristic in both Class II Division I and Class II 
Division II malocclusions [31]. Dentally, the 
maxillary incisors can be average, proclined, or 
of a more retroclined position which is particular 
to Class II Division II malocclusions [31]. The 
lower incisors can have an average, retroclined, 
or proclined inclination [29]. The position of 
both the upper and lower incisors can be reflec-
tive of the degree of dentoalveolar compensation 
for the underlying skeletal discrepancy. Rather 
than reporting features from a cohort of radio-
graphs and comparing them to a control group, 
statistical modelling has been employed to iden-
tify dentoskeletal predicators or distinct facial 
patterns of a Class II malocclusion. Using this 
method, five vertical and six horizontal (A-F) 
morphological features of a Class II malocclu-
sion have been described [32] (Table  1.2). As 
highlighted previously, even with this classifica-
tion, different features in both the vertical and 

1 Epidemiological and Clinical Features of Class II Malocclusion
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horizontal dimensions can contribute to the Class 
II dentoskeletal features.

In a Class II malocclusion, it is unlikely that 
the dentoskeletal discrepancy will improve or 
“self-correct” with further growth [33, 34]. A 
greater skeletal facial convexity with a retruded 
mandibular position is maintained into adulthood 
[35]. However, in adolescence, a reduction in this 
facial convexity characterised by a decrease in 
ANB angle has been reported resulting in a mar-
ginal improvement in the overjet [36].

1.3.2  Soft Tissues

The position of the lower lip relative to the labial 
surface of upper and lower incisors plays a role in 
the aetiology of a Class II Division 1 and Class II 
Division 2 malocclusion. In a sample of patients 
with a Class II Division 1 incisor relationship, the 
presence of a complete lower lip trap has been 
reported to result in more mandibular incisor ret-
roclination and an increased overjet compared to 
a matched sample of patients without a lower lip 
trap [37]. The proclination of the upper incisors 
in a Class II Division 1 malocclusion can also be 
exacerbated by a short upper lip and a low lip 

level with flaccid tone which exerts less lip pres-
sure allowing the upper incisors to “escape con-
trol” of the lower lip [38] (Fig. 1.3).

The role of resting pressure exerted from the 
lower lip and the resultant position of the maxil-
lary incisors is also pertinent in the aetiology of 
Class II Division 2 incisor relationship. This is 
clinically described as a high lip level and in this 
situation the lip has a thicker lip shape but is not 
hypertonic in nature [39]. However, compared 
to Class I patients, a higher lip pressure was 
recorded in patients with a Class II Division 2 
malocclusion. Clinically, the resultant effect on 
the maxillary incisors is a more extruded and 

Feature Type Dentoskeletal component

Horizontal A Normal skeletal profile. Maxillary dentition is protracted resulting in Class II molar
relationship, increased overjet and overbite.

B Midface prominence with normal mandible size.

C Marked Class II profile characterized by retrusion of the maxilla and mandible.
Proclined lower incisors. Upper incisors upright or proclined.

D Retrognathic profile characterized by a small mandible. Midface is normal or slightly
retruded. Mandibular incisors are upright or retroclined. Upper incisors proclined.

E Maxillary protrusion with normal or protruded mandible. Maxillary and mandibular
incisor proclination.

F Milder Class II profile with mandibular retrusion.

Vertical 1 Steep mandibular plane (High angle). Anterior face height greater than posterior face
height.

2 Mandibular, functional occlusal and palatal plane are flatter than normal. Increased
overbite present. “Square face” appearance.

3 Palatal plane tipped upward anteriorly. Steep mandibular plane (High angle) with
skeletal open-bite.

4 Mandibular, functional occlusal and palatal plane are tipped downwards.

5 Mandibular and functional occlusal plane are normal. Palatal plane is tipped
downwards. Skeletal deep-bite.

Table 1.2 Morphological features of a Class II malocclusion as classified by Moyers et al. [32]

Fig. 1.3 Class II Division 1 incisor relationship compli-
cated by a lower lip trap

J. Seehra
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retroclined incisor position [40]. This observa-
tion was further confirmed in a cephalometric 
evaluation which suggests that a high lip-line 
level is a primary aetiological factor in the 
development of Class II Division 2 malocclu-
sion [41].
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2Treatment Timing 
in the Management of Class II 
Malocclusion

Martyn T. Cobourne

2.1  Background

Class II malocclusion is characterized by a dis-
crepancy in the sagittal relationship, which leads 
to a post-normal occlusion. This is often associ-
ated with an increased overjet in class II division 
1 cases; but if the upper incisors are retroclined, 
then a class II division 2 occlusion will exist. The 
extent of the skeletal discrepancy will influence 
the severity of the post-normal relationship and 
complexity of potential treatment; and whilst 
dentoalveolar disproportion often plays a role in 
the etiology of class II malocclusion, it is the 
skeletal discrepancy that usually represents the 
main contributing factor. The maxilla can be too 
far forward within the facial complex, the man-
dible can be too far back, or some combination of 
maxillary prognathia and mandibular retrogna-
thia may co-exist. In many cases, mandibular ret-
rognathia is the defining feature. These 
discrepancies can also be seen in association with 
a vertical component, either increased vertical 
proportions and a reduced overbite or open bite; 
or reduced vertical proportions and an increased 
overbite.

In the growing child with a class II skeletal 
discrepancy, a common treatment approach is to 
attempt growth modification: most commonly, 
encouraging upward and forward growth of the 
mandible and restriction of forward maxillary 
growth, or some combination of the two. In this 
chapter we will briefly review the data relating to 
how the jaws grow within the context of overall 
body growth, and how successful growth modifi-
cation strategies can be in the management of 
class II skeletal discrepancies. Finally, we will 
discuss the evidence relating to how the timing of 
class II growth modification strategies can poten-
tially influence treatment outcomes.

2.2  Mandibular Growth 
and Growth in Stature

The relationship between height versus chrono-
logical age or height-distance curve for a develop-
ing child will demonstrate a relatively constant 
approximate three-fold increase in height from 
birth through to the age of around 18–19  years 
(Fig.  2.1, left panel). However, an incremental 
plot of height change versus chronological age or 
height-velocity curve will show significant fluc-
tuations in rates of growth. There is rapid growth 
at birth, progressively decelerating until around 
3 years of age; then a more slowly decelerating 
phase that lasts until puberty, albeit punctuated by 
a short acceleration of juvenile growth around the 
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Fig. 2.1 Schematic representation of height-distance 
(left panel) and height-velocity curves (right panel) for a 
male from birth to 18 years of age. There is an approxi-
mately three-fold increase in height (left panel) and two 

growth spurts, both juvenile and adolescent—with the 
adolescent growth spurt being associated with significant 
changes in height-velocity

Height.

Condyle.
Func.

Fig. 2.2 Evidence exists to suggest that there is a correla-
tion between the adolescent growth spurt (height-velocity; 
blue hatched line) and condylar growth-velocity (black 
hatched line). There is less evidence that the use of a func-
tional appliance during the pubertal growth spurt can pro-
duce accelerated condylar growth (red hatched line). The 
x-axis represents chronological age spanning the pubertal 
growth spurt (increasing age from left to right); the y-axis 
represents height-velocity (blue) and mandibular condylar 
growth-velocity (black)

age of 6–8  years, followed by the adolescent 
growth spurt around the ages of 12–14 years, 
which varies in timing between males and 
females, and different individuals, and is followed 
by a progressive deceleration in growth velocity 
until adulthood (Fig.  2.1, right panel). Thus, 
height-velocity change does not have a constant 
relationship with chronological age and will reach 
a maximum during the pubertal growth spurt.

The mandibular condyle is a key driver of post-
natal mandibular growth, and it is known that con-
dylar growth is not constant during 
development—following a broadly similar pat-
tern to that observed for somatic growth. A cor-
relation between the condylar growth curve and 
pubertal growth spurt has also been reported [1–3] 
although this is not a precise relationship and con-
dylar peak velocity does not seem to absolutely 
coincide with peak height-velocity [4] (Fig. 2.2). 
In terms of stature, peak height-velocity generally 
occurs around 12  years of age in females and 
14 years in males, with the onset of this growth 
period generally occurring around 2 years prior to 
the peak [5]. However, these figures are associ-
ated with wide individual variation and there is no 
universally accepted method of reliably predict-
ing skeletal age or the point of onset associated 
with an individual’s pubertal growth spurt (or 
more specifically for the orthodontist—mandibu-

lar growth spurt). A number of techniques have 
been described, which can broadly be classified as 
those associated with clinical evaluation, includ-
ing chronological age [6], sexual maturity [7], and 
monitoring of height changes [8]; or more direct 
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assessment of skeletal maturity based upon radio-
graphic investigation, which has included devel-
opment of the dentition [9], maturation of bones 
in the hand-wrist [10], or cervical vertebrae [11]. 
Orthodontists have investigated the relative merits 
of these techniques for many years and the litera-
ture is replete with conflicting data [3, 12–14]. 
The use of individual hand-wrist radiographs (or 
indeed, serial radiographs) to predict the pubertal 
growth spurt is not sufficiently accurate for use in 
clinical orthodontics [15, 16] and does not seem 
to afford any meaningful correlation with growth 
increases in mandibular length [17]. The addi-
tional radiation associated with the taking of 
hand-wrist radiographs as a method of estimating 
skeletal age in relation to orthodontic treatment 
cannot be justified. The cervical vertebral matura-
tion (CVM) method has been described as a use-
ful alternative to the hand-wrist radiograph for 
growth rate estimation [11]. The method is based 
upon morphological characteristics of the second 
to fourth cervical vertebrae, which are identifiable 
on a collimated lateral skull radiograph and there-
fore do not require any additional exposure to 
radiation beyond that for a normal pre- treatment 
examination (assuming of course, that assessment 
of CVM is not the specific reason for taking the 
lateral skull radiograph). There is conflicting data 
within the current literature that CVM represents 
a more accurate assessment than the hand-wrist 
method in predicting skeletal maturation—
although on balance, the weight of evidence 
would suggest that it does [18–21]. However, 
there do not seem to be any significant advantages 
of CVM in assessing skeletal age or predicting the 
pubertal growth spurt in comparison to chrono-
logical age [12].

2.3  Treatment Changes Induced 
by Class II Growth 
Modification

Classic dentofacial orthopedic treatment in class 
II cases aims to maximize forward growth of the 
mandible whilst restraining growth of the maxilla. 
This can be achieved with the use of a functional 
appliance and/or the application of extra-oral 

force through headgear. The essential philosophy 
relating to these approaches is that condylar 
growth can potentially be accelerated through 
stimulation of the condylar cartilage, whilst max-
illary sutural growth can be restrained through the 
class II forces established by a postured mandible 
and certainly through the application of headgear 
directly to the maxilla. In relation to the condyle, 
acceleration of growth may then ultimately lead 
to a larger mandible (and by inference although 
not necessarily by logic) correction of the class II 
skeletal pattern (Fig. 2.3).

Animal studies have shown evidence of molec-
ular, cellular, and dimensional changes accompa-
nied by growth and remodeling of the condyle 
(and glenoid fossa) when the mandible is habitu-
ally postured forward with a fixed intra- oral appli-
ance [22, 23]. However, human clinical studies 
investigating clinically relevant growth changes 
related to functional appliance treatment are less 
convincing. The evidence base is generally low-
level—being composed predominantly of retro-
spective case-control studies, some prospective 
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Fig. 2.3 (a) Growth stimulation with a functional appli-
ance—growth is accelerated with the functional appliance 
during treatment (red rectangle) and continues at the 
expected rate after completion of treatment to produce a 
larger jaw; (b) Growth acceleration with a functional 
appliance—growth is accelerated with the functional 
appliance treatment but continues at a reduced rate after 
completion of treatment to produce a jaw that is ultimately 
the same size as that achieved with no treatment; (c) 
Normal mandibular growth in the absence of treatment. 
(Redrawn from Proffit, WR, Fields, HW, Larsson, BE, 
Sarver, DM. Contemporary Orthodontics, Sixth Edition, 
Elsevier, ISBN 978-0-323-54387-3)
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controlled studies, and only a few randomized 
clinical trials. Moreover, these investigations rely 
primarily upon cephalometric analysis to measure 
growth changes and often focus on mandibular 
unit length (which often does not correlate with 
meaningful class II correction in the sagittal 
plane). These  methodological problems notwith-
standing, early orthopedic treatment with head-
gear will provide a posterior translation of the 
anterior maxilla through an annualized mean 
reduction in SNA of around 1.6  degrees [24]; 
whilst analysis of removable functional appliance 
data has suggested that this treatment can achieve 
an increase in mandibular unit length of around 
2 mm, but this figure is based primarily upon ret-
rospective data and analysis of RCTs alone shows 
less difference [25]. This is not to say that func-
tional appliances are not effective at correcting a 
sagittal discrepancy associated with a class II mal-
occlusion, but this seems to be achieved predomi-
nantly through dentoalveolar rather than skeletal 
change [26]. There is some evidence to suggest 
that they can also have a slight inhibitory effect on 
sagittal growth of the maxilla over the short term, 
but this represents less than 1 mm per year [27]. In 
relation to fixed functional appliances, there is lit-
tle high-quality evidence that these devices can 
significantly influence craniofacial growth [28] 
and dentoalveolar effects also seem to predomi-
nate [29] although again, when retrospective data 
is incorporated into the analysis, maximal changes 
in mandibular unit length of around 2  mm have 
also been reported in pubertal patients [30].

Overall, it would seem that the effectiveness 
of functional appliances is mostly due to early 
correction of the buccal occlusion and overjet 
reduction through differential tooth movement, 
allowing the establishment of a class I relation-
ship that is maintained whilst normal condylar 
growth catches up [31].

2.4  Do We Get a Better Response 
with Early Treatment?

Historically, there has been considerable interest 
amongst orthodontists regarding the relative 
advantages and disadvantages of early class II 

treatment. In the broadest sense, some early stud-
ies suggested that treating a young child with a 
class II skeletal discrepancy in the early mixed 
dentition with a functional appliance and/or 
headgear could produce significant skeletal 
changes [32]. This led the advocates of early 
intervention to claim that starting at this time 
maximized the success of treatment through 
enhanced orthopedic change, simplifying any 
subsequent treatment with fixed appliances in the 
permanent dentition, and reducing any reliance 
on dental compensation and extractions. 
Moreover, it has been argued that early correction 
of an increased overjet can improve a child’s self- 
esteem and reduce the risk of trauma to the max-
illary incisor dentition. However, the data 
supporting many of these claims was retrospec-
tive, and there had been more than a suspicion 
from some of these studies that the enhanced 
skeletal growth afforded by early treatment was 
often lost over the longer term [33].

Recognizing this lack of high-quality evi-
dence, three landmark randomized clinical trials 
(RCTs) were conducted over a period of around 
a decade in the late 1990s and early 2000s, two 
in the United States of America and one in the 
United Kingdom [34–39]. These trials compared 
early mixed dentition treatment of class II mal-
occlusion with either a functional appliance 
(bionator or twin-block) and/or headgear fol-
lowed by any further treatment required in the 
permanent dentition, to a single course of com-
prehensive treatment carried out in early adoles-
cence. The American studies were interested 
primarily in whether growth could be signifi-
cantly influenced by early treatment, whilst the 
UK-based study was more invested in under-
standing differences in the process of treatment 
for class II cases, depending upon whether you 
started early or late. Interestingly, the findings 
were remarkably similar—early treatment was 
effective in correcting a class II malocclusion 
and reducing an increased overjet; however, later 
treatment achieved this very effectively as well. 
There were few differences in extraction rates 
between early and late treatment strategies, but a 
single course of later treatment did require less 
appointments and take slightly less time over-
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all—although the period of treatment during 
adolescence was slightly shorter if an early phase 
of treatment had previously been undertaken. 
Importantly, at the end of the overall evaluation 
period, no clinically significant skeletal or dental 
differences were apparent between children 
treated early or late [40].

One further argument for early treatment of 
class II malocclusion has been to help prevent 
maxillary incisor trauma [41]. It is well known 
that an increased overjet is a risk factor for inci-
sor trauma and it is intuitive to conclude that the 
earlier an overjet is reduced, the less potential 
risk there is for the child traumatizing their upper 
front teeth. These RCTs [34–39, 42] and a more 
recent one based in Sweden [43] did investigate 
trauma incidence in their samples and collec-
tively found a reduction in the early treatment 
groups. However, there was much heterogeneity 
in how trauma was recorded and none of the trials 
were powered to detect trauma. Interestingly, in 
all of these trials, a significant number of children 
had experienced trauma before embarking on 
early treatment—meaning that as a trauma pre-
vention strategy early overjet reduction needs to 
be started very early. However, in selected cases 
with high vulnerability to possible trauma, early 
overjet reduction might represent a reasonable 
strategy [44].

2.5  Is Orthopedic Correction 
of Mandibular Deficiency 
with a Functional Appliance 
Enhanced When Treatment 
Coincides with the Pubertal 
Growth Spurt?

Those who advocate an orthopedic approach to 
the management of class II malocclusion argue 
that the condylar cartilage has a primary role in 
directing growth of the mandible and will respond 
positively to forward posture with a functional 
appliance. Given the known (albeit poorly under-
stood) association between increased mandibular 
growth and the pubertal growth spurt (see 
Fig. 2.2), the natural conclusion of this philoso-
phy is that orthopedic functional appliance treat-

ment undertaken during the pubertal growth spurt 
will be more successful than that carried out 
either in the pre- or post-pubertal periods. This 
theory makes a number of assumptions; not least, 
that the significant gross growth-related changes 
observed in the condylar cartilages of various 
juvenile animal models subjected to a variety of 
mandibular advancement appliances can be 
extrapolated to humans treated with functional 
appliances; that the pubertal growth spurt can be 
predicted with any degree of accuracy in different 
individuals; that the minimal long-term differ-
ences in overall mandibular growth observed 
between children treated with and without func-
tional appliances is fundamentally wrong (i.e., 
functional appliances can make the mandible 
grow larger to a clinically significant degree) and 
that any accelerated growth beyond what might 
be achieved without intervention will be essen-
tially linear and contribute to meaningful sagittal 
correction.

It is difficult to institute high-quality prospec-
tive RCTs investigating the influence of treat-
ment timing on orthopedic outcomes in the 
management of class II malocclusion. Indeed, the 
accuracy of different methods available to iden-
tify whether a child has even entered the growth 
spurt is questionable—and even if these methods 
were definitive, the ethics of denying treatment to 
a child about to undergo their growth spurt as part 
of an RCT make this area of clinical research 
challenging. Unfortunately, because of this, the 
evidence base and therefore appropriate system-
atic review is problematic [45]. The data relating 
to removable functional appliances is populated 
by retrospective studies [46], those using histori-
cal growth studies for control groups [47] and 
indeed, studies that have only investigated either 
pre-pubertal or post-pubertal subjects in isolation 
[48]. Current data would suggest an annualized 
increase in total mandibular length of no more 
than 2 mm in children treated during the pubertal 
growth spurt in comparison to those treated 
before [45]. However, the meta-analysis relating 
to these data is dominated by one study with a 
significant risk of bias [47] and if this study is 
excluded from the analysis there is little differ-
ence between groups. Overall, the data to suggest 
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that timing functional appliance treatment to 
coincide with the growth spurt will result in any 
clinically significant difference in mandibular 
dimensions is weak.

2.6  Conclusions

It would seem sensible when treating class II 
cases with growth modification to accept that the 
treatment effects will be essentially dentoalveolar. 
The evidence that this treatment strategy can elicit 
clinically significant skeletal change is weak. On 
this basis, a reasonable strategy would be to start 
treatment in the late mixed dentition with the 
expectation that the “growth modification” phase 
would be complete by the early permanent denti-
tion, facilitating a seamless transition into fixed 
appliances. Advocating early treatment or treat-
ment during the pubertal growth spurt to encour-
age clinically significant additional mandibular 
growth is not supported by the evidence.
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3An Evidence Base of Treatment 
Outcome for Class II Malocclusion

Spyridon N. Papageorgiou 

3.1  Introduction

Class II malocclusion is the most prevalent type 
of malocclusion seen and comprises a big part of 
patients seeking orthodontic treatment globally 
[1–3]. Several factors contribute to the develop-
ment of Class II malocclusion, and differentiat-
ing among its different morphological 
characteristics can heavily influence the decision 
to treat a Class II patient with a specific treatment 
approach. Among the various Class II pheno-
types, mandibular retrognathism is often present 
[4, 5], either alone or together with other sagittal, 
transverse, or vertical discrepancies. Treatment 
of Class II malocclusion entails a very wide spec-
trum of therapeutic approaches, including among 
others removable appliances in the mixed denti-
tion, comprehensive treatment with fixed appli-
ances, and combined orthodontic-surgical 
approaches, depending on case complexity, treat-
ment goals, and personal preferences. Likewise, 
the optimal timing to treat a Class II malocclu-
sion can vary considerably, from the early mixed 
dentition of pre-adolescent children up to the per-
manent dentition or even late adulthood. Although 
clinical decision-making is also based on per-

sonal preferences of both the treating orthodon-
tist and the patient (or the patient’s parents), the 
aim of this chapter is to provide a critical over-
view of scientific evidence that supports each 
treatment approach, in terms of efficacy and 
potential adverse effects.

3.2  Methodology

An effort was made for this chapter to provide 
clinical recommendations for the various aspects 
of Class II malocclusion treatment based on 
robust scientific evidence—i.e., study designs 
with inherently high internal validity and low risk 
of bias. As in most instances treatment efficacy 
(how well does each treatment alternative work?) 
or adverse effects (which treatment alternative is 
associated with less adverse effects?) is being 
questioned, randomized clinical trials (RCTs) or 
non-randomized long-term comparative before- 
and- after clinical (cohort) studies might be con-
sidered to be the most appropriate study design to 
provide a clinically relevant answer, even though 
the latter might present higher risk of bias than 
RCTs [6–10]. Therefore, efforts have been made 
to base this chapter’s conclusions on either (i) 
ideally only RCTs, or (ii) meta-analysis (statisti-
cal quantitative synthesis) of multiple RCTs. In 
instances where adverse effects are mainly con-
cerned or few RCTs exist, non-randomized clini-
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cal studies (non-RCT) have also been included to 
maximize data output, but separate analyses 
according to study design are provided, whenever 
possible, as suggested in the Cochrane Handbook 
for Systematic Reviews of Interventions [11]. In 
some cases, existing systematic reviews and their 
meta-analyses have been identified and, where 
deemed necessary, updated with more recently 
published clinical studies or their data re- 
analyzed with more advanced statistical methods 
(random-effects model with a residual maximum 
likelihood variance estimator and utilizing the 
Hartung-Knapp correction) that have been shown 
to outperform other approaches [12, 13]. Results 
of meta-analyses or single trials are reported ide-
ally with mean differences (MD) for continuous 
outcomes (or standardized mean differences 
[SMD] in selected cases where different scales 
measure the same outcome) and odds ratios (OR) 
with the corresponding 95% confidence intervals 
(CI). Additional meta-analysis metrics (tau2/I2 for 
absolute/relative inconsistency; uncertainty 
around heterogeneity estimates; and 95% 
random- effects predictions) are sometimes 
reported but not overly discussed here for ease of 
interpretation. Selected meta-analyses are visual-
ized on forest plots, which have been augmented 
with contours of effect magnitude to put them in 
the context of study imprecision and clinical rel-
evance (using the cut-offs of half, one, and two 
standard deviations [SD] of the baseline outcome 
measurement in the control group) [14]. In 
selected cases, random-effects subgroup analyses 
and meta-regressions are also provided to iden-
tify clinically relevant differences between vari-
ous treatment approaches. All analyses were run 
in R (version 4.0.4) and the dataset is openly 
available [15]. All P values are 2-sided, and the 
significance level (alpha) is set at 5%—except for 
tests of heterogeneity between study subgroups, 
where alpha is set at 10%. It is important however 
to keep in mind that this chapter is not based on 
multiple up-to-date properly conducted system-
atic reviews with meta-analyses, but relies on the 
author’s best efforts to provide an up-to-date hon-
est summary of currently existing studies.

3.3  Orthopedic Mandibular 
Advancement 
with Functional Appliances

Functional appliances are traditionally consid-
ered one of the most commonly used alternatives 
for the early treatment of Class II malocclu-
sions—especially those associated with a retrog-
nathic mandible and a hypodivergent or 
normodivergent skeletal configuration. Treatment 
with such mostly removable appliances is based 
on the notion of either advancing anteriorly the 
mandible through bite-jumping (with appliances 
such as the Monobloc, Activator, Bionator, Twin 
Block falling into this category) or periosteal pull 
(with the Fränkel-II appliance being a good 
example) or a combination thereof. There exist 
countless appliances of different designs, but all 
of them are rooted in the basic principles from 
Melvin Moss’ functional matrix theory [16], 
according to which mandibular growth can be 
altered through a change in the postural activity 
of the craniofacial musculature. Traditional alle-
gations about the modus operandi of functional 
appliances include primarily increasing the natu-
ral growth of the mandible or alternatively 
restructuring the temporo-mandibular joint and 
secondarily having a restrictive effect on the 
growth and position of the maxilla [17]. 
Additionally, fixed “functional appliances” have 
also been used as an alternative for non- compliant 
or older children that work through bite-jumping 
and incorporate mostly some kind of dentally 
anchored inter-arch spring mechanism that forces 
the mandible anteriorly when the patient bites 
down (with the Herbst appliance being the most 
characteristic example of this category).

Although early studies on animals indicated a 
proof-of-concept stimulation of mandibular 
growth with functional appliances [18–20], sub-
sequent studies on humans failed to unanimously 
agree on this. Even though favorable mandibular 
growth effects, in terms of increased mandibular 
length [21–23] or condylar growth [24, 25], have 
been reported, other studies fail to report any 
clinically relevant benefits [26, 27]. The effects 
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of functional appliances on the maxilla are simi-
larly debated, with some finding an inhibitory 
effect on maxillary growth (termed “headgear 
effect” [28–30]) and others disputing this [31, 
32].

Systematic evaluations of the morphological 
treatment-induced changes of the maxilloman-
dibular complex after functional appliance treat-
ment led to the conclusion that the dentoalveolar 
components of functional appliances might in the 
end be equal or even greater than any skeletal 
effects seen [33, 34]. Skeletal and dentoalveolar 
components of functional appliance treatment all 
contribute towards achieving a successful treat-
ment outcome for Class II malocclusion. 
However, it is important to accurately describe 
the modus operandi of functional appliances, in 
order to better select which patients might be the 
best candidates to profit best from them and since 
Class II correction through mainly dental effects 
might be more prone to long-term relapse [35]. 
Assessment of treatment-induced changes of 
such appliances is mostly based on combining 
data from two published systematic reviews: one 
on removable functional appliances [36] and one 
on fixed functional appliances [37]. Both reviews 
included RCTs and non-RCTs published up to 
2014 comparing Class II patients treated with 
functional appliances with untreated Class II 
control groups followed through natural growth 
and reported annualized changes on lateral 
cephalograms.

Overall, compared to normal craniofacial 
growth of untreated Class II patients, Class II 
treatment with any kind of functional appliances 
was characterized by a statistically significant 
(P  <  0.001) reduction of the ANB angle (MD 
−1.59  °; 95% CI −2.26 to −0.91  °; Fig.  3.1), 
which was attributed more to an increase of the 
SNB angle (MD 0.71 °; 95% CI 0.43 to 0.99 °) 
and less to a reduction of the SNA angle (MD 
−0.46 °; 95% CI −0.71 to −0.21 °) (Table 3.1). 
At the same time, functional appliance treatment 
was associated with a slight posterior rotation 
(opening) of the mandibular plane (MD 0.62 °; 
95% CI 0.35 to 0.90 °) and considerable proclina-

tion of the mandibular incisors (MD 5.52 °; 95% 
CI 2.47 to 8.57 °; Fig. 3.2), both of which can be 
considered as potentially unwanted adverse 
effects in the correction of a sagittal apical base 
discrepancy. Extraorally, functional appliance 
treatment was associated with a considerable 
improvement (increase) of the mentolabial angle 
(MD 19.43 °; 95% CI 14.66 to 24.19 °) compared 
to untreated patients, but no consistent improve-
ment of the nasolabial angle (P > 0.05), which is 
more related to potential retraction of proclined 
incisors [38].

When the effects of removable and fixed func-
tional appliances are assessed separately, remov-
able appliances are associated with significantly 
smaller reduction of the SNA angle compared to 
fixed appliances (MDs of −0.30 ° and −0.74 °, 
respectively). Additionally, removable functional 
appliances are associated with less proclination 
of the mandibular incisors than fixed functional 
appliances (MDs of 2.36  ° and 9.58  °, respec-
tively) and greater improvement of the mentola-
bial angle (MDs of 22.06  ° and 14.99  °, 
respectively).

Among the various removable functional 
appliances, existing evidence indicated that the 
Twin Block was significantly more effective in 
the improvement of the ANB, SNA, and SNB 
angles compared to the Activator, Bionator, and 
Fränkel-II appliances [36]. Bite-jumping appli-
ances were more effective in improving the SNB 
and the ANB angle than appliances based on 
periosteal pull, while two-piece appliances were 
more effective than one-piece appliances. Finally, 
a separate RCT comparing Class II treatment 
with Twin Block activated either in a single max-
imum bite advancement or an incremental 
advancement [39] found no significant differ-
ences in produced skeletal or dentoalveolar 
effects.

As far as fixed functional appliances are con-
cerned, potential differences in their effective-
ness to improve anteroposterior jaw relationship 
were identified but could not be precisely evalu-
ated due to the limited number of controlled 
studies available for each appliance [38]. Class 
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Fig. 3.1 Contour-enhanced forest plot of annualized 
ANB changes for functional appliance treatment com-
pared to untreated Class II controls (subset by study 
design). CI confidence interval, FFRD Forsus fatigue 

resistant device, FLMGM fixed lingual mandibular growth 
modificator, FNFS Forsus Nitinol Flat Spring, JJ Jasper 
jumper, MD mean difference, SG subgroup, SUS Sabbagh 
universal spring

II treatment at the post-pubertal phase was asso-
ciated with significantly more pronounced man-
dibular plane opening and dental effects 
(including lower incisor proclination) compared 
with treatment performed at the pre-pubertal or 
pubertal phases, which might indicate that 
choice of the appropriate time to initiate treat-
ment might influence its outcome. Finally, 
another RCT comparing the Functional 
Mandibular Advancer appliance activated either 

in a single step or in a stepwise manner indicated 
that stepwise activation was more beneficial than 
single-step in terms of improvement in SNB 
(additional improvement by 0.66 °), ANB (addi-
tional improvement by 0.55  °), horizontal Pg 
position (additional improvement by 0.74 mm), 
effective mandibular length (Co-Gn; additional 
improvement by 1.05 mm), and in terms of less 
proclination of the mandibular incisors (less pro-
clination by 1.92 °) [40].
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Fig. 3.2 Contour-enhanced forest plot of annualized 
lower incisor inclination (1i-ML) changes for functional 
appliance treatment compared to untreated Class II con-
trols (subset by study design). CI confidence interval, 

FFRD Forsus fatigue resistant device, FLMGM fixed lin-
gual mandibular growth modificator, FNFS Forsus Nitinol 
Flat Spring, JJ Jasper jumper, MD mean difference, SG 
subgroup, SUS Sabbagh universal spring

3.4  Benefits of Skeletal 
Anchorage Reinforcement 
for Functional Appliances

There is a vast plethora of scientific publications 
spanning across several decades documenting the 
successful treatment of Class II malocclusions in 
growing patients with various functional 
 appliances. The most commonly reported clinical 

observations that might be considered as adverse 
effects from this kind of treatment are the procli-
nation of the lower incisors and the increase in 
face height due to posterior mandibular rotation. 
After the successful introduction of temporary 
anchorage devices (miniscrew implants, palatal 
implants, and miniplates) as a means of anchor-
age reinforcement for space closure, mesializa-
tion, or distalization of teeth within a single arch 
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Table 3.2 Meta-analyses comparing skeletally anchored with conventional functional appliances. Data from pooling 
of existing clinical studies [45–50]

Overall RCT Non-RCT

Outcome n
MD
(95% CI) P n

MD
(95% CI) n

MD
(95% CI) PSG

SNA (°) 6 −0.22
(−0.65, 0.21)

0.24 3 −0.26
(−0.52, −0.01)

3 −0.15
(−1.87, 1.57)

0.78

SNB (°) 6 0.77
(−0.39, 1.92)

0.15 3 0.18
(−0.93, 1.30)

3 1.44
(−1.86, 4.75)

0.12

ANB (°) 6 −0.91
(−2.32, 0.50)

0.16 3 −0.22
(−0.32, −0.12)

3 −1.65
(−5.99, 2.70)

0.16

1i-ML (°) 5 −7.69
(−14.72, −0.67)

0.04 2 −8.23
(−39.93, 23.46)

3 −7.40
(−26.34, 11.54)

0.87

Mandibular lengtha 5 1.46
(−0.72, 3.64)

0.14 3 1.38
(−4.23, 6.99)

2 1.61
(−11.30, 14.52)

0.89

SN-ML 6 0.17
(−1.38, 1.71)

0.79 3 0.51
(−2.60, 3.61)

3 −0.30
(−5.12, 4.53)

0.55

CI confidence interval, MD mean difference, n number of studies, PSG p value for subgroup differences, RCT random-
ized clinical trial
a Standardized mean difference used instead of MD to pool Co-Gn (from lateral cephs or cone-beam computerized 
tomographies) and Ar-Pg

[41–44], such temporary anchorage devices were 
also suggested as successful adjuncts in Class II 
treatment with fixed functional appliances. The 
underlying philosophy is that anchoring the Class 
II corrector skeletally would minimize any dental 
side-effects (like proclination of lower incisors) 
and enhance any skeletal effects (like advance-
ment of supramentale or pogonion).

There are currently 6 published clinical stud-
ies that compare Class II treatment with a skele-
tally anchored fixed functional appliance 
(variations of the Forsus or the Herbst appliance) 
with a conventional (dentally anchored) version 
of the same appliance—three RCTs [45–47] and 
three non-RCTs [48–50], including a total of 164 
patients (median 30 patients/study). As can be 
shown in Table 3.2, reinforcing the Class II fixed 
functional appliance with skeletal anchorage had 
no statistically significant effect on treatment- 
induced changes in the SNA angle (MD −0.22 °; 
95% CI −0.65 to 0.21 °), SNB angle (MD 0.77 °; 
95% CI −0.39 to 1.92 °), the ANB angle (MD 
−0.91  °; 95% CI −2.32 to 0.50  °), mandibular 
length (measured through Co-Gn or Ar-Pg; SMD 
1.46; 95% CI −0.72 to 3.64), or mandibular 
plane inclination (MD 0.17 °; 95% CI −1.38 to 
14.49 °; Fig. 3.3) (P > 0.05 in all instances). The 

only benefit observed by skeletal anchorage 
reinforcement was a significant reduction of 
mandibular incisor proclination (through the 
1i-ML angle) on average by −7.69  ° (95% CI 
−14.72 to −0.67  °; P  = 0.04) compared to the 
conventionally anchored appliance and this 
effect was consistent among RCTs and non-
RCTs (reductions of −8.23  ° and  −  7.40  °, 
respectively; P > 0.10). This can be considered a 
moderate to large effect and could potentially be 
useful for Class II patients with already pro-
clined mandibular incisors prior to treatment. 
However, a considerable variation was seen in 
the inclination control of skeletally anchored 
appliances among the included studies, with 
reported effects ranging from small retroclina-
tion (−2.9 °) to small proclination (+1.6 °) dur-
ing treatment—something that reflects the 
different options for the orthodontist to actively 
or passively connect the temporary anchorage 
devices to the fixed appliances. Further studies 
are needed to identify which is the optimal 
anchorage reinforcement protocol and describe 
potential side-effects (like root damage during 
miniscrew insertion or potentially greater root 
resorption through treatment) before strong clin-
ical recommendations can be formulated.

3 An Evidence Base of Treatment Outcome for Class II Malocclusion
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Fig. 3.3 Contour-enhanced forest plot of lower incisor 
inclination (1i-ML) changes for skeletally anchored func-
tional appliances compared to conventional (dentoalveo-

larly anchored) functional appliances for Class II (subset 
by study design). CI confidence interval, MD mean differ-
ence, RCT randomized clinical trial, SG subgroup

3.5  Prefabricated Myofunctional 
Appliances for Class II 
Correction

It’s been over half a century since Melvin Moss 
described an interaction between the soft tissue 
pressure by the lips or the tongue, children’s hab-
its, or breathing disturbances and the develop-
ment of the craniofacial complex [51]. Therefore, 
it was postulated that in cases of oral dysfunc-
tion, attention has to be paid to the early re- 
establishment of muscular balance and 
problem-free function in an effort to normalize 
dentofacial growth [52]. In this direction, oral 
myofunctional therapy, consisting of manual 
exercises of the orofacial muscles, has been intro-
duced, even though there still is a profound lack 
of robust evidence to support their effectiveness 
[53]. It is important however to stress out that 
such exercises were initially thought as an adjunct 
to proper treatment of the deviant morphology 

and to promote post-treatment stability [54]—not 
as a standalone treatment for malocclusions.

In the last decade, and especially among areas 
of Scandinavian countries with limited specialist 
resources, myofunctional protocols have also 
included treatment with pre-fabricated remov-
able “myofunctional” appliances such as the oral 
shield [55], the double oral screen [56], the 
Eruption Guidance Appliance [57], 
LM-Activator™, Myobrace®, Trainer for Kids™, 
and Occluso-Guide®. Most therapeutic protocols 
additionally propagate that treatment with such 
prefabricated appliances should be accompanied 
by orofacial exercises [58] but can generally be 
an effective and cost-efficient alternative for the 
early correction of Class II malocclusion.

Several reports of anecdotal evidence or clini-
cal studies with low internal validity propose that 
such early therapeutic protocols among pre- 
adolescent children are associated with effects on 
oral muscle activity, reduced overjet, increases in 
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SNB angle, and increased facial height. It 
remains, however, unclear if such claims actually 
do hold true under the light of evidence-based 
medicine.

This chapter presents data from a recent sys-
tematic review [59] that included three RCTs up 
to 2019 [60–62], updated here with a more 
recently published RCT [63]. Compared to treat-
ment with functional appliances (which can be 
considered a gold standard for early Class II 
treatment), no difference was found with myo-
functional appliance treatment for SNA (MD 
−0.12 °; 95% CI −0.88 to 0.65 °), SN-ML (MD 
1.47 °; 95% CI −4.55 to 7.49 °), NL-ML (MD 
0.53  °; 95% CI −0.39 to 1.45  °), N-Me (MD 
−1.73 mm; 95% CI −4.91 to 1.46 mm), overbite 

(MD 0.64  mm; 95% CI −0.08 to 1.36  mm), 
1 s-NL (MD −2.48 °; 95% CI −13.82 to 8.86 °), 
1i-ML (MD 3.19 °; 95% CI −11.92 to 18.30 °), 
and 1  s–1i (MD −4.23  °; 95% CI −18.82 to 
10.36 °; Fig. 3.4; Table 3.4). However, prefabri-
cated myofunctional appliances performed sig-
nificantly worse than functional appliances in 
terms of SNB increase (MD −1.16  °; 95% CI 
−2.13 to −0.18 °; P = 0.04), ANB reduction (MD 
0.94 °; 95% CI 0.57 to 1.30 °; P = 0.008), and 
overjet reduction (MD 1.50 mm; 95% CI 0.88 to 
2.11 mm; P < 0.001). Furthermore, custom-made 
functional appliances were associated with 
greater increase in lower anterior face height 
(measured through the ANS-Me distance) than 
prefabricated myofunctional appliances (MD 
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Fig. 3.4 Contour-enhanced forest plot of skeletal jaw relationship (SNA/SNB/ANB) changes for prefabricated myo-
functional appliances compared to functional appliances for Class II. CI confidence interval, MD mean difference
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Table 3.4 Meta-analyses comparing prefabricated myofunctional appliances with functional appliances. Data from 
the systematic review of Papageorgiou et al. [59], including another trial published afterward [63]

Outcome Trials MD (95% CI) P I2 (95% CI) tau2 (95%CI) 95% prediction
Overjet (mm) 3 1.50 (0.88, 2.11) <0.001 0% (0%, 94%) 0 (0, 4.53) −2.48, 5.47
Overbite (mm) 2 0.64 (−0.08, 1.36) 0.08 0% (0%, 98%) 0 (0, 17.43) Not applicable
SNA (°) 3 −0.12 (−0.88, 0.65) 0.58 0% (0%, 90%) 0 (0, 3.75) −3.54, 3.31
SNB (°) 3 −1.16 (−2.13, −0.18) 0.04 0% (0%, 90%) 0 (0, 8.74) −4.79, 2.48
ANB (°) 3 0.94 (0.57, 1.30) 0.008 0% (0, 90%) 0 (0, 1.24) −1.78, 3.65
SN-ML (°) 3 1.47 (−4.55, 7.49) 0.40 87% (62%, 95%) 5.06 (0.83, >100) −32.05, 34.98
NL-ML (°) 2 0.53 (−0.39 to 1.45) 0.26 0% (0–98) 0 (0–20.69) Not applicable
N-Me 2 −1.73 (−4.91 to 1.46) 0.29 77% (0–100) 4.04 (0–662.35) Not applicable
ANS-Me 2 −1.39 (−2.50 to 

−0.28)
0.01 0% (0–98) 0 (0–33.04) Not applicable

1 s-NL (°) 3 −2.48 (−13.82, 8.86) 0.45 96% (91%, 98%) 19.77 (4.64, >100) −68.08, 63.12
1i-ML (°) 3 3.19 (−11.92, 18.30) 0.46 96% (91%, 98%) 35.30 (8.42, >100) −84.41, 90.80
1 s–1i (°) 3 −4.23 (−18.82, 10.36) 0.34 91% (77%, 97%) 31.45 (6.27, >100) −87.55, 79.09

CI confidence interval, MD mean difference

−1.39  mm; 95% CI −2.50 to −0.28  mm; 
P = 0.01), which is a common side-effect of suc-
cessful Class II treatment with functional appli-
ances. Therefore, existing evidence indicates that 
prefabricated appliances generally provide sub-
optimal results for the early treatment of Class II 
malocclusion compared to conventional func-
tional appliances. Other reasons (availability of 
specialized providers, financial resources, or 
logistics) might be taken into consideration when 
choosing how to treat Class II malocclusion 
among the general population most efficiently, 
but assessment of optimal treatment outcome 
does not favor the use of such prefabricated myo-
functional appliances.

3.6  Orthopedic Maxillary 
Growth Restriction 
with Extraoral Traction

The use of extraoral forces to restrain or redirect 
skeletal growth of the jaw has been used for over 
a century [64] and has been also implemented for 
the treatment of Class II patients, especially those 
with maxillary excess [65]. This is implemented 
in the headgear appliance, which should exert an 
inhibitory effect on maxillary anterior displace-
ment, and can be divided into three categories, 
based on the direction of the applied force: high- 

pull headgear (anchored at the upper back of the 
head), cervical headgear (anchored at the back of 
the neck), and combi-headgear (anchored at both 
sites). Clinical data indicates that the effects of 
Class II treatment with headgear are a combina-
tion of dental changes in the sagittal or the verti-
cal plane and pure skeletal changes due to growth 
restriction or redirection [66, 67], while rotation 
of the palatal plane and changes in the anterior 
face height have also been reported [66, 68].

Evidence on the effects of orthopedic treat-
ment with extraoral traction is based on a pub-
lished systematic review of RCTs and non-RCTs 
of Class II patients treated with headgear com-
pared to untreated Class II controls and reported 
as annualized cephalometric changes [69]. 
Compared to the natural growth of untreated 
Class II patients, headgear treatment was associ-
ated with significant reduction in the SNA angle 
(12 studies; MD −1.66  °; 95% CI −2.21 to 
−1.10  °; P  <  0.001), which was significantly 
greater than the restrictive effect on SNA seen 
from removable/fixed functional appliances (MD 
of −0.46 °; Table 3.1). On the other side, head-
gear treatment had no significant effect on the 
SNB angle (11 studies; MD −0.19  °; 95% CI 
−0.51 to 0.12 °; P = 0.20), contrary to the signifi-
cant improvement seen with removable/fixed 
functional appliances (MD of 0.71 °; Table 3.1). 
Additionally, orthopedic headgear treatment for 
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Class II malocclusion was associated with poste-
rior (downward) rotation of the palatal plane (12 
studies; SMD 0.54; 95% CI 0.09 to 1.00; 
P = 0.02) and posterior displacement of the ante-
rior border of the maxilla (A point; 8 studies; 
SMD −0.61; 95% CI −0.95 to −0.26; P = 0.001) 
[69]. The restrictive effect of headgear treatment 
on the SNA angle was independent of the rotation 
of the palatal plane and the inclination of the 
upper incisors, which can potentially influence 
measurements using the A point. Overall, clear 
differences were identified between the observed 
treatment effects of headgear and functional 
appliances, which indicate that choice between 
these two options should preferably be based on 
the phenotype of the patient in question.

3.7  Sagittal Effects of Maxillary 
Expansion

Interestingly, another intervention that has been 
proposed through the years for the treatment of 
mild Class II malocclusions of patients in the 
mixed dentition is the transverse development of 
the maxillary arch, usually manifested as a rapid 
maxillary expansion appliance fitted on maxil-
lary posterior teeth. This idea had been initially 
proposed by Norman Kingsley in 1880  in the 
States [70], who proposed that transverse expan-
sion can favor mandibular advancement, and was 
later supported by Alfred Körbitz in 1914  in 
Germany [71]. This idea was further adopted 
later by other renowned orthodontists like Jim 
McNamara [72] and Tony Gianelly [73] based 
mostly on anecdotal evidence.

The real-life example often given to simulate 
the Class II effects of maxillary expansion is that 
of a foot not fitting a narrow shoe, while the foot 
moves spontaneously forward once the shoe has 
been widened. The theoretical background lies 
with the theory that orthopedic expansion 
removes occlusal interferences and allows the 
mandible to posture forward, thus improving the 
inter-arch sagittal relationship. One implication 
of this view is that the mandible, in centric occlu-
sion, is in a distal position relative to centric rela-
tion because the “constricted” maxilla prevents it 

from assuming the centric relation position. This 
analysis suggests that the condyles are in a distal 
position and is similar to the belief that the con-
version of a Class II Division 2 malocclusion to a 
Class II Division 1 will result in forward move-
ment of the mandible and, at times, in a Class II 
molar relationship [74, 75].

Anecdotal findings might be useful for the 
birth of a scientific theory, but clinical recom-
mendations in the modern era need to be substan-
tiated by robust experimental clinical evidence. 
Unfortunately, more than a century after the 
introduction of this idea, only two RCTs have 
been published: one comparing bonded or banded 
rapid maxillary expansion to proper concurrent 
Class II untreated controls [76] and another com-
paring two different palatal wire expanders con-
nected to the first molar bands to an existing 
historical control group [77]. Statistical pooling 
of these two small RCTs (Table  3.3) found no 
statistically significant improvements in SNA 
(MD 0.10 °; 95% CI −0.13 to 0.33 °), SNB (MD 
0.43  °; 95% CI −2.44 to 3.29  °), ANB (MD 
−0.42; 95% CI −2.45 to 1.61  °), mandibular 
length (Co-Gn distance; MD 0.01 mm; 95% CI 
−0.69 to 0.72 mm), and sagittal position of the 
mandible (Pg-N perpendicular; MD −0.24 mm; 
95% CI −8.81 to 8.34 mm) (Fig. 3.5; P > 0.05). 
One of the trials [77] reported that patients treated 
with maxillary expansion showed greater Wits 
reduction than untreated patients (MD −0.75 mm; 
95% CI −1.01 to −0.49  mm; P  <  0.001). 
However, as this great benefit was seen only for 
one of the two similar expanders and a historical 
control group was used (which is more prone to 

Table 3.3 Meta-analyses of sagittal effects between 
Class II patients treated with rapid maxillary expansion 
and untreated controls. Data from pooling existing ran-
domized clinical trials [76, 77]

Outcome n MD (95% CI) P
SNA (°) 2 0.10 (−0.13, 0.33) 0.11
SNB (°) 2 0.43 (−2.44, 3.29) 0.31
ANB (°) 2 −0.42 (−2.45, 1.61) 0.23
Co-Gn (mm) 2 0.01 (−0.69, 0.72) 0.85
Wits (mm) 1 −0.75 (−1.01, −0.49) <0.001
Pg-Nperp 2 −0.24 (−8.81, 8.34) 0.78

CI confidence interval, MD mean difference, n number of 
studies
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Fig. 3.5 Contour-enhanced forest plot of skeletal jaw relationship (SNA/SNB/ANB) changes for rapid maxillary 
expansion compared to untreated Class II controls. CI confidence interval, MD mean difference

bias than concurrent controls [8]), caution is war-
ranted by the interpretation of this finding. In any 
case, no claims for consistent spontaneous cor-
rection of Class II malocclusion after maxillary 
expansion can be robustly supported by existent 
evidence.

3.8  Dentoalveolar Class II 
Correction with Camouflage 
Treatment

Correction of Class II malocclusions that include 
skeletal sagittal discrepancies (maxillary progna-
thism, mandibular retrognathism, or a combina-
tion thereof) among patients past the pubertal 
growth spurt can usually be achieved with two 
treatment approaches: either a combined 
orthodontic- orthognathic treatment aiming to 
harmonize skeletal and dental relationships or a 
purely dentoalveolar correction that aims to 
“mask” the underlying skeletal discrepancy (a so- 

called “camouflage” treatment). There are sev-
eral factors that need to be appraised when 
deciding between the two approaches, including 
among others the extent of the skeletal discrep-
ancy, the esthetic/functional needs of the patient, 
and the costs, duration, and risks of each treat-
ment approach.

Orthodontic camouflage treatment sometimes 
includes the extraction of permanent teeth (usu-
ally upper and/or lower premolars), in order to 
create the space to retract the anterior teeth and 
establish an appropriate relationship between the 
dental arches. At the same time, the choice to 
extract teeth for a camouflage treatment might 
have substantial impact on various outcomes, 
such as the face’s vertical dimensions [78], the 
long-term stability of treatment outcomes [79], 
the width of the dental arch [80], as well as the 
perioral soft tissues and the convexity of the face 
[81]. A previously published systematic review 
of RCTs and comparative non-RCTs comparing 
extraction and non-extraction treatment of any 
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kind of malocclusion was taken as basis [82], and 
from it only studies reporting on Class II maloc-
clusions were selected for this chapter. Its results 
indicated that extraction-based treatment was 
associated with significantly more retruded lower 
lip relative to Rickett’s esthetic plane (11 studies; 
MD −1.45  mm; 95% CI −2.57 to −0.34  mm; 
P = 0.02), more retruded upper lip (11 studies; 
MD −1.13  mm; 95% CI −2.21 to −0.05  mm; 
P = 0.04), and greater nasolabial angle (11 stud-
ies; MD 2.76 °; 95% CI 1.70 to 3.81 °; P < 0.001) 
compared to non-extraction treatment. When 
comparing patients having 4 premolars extracted 
and those having only 2 premolars extracted, the 
former showed a tendency from greater differ-
ences from non-extraction treatment than the lat-
ter for the lower lip (−1.98 and −1.13  mm for 
4- and 2-premolars, respectively), the upper lip 
(−2.21 and −0.81  mm for 4- and 2-premolars, 
respectively), and the nasolabial angle (3.49 and 
2.43  ° for 4- and 2-premolars, respectively). 
However, additional meta-regression analyses 
showed that the difference between extraction 
and non-extraction patients in terms of upper and 
lower lip prominence was significantly associ-
ated with the baseline (pre-treatment) similarity 
of the two groups in lip prominence (P < 0.001 in 
both cases). In other words, among studies with 
borderline extraction and non-extraction patients 
who had similar lip profiles, there was a signifi-
cantly smaller influence of extractions on the 
soft-tissue profile. When limiting the meta- 
analyses only to studies that had pre-treatment 
similar upper/lower lip prominences between 
extraction and non-extraction patients (i.e., “bor-
derline samples”), extraction-based treatment 
had no significant effect in upper lip prominence 
(P = 0.07) or lower lip prominence (P = 0.18). 
Essentially, this means that cases where extrac-
tion treatment led to significant changes in the 
patient’s lip prominence could be patients with 
originally more protruded lips, presumably sup-
ported by more protruded incisors that were more 
retracted through treatment. Previous studies 
[83–85] have reported that upper lip retraction in 
premolar extraction cases is significantly corre-
lated to the actual amount of upper incisor retrac-
tion during orthodontic treatment, even though 

different amounts of lip retraction per mm of 
incisor retraction have been reported (0.26, 0.59, 
and 0.75 mm), and this seems to be highly unpre-
dictable. Other factors such as pre-treatment lip 
thickness, lip seal, and lip strain might influence 
the lips’ reaction to orthodontic retraction [82, 
84] and therefore, each case should be assessed 
separately. Generally, however, it seems that the 
facial effects of extraction and non-extraction 
treatment are of little clinical significance for the 
average patient, besides some limited changes in 
the nasolabial angle [86].

Even though orthodontic camouflage treat-
ment might be an effective treatment alternative 
for skeletal Class II malocclusion, especially for 
patients not willing to undergo the risks associ-
ated with orthognathic surgery, this doesn’t mean 
that camouflage treatment is objectively the best 
approach. Focusing solely on treatment effects, 
evidence from a small RCT confirms what is only 
logical—that a combined orthodontic-surgical 
approach allows for a better correction of the 
skeletal discrepancy, more optimal dental occlu-
sion, and a more harmonic soft tissue profile 
compared to camouflage treatment (enhanced 
with temporary anchorage devices), while being 
also significantly shorter in duration [87]. This 
confirms data from a previous systematic review 
of non-RCTs [88] reporting significant 
 differences in the effects of camouflage and 
orthodontic- orthognathic treatment in terms of 
changes in SNB, ANB, overjet, and face convex-
ity. These scientific facts need to be explained in 
detail to the patients when analyzing their treat-
ment alternatives, so they can make an adequately 
informed decision, based on their orthodontic 
problem, available solutions, and personal 
preferences.

3.9  Maxillary Arch Distalization 
for Class II Treatment

Correction of a Class II malocclusion, especially 
in cases with mesial drift of the maxillary denti-
tion, crowding, and a protruded upper lip, might 
include the distalization of maxillary posterior 
teeth. This has been traditionally done with the 
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application of extraoral traction on banded upper 
first molars of compliant patients. This has been 
for many patients an effective and cost-efficient 
approach with acceptable outcomes over a treat-
ment period of several months. Caution, how-
ever, must be exercised, since early distalization 
of the upper molars is associated with a distaliz-
ing effect and a transitory slowing down effect on 
the eruption of the upper second molar buds, 
which does not however necessarily lead to mal-
position or impaction [89]. In any case, when 
early molar distalization is undertaken to correct 
a Class II malocclusion, it is important that an 
adequate follow-up period is included to ensure 
the unimpeded eruption of the permanent second 
molars in the correct position.

However, in patients who are not willing to 
comply with the orthodontist’s instructions or are 
unable to wear headgear, several non-compliant 
approaches with fixed appliances incorporating 
some kind of spring mechanism exist. Dental- (or 
dentoalveolar-) anchored non-compliance distal-
ization approaches take several months to correct 
the Class II molar relationship but are sometimes 
associated with unwanted adverse effects (like 
anchorage loss, overjet increase, distal rotation 
and distal tipping of the upper first molars, and 
mesial rotation of the premolars [90, 91]) that are 
seen less often with headgear [90, 92].

Skeletal anchorage reinforcement using tem-
porary anchorage devices (miniscrew implants, 
mini-plates, or palatal implants) has penetrated 
everyday clinical orthodontic practice for a wide 
spectrum of indications, aims, and treatment 
phases, including also Class II correction through 
maxillary arch distalization. Compared to tradi-
tional extraoral traction (headgear), a small RCT 
found that skeletally anchored intraoral appli-
ances were effective in increasing the rate of first 
molar distalization, reducing overall needed time 
from 6.4 months to 5.2 months [93]. Compared 
to conventionally anchored intraoral appliances, 
there is some evidence from RCTs that skeletally 
anchored distal-jet-type distalization appliances 
are associated with greater molar distalization, 
less anchorage loss (in terms of anterior displace-
ment and tipping of premolars or incisors), and 
less extrusion compared to conventional dentally 

anchored appliances [94, 95]. It seems, therefore, 
that incorporating temporary anchorage devices 
in maxillary distalization protocols confers sev-
eral benefits in terms of effective distalization 
and reduction of unwanted side effects on the 
neighboring teeth compared to conventional pro-
tocols. As far as distalization efficacy relative to 
the eruption phase of the second molar is con-
cerned, a small observational study found no dif-
ference in distalization speed or amount of bodily 
molar movement but suggested that higher forces 
might be needed to compensate for potentially 
higher resistance caused by second molars [96]. 
Another point to consider for these kinds of Class 
II protocols is that total arch distalization causes 
the third molars (if existent) to move backward 
and upward, instead of downward and forward 
[97], which might potentially increase their risk 
for impaction, and warrants prolonged follow-up 
periods.

Finally, another treatment option for moti-
vated patients, who can comply with the instruc-
tions of wearing them at least 20–22 h/day, is the 
use of orthodontic aligners that sequentially dis-
talize the posterior teeth. Limited evidence from 
an RCT indicates that aligners are equally effec-
tive (if not more) to a pendulum-type appliance in 
molar distalization, while also providing better 
control of vertical dimension, occlusal plane 
rotation, and molar extrusion [76]. However, 
more studies on this will help reduce uncertainty 
about this treatment approach.

3.10  Orthodontic Aligners 
for Class II Correction

Since their introduction in the late 1990s as a 
comprehensive treatment alternative to move 
teeth, orthodontic aligners have gained consider-
able popularity, in part due to aggressive market-
ing, but also due to obvious advantages in terms 
of improved aesthetics, oral hygiene, patient 
comfort, and shorter chair time. Although orth-
odontic aligners are mostly used to correct mild 
to moderate malocclusions through purely dental 
movements, the spectrum of malocclusions 
treated with aligners has been extended to include 
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more complex cases, including extractions, 
orthognathic surgery, ectopic eruptions, and open 
bites. Systematic reviews [98, 99] and single 
studies [100–106] published in the early 2020s 
indicated that compared to fixed appliances, 
aligners are associated with worse objective 
occlusal outcomes, while the predictability for 
many planned movements is moderate to poor, 
leading to multiple mid-course adjustments 
(“refinements”) needed for almost all patients.

During the couple past years, one of the big-
gest aligner providers introduced the incorpora-
tion of plastic wings on aligners to advance the 
mandible and produce a Class II correction for 
children 8–15 years of age with a retrognathic 
mandible. As is unfortunately often the case for 
novel treatment approaches in orthodontics, 
there exists a lack of high-quality studies to sup-
port this approach. At the time this chapter was 
written, only four published studies could be 
located [107–110] that compare mandibular 
advancement using aligners with removable 
functional appliances for growing children with 
Class II malocclusion. Unfortunately, all of 
these studies are retrospective non-randomized 
before-and- after (cohort) studies, some with 
historical control groups, with very limited sam-
ple sizes (10–23 patients per group), consider-
able baseline imbalances between the compared 
groups, and different treatment durations—all 
of which can introduce significant bias in their 
results and potentially produce misleading 
conclusions.

Nevertheless, eyeballing the results of these 
studies seems to find common ground for some 
key outcomes that all studies agree. All four 
existing studies reported that mandibular 
advancement with aligners was associated with 
smaller reduction in SNA (0.07–1.21 ° smaller), 
smaller improvement in SNB (0.15–1.53  ° 
smaller), smaller reduction in ANB (0.16–1.21 ° 
smaller), greater opening of the mandibular plane 
(SN-ML; 0.27–0.40 ° greater), greater proclina-
tion of the lower incisors (1i-ML; 0.54–3.78  ° 
greater), and smaller reduction in overjet (0.79–
2.99 ° smaller) compared to removable functional 
appliances (Twin-Block or Van Beek Activator). 
Additionally, traditional functional appliances 

seemed to produce greater advancement of the 
chin (2.1 mm more) [109] compared to aligner- 
based mandibular advancement. Even though 
these results tend to support the use of conven-
tional functional appliances over aligners for 
early Class II correction, it is important to note 
that the existing studies are of very poor internal 
validity (quality) and proper prospective, ideally 
randomized, studies are needed for a verdict to be 
drawn on the subject.

3.11  Effect of Class II Malocclusion 
and Its Correction 
on Airways

There has long been a debate in orthodontics as 
to whether certain kinds of malocclusions, espe-
cially those with a skeletal discrepancy, might be 
linked to breathing disorders among children or 
adults. The same debate is being held in reverse, 
as to whether certain therapeutic approaches in 
orthodontics or dentofacial orthopedics can have 
a positive (or negative) impact on breathing.

As basis for the theoretical link between cer-
tain skeletal malocclusions and breathing disor-
ders is usually taken the fact that obstructive 
sleep apnea among adults seems to be associated 
with certain craniofacial anatomical characteris-
tics, namely: small length of the maxilla and/or 
mandible, retrognathic mandible, increased lower 
anterior face height, a vertical skeletal pattern, 
inferior hyoid bone position, and decreased pha-
ryngeal airway dimensions [111]. Obstructive 
sleep apnea among children seems to be associ-
ated with mandibular retrognathia, reduced 
anteroposterior linear dimensions of the bony 
nasopharynx (decreased pharyngeal diameters at 
the levels of the adenoids), longer facial profile, 
and narrower intercanine widths compared to 
healthy children [112]. Further support to this 
notion can be theoretically provided by three- 
dimensional volumetric assessments of the upper 
airways indicating that patients with Class II mal-
occlusion have significantly smaller airway vol-
umes at the level of the nasal cavity (−3.478 mm3), 
the palatopharynx (−1996 mm3), the glosophar-
ynx (−1101 mm3), the oropharynx (−2818 mm3), 
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and the total pharynx (−2256 mm3) compared to 
Class I patients—regardless of whether they pre-
sented sleep apnea or not [113].

Reversely, there are certain orthopedic or sur-
gical treatment approaches that are known to 
alleviate at least in part the symptoms of obstruc-
tive sleep apnea. There is ample evidence indicat-
ing that mandibular advancement devices [114] 
and possibly also orthognathic surgical advance-
ment of both jaws [115] are associated with sig-
nificant improvements among adults with 
obstructive sleep apnea. Although evidence for 
the latter is extremely limited (only one RCT), 
evidence on the latter indicates that mandibular 
advancement devices can be for many sleep 
apnea patients equally effective as the objective 
gold standard of ventilation masks [114].

These treatment approaches have at the same 
time been shown to have a positive effect on the 
airways of most patients. A systematic review of 
children with Class II malocclusion treated 
early with removable/fixed functional appli-
ances indicated that compared to the normal 
growth of untreated children, functional appli-
ances led to increases in various airway com-
partments, be it linear (supero-posterior. Middle, 
and inferior airway space; McNamara’s lower 

pharynx, lower adenoid thickness; epiglottis-
posterior pharyngeal wall base; bony nasophar-
ynx depth; airway minimum axial area) or 
volumetric (nasopharynx and oropharynx vol-
ume) [116] (Table 3.5; Fig. 3.6). It is however 
crucial to note here that patient selection among 
the analyzed patient cohorts was based solely on 
a diagnosis of Class II malocclusion (presum-
ably with a retrognathic mandible), which does 
not constitute diagnosis of any kind of breathing 
disorders. Even if some part of these Class II 
patients had initially any undiagnosed breathing 
problems, arbitrary increases in the airway 
dimensions do not necessarily correlate with 
functional improvements for these patients. 
Patients with suspicion of a breathing disorder, 
including sleep apnea, should be referred to a 
pulmonary medicine specialist that can make a 
formal diagnosis and, if needed, consult with 
the orthodontist for any potential treatment con-
cepts that might benefit the patient.

Finally, to our knowledge, there is only a sin-
gle RCT that has ever assessed the effect of early 
Class II treatment with headgear on airway 
dimensions [117]. A recent moderately sized 
RCT from Finland analyzing lateral cephalo-
grams reported that early headgear treatment had 

Table 3.5 Meta-analyses of airway changes comparing airway measurements with functional appliances or untreated 
controls. Data from the Bidjan et al. [116] systematic review

Outcome n MD (95% CI) P
Superoposterior airway space (mm) 8 1.63 (1.03, 2.23) <0.001
Posterior airway space (mm) 8 0.52 (−0.20, 1.24) 0.15
Middle airway space (mm) 11 1.25 (0.53, 1.98) 0.001
Inferior airway space (mm) 10 1.32 (0.26, 2.38) 0.02
McNamara’s upper pharynx (mm) 3 1.35 (−0.57, 3.27) 0.17
McNamara’s lower pharynx (mm) 3 2.31 (0.79, 3.82) 0.003
Upper adenoid thickness (AD2-H; mm) 2 0.24 (−2.10, 2.58) 0.84
Lower adenoid thickness (AD1-Ba; mm) 2 1.16 (0.46, 1.86) 0.001
Upper airway thickness (PNS-AD2; mm) 5 0.38 (−0.18, 0.94) 0.19
Nasopharynx height (PNS-BaN; mm) 2 0.13 (−0.77, 1.02) 0.78
Upper pharyngeal airway passage (Ptm-UPW; mm) 2 −0.37 (−1.73, 0.99) 0.60
Base of epiglottis- posterior pharyngeal wall (V-LPW; mm) 4 0.70 (0.11, 1.29) 0.02
Sagittal depth of bony nasopharynx (Ba-PNS; mm) 2 1.25 (0.06, 2.43) 0.04
Minimum axial area (mm2) 2 59.91 (41.46, 78.35) <0.001
Oropharynx sagittal dimension (mm) 2 1.20 (−2.12, 4.52) 0.48
Oropharynx area (units) 2 556.10 (−279.88, 1392.08) 0.19
Nasopharynx volume (mm3) 3 0.95a (0.36, 1.54) 0.002
Oropharynx volume (mm3) 4 2356.14 (1276.36, 3435.92) <0.001

CI confidence interval, MD mean difference, n number of studies
a SMD used instead of MD due to big differences in the control group baseline measurements
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Fig. 3.6 Contour-enhanced forest plot of inferior airway space (at the level of the tongue) changes for functional appli-
ance treatment compared to untreated Class II controls. CI confidence interval, MD mean difference

no effect on the depth of the nasopharynx, the 
soft palate thickness/length, and the upper oro-
pharynx. On the contrary, patients treated early 
with headgear showed in the short term (directly 
after treatment) a statistically significant increase 
in the lower oropharynx depth at the level of the 
tongue’s base (MD 1.9  mm; 95% CI 0.2 to 
3.6 mm) and in the hypopharynx at the level of 
the epiglottis (MD 1.7  mm; 95% CI 0.2 to 
3.2 mm). These increases were seen specifically 
among boys rather than girls, both at the orophar-
ynx (+3.0 and +0.3 mm for boys and girls, respec-
tively) and at the hypopharynx (+2.0  mm and 
1.2 mm for boys and girls, respectively). A pos-
sible explanation for this might be that headgear 
wear is associated with increased pressure 
exerted from the tongue on the lower incisors’ 
lingual surface, which might result in patency of 
the lower airways [118], as reflected to the 
increased airway dimensions at the level of the 
tongue. However, these beneficial effects seen 
specifically for boys are of limited clinical rele-
vance, since the observed effects were of moder-
ate magnitude (between half and one SD of these 
airway compartments).

3.12  Effect of Class II Treatment 
on the Temporomandibular 
Joint

Contrary to initial proof-of-concept studies on 
animals and early human trials indicating consid-
erable benefits in terms of increased mandibular 
length, the current consensus is that the actual 
sagittal position of the anterior border of the 
mandible is only slightly affected by functional 
appliance treatment [119–121]. However, initial 
claims of condylar growth and remodeling [19, 
20, 25] have been confirmed by subsequent stud-
ies. A recent systematic review of RCTs and non- 
RCTs indicated that compared to normal growth 
of Class II children, early functional appliance 
treatment is associated with anterior and inferior 
repositioning of the condyle, vertical displace-
ment of the glenoid fossa, and increased condylar 
growth [122]. However, the clinical relevance of 
these alterations of the temporo-mandibular joint 
(TMJ) in the long term remains unclear, while at 
the same time, another question is raised. If func-
tional appliance treatment can influence the posi-
tion and form of the TMJ, could it theoretically 
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also be associated with detrimental effects on the 
TMJ?

Only a handful of published studies have lon-
gitudinally assessed the effect of Class II treat-
ment on any signs or symptoms of TMJ disorders 
and compared them to an untreated control group: 
one RCT [123] and three non-RCTs [124–126]. 
The single RCT from Florida found that after 
treatment, patients treated with functional appli-
ances reported significantly less TMJ pain com-
pared to untreated patients (OR 0.32; 95% CI 
0.14 to 0.76; P = 0.009), while no significant dif-
ferences were found for TMJ sounds (OR 1.16; 
P > 0.05) and muscle pain (OR 0.54; P > 0.05). 
The non-RCTs found no effect on TMJ disorders 
(1 study; OR 1.00; P  >  0.05) or TMJ disc dis-
placement (2 studies; OR 0.69; P  >  0.05). 
Looking solely at the treated Class II patients 
before-and-after Class II treatment, no significant 
differences were found in the existence of TMJ 
sounds, muscle pain, or disc displacement. The 
only difference was seen for TMJ pain, where 
significantly less TMJ sounds were seen after 
functional appliance treatment (17%) compared 
to before treatment (40%).

The single existing RCT from Florida [123] 
also reported that, compared to untreated con-
trols, early headgear treatment had no effect on 
TMJ pain (OR 0.59; P > 0.05), TMJ sounds (OR 
1.10; P  >  0.05), or muscle pain (OR 0.65; 
P > 0.05).

However, existence of signs and symptoms of 
TMJ disorders before treatment plays a signifi-
cant role as to whether such symptoms are seen 
after treatment. The authors of the same RCT 
[123] concluded that patients without any signs 
or symptoms before treatment had no increased 
risk to develop any TMJ problems and the only 
variable associated with emergence of TMJ 
symptoms was increasing patient age. Patients 
with initial TMJ pain were significantly less 
likely to report TMJ pains after treatment with 
functional appliances (13% versus 55%). 
Similarly, patients with TMJ sound before treat-
ment were less likely to report TMJ sounds after-
ward if they had been treated with functional 
appliances (25% versus 75%) or with headgear 
(40% versus 75%). Little effect was seen on mus-

cle pain however, since patients with such pains 
initially were only slightly less likely to report 
pains after treatment with functional appliances 
(45% versus 65%). Overall, it can be concluded 
that early Class II treatment with either func-
tional appliances or headgear has no detrimental 
effect on TMJ function, while early functional 
appliance treatment might even alleviate some 
pre-existing TMJ symptoms.

3.13  Benefits of Early Class II 
Correction

Early correction of a Class II malocclusion (i.e., 
in the mixed dentition) has been traditionally pro-
posed and administered by orthodontists for 
many decades. However, such an early correction 
is associated with potential disadvantages, 
including among others an increased overall 
treatment duration, the need for a prolonged 
retention period for the early corrected overjet, 
and the potential for loss of compliance from the 
patient when the time for the definite (fixed- 
appliance) treatment comes. As far as benefits of 
an early Class II correction are concerned, a 
Cochrane review [127] found that early treatment 
during adolescence followed by a definitive fixed 
appliance treatment (two-phase treatment) did 
not convey any additional benefits in terms of 
final overjet, final ANB, quality of occlusal out-
come (through the Peer Assessment Rating 
[PAR] score), or self-concept compared to a 
single- phase treatment with fixed appliances at a 
later stage. Moreover, meta-analysis of the three 
large RCTs on the subject [119–121] indicated 
that early Class II correction was not associated 
with lower extraction rate at the subsequent fixed 
appliance treatment (OR 0.83; 95% CI 0.49 to 
1.43; P = 0.51). On the other hand, excessively 
prominent upper front teeth (increased overjet) 
among schoolchildren have been associated with 
lower oral health-related quality of life and a 
greater potential for the child to be bullied or vic-
timized [128, 129]. Even though early correction 
is not necessarily accompanied by an improved 
quality of life for the child [130], there are still 
some instances where early Class II correction 
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Fig. 3.7 Contour-enhanced forest plot of new traumatic 
dental injuries for early functional appliance/headgear 
treatment compared to untreated Class II controls (with/

without subsequent phase II treatment). CI confidence 
interval, OR odds ratio, UK United Kingdom

might be considered for some children, who 
might benefit directly from it.

Increased overjet during adolescence (espe-
cially when the incisors are protruded and inade-
quately covered by the soft tissues) is associated 
with increased risk of traumatic dental injuries 
[131], which accounts for one-fifth of all dental 
injuries worldwide [132]. In such cases, meta- 
analysis of four RCTs on the subject [119–121, 
130] indicated that early Class II correction with 
normalization of the anterior occlusion is associ-
ated with a significant reduction in dental trauma 
(OR 0.48; 95% CI 0.28 to 0.81; P  =  0.006; 
Fig.  3.7). The possible benefits from such an 
early intervention range from small to large and 
additional risk factors for dental trauma should 
be taken into account, like patient sex, anterior 
open bite, participation in sports, certain medical 
disorders, social deprivation, obesity, inappropri-
ate oral habits, previous dental injury and oral 
piercings [133]. Dental trauma is a well-known 
public health concern with considerable direct 
and indirect costs and, when permanent teeth are 
concerned, involves a long period of treatment 
that is seldom finished before the age of 20 [134]. 
Therefore, for such patients with increased over-
jet and increased risk for dental trauma, early 
correction of Class II malocclusion as a means to 
reduce trauma risk should be evaluated by both 
the patient and the orthodontist, alongside other 
objective and subjective factors.

3.14  Long-term Effects of Early 
Class II Correction

Correction of a Class II malocclusion includes a 
broad spectrum of set treatment goals, used appli-
ances, and time-points of treatment initiation, 
while the specific treatment plan for each patient 
depends on existing clinical evidence, personal 
preferences of the orthodontist or the doctor, 
schools of thought, and even logistic reasons 
within a clinical setting. In many instances, early 
correction of Class II malocclusion is attempted 
during the mixed dentition stage and consider-
able changes due to residual growth of the jaws 
and physiological maturation of the dentition are 
expected after treatment. It is therefore important 
to evaluate what is the long-term stability of the 
outcomes of Class II treatment, as prolonged 
retention protocols or even renewed treatment 
might be needed in some cases.

Several studies have shown that several effects 
of functional appliance treatment are either small, 
transient, or pertain more to an acceleration of 
growth, rather than true growth stimulation. 
According to anecdotal evidence [135], func-
tional appliances might result in an early period 
of accelerated mandibular growth, which is fol-
lowed by a subsequent period of diminished 
mandibular growth rate compared to untreated 
patients [136], so that in the long-term any 
observed differences in mandibular length are 
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Table 3.6 Meta-analyses of long-term (>3 years) differences between patients treated with functional appliances and 
untreated controls. Re-analyzed data from the Cacciatore et al. [139] systematic review

Outcome n MD (95% CI) P 95% prediction
SNA (°) 3 −0.73 (−0.83, −0.62) 0.001 −4.55, 3.09
SNB (°) 5 0.69 (−0.23, 1.61) 0.10 −1.29, 2.68
ANB (°) 3 −1.44 (−3.14, 0.26) 0.07 −10.31, 7.43
Wits (mm) 3 −3.61 (−6.15, −1.08) 0.03 −15.77, 8.55
Co-Gn (mm) 4 1.99 (0.85, 3.13) 0.01 0.28, 3.70
Co-Gn/Co-A difference (mm) 2 2.69 (−2.64, 8.02) 0.10 Not applicable

CI confidence interval, MD mean difference, n number of studies

very small. Similar findings are reported for 
so-called “catch-up growth” after an early restric-
tion of maxillary anterior growth [137] or for a 
tendency of the increased lower anterior height to 
diminish with time [138].

The important question on the subject of treat-
ment stability is “Do Class II patients treated 
with functional appliances during adolescent 
have morphologic differences in the long term 
from untreated Class II patients?.” Evidence for 
this question is based on a published systematic 
review of RCTs and non-RCTs [139], the data of 
which has been re-analyzed (Table 3.6). After a 
post-retention period of at least 3  years after 
completion of Class II treatment, treated Class II 
patients seem to have significantly smaller SNA 
angle (MD −0.73 °; 95% CI −0.83 to −0.62 °), 
smaller Wits appraisal (MD −3.61 mm; 95% CI 
−6.15 to −1.08  mm), and significantly larger 
effective mandibular length (Co-Gn; MD 
1.99  mm; 95% CI 0.85 to 3.13  mm; Fig.  3.8) 

compared to untreated Class II patients. On the 
other side, no statistically significant differences 
are seen for SNB angle, ANB angle, and Co-Gn/
Co-A difference (P  >  0.05). This indicates that 
although many initial treatment effects seem to 
be “blended out” by residual growth, there still 
exist some small morphological differences that 
can be attributed to the early intervention with 
functional appliances. However, whether these 
differences are of any clinical relevance to the 
patient in terms of improved esthetics, function, 
or quality of life remains questionable.

3.15  Conclusions

This chapter attempted to summarize existing 
high-quality evidence on the various treatment 
approaches for Class II malocclusion in the 
orthodontist’s armamentarium. Two-phase Class 
II treatment with either headgear or functional 
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appliances with a subsequent comprehensive 
fixed-appliance phase seems to be largely as 
effective as a single-phase later treatment, 
although some patients might benefit from an 
early intervention. In Class II treatment with 
removable appliances, conventional functional 
appliances seem to be preferable to either prefab-
ricated myofunctional appliances or aligner- 
based alternatives. Skeletal anchorage might be 
beneficial for Class II correction in either 
 reducing unwanted side effects in terms of 
anchorage loss or providing efficient alternative 
for maxillary distalization. For mild to moderate 
skeletal Class II malocclusions, a dentoalveolar 
correction to camouflage the underlying discrep-
ancy might be attempted, but for severe cases a 
combined orthodontic-surgical approach might 
be needed for harmonious dental, skeletal, and 
soft- tissue outcomes. Finally, the results of Class 
II treatment seem to be stable in the long term for 
many patients. It is however worth noticing that 
even though several treatment approaches exist 
for several decades, the underlying evidence base 
is severely limited—both in terms of quantity and 
quality of clinical studies.
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4Removable Functional Appliances 
in the Treatment of Class II 
Malocclusion

Andrew DiBiase and Jonathan Sandler

4.1  The Development 
of Removable Functional 
Appliances

The first recognisable functional appliance sys-
tems that were developed were monobloc appli-
ances collectively referred to as activators. The 
earliest was developed in Norway by a Danish 
dentist Andresen. Apocryphally it was following 
treatment of his own daughter with fixed appli-
ances that the original appliance was developed 
as a retention plate to be worn at night [1]. She 
still had Class II tendency at the end of active 
treatment that was resolved during this retention 
period as the vulcanite plate used, incorporated a 
postural element. With his colleague Häupl, 
Andresen developed what became known as the 
Norwegian system. This consisted of simple and 
robust monbloc appliance known as an activator 
that postured the mandible forward by the exten-
sion of the vulcanite into the lingual sulcus of the 
lower arch. The only wire work the appliance had 
was a labial bow. The vulcanite or acrylic could 
be trimmed to ‘guide the eruption’ of the poste-
rior teeth to aid in the Class II correction.

The majority of subsequent removable appli-
ance systems have in part been based on this 
original activator. Appliances such as the Bionator 
developed by Balters and the appliance devel-
oped by Bimler reduced the bulk of the original 
activator, replacing acrylic with wire work. Later 
activators, such as the Teuscher and Van Beek 
appliances, incorporated the use of headgear in 
an attempt to restrain the maxilla and optimise 
the antero-posterior growth of the mandible, 
whilst limiting the rotational and inevitable verti-
cal effects of appliances.

One major deviation from the original activa-
tor design was the functional regulators devel-
oped by Fränkel in East Germany in the second 
half of the twentieth century [2]. A believer in the 
functional matrix theory of growth espoused by 
Van der Klaauw and Moss, Fränkel developed a 
series of appliances designed to change the activ-
ity of musculature and soft tissues that in turn 
would then affect the positions of the teeth and 
jaws called functional regulators. To do this the 
FRII appliance for Class II correction incorpo-
rates buccal or vestibular shields to allow expan-
sion of the dental arches as the forces of the 
cheeks and buccinator are removed and labial 
pallots in the lower labial sulcus to remove the 
force of the mentalis muscle away from the lower 
incisors. They are however both bulky and fragile 
appliances making compliance and breakages a 
problem.
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In the 1970s Clark in Kirkaldy, Scotland 
developed the Twin Block appliance that has 
largely superseded activator-type appliances in 
the UK [3]. This a major departure from the 
monobloc, as the appliance is in two parts, the 
forward posture being created by occlusal blocks 
that encourage the patient to bite in a protrusive 
position. The advantage of this is the appliance 
can technically be worn full time as it has signifi-
cantly less limitation on function. It has become 
one of the most widely used and researched 
removable appliances, and has been shown to be 
clinically extremely effective. The rest of this 
chapter will therefore focus exclusively on the 
use of the Twin Block appliance.

4.2  Clinical Use of the Twin Block 
Appliance

When using a functional appliance to correct a 
Class II malocclusion it is imperative for the cli-
nician to have explicit and specific aims of treat-
ment, and in addition to understand all the effects 
that the appliance will have both on the jaws and 
the dentition, whether desirable or not. As such, 
embarking upon a course of Twin Block therapy 
can be likened to a journey and as with every 
journey, it is important to completely understand 
not only the starting point but also to have a clear 
view of the destination.

In a growing patient with a Class II Division I 
incisor relationship, on a skeletal II base, if an 
appropriately designed Twin Block is fitted to a 
reasonably cooperative patient, then we can reli-
ably expect overjet and overbite correction, from 
a 10 mm overjet with an increased overbite down 
to an ‘edge-to-edge’ relationship, over an 8- or 
9-month treatment period (Fig. 4.1) with a cor-
responding improvement in the facial profile 
(Fig.  4.2). One of the advantages of the Twin 
Block appliance compared to a monobloc such as 
an activator is the facility to simultaneously 

expand the upper arch to address any potential 
transverse discrepancy while addressing both the 
sagittal and the vertical discrepancies. This can 
be achieved using a midline expansion screw 
placed in the upper appliance that can be acti-
vated one-quarter of a turn per week, correspond-
ing to approximately 0.2  mm of expansion. 

Fig. 4.1 Large overjet successfully reduced with a Twin 
Block functional appliance
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Fig. 4.2 Improvement in soft tissue profile following Twin Block appliance treatment
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During the 9 months Twin Block treatment this 
would achieve a significant amount of upper arch 
expansion, which corrects the transverse discrep-
ancy. The need for transverse expansion can be 
determined at the outset, merely by asking the 
patient to posture forwards in an edge-to-edge 
occlusion to allow reassessment of the transverse 
relationship between the upper and lower 
dentition.

Functional appliances have been shown to 
effect Class II correction primarily through dento-
alveolar change. The Twin Block is no exception, 
and the upper incisors will, on average, retrocline 
11 ° and the lower incisors will procline 8 ° [4]. 
This upper incisor retroclination and lower incisor 
proclination will generally occur whether or not 
this is one of the desirable treatment aims. These 
inevitable tooth movements will have to be fac-
tored into any future treatment plans when reas-
sessing the space requirement at the end of the 
Twin Block phase of treatment. The benefit of 
carrying out the first 6–9  months of treatment 
with a Twin Block appliance is that all the ‘heavy 
lifting’ is performed during this period, convert-
ing a significant Class II malocclusion into a Class 
I malocclusion. In the vast majority of these cases, 
the functional appliance phase can then be seam-
lessly followed by a course of upper and lower 
fixed appliances for the next 12–15 months, aimed 
at consolidating the Class I occlusion, levelling 
and aligning the dentition and detailing the occlu-
sion, including closing any lateral open bites that 
usually remain when treating a Class II malocclu-
sion with an increased overbite and increased 
curve of Spee in the lower arch.

The beauty of the Twin Block is not only its 
effectiveness but also its versatility, in that it can 
be equally effective in correcting a Class II buc-
cal segment relationship and increased overbite 
commonly seen in Class II Division 2 malocclu-
sions [5]. At the same time as the sagittal correc-
tion of the malocclusion is being addressed, the 
upper incisors are actively advanced either by 
using a sectional fixed appliance on the upper 
anterior teeth, where there is sufficient crowding 
to ‘keystone’ the aligned teeth in a more anterior 
position, or alternatively adding T-springs palatal 
to the upper central incisors (Fig. 4.3). A labial 

bow can be added where T-springs are being 
used, adjusted to be 1  mm ahead of the upper 
central incisors at all times to allow their advance-
ment under the effect of the springs. Sequential 
advancement of the labial bow and reactivation 
of the T-springs should occur at each six-weekly 
check-up visit, with the effect of converting the 
patient from having retroclined upper incisors to 
proclined upper incisors, but simultaneously cor-
recting the sagittal discrepancy by sequential 
reactivation of the Twin Block.

Fig. 4.3 Treatment of a Class II Division 2 malocclusion 
using a sectional upper fixed appliance to decompensate 
the upper labial segment and a Twin Block appliance for 
simultaneous sagittal correction
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4.3  Design of the Twin Block 
Appliance

The single most important feature in the design of 
Twin Blocks is to ensure sufficient vertical open-
ing of the blocks, which effect the success of Class 
II correction when the appliance is in place. As a 
‘rule of thumb’ 7–8  mm vertical height of the 
blocks is recommended. This is because the suc-
cess of treatment with a Twin Block appliance is 
solely dependent on having a sufficient amount of 
vertical opening in the buccal segments to ensure 
the patient occludes into the desired position, with 
the mandible postured forwards by a predeter-
mined amount. Achieving sufficient vertical sepa-
ration will ensure that for reasons of comfort, the 
patient actively chooses to slide their lower jaw 
forwards and keep their teeth together in the 
desired position, rather than occluding on the 
blocks in the retruded contact position, which will 
occur when the height of the bite blocks is too 
shallow, making the appliance less effective [6]. 
This is why these authors consider it vital the 
blocks should be between 7 and 8 mm in height 
rather than 5 mm or less as has been described [7].

Retention of the Twin Block is another reason 
for this appliance being adopted as the default 
functional appliance in the United Kingdom over 
the past 40 years. Whilst the original appliance 
design used Delta clasps, it has been found the 
use of Adams clasps on first molars and first pre-
molars and ball clasps in the labial segment will 
in most cases provide the best retention. This is 
the simplest, most efficient and effective way to 
provide retention of the Twin Block, particularly 
during the first few weeks of use when the patient 
is initially getting used to the appliance, a period 
that is absolutely critical to the success of the 
treatment. The Adams clasps on the lower molar 
teeth may be cut away at subsequent visits if 
there is a need for differential eruption of the 
lower molar teeth to contribute to closure of the 
lateral open bites and overbite reduction. Eruption 
will occur when a small amount of acrylic is 
trimmed away from the upper block, however 
care must be taken to avoid reducing the inclined 
planes of the blocks which, if trimmed, would 
reduce the total height of the upper block. To 

allow this differential molar eruption the blocks 
must be positioned anteriorly enough so the ante-
rior surface of the upper block sits mesially to the 
lower first permanent molar.

It is also important that the patient should not 
be overburdened with instructions at the Twin 
Block fit appointment, so generally it is advised 
that the midline screw should be turned one- 
quarter turn probably starting activation from the 
second visit after fitting the appliance, and con-
tinued until sufficient transverse correction has 
occurred. The labial bow, which was placed on 
the original Twin Block design, is no longer used 
routinely apart from the aforementioned Class II 
Division 2 modification. It adds little to retention, 
makes the appliance more unsightly and results 
in unfavourable dentoalveolar changes [8].

4.4  Bite Registration for Twin 
Block

The aim of bite registration in a typical Class II 
Division I patient is generally to correct the sagit-
tal discrepancy in the canine and molar relation-
ship, from Class II to a Class I or even a slight 
Class III tendency. There is no set rule on how far 
to advance the mandible when taking the bite, as 
this will vary in different patients. Usually, the 
overjet should be reduced by about 70–80% on 
the first bite registration, but of course this will be 
dependent upon the size of the original overjet. 
With very large overjets, over 15 mm, it would be 
unreasonable to expect an 80% reduction and the 
upper block may need to be reactivated some-
times two or even three times before the desired 
edge-to-edge position can be achieved. A much 
more important consideration when taking the 
jaw registration, as previously mentioned, is the 
amount of vertical opening in the buccal seg-
ments as irrespective of whatever advancement 
of the mandible is achieved, this can always be 
reactivated at a subsequent visit.

The authors recommend a full sheet of soft-
ened pink wax to be used for registration of the 
protruded bite, as opposed to pre-made bite regis-
tration fork. The problem with bite forks is that 
the thickness of plastic anteriorly determines the 
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Fig. 4.4 Wax bite registration for a Twin Block appliance showing trimming of wax to allow accurate assessment of 
vertical clearance in buccal segments for the blocks

amount of vertical opening in the buccal seg-
ments. A carefully trimmed wax bite, that has 
been moulded into the palatal tissues and the pala-
tal surfaces and lingual cusps of the upper teeth, 
allows the clinician to correctly assess and adjust 
this vertical separation (Fig. 4.4). Trimming of the 
wax bite is an important step in taking the pos-
tured bite registration before appliance construc-
tion. Wax should carefully be removed over the 
buccal half of the occlusal surface, so that the wax 
bite registers the palatal cusps of the premolar and 
molar teeth and also clearly shows some of the 
palatal surfaces of the anterior teeth. The buccal 
cusps should be completely clear of wax so that, 
when the wax bite is placed back in the patient’s 
mouth, the amount of vertical separation of the 
teeth in the premolar area can be measured. It 
should also be removed from the labial surfaces of 
the incisors so the relative position of the dental 
centrelines can be assessed in the postured bite. If 
there is any skeletal asymmetry one of the aims of 
the functional phase of treatment maybe to 
attempt to correct this. The jaw registration must 
clearly register the lingual cusps and incisal edges 
of the lower teeth so that the technician can accu-
rately locate the models on the simple hinge artic-
ulator in the laboratory.

4.5  Twin Block Fit

One of the main problems of any removable 
appliance including the Twin Block is non- 
compliance which will result in failed treatment. 

The fit visit is therefore extremely important. 
Simple explicit instructions must be given to the 
patient on the initial fit of the appliance. This 
involves engendering an enthusiastic and 
extremely positive approach which will help to 
get even the initially reluctant and nervous 
patients ‘on-side.’ If there are small design flaws, 
or issues of fit, they should be sorted out in a pos-
itive manner and the patient should not be unnec-
essarily alerted to any problems. This fit visit 
includes assessing the fit and design of the appli-
ance, to make sure the patient can comfortably 
bite forward in front of the upper block. If the 
patient is really struggling to bite forward into the 
postured bite, or the blocks have been made too 
high, meaning the appliance will be very difficult 
to wear, the blocks will need adjusting. This may 
involve some careful chairside adjustment using 
a slow handpiece to reduce either the height or 
anteroposterior activation of the blocks or send-
ing the appliance back to the laboratory for 
adjustment with a new postured bite. Once the 
patient has been shown how to insert and remove 
the upper and the lower blocks, how to bite 
together and how to speak with their teeth 
together this can then be explained by the patient 
to their parent or guardian. Again, a positive atti-
tude is very important, and both the parent and 
patient should be reassured the initial issues with 
lisping and slurred speech and increased saliva-
tion will all improve with wear.

Some orthodontists advise a gradual increase 
in wear hours to allow patients to get used to the 
appliance. It is the authors’ opinion that patients 
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should be encouraged to wear full time from the 
start. Invariably patients will wear appliances for 
less hours than prescribed and despite this we 
still see remarkable results with the Twin Block 
appliance. The danger is that a prescription for 
part-time wear in reality becomes very part-time 
wear resulting in failure of treatment [9, 10]. This 
will result in the patient taking much longer to 
adapt to the appliance, slower Class II correction 
and ultimately the patient wearing the Twin 
Block appliance for significantly longer with a 
higher risk of treatment failure.

4.6  Twin Block Review 
and Monitoring Progress

The parent is told on the first visit that if their 
children are having problems with the Twin 
Blocks, they must keep wearing the blocks but 
return to the department as soon as possible to 
allow any necessary adjustments to be made. If 
the patients stop wearing the appliance, then any 
gains that have been hard won will be rapidly lost 
and the Twin Blocks will no longer fit comfort-
ably. They must be given the opportunity to come 
back and be seen without delay if they are having 
problems. Ideally, the patient does not need to be 
seen following fit of the appliance for about 
6–8  weeks as if the Twin Block has been well 
made, and the patient is wearing it as instructed, 
it will produce sagittal, vertical and transverse 
improvements.

At the first review, the most important thing is 
to listen to the patient speaking with the appli-
ance in place. With a little experience with the 
Twin Block, just by listening to the patient it will 
be possible to estimate the degree of compliance. 
With good wear, the initial lisping should have all 
but resolved and the patient should be able to 
speak comfortably and intelligibly with the appli-
ance in place. Any persistence of a lisp or diffi-
culty speaking is a sign the appliance is not being 
worn as instructed. This will be evidenced by a 
lack of reduction in the overjet when measured.

As discussed at the outset of this chapter, 
knowing exactly where you are in treatment is 

paramount to guaranteeing success. Every time 
the patient comes into the clinic for a review, the 
following sequence of measurements should be 
made: overjet, overbite, centreline, reverse over-
jet, molar relationship and canine relationship. 
Considering these, as well as how well the patient 
has adapted to the appliance will allow the clini-
cian to monitor progress. Using a correctly 
designed and constructed Twin Block appliance 
in an appropriate case, with a cooperative patient, 
the overjet should be reducing by 1–2 mm every 
6  weeks with the overbite, in deep bite case, 
showing a similar reduction of 1–2  mm every 
visit. As the overjet reduces the reverse overjet 
(overjet measurement with the patient maximally 
protruded) should be increasing by the same 
amount. The canine and molar relationship 
should also be showing concomitant changes in 
the appropriate direction.

The most important measurement, when 
assessing progress, is the reverse overjet 
because the overjet measurement can be mis-
leading [11] (Fig. 4.5). Patients will develop a 

Fig. 4.5 Measurement of the overjet and overjet at maxi-
mum posture to ascertain progress during functional 
appliance treatment

4 Removable Functional Appliances in the Treatment of Class II Malocclusion



48

tendency to posture the mandible forward giv-
ing a false impression of progress. The reverse 
overjet measurement however, with the patients 
protruding their mandible maximally, cannot 
be faked. Ideally, if the patient is being suc-
cessfully encouraged into retruded contact 
then the difference in the measurement between 
overjet and reverse overjet will remain con-
stant throughout treatment. Both of these mea-
surements should be accurately recorded at 
every visit.

4.7  Twin Block Reactivation

Due to the positive Class II correction of the 
appliance following fitting, Twin Blocks can 
become less effective after the first 3 or 4 months 
of functional appliance treatment. If a satisfac-
tory bite registration is taken at the first visit, they 
should not be able to posture much further for-
ward on the appliance fit visit. Usually on the 
third or fourth visit however, the patient will be 
able to posture significantly further forward 
opening a gap between the two blocks. The appli-
ance should at this point be reactivated using 
acrylic to the upper block. This can either be 
done free hand, by adding cold-cure acrylic to the 
inclined plane of the upper block, or by adding a 
pre-formed block of acrylic made from cylinders 
of heat-cured acrylic. These can be made in vari-
ous sizes between 3 and 5 mm and attached to the 
Twin Block with cold cure acrylic (Fig.  4.6). 
Activation in this manner should be done on the 
inclined plane of the upper block. This is because 
when there is a deep overbite and increased curve 
of Spee often associated with Class II malocclu-
sions, as the overjet is reduced, lateral open bites 
result. In an attempt to reduce these, the Adams 
clasps can be removed from the lower molars and 
the occlusal surface of the original upper block 
trimmed to allow differential eruption of the 
lower first and second molars. It is therefore 
important that the lower block does not extend 
distally beyond the lower second premolar to 
cover the surface of the lower first molar as this 
will prevent its eruption.

The Twin Block occasionally requires activa-
tion a second time in treatment, particularly if the 
original overjet is over 15 mm. In most cases, the 
endpoint of the initial phase of Twin Block is 
with the patient in and edge-to-edge bite with a 
0 mm overjet, and a 0 mm overbite. The patient 
may also have lateral open bites in the buccal seg-
ments if despite differential trimming of the 
upper block there is still an increased curve of 
Spee. This is rarely if ever a significant challenge 
to close these down during the subsequent fixed 
appliance treatment.

4.8  Transition to Fixed 
Appliances

In the vast majority of cases, it is desirable to 
undertake a course of fixed appliances following 
successful treatment with a Twin Block. This will 
be to level and align the arches and detail the 
occlusion consolidating the Class I buccal seg-
ment and incisor relationships. There are numer-
ous strategies that can be employed but a useful 
way to transition to the straight wire appliance is 
to use an upper removable appliance with an 
inclined anterior bite plane to maintain the pos-
tured position of the mandible [12, 13]. This can 
be held in place using Plint or flyover clasps 
engaging with the headgear tubes on bands 
placed on the upper first molars for retention and 
ball-ended clasps engaging with the buccal seg-
ment or anterior dentition (Fig.  4.7). The bite 
plane should be steep and deep ensuring the 
patient occludes in front of it as opposed to 

Fig. 4.6 Reactivation of a Twin Block using pre-cut 
blocks of acrylic attached to the mesial of the upper block
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Fig. 4.7 An upper removable appliance with an inclined 
bite plane with flyover cribs and ball-ended clasps high-
lighted for retention used during the transition from func-
tional to fixed appliances to maintain the mandibular 
position

Fig. 4.8 Use of Class II intermaxillary traction during 
fixed appliances following initial treatment with a func-
tional appliance once into rectangular steel wires

behind it. The patient is asked to wear the inclined 
plane full time initially, apart from eating, swim-
ming and during contact sport. This steep and 
deep clip bite plane serves to remind the patient 
to close in the position achieved during the 
9-month Twin Block therapy, but at the same 
time it allows placement of upper and lower fixed 
appliances, and with careful trimming of the pal-
atal interproximal acrylic some premolar de- 
rotation and space closure in the buccal segments 
can be undertaken. The inclined bite plane is con-
tinued during the initial aligning phase of treat-
ment until the placement of the working 
archwires. If using a 0.022  ×  0.028  in. bracket 
slot these are usually 0.019 × 0025 in. stainless 
steel arch wires. This is when Class II elastics can 
be used. The Class II elastics will then continue 
to help maintain any sagittal correction achieved, 
assisting space closure in the upper and lower 
arches and maintain the overjet and overbite cor-
rection achieved by contributing to lateral open 
bite closure (Fig. 4.8).

Alternative strategies include part-time wear 
of the appliance at night for a period of time 
before moving into fixed appliances. While this 
has the benefit of maintaining the Class II correc-
tion achieved, it will inevitably lead to unneces-
sary extension of overall treatment time while 
allowing only limited occlusal settling.

4.9  Finishing Twin Block Cases

As in all comprehensive orthodontic treatment, 
the aim is to finish to a high standard, to optimise 
the aesthetic and functional result. This will usu-
ally involve dropping down from the 
0.019  ×  0.025-in. stainless steel working arch-
wires into light wires such as 0.016-in. Australian 
regular stainless steel wire that allow occlusal 
settling. Finishing bends can be placed in these 
wires to correct any slight inaccuracies in bracket 
position, to make any adjustments to the tip or 
in-out of teeth, thus correcting both the contact 
points and the marginal ridge positions. Two or 
three finishing visits in 0.016-in. stainless steel 
wires are usually sufficient to allow full correc-
tion of the malocclusion. The average treatment 
time would be about 9  months in Twin Blocks 
followed by 12–15  months in fixed appliances. 
This is comparable to overall treatment times 
found with fixed Class II correctors such as the 
Herbst or Forsus appliances [14, 15].

4.10  Evidence for Twin Block 
Treatment Effects

How functional appliances work and whether 
they affect meaningful skeletal change has been 
one of the core questions at the heart of orthodon-
tics. Historically animal experiments in rats and 
primates had shown by placing hyper-propulsive 
appliances in otherwise normal dentitions, skele-
tal change and remodelling was found in the con-
dyle and at the glenoid fossa [16–18]. This led 
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many to believe functional appliances could actu-
ally increase the growth of the mandible. There is 
however now a body of high-quality evidence 
from several large RCTs that has questioned this 
[19–21]. It appears, as with other functional 
appliances, that the short-term effects of the Twin 
Block appliance are mostly dentoalveolar, effect-
ing Class II correction by retroclination of the 
maxillary incisors and distal tipping of the buccal 
dentition and proclination of the mandibular inci-
sors [4, 22–26]. There does appear to be a small 
but significant effect on the position and growth 
of the mandible most of which is directed verti-
cally. Use of high-pull headgear has been advo-
cated in an attempt to control this vertical growth 
and optimise the antero-posterior change but this 
requires even greater compliance from the patient 
in what is already very demanding treatment [27, 
28]. Therefore, the risks tend to outweigh the 
benefits and headgear is not routinely used except 
in high-angle cases with a hyperdivergent growth 
pattern.

The ‘extra growth’ seen during the functional 
phase of treatment seems to disappear in the post- 
functional period with less growth of the mandi-
ble in patients treated with Twin Blocks during 
that period [29]. Therefore, in the long term, it 
appears the Twin Block as with all functional 
appliances does not affect the underlying size or 
shape of the mandible. What appears to happen is 
that by using a functional appliance such as a 
Twin Block, the occlusion is changed from Class 
II to Class I utilising the underlying cephalocau-
dal growth pattern whereby on average the man-
dible grows more than the maxilla during the 
adolescent growth spurt. Without the use of a 
functional appliance, the occlusion maintains the 
Class II relationship despite this growth [30]. 
Therefore, it appears that Kingsley’s original con-
cept of ‘jumping the bite’ was indeed correct.

4.11  Twin Blocks: A Patient- 
Centred Approach

The authors firmly believe that the most impor-
tant factor when providing Twin Block appliance 
therapy is a positive attitude. This means that the 

clinicians and the nurses should be very careful 
with the language used in front of the patients 
and the parents when initially fitting the Twin 
Block appliance. Our advice is to keep the par-
ents out of the surgery when the Twin Block is 
initially being fitted. The patient should be 
instructed to keep their teeth together and to wear 
the appliance ‘24 h a day.’ It should be empha-
sised, the outcome of their treatment is totally 
within their control and if they wear the appli-
ance as instructed, in a short period of time, they 
will see a dramatic changes to the position of the 
teeth and the jaws. Patients who have an internal 
locus of control whereby they feel treatment is 
being done for them and not just to them tend to 
do very well with Twin Block treatment.

A demonstration should be given to the patient 
of how they can in fact speak with their teeth 
together as a small number of patients are really 
reluctant to start talking with the appliance in 
place. Our advice is to start immediately with 
full-time wear, as it can be confusing to ask the 
patients to wear it a couple of hours this week, 
and then increasing the number of hours in subse-
quent weeks. It is also easy for patients to find 
excuses not to wear the appliances. With full- 
time wear, there can be no such excuses. Once 
the patient is fully familiar with fitting the appli-
ance, how they are to occlude forward into it, the 
parents can now be invited into the surgery. We 
then leave it to the child to explain to the parents 
how the appliances work. This again gives the 
patient control and responsibility for the success 
of their own treatment, enhancing further an 
internal locus of control. This patient-centred 
approach has been found to be successful even in 
the most challenging cases.

4.12  Summary

The Twin Block is an extremely effective appli-
ance for Class II correction in growing patients. 
While in the short term most of the effects are 
dentoalveolar, the Twin Block appliance does 
seem to have an effect on the position and possi-
bly growth of the mandible. However, in the long 
term this disappears. The effectiveness of the 
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appliance is dictated by the height and inclination 
of the blocks and like all removable appliances its 
efficiency is also dictated by good compliance. 
By developing a patient-centred approach this 
can be optimised. Accordingly, we recommend 
full-time wear from the outset. With a well- 
designed and constructed appliance and with 
good compliance, the Twin Block appliance can 
be used even in the most severe Class II 
malocclusions.
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5Fixed Functional Appliances 
in the Management of Class II 
Malocclusion

Mithran S. Goonewardene

5.1  Introduction

Clinicians across all health disciplines are often 
challenged with compliance issues with any pro-
posed therapy, including patients with serious 
health problems [1]. Compliance with removable 
orthodontic appliances has been shown to be sub-
optimal with many patients exaggerating the 
period of reported wear. Moreover, predicting 
compliance in the orthodontic patient has been 
shown to be difficult [2, 3].

Although the overall prevalence of class II 
malocclusion is reported between 15 and 20% of 
the population [4–7], approximately 30–40% of 
the patient’s presenting for treatment in clinical 
practice are class II [8]. As with any treatment 
approach, compliance with orthodontic appli-
ances is essential for success. With class II mal-
occlusion patients often face the prospect of 
wearing removable appliances and/or adjuncts 
such as headgears and elastics for which excel-
lent compliance is necessary.

Many clinicians are challenged with predict-
ing the compliance in a specific patient prior to 
initiating a course of treatment [9]. Therefore 
with the perception of progressively reducing 

compliance in the patient population, there has 
been a trend to select appliances that do not rely 
as much on patient compliance.

In choosing the type of appliance (removable 
or fixed) the clinician has to consider the relative 
efficacy of these appliances from a dentofacial 
morphological perspective and patient-centred 
outcomes. However sound recommendations 
have not been reported due to the lack of robust 
studies [10]. Moreover, the cost of fixed class II 
correctors and the associated fixed appliance 
components may be prohibitive in some environ-
ments when compared to the laboratory costs of a 
removable appliance [11, 12].

It is critical for the clinician to recognise the 
numerous skeletal and dental characteristics of a 
specific malocclusion and clearly establish treat-
ment goals that satisfy the individual patient’s 
needs. Although clinicians often feel the neces-
sity to establish efficient systems in their offices 
and can be tempted to select a consistent univer-
sal strategy for all class II patients, this may not 
satisfy the individual patient-centred goals. A 
“one size fits all” approach that simply fits the 
teeth together without considering issues such as 
lip support, incisor inclinations and chin position 
may not satisfy the patient-centred goals, then it 
has been said that “everything works” and “noth-
ing really matters” when it comes to choice of 
strategy [13].

Management of class II discrepancies can 
be divided into three broad categories: Growth 
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modification, orthodontic camouflage or com-
bined surgery and orthodontics. In growth 
modification, facial and dentoalveolar growth 
and maturation are attempted to be utilised 
during sagittal correction; with orthodontic 
camouflage, compensatory tooth movements are 
effected by appliances that reposition the teeth 
in the best “compromised position” within exist-
ing skeletal envelope. The distinction between 
these categories is not so clear as components of 
dental compensation generally accompany 
growth modification strategies. In significant 
skeletal discrepancies, growth modification and/
or orthodontic camouflage may not be able to 
achieve a desired outcome without significant 
compromise to aesthetics, health of the support-
ing soft and hard tissues of the alveolus or sig-
nificant instability. In these circumstances, 
combined surgery and orthodontics may be con-
sidered carefully with its associated risks.

Clinicians have long held the belief that fixed 
and removable class II appliances have the capac-
ity to stimulate jaw growth beyond the geneti-
cally determined plan. Theoretically, the 
mandible may express its innate capacity to grow 
at an earlier stage than originally patterned [14]. 
A favourable magnitude and direction of growth 
may effect the possibility for significant dentoal-
veolar compensation; however, the long-term 
alteration in the skeletal pattern has not been 
demonstrated in the literature [15].

The timing of initiating treatment for grow-
ing class II patients may vary between the 
choice of removable or fixed appliances. 
Removable appliances are generally inserted in 
the late mixed dentition with the expectation 
that the overjet will be corrected and the occlu-
sion stabilised by the time that the child is in 
the early permanent dentition and ready to pro-
ceed with fixed appliances. Fixed appliances 
often rely on the presence of fully erupted per-
manent teeth for accurate and comfortable 
placement. Timing for both strategies focuses 
on reported favourable patterns of differential 

growth when the mandible outgrows the max-
illa However, the overall changes are often min-
imal due to anterior and downward dentoalveolar 
compensatory mechanisms in the maxillary 
dentition [16, 17].

The treatment effects of the various reported 
appliances appear to be related to their ability to 
limit the compensatory movements of the maxil-
lary dentition to follow the growing mandible 
[18, 19]. It is clear from high-quality reports that 
regardless of treatment timing, fixed or remov-
able functional appliances do not provide any 
additional long-term growth [20].

5.2  Historical Perspectives 
in Fixed Class II Correctors

The concept of “bite jumping” to address class II 
malocclusion was reported by Kingsley in the 
1860s [21] and his textbook “A Treatise of Oral 
Deformities as a Branch of Mechanical Surgery” 
was published in New  York and Germany. 
Kingsley’s application of a fixed bite plane influ-
enced several Europeans including Pierre Robin, 
who introduced the monobloc appliance, specifi-
cally to posture the mandible forward and 
address issues related to the Pierre Robin syn-
drome (Fig. 5.1). Andresen independently devel-
oped an analogous appliance, the “activator” 
after an experience with his daughter’s treat-
ment. His daughter’s fixed appliances were 
removed for the summer vacation and he placed 
a removable “Hawley” type appliance with a lin-
gual flange to force the mandible forward 
3–4 mm. After the summer, Andresen was sur-
prised to see the class II relationship resolved 
and stable. These appliances were the forerun-
ners to many of the contemporary functional 
appliances.

Emile Herbst introduced a fixed bite jumping 
appliance called the “Scharnier” (English 
translation- hinge) at the International Dental 
Congress in Berlin in 1909 (Fig.  5.2). He later 
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b

Fig. 5.1 Fixed inclined plane attached with gold clasps to 
the upper incisors (a, b). A modification of a fixed inclined 
plane attached to the molars (c) and a removable inclined 

bite plane (d) (From Herbst E. Atlas and Grundriss der 
Zahnärztlichen Orthopädie. J.F.Lehmann, Munich. 1910)

published a text in orthodontics in 1910 that 
included the “Scharnier” and a number of vari-
ants of bite jumping appliances that resemble 
many of the current fixed functional appliances 
[22] (Fig. 5.3).

In more than 30  years numerous designs of 
fixed functional appliances have been reported 
and a number of conclusions have been drawn. 
Although there are minor differences in the den-
tal effects of these appliances, these differences 
have not been shown to be clinically significant 
in the long term. These effects include:

 1. Distal movement of the upper dentoalveolus 
and proclination of the lower dentoalveolus, 
and this cannot be avoided.

 2. Anterior positioning of the mandible with sig-
nificant individual variation in the pattern and 
magnitude of change. The length of the man-
dible increased consistent with the normal 
variation in mandibular growth.

 3. An increase in lower face height both anteri-
orly and posteriorly.

 4. Clinically insignificant but mild restriction of 
maxillary growth.

5 Fixed Functional Appliances in the Management of Class II Malocclusion
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Fig. 5.2 Herbst’s original appliance constructed in gold alloy, attached to crowns on the upper molars and lower pre-
molars. (From Herbst E. Atlas and Grundriss der Zahnärztlichen Orthopädie. J.F.Lehmann, Munich. 1910)

a b

Fig. 5.3 A number of early variants of fixed mandibular 
protruding devices have been described by Herbst. An 
inclined plane attached to molar teeth with gold attach-
ments (a). An inclined plane, rubber blocks attached to 3 

gold rings on both the upper and lower arches (b). (From 
Herbst E.  Atlas and Grundriss der Zahnärztlichen 
Orthopädie. J.F.Lehmann, Munich. 1910)

5.3  The Saif Spring

The use of multibracket appliances and class II 
elastic traction has been the mainstay for many 
clinicians since introduced by Dr. H Baker in 
Boston in the early 1900s [23]. Compliance has 
been and continues to be a challenge for both his-
torical and current clinicians.

The Saif Spring was introduced in the 1960s 
by Armstrong [24]. A stainless steel spring of 
various lengths was attached to the banded appli-

ances in a class II elastic configuration to over-
come poor compliance (Fig.  5.4). The spring 
applied 200–400 g of force but its limited capac-
ity to stretch and adapt to a range of mandibular 
excursions resulted in significant appliance 
breakage, although it had been reported to be 
very effective if the spring remained intact. In 
addition to the frequent breakages, the bulk of the 
spring posed an oral hygiene challenge so its 
popularity and modifications to its design rapidly 
waned.
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Fig. 5.4 A number of fixed adjuncts to address the class 
II malocclusion have been developed. The Saif Spring is 
attached to the fixed appliances similar to class II elastics

Fig. 5.5 The Herbst IV kit comprises several compo-
nents. The female tube (a) and the male rod (b) are joined 
to a rod with a ball joint that has a cover to engage lugs 
that are welded to the crowns/bands (c). “C” clips (d) 
secure the covers to the lugs

Fig. 5.6 The male and female piston configuration with 
the lugs that are welded to the stainless steel crowns. The 
ball and socket arrangement facilitates lateral movements 
with minimal torquing effects on the welded attachments

5.4  Contemporary Application 
of the Herbst Appliance

The contemporary Herbst appliance and its vari-
ants have only deviated minimally from the ini-
tial design described in the early 1900s [25]. The 
mandible is usually postured forward to an edge- 
to- edge relationship, or some clinicians routinely 
advance the mandible forward in a progressive 
manner. Progressive mandibular advancement is 
recommended for patients with a large overjet 
with some investigators suggesting that there is 
an enhanced growth effect [26]. This finding in 
the rat model has not been replicated in humans. 
Except for the replacement of stainless steel 
alloys for the original gold alloy, a passive right 
and left telescopic male and female arm system is 
still utilised (Figs.  5.5 and 5.6). Stainless steel 
crowns are trimmed and fitted to the upper first 
molars and lower premolars. Orthodontic bands 
are also fitted to the upper first premolars and 
lower first molars and pick-up impressions taken 
and cast in plaster (Fig.  5.7). An edge-to- edge 
bite registration is usually recorded. The casts are 
mounted on an articulator and the arms soldered 
or laser welded to crowns or thickened bands on 
the upper first molar to the lower first premolars. 

Fixed lingual and palatal arches are soldered to 
unify the maxillary and mandibular dentition 
with additional attachments on the lower first 
molars and upper first premolars (Fig. 5.8). In the 
contemporary Herbst IV appliance, “C” clips are 
used to secure the ball into the socket through a 
slit in the covering head (Fig. 5.9).

Fixed class II correctors such as the Herbst 
appliance are usually inserted during the period 
of maximal facial growth (Fig. 5.10). The short- 
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Fig. 5.7 Preparation of the crowns and bands for the 
Herbst appliance. Crowns are firstly trimmed to the clini-
cal crown height with crown scissors (a) and the interden-
tal col. region contoured to avoid gingival impingement 

(b). Crowns are placed on the upper molars and lower 
premolars and bands placed on the upper premolars and 
lower molars (c–e). Impressions are taken and the crowns/
bands placed in the impression for pour up (f–h)

a

b d f

c e

Fig. 5.8 Fabrication of the Herbst IV Appliance. Stone 
models are cast with the crown/bands in place (a, b) and 
the models mounted on a plaster-less articulator using a 
construction bite (c, d). 1–1.25 mm stainless steel wire is 

formed and approximated to oppose the crowns/bands (e, 
f). After covering the wire with heat-resistant gel (g, h), 
the wires are soldered to the bands/crowns (i, j) and the 
pistons attached to the lugs in the articulated models (k, l)
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Fig. 5.8 (continued)

Fig. 5.9 “C” Clips are used to engage the undercuts on 
the lugs and secure the caps to the crowns to the Herbst IV 
appliance. The ball joint on the rods facilitates lateral 

movements to minimise the likelihood of torquing the 
attachments that can lead to appliance breakage

term effects of the Herbst include a combination 
of enhancement of the cephalocaudal gradient of 
maxillo-mandibular growth and dental compen-
sation. Theoretically, effecting maximal skeletal 
changes reduces the magnitude of dental com-
pensation. The necessity to select individuals 
who are growing has been brought into question 
with satisfactory clinical changes following 
Herbst appliance treatment in adults with mild to 
moderate skeletal class II relationships [27]. 

Although the treatment times were extended 
when compared to growing children, the results 
compared favourably with patients treated with 
orthognathic surgery [28]. The long-term reports 
of patients treated with the Herbst appliance 
reveal outcomes similar to almost all other func-
tional appliances, with the only significant treat-
ment effects represented by dentoalveolar 
compensation, reported to remain over 30 years 
of observation. When the effects of normal 
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Fig. 5.10 A 13-year-old male presented with a class II 
division 1 malocclusion with increased overjet and mild 
upper arch irregularity. The goals of treatment included 
addressing the class II relationship by a combination of 
upper molar distalisation and mesial movement of the 
lower arch with any complimentary growth of the mandi-
ble. Upper and lower components of the Herbst appliance 
with stainless steel crowns on the upper molars and lower 
first premolars were placed with associated palatal and 

lingual arches. After 8–9 months, the antero-posterior cor-
rection was achieved and the Herbst appliance removed. 
Full fixed edgewise appliances were placed with arch-
wires progressing from round to rectangular nickel tita-
nium through to 19 × 25-in. titanium molybdenum alloy 
(TMA) to finalise tooth positions. The upper panels show 
the pre-treatment facial appearance with subsequent pan-
els organised in vertical pairs from left to right showing 
treatment progression

growth are taken into account, the long-term 
skeletal effects are of minimal clinical signifi-
cance [29, 30].

Managing patients with poor oral hygiene is a 
challenge for all clinicians, particularly when 
class II correction is desired. Like the twin-block 
appliance, the Herbst appliance may be placed to 

address the class II relationship without the sig-
nificantly increased decalcification risk associ-
ated with multi-bracketed appliances. Moreover, 
the Herbst appliance requires minimal compli-
ance and there is an immediate improvement in 
profile at the time of insertion. The clinician may 
be able to make significant progress whilst the 
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patient is growing and have the time to consoli-
date oral hygiene measures before detailing the 
occlusion with multi-bracketed appliances. The 
reported treatment time of approximately 
9 months followed by fixed appliances is signifi-
cantly shorter than two-stage treatment with 
either removable appliances or comprehensive 
fixed appliances alone [30].

Incorporating the Herbst appliance into clini-
cal practice necessitates an experienced clinical 
and laboratory team to firstly fit the crowns and 
bands and construct the appliance, as the precise 
orientation of the components is essential 
(Fig.  5.8). Moreover, the management of 
 complications such as soft tissue irritation, dis-
tortion or fracture of components and debonding 
of attachments requires experience in trouble-
shooting these issues [31, 32]. These complica-
tions have undoubtedly contributed to some 
reluctance in utilising this appliance.

The historical Herbst design has been modi-
fied significantly. This may include more robust 
orthodontic bands, stainless steel crowns, cast 
frameworks and acrylic splint-type appliances. 
Moreover, more compact designs, such as the 
cantilever Herbst and the mini Herbst appliance 
have also been reported [33, 34] (Fig. 5.11).

5.5  Application in Class II 
Subdivision Malocclusions

The morphology of class II subdivision maloc-
clusions is complex and variable with both max-
illary and/or mandibular dental and skeletal 
asymmetries [35]. However, it appears that a 
component of skeletal and dentoalveolar man-
dibular asymmetry, with a midline deviation, is 
most frequently encountered [36, 37].

The treatment options of class II subdivision 
malocclusions include:

• Asymmetrical extractions and fixed appli-
ances, as changing the molar relationship was 
considered to be more challenging and less 
stable [38, 39].

• Asymmetrical elastic traction, with or without 
extra-oral traction. This option requires excel-
lent cooperation.

• A fixed class II corrector that reduces the need 
for excellent compliance.

• Orthognathic surgery to address the asymme-
try but patients are less likely to choose a sur-
gical plan because of the associated risks and 
financial impost [40].

The choice of strategy may be further compli-
cated by the presence of significant upper and 
lower crowding when extractions may be a nec-
essary consideration.

In the presence of a class II subdivision type 
malocclusion with minimal arch length discrep-
ancy, a fixed class II corrector such as the Herbst 
type appliance provides a robust and predictable 
mechanism by which dentoalveolar compensa-
tions may be achieved with associated growth 
changes (Fig. 5.12). The mandible is advanced to 
an over-corrected position with the midline devi-
ated to the opposite side; however, a degree of 
incomplete correction of the midline deviation 
has been reported as well as routine proclination 
of the mandibular dentition [40].

Fig. 5.11 A mini Herbst design that may be simultane-
ously inserted with multi-bracketed appliances
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Fig. 5.12 A 9-year-old female initially presented with a 
class II division 2 subdivision right malocclusion related 
to mandibular asymmetry. The patient was left for review 
until the permanent teeth had emerged and permanent 
teeth accessible for fixed appliances. The goals of treat-
ment included addressing the class II relationship by a 
combination of upper molar distalisation and mesial 
movement of the lower arch differentially. Full fixed edge-
wise appliances were placed simultaneously with the 
Herbst appliance with archwires progressing from round 
to rectangular nickel titanium through to 19 × 25-in. tita-
nium molybdenum alloy (TMA). The Herbst appliance 
was constructed with stainless steel crowns on the upper 
and lower molars were placed with a maxillary and lower 

lingual arches. The functional bite registration was posi-
tioned in an over-corrected position, relating the lower 
midline to the left of the upper midline to address the sub-
division relationship. After 9 months, the antero-posterior 
correction was achieved and the Herbst appliance was 
removed prior to continuing with full fixed edgewise 
appliances and elastics as needed, with 19 × 25-in. tita-
nium molybdenum alloy (TMA) to finalise tooth posi-
tions. The upper panels show the pre-treatment facial 
appearance with mild asymmetry with chin deviated to 
the right and lateral and PA cephalogram. With subse-
quent panels organised in rows from left to right showing 
treatment progression
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5.6  The Cantilever Bite Jumper 
Herbst Appliance

The Cantilever Bite Jumper (CBJ; Ormco 
Corporation, Orange, Calif) is one of the modifi-
cations to the original Herbst appliance design 
[41]. The CBJ Herbst does not attach to the lower 
premolar but attaches to a cantilever arm extended 

from a crown on the lower first molar (Fig. 5.13). 
This enables clinicians to extend the application 
of this appliance to the mixed dentition. Moreover, 
the appliance may be used when the first premo-
lar is either partially erupted or difficult to secure 
a band or crown, particularly if the arches are sig-
nificantly irregular (Fig. 5.14). This appliance is 
available in prefabricated components of various 

Fig. 5.13 A 15-year-old male presented with a class II 
division 1 malocclusion with increased overjet, a narrow 
maxilla and upper arch crowding. The goals of treatment 
included expanding the maxilla, addressing the class II 
relationship by a combination of upper molar distalisation 
and mesial movement of the lower arch with any compli-
mentary growth of the mandible. Upper and lower compo-
nents of the cantilever (CBJ) Herbst appliance with 
stainless steel crowns on the upper and lower molars were 
placed with a maxillary expansion component and a lower 
lingual arch. The CBJ Herbst appliance was chosen 

because of difficulty fitting crowns to the irregular lower 
first premolars The maxillary arch was firstly expanded 
before the pistons were placed. After 12  months, the 
antero-posterior correction was achieved and the CBJ 
Herbst appliance removed. Full fixed edgewise appliances 
were placed with archwires progressing from round to 
rectangular nickel titanium through to 19  ×  25-in. tita-
nium molybdenum alloy (TMA) to finalise tooth posi-
tions. The upper panels show the pre-treatment facial 
appearance with subsequent panels organised in vertical 
pairs from left to right showing treatment progression
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Fig. 5.14 A 13-year-old male presented with a class II 
division 1 malocclusion with increased overjet and sig-
nificant upper and lower arch crowding. There was sig-
nificant concern with compliance so a fixed class II 
corrector was chosen for treatment. The goals of treat-
ment included addressing the class II relationship by a 
combination of upper molar distalisation and mesial 
movement of the lower arch with any complimentary 
growth of the mandible. Extraction of teeth and fixed 
edgewise appliance treatment would then be considered, 
dependent on levels of compliance. Upper and lower com-
ponents of the cantilever (CBJ) Herbst appliance with 
stainless steel crowns on the upper and lower molars were 
placed with a maxillary and lower lingual arches. The 

CBJ Herbst appliance was chosen because of difficulty 
fitting crowns to the irregular lower first premolars The 
maxillary After 9 months, the antero-posterior correction 
was achieved and the CBJ Herbst appliance removed. 
Upper and lower premolar extractions were performed 
prior to full fixed edgewise appliances with archwires pro-
gressing from round to rectangular nickel titanium 
through to 19 × 25-in. stainless steel appliances to close 
spaces followed by titanium molybdenum alloy (TMA) to 
finalise tooth positions. The upper panels show the pre-
treatment facial appearance and cephalogram with subse-
quent panels organised in rows from left to right showing 
treatment progression. Please note the decalcification in 
the final photographs related to compromised oral hygiene
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sizes and the placement of the anterior attach-
ment gingivally enables a longer rod to be incor-
porated that minimises displacement of the rod 
from the tube during function [42, 43]. 
Unfortunately, the disadvantage of the longer 
extension arm and the more vertically directed 
force results in a tendency for the mandibular 
molar to tip mesially [44].

5.7  The Mandibular Protraction 
Appliance

The mandibular protraction device is a simple 
rigid device introduced in 1995 by Filho and col-
leagues, which may be constructed chairside by 
preparing two interlocking rods from 0.032  in. 
stainless steel with a compressed coil separating 
the two rods [45, 46]. This rigid device is attached 
to full arch bonded and banded appliances to pos-
ture the mandible forward, analogous to the 
Herbst appliance mechanism. Typically the lower 
premolars are not initially included in the set-up 
(Fig. 5.15). The fabrication cost is minimal rather 
than purchasing one of the numerous commer-
cially available class II correctors. However, the 
appliance’s rigidity contributes to an increased 
rate of breakage and inconvenience to the 
clinician.

5.8  Jasper Jumper

The Herbst appliance’s rigidity resulted in 
numerous attempts to improve the range of lat-
eral movements that tended to contribute to appli-
ance breakage. The screw holes in the rods were 
enlarged to afford greater flexibility but break-
ages remain a constant challenge. The Jasper 
Jumper was developed to overcome the rigidity 
experienced with the Herbst pistons [47]. The 
Jasper Jumper is an open coil spring of 5 different 
sizes, embedded in a soft synthetic polymer 
jacket, soldered to eyelets at each end. The spring 
was initially directly attached to the fixed appli-
ance components. Unlike the Saif spring and 
class II elastics, this delivered a compressive 
force analogous to the Herbst appliance, however 
without the rigidity (Fig.  5.16). Theoretically, 
this force would not extrude the maxillary ante-
rior teeth and steepen the occlusal plane as the 
vertical forces are closer to the centre of resis-
tance of the dental units. The original configura-
tion was fraught with numerous breakage 
complications that often detached numerous 
fixed appliance components and its popularity 
with clinicians slowly waned.

The Jasper jumper design has been modified 
to place an “outrigger” type wire for the spring to 
be attached to the mandibular component. When 
this outrigger component is combined with 
attachment distal to the maxillary archwire, this 

Fig. 5.15 The mandibular protraction device is a simple 
rigid device that may be constructed from 0.032-in. stain-
less steel with a compressed coil separating the two rods. 
This rigid device is attached to full arch bonded and 
banded appliances to posture the mandible forward

Fig. 5.16 The Jasper Jumper is an open coil spring of 5 
different sizes, embedded in a soft synthetic polymer 
jacket, soldered to eyelets at each end. It is attached to the 
upper molar and may be modified to attach to an 
“Outrigger” segment in the lower arch to decrease direct 
forces to the lower appliances and assist to reduce 
breakages
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dissociated any breakages from the main arch-
wire and brackets. The clinical effects of the 
Jasper jumper appear to be similar to most other 
fixed class II correctors, but superior to remov-
able functional appliances [48–50]. A combina-
tion of normal horizontal mandibular growth, 
mild maxillary distalisation and anterior move-
ment of the lower dentition is reported. But the 
overwhelming issue relates to appliance break-
age and denaturation of the polymer coating sur-
rounding the spring. The Adjustable Bite 
Corrector and The Bite Fixer (Ormco Pty Ltd) 
are variations of the Jasper Jumper design and 
concept that have similar issues to the Jasper 
Jumper.

5.9  The Eureka Spring and Twin 
Force

The Eureka Spring was the first interarch com-
pressive spring that enabled a male and female 
component to establish a protrusive position [51]. 
The differences between the Eureka spring and 
the Herbst appliance lie in a spring that com-
presses when the male and female components 
engage. This flexible engagement reduced the 
stresses on the appliances and encouraged clini-
cians who had disappointing experiences with 
the Jasper Jumper breakages. The appliance is 
attached directly to the fixed multibracket appli-
ances so independent intra-arch tooth movements 
could be effected as the class II correction 
occurred. This appliance was the forerunner to a 
number of contemporary class II correctors that 
delivered more predictable results with fewer 
breakages.

The Twin Force class II corrector progressed 
from the Eureka spring to comprise two plunger 
assemblies that are independently the same 
dimension, but larger and bulkier when combined. 
The device is attached directly to the archwire by 
two locking components (Fig.  5.17). The distal 

attachment does not attach to the band or bracket 
but attaches to a distal extension of the upper 
archwire. The double plunger assembly facilitates 
greater extension of the spring during functional 
jaw movements with reduced tendency for break-
age. However, the increased bulk of the plungers 
does increase the likelihood of occlusal interfer-
ence and discomfort for the patient. The clinical 
effects of the Twin Force class II corrector are 
again similar to other fixed class II correctors with 
simultaneous growth effects on the mandible and 
compensatory tooth movement in both the man-
dible and maxilla [52–54].

Fig. 5.17 Twin Force device comprises two plunger 
assemblies that are independently the same dimension as 
the Eureka spring with an active compressive spring com-
ponent but essentially effecting the same mandibular pro-
trusion effect. The device is attached directly to the 
archwire by two locking components. The distal attach-
ment does not attach to the band or bracket but attaches to 
a distal extension of the upper archwire
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5.10  Forsus™ Fatigue Resistant 
Module

The Forsus™ (Fatigue Resistant) module is one 
of the many commercially available class II cor-
rector devices. Its effects are analogous to other 
types of functional appliances in growing 
 children. The treatment effects combine minor 
skeletal effects, related to the magnitude and 
direction of growth and the typical dentoalveolar 
compensation of upper arch retraction and mesial 
movement of the lower arch [55]. Clinicians are 
able to simultaneously combine alignment, level-
ling and arch coordination with fixed appliances 
and simultaneous antero-posterior correction 
with the Forsus™ module, with the potential of 
reducing treatment time and the associated 
patient compliance issues. Unlike rigid Herbst-
type appliances, the Forsus™ module comprises 
right and left springs that are inserted into the 
headgear tube of the upper molar and a male rod 
that inserts into a nickel-titanium spring 
(Fig. 5.18). It has been suggested that the forward 
positioning effected by the Herbst appliance 
potentially places large continuous loads on the 
temporomandibular joint, and may compromise 
joint integrity more than the flexible spring from 
the Forsus™ [56, 57].

The combination of fixed appliances and 
Forsus™ module has been reported to effect sig-
nificant changes in upper and lower incisor posi-
tion and steepening of the occlusal plane [58, 59]. 
Technical modifications have been recommended 
to reduce these side-effects and studies reporting 
effects are often complicated by these individual 
approaches. Significant retraction and uprighting 
of upper incisor position has been reported and it 
has been suggested to prepare the upper wire to 
effect palatal root movement or place high torque 
upper incisor brackets. On the lower wire, labial 
root movement in the lower incisors either by 
archwire bending or varying the third-order pre-
scription of the lower incisor brackets have all 

been suggested as mechanisms to control this 
perceived anchorage loss (Figs.  5.19 and 5.20). 
Positioning of the male component of the module 
against the first premolar instead of the canine 
will reduce the rotational moment on the lower 
occlusal plane (Fig. 5.21). Placement of tempo-
rary anchors in the lower arch has also been 
reported to reduce the loss of lower incisor con-
trol [60].

There is insufficient evidence to draw any 
sound conclusion because of the absence of care-
fully considered studies. The Forsus™ module 
can be used to manage class II division 1 and 
attached to the lower canine (Fig. 5.22) and may 
have simultaneous expansion and attachment to 
the lower first premolars (Fig.  5.23). Class II 
division 2 type malocclusions may have the for-
sus module attached after multi-bracketed appli-
ances have converted division 2 into division 1 
(Fig.  5.24). Simultaneous maxillary expansion 
may also be performed in conjunction with the 
fixed multi-bracketed appliances to “telescope” 
the components of the treatment with the poten-
tial to shorten overall treatment time (Fig. 5.24). 
The Forsus™ module can also be utilised for the 
correction of significantly crowded class II prob-
lems combined with fixed appliances and premo-
lar extractions (Figs. 5.25 and 5.26).

As with the Herbst appliance, the Forsus™ 
module may be utilised to address class II 
subdivision- type malocclusion (Fig.  5.27). The 
distance from the upper first molar to the canine 
on the class II side is decreased therefore sym-
metrical modules will effect a greater protruding 
force on the class II side. However, it is recom-
mended to over-advance the mandible to an over- 
corrected position with the midline deviated to 
the opposite side, using a shim on the male com-
ponent. Similar to the findings with the Herbst 
appliance, a degree of incomplete correction of 
the midline deviation has been reported and rou-
tine proclination of the mandibular dentition 
[40].
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Fig. 5.18 The Forsus™ module comprises right and left 
springs (a) inserted into the headgear tubes of the upper 
molars and male rods (b) that are inserted into the springs. 
The springs have a male component that clips onto the 
headgear tube using a utility plier and a male component 
that is crimped onto the archwire either between premo-

lars or premolar and canine. The dumbbell elastic (c) is 
attached from the anterior of the male component back to 
the first molar tube to minimise breakages of the premo-
lar/canine brackets and prevent space from opening in the 
lower arch secondary to the mesial force on the anterior 
dentition
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Fig. 5.19 Archwires are prepared specifically to support 
the Forsus™ module. Approximately 10–15 ° of lingual 
root torque is added to the upper incisors and approxi-
mately 10 ° of labial root torque to the lower incisors to 

reduce the significant uprighting and proclination of the 
upper and lower incisors respectively, secondary to the 
antero-posterior forces generated with this appliance

Fig. 5.20 The effects of twist in the wire to twist the 
upper and lower incisors to resist the relative displace-
ment effected by the Forsus™ module
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a b

Fig. 5.21 The Forsus™ module may be attached anteri-
orly to the canine (a) or first premolar (b). Placing the 
module to the first premolars changes the direction of the 
force more posteriorly and vertically relative to a hypo-

thetical centre of resistance of the upper and lower arches. 
This in effect will reduce the tendency for clockwise rota-
tion of the occlusal plane
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Fig. 5.22 A 12-year-old female presented with a class II 
division 1 malocclusion with increased overjet and upper 
irregularity. The goals of treatment included addressing 
the class II relationship by a combination of upper molar 
distalisation and mesial movement of the lower arch with 
any complimentary growth of the mandible. Upper and 
lower fixed edgewise appliances were placed with arch-
wires progressing from round to rectangular nickel- 
titanium archwires through to 19 × 25-in. TMA upper and 
19 × 25-in. stainless steel lower. The upper arches were 
prepared with third-order adjustments to effect palatal 

root movement in the upper incisors and mild labial root 
movement in the lower incisors. A Forsus™ module was 
placed to the lower canines. A stainless steel wire is neces-
sary in the lower arch to prevent fracture from the male 
arm of the module. After 6 months, antero-posterior cor-
rection was achieved and the Forsus™ module removed, 
anterior seating elastics were worn at night and new 
19 × 25-in. TMA archwires used to detail the occlusion. 
The upper panels show the pre-treatment facial appear-
ance with subsequent panels organised in vertical pairs 
from left to right showing treatment progression
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Fig. 5.23 A 13—year-old female presented with a class 
II division 1 malocclusion with increased overjet, a nar-
row maxilla and upper irregularity. The goals of treatment 
included expansion of the narrow maxilla, and addressing 
the class II relationship by a combination of upper molar 
distalisation and mesial movement of the lower arch with 
any complimentary growth of the mandible. A fixed max-
illary expansion appliance was placed and activated for 
10 weeks to achieve a slightly over-expanded transverse 
dimension. Upper and lower fixed edgewise appliances 
were placed during the 4–5  months or retention of the 
expander, with archwires progressing from round to rect-
angular nickel-titanium archwires through to 19 × 25-in. 
TMA upper and 19  ×  25-in. stainless steel lower. The 

upper arches were prepared with third order adjustments 
to effect palatal root movement in the upper incisors and 
mild labial root movement in the lower incisors. A 
Forsus™ module was placed to the lower premolars in 
this instance to minimise the rotation of the occlusal 
plane. A stainless steel wire is necessary in the lower arch 
to prevent fracture from the male arm of the module. After 
6  months, antero-posterior correction was achieved and 
the Forsus™ module removed, anterior seating elastics 
were worn at night and new 19 × 25-in. TMA archwires 
used to detail the occlusion. The upper panels show the 
pre-treatment facial appearance with subsequent panels 
organised in vertical pairs from left to right showing treat-
ment progression
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Fig. 5.24 A 12-year-old female presented with a class II 
division 2 type malocclusion with increased overbite, 
mandibular retrognathism and upper irregularity. This 
case demonstrates the side effect of excessive lower inci-
sor proclination when labial root torque or large dimen-
sion lower rectangular wires are not added to the lower 
archwire. The goals of treatment included proclining the 
upper incisors to a class II division 1 relationship prior to 
addressing the class II relationship by a combination of 
upper molar distalisation and mesial movement of the 
lower arch with any complimentary growth of the mandi-
ble. Upper and lower fixed edgewise appliances were 
placed with archwires progressing from round to rectan-
gular nickel-titanium archwires through to 19  ×  25-in. 

TMA upper and 19  ×  25-in. stainless steel lower. A 
Forsus™ module was placed to the lower canine. A stain-
less steel wire is necessary in the lower arch to prevent 
fracture from the male arm of the module. After 9 months, 
antero-posterior correction was achieved and the Forsus™ 
module removed, anterior seating elastics were worn at 
night and new 19 × 25-in. TMA archwires used to detail 
the occlusion. The upper panels show the pre-treatment 
facial profile appearance and lateral cephalogram as well 
as the pr-treatment dental relationships. The treatment 
progression with fixed appliances appears most satisfac-
tory but the lower panels reveal excessive lower incisor 
proclination in the lateral cephalogram and cranial base 
superimposition
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Fig. 5.25 The Forsus™ module may be used as anchor-
age to maintain the lower incisor position during space 
closure after extraction in the lower arch. A 14-year old 
male patient presented with missing lower second premo-

lars. A Forsus™ module was placed to simultaneously 
keep the lower incisors forward whilst the lower posterior 
teeth were protracted

Fig. 5.24 (continued)
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Fig. 5.26 The Forsus™ module may be used as anchor-
age to maintain the lower incisor position during space 
closure after extraction in the lower arch. A 13-year-old 
female patient presented with significant lower crowding 
and a thin gingival phenotype. Moreover, the lips were 
relatively flat. Extraction of lower first premolars was con-
sidered and a Forsus™ module was placed to simultane-
ously keep the lower incisors forward whilst the reciprocal 

effect on the upper arch distalised the upper molar. The 
upper panels exhibit the pre-treatment intraoral photo-
graphs and lateral cephalogram. The lower panels demon-
strate the Forsus™ module in use to maintain lower 
incisor position and the post-treatment lateral cephalo-
gram exhibits maintenance of upper and lower incisor 
positions
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Fig. 5.27 A 13-year-old female presented with a class II 
division 1 subdivision right malocclusion with increased 
overjet and upper irregularity. The goals of treatment 
included addressing the class II relationship by a combi-
nation of asymmetrical upper molar distalisation and 
mesial movement of the lower arch with any complimen-
tary growth of the mandible. Upper and lower fixed edge-
wise appliances were placed with archwires progressing 
from round to rectangular nickel-titanium archwires 
through to 19 × 25-in. TMA upper and 19 × 25-in. stain-
less steel lower. The upper arches were prepared with 
third-order adjustments to effect palatal root movement in 
the upper incisors and mild labial root movement in the 
lower incisors. A Forsus™ module was placed to the 

lower canines. The asymmetrical molar relationship on 
the right results in greater compression of the spring on 
the right side facilitating asymmetrical dental changes. A 
stainless steel wire is necessary in the lower arch to pre-
vent fracture from the male arm of the module. After 
9  months, antero-posterior correction was achieved and 
the Forsus™ module removed, anterior seating elastics 
were worn at night and new 19 × 25-in. TMA archwires 
were used to detail the occlusion. The upper panels show 
the pre-treatment facial appearance and the asymmetrical 
buccal segment relationships with subsequent panels 
organised in vertical pairs from left to right showing treat-
ment progression
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Fig. 5.28 A 13-year-old female presented with a class II 
division 1 malocclusion with increased overjet, mild upper 
crowding and hypodontia with absence of the lower sec-
ond premolars. The goals of treatment included addressing 
the class II relationship by a combination of upper molar 
distalisation and mesial movement of the lower arch with 
any complimentary growth of the mandible. Extraction of 
the upper second premolars and the lower second decidu-
ous molars was performed. A crossbow appliance that 
comprised of an upper palatal and lower lingual frame-

work and Forsus™ module was inserted for initial class II 
correction for 8  months. Full fixed edgewise appliances 
were then placed in tandem with the crossbow appliance. 
After progression to rectangular nickel-titanium archwires, 
the framework was removed and routine space closure was 
performed on 19  ×  25 stainless steel archwires, sliding 
mechanics and support with class II elastics. The upper 
panels show the pre-treatment facial appearance with sub-
sequent panels organised in vertical pairs from left to right 
showing treatment progression

5.11  Modified Crossbow 
Appliance

The crossbow appliance comprises a lingual and 
buccal metallic framework that has protrusive 
compressive springs attached to the framework 
[61]. The maxillary component usually com-
prises a fixed maxillary expansion device.

The skeletal effects were minimal with reduc-
tion of maxillary protrusion without mandibular 
advancement and an increase of the vertical 
dimension. The dental effects contributing to 

overjet reduction included an increase in man-
dibular incisor protrusion without maxillary inci-
sor movement. The maxillary molars were 
distalised whereas the mandibular molars were 
mesialised. These changes although statistically 
significant were not found to be clinically signifi-
cant as the changes again followed the general 
effect of most fixed class II correctors.

The crossbow may be used as a first stage of 
class II treatment followed by a second stage of 
fixed multibracket appliances. This may even 
extend to patients who require extraction (Fig. 5.28).
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Fig. 5.29 The MARA (Mandibular Anterior 
Repositioning Device) is a two-part appliance with a max-
illary and mandibular component that encourages the 
patient to reposition the mandible forward to bring their 
anterior teeth together. A horizontal “arm” extends later-
ally from a stainless steel crown on the lower first molar. 
A vertical “elbow” on an upper first molar crown that 
guides the lower jaw forward into the desired position

5.12  Mandibular Repositioning 
Appliance (MARA)

The MARA appliance is a relatively new appli-
ance but has a minimalistic impact on tooth cov-
erage similar to the variants of fixed mandibular 
protruding devices described by Herbst [22]. The 
MARA is a two-part appliance with a maxillary 
and mandibular component that encourages the 
patient to reposition the mandible forward to 
bring their anterior teeth together. A horizontal 
“arm” extends laterally from a stainless steel 
crown on the lower first molar. A vertical “elbow” 
on an upper first molar crown that guides the 
lower jaw forward into the desired position when 
the patient attempts to close their mouth.

Progressive advancement of the mandible 
may be achieved by adding a shim of varying size 
to the maxillary component that forces the man-
dible to close in a progressively more anterior 
position (Fig.  5.29). As with the Herbst appli-
ance, stepwise advancement has been recom-
mended with the same spurious suggestion that 
an enhanced growth effect observed in a rat 
model may be realised in the human [26].

The similar advantage of the MARA together 
with the Forsus™ module enables the clinician to 
simultaneously align and level the arches whilst 
correcting the class II relationship. The clinical 
effects of the MARA appliance are similar to and 
again provide no significant benefit when com-
pared to analogous fixed class II correctors [62, 
63]. The MARA may also be considered in the 
mixed dentition, leaving alignment issues for a 
second phase of treatment. Caution must also be 
taken when treating class II problems in the early 
mixed dentition with questions related to stability 
and significant observed relapse [19, 64]. 
Moreover, the reduced bulk and visibility of the 
appliance affords the patient an improved aes-
thetic impact when compared to the larger analo-
gous class II correctors [62].

The disadvantage of the MARA appliance 
relates to the bulk of the molar crowns and the 
vertical opening of the occlusion and increased 
mobility of the lower molar. Moreover, the cost 
of the MARA appliance is similar to the Herbst 
appliance and the efficacy of using this appliance 
must be carefully considered when applied to 
early treatment in the mixed dentition.

5.13  Magnoglide Appliance

The Magnoglide appliance (Macono Orthodontic 
Lab, Sydney, Australia) is a fixed functional 
appliance consisting of maxillary and mandibular 
right and left-bonded acrylic resin blocks [65]. A 
series of magnets are located in the blocks to 
facilitate mandibular posture into a class I rela-
tionship (Fig.  5.30). Bonding the appliance 
addresses any compliance issues and breakages 
are minimised because of lack of moving parts. 
The magnetic system eliminates friction, 
excludes material fatigue with predictable force 
levels over long periods of time, and no need for 
direct contact [66, 67].

The clinical effects of the Magnoglide appli-
ance are consistent with changes described fol-
lowing the Herbst appliance with a combination 
of maxillary incisor retraction and lower incisor 
proclination (Fig.  5.31). However, in the short 
term, there appears to be a reduction in vertical 
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Fig. 5.30 The Magnoglide appliance was developed as a 
non-compliance class II corrector that is bonded to the 
upper and lower teeth, effectively acting as a fixed twin 
block appliance. The attraction of magnets, strategically 

placed maintains the mandible in a protrusive relation-
ship. (Courtesy of Professor Ali Darendelier, Drs Paul 
Taylor and Emma McKenzie)

Fig. 5.31 An 11-year-old female presented with a class II 
division 2 type malocclusion with increased overbite and 
overjet. A bonded magnetic mandibular advancement 
device and partial fixed edgewise appliances were placed 

for 6 months followed by full fixed edgewise appliances 
and class II elastics for an additional 16 months. (Courtesy 
of Professor Ali Darendelier, Drs Paul Taylor and Emma 
McKenzie)

skeletal development. As with most class II cor-
rectors, it is expected that the patient will proba-
bly realise their original vertical dimension 
during the post-treatment growth period.

The reported disadvantages of the Magnoglide 
appliance include the inability to reactivate the 
appliance, with the indication for a possible sec-
ond appliance for large overjet corrections, as the 
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magnets could be too far apart to produce a sig-
nificant force to posture the mandible forward. 
Moreover, expansion must be performed before 
or after the functional appliance therapy because 
any expansion will effect changes in magnet 
alignment.

5.14  Conclusion

The choice of class II corrector should be based 
on the realisation of specific goals. These goals 
are often complex and should be carefully con-
sidered with the patient and parents. If the goals 
include compensation of the upper and lower 
teeth within the biological constraints and the 
patient is growing, then any of the multitude of 
removable or fixed functional appliances will 
have the same chance of satisfactorily treating 
most patients. The choice therefore becomes a 
practice management issue. If the patient or par-
ents desire a significant change to the chin posi-
tion, then combined surgery and orthodontics 
should be considered. If the goals of treatment 
are directed at retraction of the maxillary denti-
tion then either extractions or an upper arch dis-
talising strategy are indicated.
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6Molar Distalization: Bad English, 
Good Practice

S. Jay Bowman

6.1  Introduction

Although the term, molar distalization, is actually 
a neologism and perhaps an example of bad use of 
The King’s English, the actual orthodontic biome-
chanic concept may be an exemplar of “good prac-
tice.” In fact, the idea of pushing maxillary molars 
“distally” or posteriorly has been promoted as one 
method of correcting Class II malocclusion that 
has been around for nearly as long as orthodontics 
has been a specialty. Interestingly enough, 
Fowlers’ guide to English usage was not published 
until 6 years after the birth of orthodontia in 1900. 
Unfortunately, the term “distalization” occasion-
ally is confused (possibly by a few tipplers) with 
the technique used by bootleggers during the 
U.S. Prohibition (1920–31) to “distill” their spir-
its. Notwithstanding, the terms distalization and 
distalizing have been adopted into the common 
orthodontic vernacular and  these terms will be 
belabored throughout this communication.

At the outset, it is important to note that there 
have been seemingly innumerable publications in 
our specialty’s history describing various mecha-
nisms to produce “molar distalization” (as the 

late Tony Gianelly described some as the latest 
“gimmicks, gizmos, and gadgets”), accompa-
nied    by their respective “management and 
effects” [1–41]. This chapter will not feature reci-
pes or “how to” distalize molars (those types of 
things can be easily gleaned by reading publica-
tions describing their clinical applications 
[1–41]). Rather,  it is more important to discuss 
how the Class II correction occurs. The point of 
the present message is to simply reiterate that 
there are very little (if any) differences in the final 
effects of any of the different methods of correct-
ing Class II relationships for patients that are still 
experiencing facial growth [42, 43]. A previously 
used analogy is that All Class II roads lead to 
Rome: push the upper jaw or teeth, yank on the 
lower jaw or teeth, and you get to the same desti-
nation. You pick [44].

6.2  Getting Even with Overjet

Ever since Edward Hartley Angle defined and 
categorized the Classes of malocclusion for orth-
odontia [45], practitioners of our art and science 
have quested to position first permanent molars 
(and canines) squarely into so-called Class I rela-
tionship (and after the advent of cephalometry, 
maxillary molars were thought necessary to be 
oriented under the “key ridge”). Although demon-
strable health benefits of this occlusal  arrangement 
may not be substantial, the resolution of other 
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associated alignment issues (crowding, spacing, 
crossbite, overbite, overjet, and the like) all often 
fall-in-line when molars are fitted together appro-
priately. Consequently, our raison d’être.

6.3  Hold Up! What’s the Deal 
with Class II Correction?

Before delving into a discussion of molar distal-
ization for the correction of Class II malocclusion, 
let’s tap the brakes and delineate some terms, spec-
ifications, and definitions. First off, orthodontics is 
a service, based in science, that has been demon-
strated to be useful in treating patients at nearly 
any age, but mostly adolescents and adults. That 
implies that a significant number of people using 
these services are themselves in the business of 
growing (including their faces) and then there are 
others that aren’t growing much anymore.

Considering that one of the major issues in 
diagnosing Class II malocclusion is that there is 
often a skeletal growth component mismatch 
(upper, lower, or both jaws). Then, it is likely 
important if a patient seeking treatment may yet 
provide some possibly favorable growth to assist 
in the correction (i.e., pre-adults). It might also be 
useful to know when the maximum growth poten-
tial for an individual is going to occur (e.g., some 
sort of growth prediction: statural height, age, or 
some other “sciency-sounding” elaborate 
scheme, often involving irradiating the patient). 
As such, discussions regarding best treatments 
and timing for Class II cases have gotten very 
messy and argumentative over the past century 
with name-calling and testy interchanges in print 
and at professional meetings with little sign of 
consensus. At best, we know for certain that 
Things Go Better with Growth.

6.4  Interruption 
of Dentoalveolar 
Compensation

What the heck is the dentoalveolar compensation 
mechanism (DCM)? In 1980, Solow [46] 
described the background and clinical implica-
tions. Simply put (sarcasm intended), DCM is 

defined as “a system which attempts to maintain 
normal interarch relationships under varying jaw 
relationships.” Continuing, “the differences in 
the interarch relationships of subjects with Class 
I, II, and III malocclusions are probably not 
directly due to differences in skeletal morphol-
ogy, but rather to the fact that in the Class I group, 
in contrast to Class II and III subjects, the varia-
tion in jaw relationship has been compensated for 
by the dentoalveolar compensatory mechanism.” 
So, the dental relationship has been compensated 
for by the compensatory mechanism? Wait, let’s 
try this: The coordination of the development of 
the upper and lower arches is not always *per-
fect*. Some mechanism is therefore needed to 
coordinate the eruption and position of the teeth 
relative to their jaw bases in order for a normal 
relationship between the upper and lower dental 
arches to be achieved and maintained. 
DCM. Clear as mud.

In pre-adolescents, the maxilla is generally 
outgrowing the mandible, yet Class I remains 
Class I; Class IIs remain Class IIs (i.e., the old 
adage: them that has, gets more). In adolescents, 
the mandible outgrows the maxilla, yet Class II 
does not spontaneously improve, and Class Is are 
not likely to become Class IIs. The unfortunate 
Class III doesn’t benefit in either regard.

There is often a mismatch in skeletal develop-
ment, yet the DCM results in virtually the same 
classification of dental occlusion throughout 
growth, although there may be some variations 
such as tipping and crowding of incisors and the 
like. What if you desire to change that dental 
occlusion arrangement? Then interrupting, alter-
ing, or changing that dental occlusion is likely to 
artificially permit or allow the underlying skeletal 
development to occur (carrying the dentoalveolus 
along), precluding compensation, ending with a 
new dental relationship result [47–50]. However, 
this is only reasonable for the growing patient. 
When done growing, then orthodontists are gen-
erally left with simply moving teeth around: 
Class II correction with molar distalization in 
adults is primarily due to pushing the maxillary 
dentition. If using “functional devices” in adults, 
then upper and lower teeth are just pushed around 
(although there could be some “postural” posi-
tioning or condylar remodeling at work).
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If you’re moving teeth, then the dentoalveolus 
housing is changing. It is quite doubtful that 
we’re substantially moving basal bone, unless 
involved with some type of sutural change. As 
both the upper and lower dentoalveolus are 
altered during years of growth and remodeling, it 
requires some type of interruption to affect 
antero-posterior changes during that time. Then it 
follows that just about anything that provides that 
interruption may result in some antero-posterior 
change for pre-adult patients. However, to be 
clear, we aren’t “growing bone;” specifically, 
mandibles during orthodontics [47–50].

After the teenage years, you can push and pull 
on the dentoalveolus for change, but those 
changes are not of the same nature as those seen 
with those pre-adults. In simpler terms, growth 
does what it does, behind the scenes during pre- 
adult orthodontics. But for adults, orthodontics 
does what it does to the teeth and underlying den-
toalveolus, but without “much, if any” growth.

6.5  Dentition Marching 
in Lockstep

An illustration featuring marching band members 
in lockstep with a quote from Lysle Johnston may 
be helpful [42] (Fig. 6.1). “As has been noted, it 
is usual for the mandible to outgrow the maxilla 
in both Class I and Class II malocclusions. This 
pattern, although ‘favorable,’ would have no 
effect on the occlusion, thanks to the phenome-
non of dentoalveolar compensation.” (a) The 
large arrows indicate a Class I adolescent is 
exhibiting jaw growth of both the maxilla and 
mandible with the mandible outgrowing the max-
illa. The marching “molars” are in  lockstep in 
Class I relationship due to the dentoalveolar com-
pensation mechanism from the occlusion. (b) In 
Class IIs, although the upper molars and lower 
molars are mismatched, mandibular growth will 
not correct that lock-step Class II relationship 
due to that same compensation mechanism. (c) 

a b

c d

Fig. 6.1 Graphic representation of the effects of interrupting dentoalveolar compensation on Class II correction with 
the analogy of lock-step marching band percussionists as molars and incisors in growing jaws
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Orthodontic mechanisms are used to interrupt the 
compensation by separating the occlusion; pos-
sibly holding the mandible forward, and/or push-
ing or holding the maxillary dentition posteriorly. 
(d) Once the dentition is in Class I and overjet is 
reduced, then both upper and lower jaws continue 
on their course of remaining growth. The differ-
ence is that both jaws now advance with Class 
I molars. It is like a command to the band mem-
bers: “change step, march!” This may be accom-
plished by a “stutter-step” by the upper 
percussionists, interrupting their forward move-
ment to match the lower. Subsequently, both the 
upper and lower molars are carried forward by 
continuing facial growth. This led to an old trepi-
dation that  after distalization, the upper molars 
ended-up more forward than where they started 
out originally: “didn’t we just lose all the distal 
movement we worked to get?” No, in a pre-adult 
undergoing any type of Class II treatment, this 
would be completely expected—quite simply, 
both jaws are still growing, downwards and for-
wards; so all molars are carried forward.

6.6  Back to the Future

Contemporary orthodontic treatments for Class II 
may be said to have evolved from Calvin 
S. Case’s disputed provenance for the invention 
of “Intermaxillary Force (i.e., orthodontic elas-
tics)” in 1904  (or perhaps years before) along 
with his Span-Hooks  for segmental maxillary 
posterior distalization [51].

Simultaneously across the pond, removable 
devices were employed in treating “glossopto-
pia,” and later used for “growing mandibles” 
[sic]. Today, it seems that kismet has interceded, 
and it is possible that we might have learned 
nothing in our many decades-long endeavors as 
we have circled right back to those origins. We 
are once again using sectional “bars,” [10, 
51]  like Case’s Span-Hooks, but today  they are 
bonded to canines/molars, to support Class II 
elastics OR, some type of fixed or removable 
mandibular propulsion “functional” device 
[52–67]. BOTH concepts are touted to treat Class 
IIs, TMD, and sleep apnea.

Take for instance the question of Phase I or 
early treatment for Class II.  It would seem the 
evidence produced in substantial trials and other 
sundry studies have demonstrated that this type 
of treatment costs more, takes longer, and does 
not provide any added benefits [68–70]. Yet, there 
are those still wishing to impeach all research 
results in preference of their favorite “flavor-of- 
the-month” appliances, including clear aligners, 
as though they offer some new twist on an old 
tale. This is almost as absurd as the occasional 
resurrection of the defrocked Functional Matrix 
Hypothesis of “spaces (e.g., airway) growing 
faces” [71].

Meanwhile, two other major modes of treat-
ments besides elastics and functionals have also 
been used throughout our history for Class II, 
namely: the headgear [72] and molar distaliza-
tion. The headgear has been one of the most suc-
cessful and time-tested, evidence-based devices, 
yet has fallen out of favor in the past 40 years due 
to a rise in methods not as dependent upon com-
pliance for success (e.g., distalizers, functionals). 
Although elastics, functionals, and headgears 
also might reasonably be considered “molar dis-
talizers,” [52] they are not typically given that 
appellation.

In fact, in today’s “airway friendly” environ-
ment, where any treatment that might include any 
hint of “backward-pushing” is considered an 
anathema that could induce temporomandibular 
dysfunction or worse yet, sleep apnea (where it 
has been proposed that folks just might be more 
likely to expire as a result of  their use) [73]. 
Curiously, product names and said properties 
have even been changed to project an air of 
virtue- signaling innocence, even though the max-
illary distal-pulling or pushing mechanisms 
remain the same (Carriere with Class II elastics, 
headgear, functionals, distalizers, premolar 
extractions).

It also seems disingenuous that when a 
backwards- push on either upper (or even lower 
teeth in Class IIIs) is involved as an adjunct to 
wearing clear aligners, there’s not even a peep of 
apoplexy for that specter of inducing premature 
death from apnea. It must seem odd to the dis-
cerning skeptic that attempting to pull forward on 
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the maxilla in the pre-adult Class III population 
often yields much the same results as pushing on 
the lower teeth with elastics and bonded bars; but 
in some circles, one is verboten and the other is 
championed. How is the conscientious and 
evidence- based clinician to square all these per-
plexing conundrums? What is a  discriminating 
orthodontist to do?

6.7  How Can We Know What 
Works and How?

Considering the various ideas still perpetually 
recycling out there: Who do we trust? How do we 
know? Is there a market for evidence? Perhaps, 
more importantly, will the patients ever know? 
Lysle Johnston [74] has opined, “There’s a real 
market for straight teeth, but not for straight 
thought.” In other words, what is the value of the 
work-product of the academic if the results are so 
quickly ignored when they might not square with 
what you do in your own practice, or that of your 
favorite guru?

If one wishes to determine the difference in 
results from various methods of correcting 
Class IIs, the first critical discriminator is 
whether the selection of samples to evaluate are 
from pre- adults OR “non-growers” to offer a 
fair playing field. Since nearly any method or 
mechanism that has been introduced in the past 
100 years to correct Class IIs has proven a mod-
icum of success [75], perhaps then some tacit 
stipulation could be agreed upon. Unfortunately, 
there have been strongly held “beliefs” that 
there must be a difference in the results from 
the use of fixed and removable functional appli-
ances in contrast to other options. In other 
words, pushing and holding the mandible in a 
protracted position has been thought to some-
how create accentuated horizontal growth—or 
“mandibular enhancement [76].” It certainly 
often seems that our treatment choices may 
have more to do with clinical utility or profit-
ability than optimal patient care (i.e., what’s 
easy, popular, and pays the bills?) when it 
seems even easier  to be dismissive of oppos-
ing evidence [75].

6.8  Class II Correction: A Battle 
with Compliance 
and Anchorage Loss

It is readily apparent that fixed and removable 
functional appliances have a long history of suc-
cess in correcting Class IIs, but not without docu-
mented side-effects and missteps along the path. 
Originally thought to stimulate mandibular 
growth, then turning to a “headgear effect,” “con-
dylar remodeling,” and even now, in a twist of 
fate, maxillary distalization has been used to 
explain how they work [52]. Unfortunately, none 
of these descriptions seem to adequately provide 
the complete answer. Examining contemporary 
Class II treatments and their favorability seems to 
hinge upon an ongoing clinical battle between 
patient compliance with treatment along with 
some level of resulting iatrogenic anchorage loss 
attending each method (i.e., there is no free 
lunch).

As patient cooperation seems to have signifi-
cantly diminished starting in about the  1970s 
with reticence in wearing headgears, elastics, and 
removable devices, orthodontists were perplexed 
by their patients shunning the mechanisms cru-
cial for fixing their bites. This led to the resurrec-
tion of the Herbst appliance, followed by a 
hundred offshoots; all intending to hold the man-
dible in a protracted position, much like remov-
able functional devices. The one key difference: 
these fixed devices were not dependent on patient 
adherence to wearing a chunk or two of plastic. 
However, with all mechanisms applying any 
direct or reciprocal force on the lower dentition, 
they caused untoward flaring, tipping, or labial 
movement of the lower anterior teeth (also char-
acterized as “anchorage loss”) [62–65]. Besides 
negative changes in the lower lip, the amount of 
Class II correction possible can be compromised 
as labial tipping of lower incisors closes the 
“gap” of overjet; perhaps ahead of any change 
coming through mandibular development (via 
interruption of the compensation mechanism): 
robbing Peter to pay Paul.

Long before the advent of skeletal anchorage 
in orthodontics, the issue of anchorage was 
always in hot debate. The predictability of tooth 
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movement was subject to innumerable schemes 
to control it [77]. “Ganging-up” big molars, bun-
dled together with braces against other teeth, tip-
ping them way back to “prepare” anchorage, 
elaborate frameworks across the palate, tipping 
auxiliaries, combinations of devices [40, 41], and 
adding headgears and elastics to shore-up sup-
port are just some examples.

If, however, some compressed spring-type 
mechanism were added to move molars, there is 
a price to pay: anchorage loss due to the typical 
reciprocal force on the anterior teeth. In that his-
toric milieu of spring-loaded mechanisms, there 
was the thought that if the molars were simply 
moved posteriorly first (in contrast to distal max-
illary en masse movement) [33, 38, 39], then 
maybe the cost of anchorage loss in the anterior 
would be less; hence, the idea of molar distaliza-
tion was born. While reducing reliance upon 
patient cooperation, distalization unfortunately 
can still suffer from anchorage loss. The probable 
solution (for either lower or upper flaring) 
appeared in the form of skeletal anchorage sup-
port, primarily with plates or miniscrews [77–90]. 
As Watson [91] astutely recognized in 2006, the 
real key to Class II distalization is not the fact 
that the molars are moved back or even to what 
degree, but rather, what happens afterward (i.e., 
retraction of the remaining maxillary teeth, the 

effects of interrupting compensation, maintain-
ing the new, distal molar position, finishing the 
occlusion, etc.) [92, 93].

Ah, but wait, detractors opined that you are 
addressing the wrong arch with mechanisms 
focused on the maxilla! After all, isn’t Class II a 
disease of small mandibles? Might it not be 
important to know what also happens to the man-
dible during treatments featuring maxillary dis-
talization in pre-adults and how that might 
compare to other Class II treatment methods con-
sidered to be “mandible-friendly?”

6.9  Mandibular Response. What 
Gives?

Entering the discussion of the contribution of 
mandibular response during different treatments, 
it would be quite useful to review Lysle Johnston’s 
Pitchfork Cephalometric Analysis [94] (Fig. 6.2). 
This is a “cost accounting” method to evaluate 
the contributions of orthodontic and skeletal 
components to correction, based on cephalomet-
ric superimpositions on the “functional occlusal 
plane” (i.e., where the “action is” in orthodontic 
correction). With this method, the effects of 
growth, molar movement, incisor changes, 
“headgear effect on the maxilla” and mandibular 

Fig. 6.2 Lysle 
E. Johnston’s Pitchfork 
Analysis [94] is a “cost 
accounting” technique to 
determine the skeletal 
and dental contributions 
for Class II correction
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response during treatment can be delineated: “an 
algebraic sum of facial skeletal growth and tooth 
movement relative to basal bone” [94].

So as a primer, we have adapted a selection of 
studies on a variety of functional appliances, sim-
ply assessing the “mandibular response” mea-
sured for each (Fig.  6.3) [54–61]. It appears in 
this group, the largest amount measured was 
4.7  mm for a sample of 30 patients who were 
treated for 32 months [54]. The most important 

caveat was that these were “cherry-picked” as 
those patients that demonstrated the most “favor-
able treatment response” with the Activator appli-
ance. Interestingly enough, Livieratos and 
Johnston [68] (Fig. 6.4) found the same mandibu-
lar response for a sample of 40 treated for 
24 months with a Bionator followed by Edgewise 
appliances. Even more curious was the 4.2 mm of 
mandibular response reported by Phaerukkakit 
[95] for a group of 50 Class IIs treated for 

Fig. 6.3 The 
contribution of 
mandibular response to a 
variety of Class II 
corrections [54–61]

Fig. 6.4 Comparing the 
mandibular response 
from functional and 
braces, extraction and 
braces, and no treatment 
at all [68]. It appears 
that Class II treatments 
might offer only 1.6 mm 
of added “mandibular 
response”
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24 months with Edgewise appliances employing 
the “dreaded” extraction of four dental units and 
no functionals. So, there’s a half millimeter dif-
ference in mandibular response between the best 
in functionals and removing teeth in standard 
braces Class II treatment?

Now, wait just a second! The mandible has 
been growing along with all these different treat-
ments, but how much would it have grown with-
out any intervention at all? Donaghey [96] 
evaluated a sample of 31 Class IIs, also over a 
24-month period, but they were untreated. The 
amount of unfettered normal mandibular response 
was an uncanny 3.1 mm (Fig. 6.4). It would seem 
quite apparent and logical to conclude the orth-
odontic Class II treatments may at best offer 
only  about 1.6  mm of additional mandibular 
response compared to doing no treatment.

Growth Does What It Does While Working in the 
Background—Lysle E. Johnston, Jr.

6.10  How Does Molar 
Distalization Compare 
with Other Methods?

At the outset of this discussion, it is important to 
note that the author once had a financial interest 
in a distalization gadget over a decade ago, but no 

longer and, in fact, has utilized in practice, every 
mechanism described in this chapter.

As both distalization and functional appli-
ances gained popularity to reduce reliance upon 
patient compliance, both suffered from side 
effects of anchorage loss seen in the anterior den-
tition. Likely that the enquiring clinician might 
find it useful to determine if both methods’ final 
effects are different. This question was answered 
by Burkhart, McNamara, and Baccetti [76] in 
2003 in an investigation comparing the effects of 
molar distalization versus “mandibular enhance-
ment” (this term, used in their article, appeared to 
signal  that the authors anticipated a “special 
effect” might occur in treatment addressing the 
lower jaw). Specifically, they evaluated three 
Class II samples: 30 Steel Crown Herbst, 30 
Acrylic Herbst, and 30 Pendulum patients 
(Fig.  6.5). Total treatment times were within 
4 months of each other, and these patients were 
treated by recognized clinical experts with these 
devices. The most intriguing result was the noted 
mandibular response contribution for each 
approach. The Herbst/Edgewise patients experi-
enced 28  months of treatment with 3.7  mm of 
mandibular response while the Pendulum/
Edgewise sample resulted in 3.1  mm in 
32 months. Although there were different treat-
ment mechanisms, addressing different jaws, the 

Fig. 6.5 Burkhardt, 
McNamara, and Baccetti 
[76] reported that there 
was only 0.6 mm more 
mandibular response 
from patients treated 
with the Herbst 
compared to the 
Pendulum. Different 
Jaws, Similar Results
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Fig. 6.6 Baumgartner 
[85] measured 3.6 mm 
of mandibular response 
with the Distal Jet, only 
0.5 mm more than 
Burkhardt et al. [76] 
found with the 
Pendulum and curiously, 
nearly the same amount 
as the Herbst. 
Addressing Different 
Jaws, Similar Results

results were quite similar. Push the mandible for-
ward or maxillary teeth posteriorly, simi-
lar  deal—give or take 0.6  mm in mandibular 
response. Same Thing, Only Different?

In 2012, Baumgartner [85] (Fig.  6.6) evalu-
ated the results from a different molar distalizer 
(Distal Jet) with a sample of 27 treated in 
30  months. Remarkably, this sample exhibited 
3.6 mm of mandibular response—nearly identi-
cal to the previously evaluated Herbst samples. 
Look, even if we consider Class II might be due 
to “small mandibles,” jacking them forward 
doesn’t appear to produce any different result 
than by leaning on maxillary teeth.

In a subsequent study by Mellion [89], a group 
of 63 patients was treated with an alternative 
fixed functional (i.e., Forsus) for 28  months, 
yielding 3.4 mm of mandibular response; just a 
bit less (0.3  mm) than the Herbst noted previ-
ously. This sample was also compared with a col-
lection of 47 patients treated with a 
miniscrew-supported version of the Distal Jet 
(Horseshoe Jet). The intent of  adding skeletal 
anchorage was to eliminate any anterior anchor-
age loss during distalization. The results in 
30 months with the Horseshoe Jet were 2.0 mm 
of mandibular response. It is surmised that the 
miniscrew support reduced maxillary incisor 
flaring; thereby, producing a bit more molar 
distalization, and consequently, less mandibular 
change was needed to correct to a Class I occlu-
sion. The difference between the two approaches 
was only 1.4 mm more for the mandible pushing; 
once again about the same as noted previously in 
other studies.

6.11  Can We Draw Conclusions?

Might we conclude that all types of Class II treat-
ments for pre-adults (including most of those dis-
cussed within  the pages of this tome) likely 
produce no more than about 1.6 mm of additional 
“mandibular enhancement” when compared 
to  applying no treatment at all? Many decades 
ago, a cigarette company advertised that their 
product had a unique 101 mm length: “Well, it’s 
one better. A silly millimeter longer.” Therefore, 
Class II correction is mostly about interrupting 
dentoalveolar compensation, whatever the mech-
anism used—with a silly millimeter or so longer 
“mandibular enhancement” if you shove on the 
mandible. Wonder how that works out for those 
claiming to be able to “develop the maxilla” even 
further forward with plastic devices and then, 
somehow “growing” the mandible out to meet it 
(i.e., absurdly named “orthotropics”)?

A little inaccuracy saves a world of 
explanation.—C.E. Ayres

Johnston [42] reported, “Lager (1967) was the 
first to propose a version of this argument when 
he argued that functional appliances serve as bite 
planes that would allow the normal pattern of 
facial growth to change the occlusion by prevent-
ing maxillary dentoalveolar compensation.” In 
2022, workers at the Bauru Dental School 
Department of Orthodontics in Brazil concluded 
[52], “The Forsus and MARA associated    with 
fixed appliances, effectively corrected the Class 
II malocclusion, mostly using  dentoalveolar 
changes and maxillary growth restriction.” It has 
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become curiouser and curiouser that after nearly 
a century of pushing on mandibles that the focus 
has now turned to the other arch.

It would seem then that the selection of a treat-
ment method (e.g., headgear, elastics, functional, 
distalizer, en masse retraction; extractions or not) 
appears, on average, to be a practice management 
issue, not a biological one. In the battle with com-
pliance and anchorage loss, one must determine 
the arch where you can afford to lose anchorage: 
upper or lower, or NOT! Since “mandibular 
enhancement” contributes minimally res ipsa 
loquitur, Tsourakis and Johnston [97] concluded, 
“The ‘take-home’ message is simple: from the 
standpoint of prevention and correction of Class 
II malocclusion, the maxilla is the right jaw.”
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7Fixed Appliance Treatment 
in the Management of Class II 
Malocclusion

Sercan Akyalcin

7.1  Introduction

The anteroposterior discrepancy between the 
maxillary and mandibular arches that leads to a 
Class II malocclusion should typically be 
addressed during the active growth period. Since 
more than two-thirds of Class II malocclusions 
originate from mandibular deficiency, growth 
plays an integral part in managing the problem. 
However, most treatment changes are of dentoal-
veolar origin, even with growth modification pro-
tocols, and require clinically significant tooth 
movement.

The extent of tooth movement observed to 
achieve Class II correction is usually a combina-
tion of maxillary teeth moving backward and 
mandibular teeth moving forward. While the 
anteroposterior limits of the dentition will signifi-
cantly affect how much correction can realisti-
cally be achieved, vertical control and eruption 
changes are equally important to account for at 
the beginning of treatment. During average 
growth and development, the estimated annual 
eruption rate of maxillary and mandibular first 
molars is 1.2 mm and 0.9 mm, respectively; with 
the molars also erupting mesially at about 0.5 mm 
per year [1]. Throughout orthodontic treatment, 
which usually lasts about 2 years, these numbers 

can dramatically impact on treatment, especially 
if absolute anchorage is employed with mini- 
screws. Limiting vertical eruption of the maxil-
lary molars and perhaps both maxillary and 
mandibular molars when 2–2.5  mm annual 
changes are expected in vertical development of 
the posterior ramus and mandibular condyle 
would inevitably result in mandibular autorota-
tion and Class II correction. While this may be a 
fair strategy to follow in individuals with a steep 
mandibular plane angle, low angle cases or for-
ward rotators may not benefit from limiting the 
amount of vertical eruption of teeth.

A better protocol for individuals with upward 
mandibular rotation is to optimize the dentition’s 
anteroposterior movement within the jaws’ phys-
ical confines. From a clinical treatment planning 
approach, the mandibular symphysis’s buccal 
and lingual cortical plates define the limits of 
orthodontic tooth movement that can rationally 
be expected. Since the cortical plates provide a 
physical boundary for tooth movement that can-
not be exceeded without expecting deleterious 
effects, they were defined as “orthodontic walls” 
[2]. Based on traditional orthodontic training and 
classic cephalometric studies [3–5], definitive 
position and angulation of the mandibular incisor 
within the symphysis is regarded as a key to diag-
nosis, treatment planning, long-term stability, 
and esthetics. It has been argued that exceeding a 
2  mm advancement in the mandibular incisors 
creates potential stability concerns due to 
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increased pressure from the lips and also, peri-
odontal limitations [6]. Keeping mandibular inci-
sors upright is an important element when 
considering treatment planning and has been 
regarded as a diagnostic guide for many clini-
cians. However, it should be noted that modern 
orthodontic treatment philosophies consider 
maxillary incisor position as the main reference 
for achieving harmonious profile and smile 
esthetics [7–10]. In this sense, mandibular arch 
and final position of the mandibular incisors 
remain a primary element from the perspective of 
diagnosis and stability [11].

Considering backward movement of the max-
illary teeth, if no extractions are planned, the 
maxillary tuberosity area and how much space 
exists in this area will determine the success of 
this treatment approach. Secondly, appliance 
choice is critical. Extraoral appliances are practi-
cal for distalizing teeth, but they are not favored 
in contemporary practice as many patients reject 
using them. There are now many intraoral distal-
ization appliances and techniques. However, 
anchorage loss, such as excessive maxillary inci-
sor proclination and other side effects, including 
but not limited to excessive distal tipping of the 
molars and bite opening, are significant concerns 
associated with their use [12]. The most efficient 
way to distalize teeth is to use absolute anchorage 
via the palate or the zygomatic process.

Another approach for Class II correction is to 
move the teeth differentially in the maxillary and 
mandibular arches via tooth extraction spaces. 
Extracting premolars can be helpful in eliminat-
ing arch discrepancies such as the curve of Spee, 
crowding, midline issues, and optimizing the 
incisor positions. In Class II correction, it is 
essential to determine how much of the space 
will be used for the dental discrepancy as opposed 
to the differential tooth movement required for 
anteroposterior correction. As indicated before, 
change in the maxillary incisor position is of tre-
mendous importance for providing optimum 
esthetics. The timing of extractions is also an 
essential consideration because taking out teeth 
early for retracting the maxillary incisors might 
potentially limit the changes in the mandibular 
position from growth. There are many different 

extraction schemes that could help with camou-
flaging Class II cases. It could be a combination 
of four premolars, maxillary premolars only, 
maxillary premolars, and a lower incisor and 
maxillary second molars to facilitate the distal 
movement of the maxillary arch. Careful plan-
ning and utilizing appropriate treatment mechan-
ics are essential from facial balance, long-term 
stability, and periodontal health perspectives.

The following sections in this chapter are 
intended to elaborate on the fixed appliance treat-
ment mechanics for Class II correction within the 
scope of current evidence and clinical 
limitations.

7.2  Non-extraction Treatment 
Mechanics

Comprehensive fixed appliance therapy for the 
correction of Class II malocclusion requires ade-
quate space in the dental arches for differential 
movement of maxillary and mandibular teeth. 
Figure  7.1 demonstrates a perfect example of 
consolidating existing spaces for anteroposterior 
correction. This is a case where torque control 
on the mandibular incisors should also assist 
with molar correction. When uprighting the 
mandibular incisors via the utilization of exist-
ing spaces, the addition of positive torque or flip-
ping the (−) torque incisor brackets upside down 
should add more demand to the posterior anchor-
age. Space closure with chain elastics will 
upright the incisor crowns and because of the 
additional resistance from the lingually torquing 
roots posterior teeth will move forward a lot eas-
ier. This is a particularly important concept when 
the mesial movement of the posterior teeth could 
contribute to the Class II correction. Having suf-
ficient space is a critical issue unless the treat-
ment is provided following or during a growth 
modification protocol. In that case, the remain-
ing growth of the individual determines the fea-
sibility of the case for the non-extraction 
protocol. As a practical rule, a Class II case with 
a full-step molar relationship and limited growth 
potential is not an ideal candidate for non-extrac-
tion therapy.
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Fig. 7.1 Before and after records of a 12-year-old female 
patient with bilateral end-on Class II molar relationships. 
The treatment protocol included 0.022″-slot MBT appli-
ances, Class II elastics, and space consolidation via 
power-chain elastics. Utilizing (+) torque in the mandibu-
lar incisor area helps increase the uprighting efforts with 
power-chain elastics because this type of labial retraction 
force (red arrow) would normally create a lingual tipping 
effect on the mandibular incisors. But when rectangular 

wires interact with the bracket slots, the resulting clock-
wise moment (red arrow) would prevent the labial tipping 
of the roots and create an additional demand on the poste-
rior anchorage (blue arrow) that makes the Class II 
mechanics more efficient. Post-treatment radiographic 
image displays the uprighting of the mandibular incisors 
within the mandibular symphysis and mesial movement 
of the posterior teeth in relation to the developing third 
molar germs

7.2.1  Protraction of Mandibular 
Teeth

If Class II correction is achieved via appliances 
such as functional appliances or Class II 
 correctors and elastics, the goal of the fixed appli-
ance therapy would be to maintain the correction 
and to correct the position of the teeth after they 
were exposed to some possible side effects. For 
instance, following removable or fixed-functional 
treatment the mandibular incisors are most likely 
inclined forward because of the mesially directed 
pressure from the appliance. Figure 7.2 demon-
strates a 12-year-old male treated initially with a 
twin-block appliance for 11  months and was 
immediately bonded with fixed appliances. 
Please note that the mandibular incisor position 

was kept virtually stable. Among the strategies to 
maintain the mandibular incisor inclination in 
this case are:

 – Case selection (late mixed dentition/early per-
manent dentition/good grower).

 – Capping the mandibular incisors with acrylic 
during the twin-block use.

 – Patient compliance with the appliance and no 
heavy reliance on Class II elastics during 
fixed-appliance therapy.

 – Bonding the case with −6 ° (negative) torque 
brackets in the mandibular incisors.

 – Interproximal enamel reduction (IPR) and 
subsequent uprighting with rectangular wires 
in place with bend-backs and power-chain 
space closure.
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Fig. 7.2 Before and after records of a 12-year-old male 
patient who is about to experience peak height velocity. 
The patient was treated with a twin-block appliance ini-
tially and was bonded with 0.022″-slot MBT appliances. 

Incisor mandibular plane angle remained virtually the 
same (T1: 99  ° T2: 98  °) using the clinical strategies 
defined above

There is no point in utilizing a growth modifi-
cation appliance in cases where the growth is 
almost complete. Using Class II elastics or Class 
II correctors in the permanent dentition in con-
junction with fixed appliance therapy is more 
logical. A study comparing Class II intermaxil-
lary elastics with Forsus FRD concluded that the 
two treatment alternatives are interchangeable 
[13]. In general terms, Forsus FRD is a good sub-
stitute for Class II elastics, especially for non-
compliant patients. However, it may be essential 
to note that the Forsus FRD may bring about 
more mandibular incisor proclination compared 
to the Class II elastics [13].

In general, maxillary and mandibular molars 
erupt vertically in patients treated with Class II 
elastics and Class II correctors, and mandibular 
incisors are proclined. However, with Class II 
mechanics, a more considerable portion of the 
molar correction is likely due to increased apical 
base growth for patients within their peak growth 
period instead of those in the post-peak group 

[14]. This observation does not mean that changes 
captured by rapid growth would continue to be 
relevant upon long-term follow-up. Indeed, dur-
ing the detailing/finishing stage, there were no 
significant differences between pre-peak and 
post-peak patients treated with Forsus FRD [14]. 
It is also important to note that Class II correctors 
are not designed to work as “rigid functional” 
appliances because they are comprised of springs 
that increase the elasticity of the force applica-
tion. Not surprisingly, the increase in mandibular 
length in growing children has differing ranges 
for Class II correctors (1.3–3.7 mm) and remov-
able functional appliances (3.7–6.6  mm). 
However, there is no sufficient evidence to dif-
ferentiate between fixed and removable appli-
ances in the long term when looking at skeletal, 
dental, and patient-reported outcomes [15].

When there is minimal or no growth remain-
ing, the entire mandibular arch may have to be 
protracted with Class II correctors. The addition 
of negative (−) torque should be helpful if the 
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mandibular symphysis would allow the labial 
movement of the roots. However, the width of the 
symphysis is a critical issue and should be care-
fully evaluated. Suppose the posttreatment posi-
tion of the mandibular incisors would not 
compromise the bone support around the man-
dibular incisors. In that case, the forward move-
ment of the incisors could be kept under the 
physiologically defined limits, and the resultant 
treatment outcomes might be deemed reasonable. 
In patients with limited remaining growth, mesial 
movement of the mandibular incisors is inevita-
ble. However, clinicians should do their best to 
keep this effect to a minimum (Fig. 7.3).

When utilizing Class II correctors or elastics, 
the significant factors to control are vertical erup-
tion of the posterior and excessive mesial inclina-
tion of the mandibular incisor teeth. Figure 7.4 
demonstrates the adverse effects of Class II elas-

tics clinically. Remaining growth is an essential 
element of success considering the vertical 
effects. While posterior extrusion of posterior 
teeth via Class II elastic traction may help open 
the bite and level the curve of Spee in deep-bite 
cases, the absence of remaining growth could 
complicate the situation as the mandible would 
inevitably rotate backward and downward 
(Fig. 7.5). Backward rotation of the mandible is 
counterproductive and is not helpful with the sag-
ittal correction. Long-term use of Class II elastics 
(exceeding 3–4  months) is not recommended. 
Vertical control plays a more influential role in 
correcting the molar relationship in high-angle 
patients. Extrusive mechanics should be avoided 
at all costs.

Torque expression in straight-wire appliances 
with orthodontic wires is critical before installing 
Class II correctors to prevent excessive tipping of 

Fig. 7.3 The 14-year-old female patient demonstrated in 
this compilation presented with bilateral end-on Class II 
molar relationship. The patient was treated with expan-
sion in the maxillary arch and a Class II corrector with 
0.022-slot MBT appliances. In cases with limited/no 
growth, forward movement of the incisors is inevitable. 
However, the clinician should minimize this effect. In this 

case, a combination of −6 ° torque brackets and IPR was 
used, and the mandibular incisor proclination was limited 
to a 1 mm (2 °) change in the incisor mandibular plane 
angle. Please note that the width of the mandibular sym-
physis and the presence of available bone surrounding the 
incisors following the treatment make these cases feasible 
to treat with Class II correctors
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Fig. 7.4 A 13-year-old girl presenting with bilateral end-
 on Class II and 4.5 mm overjet is treated with full-bonding 
of the mandibular arch (0.018″-slot pure edgewise appli-
ances), Carriere® Motion™ appliance and Class II elas-
tics. ¼″ medium to heavy (4–6 ounces) Class II elastics 
were used once the lower arch was stabilized with a 
0.017 × 0.025-in. SS arch wire with negative torque bend 

added in the incisor region. Even though Class I molar and 
canine relationships were achieved after 4  months of 
Class II elastic use, extrusion of posterior teeth and procli-
nation of the mandibular incisors caused opening of the 
bite. Case was finished with interproximal enamel reduc-
tion, space consolidation, vertical seating elastics and 
detailing bends

the mandibular incisors. Ideally, full-size wires, 
such as 0.019 × 0.025-inch (in.) or 0.021 × 0.025- 
in. stainless steel (SS) in a 0.022-in. slot or 
0.017 × 0.02-in. SS in an 0.018-in. bracket slot 
are recommended for full control and dimen-
sional stability. Besides adequate torque control, 
interproximal enamel reduction and other clinical 
measures such as adding temporary anchorage 
devices to limit the anterior expansion of incisors 
in the mandible are beneficial for success. Several 
attempts have been made to prevent excessive 
proclination of mandibular incisors and increase 
the skeletal response by adding mini-screws [16, 
17] and mini plates [18] in clinical trials with 
Class II correctors. However, as outlined in a sys-
tematic review and meta-analysis, adding tempo-
rary anchorage devices (TADs) to Class II 

correctors is not effective in increasing the sagit-
tal skeletal response to treatment. However, uti-
lizing TADs is conceivably a good clinical 
measure to prevent the excessive tipping of the 
mandibular incisors [19].

There are several ways to incorporate TADs in 
the treatment mechanics. Figure 7.6 demonstrates 
a patient with an end-on Class II molar relation-
ship treated with a combination of Class II elas-
tics, Carriere® Motion™ appliance, and full-fixed 
appliances anchored by mini-screws between the 
first and second molars in the mandibular arch. 
Figure  7.7 shows another Class II patient with 
increased mandibular divergence and vertical 
overlap of the incisors with no contact treated 
with Class II elastics, Carriere® Motion™ appli-
ance, and a lower lingual holding arch anchored 

S. Akyalcin



103

by mini-screws. In both cases, the overjet was 
limited, and there was not much room for man-
dibular incisor proclination. The addition of 
mini-screws proved helpful with mandibular 
incisor inclination and vertical management. As a 
result, the maxillary teeth were distalized and 
spaces opened in the maxillary anterior region. 
When contrasting these changes to the patient in 

Fig. 7.4, it is clear that TADs virtually managed 
the initial overjet and overbite better. Management 
of incisors and the bite is an excellent clinical 
feature during the retraction phase because the 
incisors would not be coupling prematurely due 
to the excessive tip.

Class II correctors and elastics work effi-
ciently in Class II subdivision cases as well. It 
was reported that it took a significantly shorter 
treatment time with Forsus FRD than Class II 
elastics [20]. Extrusion and palatal tipping of 
maxillary incisors and clockwise rotation of the 
occlusal plane were some of the side effects in 
the elastics group that were not observed with the 
Forsus FRD. Figure 7.8 demonstrates the treat-
ment of a 12-year-old female patient presenting 
with deep-bite and a full-step Class II molar rela-
tionship on the left and a Class I molar relation-
ship on the right. The upper midline is on with 
the facial midline, and the lower midline has 
deviated about 3  mm to the patient’s left. The 
treatment involved expanding the maxillary arch 
with a Haas-type expander with thickened acrylic 
in the anterior maxillary area serving as an ante-
rior bite plane. The appliance was used for 5 mm 
arch expansion and held in place for 6 months to 
facilitate the leveling of the curve of Spee. After 
carefully assessing the remaining growth poten-
tial of the patient, bilateral Forsus FRD appli-
ances were installed after the placement of 
0.019 × 0.02-in. SS wires in both arches. No acti-
vations were planned for the right side. However, 
the left side was activated incrementally to cor-
rect the molar relationship and the midline. 
Selective interproximal enamel reduction was 
utilized to achieve asymmetric tooth movement.

Fig. 7.5 In non-growing individuals and in cases where 
molar extrusion and vertical alveolar development are not 
adequately compensated by condylar and ramus growth, 
use of Class II elastics rotates the mandible backward. 
This treatment effect is particularly unacceptable for high- 
angle patients and jeopardizes the progress in anteroposte-
rior correction

Fig. 7.6 The mandibular arch was stabilized with 
0.017 × 0.025-in. SS wires in 0.018-in. edgewise brackets. 
Mini-screws were placed distal to the first molars to 

anchor the mandibular arch. ¼-in. medium to heavy Class 
II elastics was used between the mandibular arch and the 
Class II corrector

7 Fixed Appliance Treatment in the Management of Class II Malocclusion



104

Fig. 7.8 A 12-year-old female presenting with a Class II 
subdivision was treated with asymmetric activation of the 
Forsus FRD appliance. The photographs represent the ini-

tial, post-expansion, installation of Forsus FRD, and the 
posttreatment outcome phases

Fig. 7.7 The mandibular arch was stabilized with a lower 
lingual holding arch. Mini-screws were placed distal to 
the first molars to anchor the mandibular arch and tied to 
the first molar bands with heavy steel ligatures. ¼-in. 
medium to heavy Class II elastics was used between the 

mandibular arch and the Class II corrector. Despite the 
lack of initial overjet and the open bite tendency, posterior 
maxillary teeth were distalized efficiently via the TAD- 
anchored Class II elastics

7.2.2  Distal Movement of Maxillary 
Teeth

Distal repositioning of the maxillary molars can 
create extra space to correct the Class II relation-
ship with headgear, intra-oral distalizing appli-
ances, and temporary anchorage devices. 
Headgear may be a simplistic approach in the 
mixed dentition to aid in restricting excess maxil-
lary growth and distalizing molars. The main 
advantages of headgear are the biomechanical 
versatility and the synchronous use with fixed 

appliances while allowing clinicians to make 
necessary adjustments during treatment. The sig-
nificant drawbacks of headgear are compliance, 
social issues, and safety. For example, suppose 
growth modification is not the primary objective 
of the treatment plan, and heavy orthopedic 
forces are not required to restrict the maxillary 
growth. In that case, maxillary molars can also be 
distalized by intra-oral appliances, which typi-
cally consist of heavy palatal arches, an acrylic 
pad in the anterior palate for anchorage, and 
spring attachments to the molars.
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There are many types of distalizing appliances 
in the literature. However, anchorage reinforce-
ment, mainly in the anterior palatal area, is insuf-
ficient to resist the reciprocal mesial force 
generated by the appliance. Typically, anchorage 
loss will appear in the form of maxillary incisor 
proclination and protrusion. Forward movement 
of maxillary teeth may be tolerated in patients 
with upright maxillary incisors. However, it is 
not desirable in patients with lip protrusion and 
increased overjet from an esthetic perspective. 
Furthermore, retracting the incisors into the 
spaces created by molar distalization will pro-
voke round tripping and additional demand on 
the posterior anchorage. Headgear or distaliza-
tion appliances also tip and rotate the maxillary 
molars backward and may cause the opening of 
the bite via unwanted extrusion if not adminis-
tered properly (Fig. 7.9). Lack of vertical growth 
during the Class II correction causes long-term 
stability concerns as bite-opening mechanics are 
prone to relapse and failure because of the 
musculature.

Another important aspect of molar distaliza-
tion to be discussed is the availability of space in 
the maxillary tuberosity area. After all, bodily 
distalization of posterior teeth may not be viable 
in individuals with lack of bone support in the 
posterior maxilla. From the growth and develop-
ment perspective, this is an area that shows bone 

apposition—a mechanism to facilitate the erup-
tion of posterior teeth. However, in non- 
developing patients the amount of bodily 
movement in the distal direction is questionable. 
It has been argued that without vertical growth 
and elongation of the maxillary teeth, it is diffi-
cult to achieve more than 2–3 mm of distalization 
[6]. Attempts were made to utilize TADs for dis-
talization. TADs could potentially increase the 
amount of distalization with no anchorage con-
cerns. However, space behind the molars contin-
ues to be a limitation with TAD-supported 
distalization techniques.

Considering that vertical management of the 
case does not create any immediate issues, cor-
recting the axial inclinations of the significantly 
tipped back molars could be a concern in the lack 
of space. The case demonstrated in Fig. 7.10 was 
treated with a TAD-supported Pendulum appli-
ance during the root development of the third 
molars. Successful distalization was achieved as 
expected since the effect of maxillary second and 
third molar eruption stage on molar distalization 
is minimal [21]. However, suppose third molars 
cannot be extracted to allow root uprighting—as 
was the case with the patient in Fig. 7.10. In that 
case, lack of leveling marginal ridges during 
fixed appliance therapy may take away from the 
clinical excellence regardless of the occlusal out-
come. For this reason, early removal of third 
molars is recommended in cases when second 
molars are fully erupted and need to be distalized 
as well. If significant distalization (4–6  mm) is 
targeted as part of the treatment, some clinicians 
also suggest removing the second molars and 
replacing them with the erupting third molars.

According to a meta-analysis [22] average 
molar distalization equals to 3.34 mm with con-
ventional anchorage and 5.10 mm with skeletal 
anchorage. Another systematic review and meta- 
analysis concluded that the conventional and 
skeletal anchorage devices were not significantly 
different in terms of the amount of molar distal-
ization/tipping [23]. In light of the current 
 evidence, we can conclude that both anchorage 
systems are effective. However, both reports [22, 
23] underlined the advantage of TADs for pre-
venting anchorage loss particularly when used as 

Fig. 7.9 Excessive distal tipping of the molars via head-
gear or distalization appliances is not ideal and should be 
carefully evaluated in patients with minimum growth 
potential
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Fig. 7.10 Pre- and post-treatment radiographs of a 
15-year-old female who was treated with a Pendulum 
appliance. Post-treatment radiographs demonstrate the 
residual distal tip in the posterior teeth after the fixed 

appliances were removed. Developing third molars usu-
ally complicate the uprighting of the roots in molar distal-
ization cases

direct anchorage. In terms of treatment timing, it 
was shown that correction of a half-to-full cusp 
Class II molar relationship with intraoral distal-
izers could be achieved in an average of 
8.3  months in another meta-analysis [24]. 
Furthermore, the time spent for distalization with 
skeletal vs. conventional anchorage was deemed 
practically identical.

From a biomechanical point of view, force 
application for distalization should be performed 
on the buccal aspect of the first molars. This is 
because maxillary first molar teeth usually have a 
mesial rotation in Class II malocclusion and 
should be de-rotated to gain more space for the 

bicuspids. Inserting mini-plates or longer infra- 
zygomatic screws above the roots may be accept-
able in some cases that require significant 
distalization. However, based on the available 
evidence from the literature demonstrating no 
significant differences between conventional and 
skeletal anchorage, it should be questioned 
whether “the means justify the ends” for these 
kinds of applications. There are also proponents 
of using the palate in molar distalization that 
offers more room for the insertion of TADs. 
However, keeping the orthodontic force on the 
buccal aspect of the first molars is more 
desirable.
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Fig. 7.11 Pre-treatment, progress, and post-treatment 
photos of a 12-year-old female that was treated with a 
mini-screw supported distalization protocol in conjunc-
tion with fixed appliances. The patient had good facial 
ratios with a normal mandibular divergence. Distalization 

was accomplished on 0.017 × 0.025-in. SS sectional wires 
via the first bicuspids anchored to the mini-screw. The 
same mini-screw was utilized to hold the maxillary first 
molars during incisor retraction and space closure

Figure 7.11 shows a sample case that illus-
trates the best of both worlds. A single mini- 
screw was placed 1  mm paramedian to the 
mid-palatal suture slightly distal to the third 
rugae (1.7  ×  8  mm, OrthoEasy, Forestadent, 
Pforzheim, Germany). A mini-screw-supported 
transpalatal arch (TPA) design was placed to hold 
the U4s in AP, transverse, and vertical planes. 
Maxillary posterior quadrants were then aligned 
to eventually accommodate a 0.017 × 0.025-in. 
SS archwire. Nickel-titanium (NiTi) open coil 
springs with 2 mm incremental activations were 
placed at each visit between the maxillary first 
premolars and first molars on each side. Bodily 
molar distalization was achieved in nearly 
6  months. Once distalization was complete, 
another TPA was designed from the same mini- 
screw to hold the maxillary first molars. The rest 
of the maxillary teeth were bonded, and maxil-
lary canine and premolars were retracted with 

maximum anchorage by sliding mechanics on 
0.020-in. SS archwire. Incisor retraction was car-
ried out by active tiebacks on 0.019 × 0.025-in. 
posted SS archwires.

Because of the limitations discussed in this 
section not every case should be treated with non- 
extraction protocols via skeletal or conventional 
anchorage. The following section details the 
value and role of extractions in Class II correc-
tion with modern fixed appliances.

7.3  Extraction-Based Treatment 
Mechanics

As briefly explained in the non-extraction treat-
ment section, there should be adequate space in 
dental arches for differential movement of maxil-
lary and mandibular teeth. The presence of space 
plays a vital role from the view of the physical 
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limitations of tooth movement. In addition, when 
considering a patient’s chief concerns, the ortho-
dontist should decide whether the upper lip is in 
a harmonious relationship with the rest of the 
face or not. In most Class II cases, upper lip posi-
tion does not seem to be a concern. And, if the 
upper lip position is esthetically pleasing, mini-
mum or no change should be planned for the 
maxillary incisors. However, protrusion of the 
maxilla and maxillary incisors should be evalu-
ated carefully. Orthopedic intervention with 
headgear or distalization may resolve the con-
cerns in some select cases.

Extractions may be necessary in some other 
cases (Fig. 7.12). It is essential to assess the verti-
cal characteristics of the patients as a hyperdiver-

gent skeletal profile may not be suitable for 
distalization or any other non-extraction option. 
Increased divergence of the mandible worsens 
the sagittal discrepancy as the mandible would 
rotate backward and downward. The limited evi-
dence in the literature shows that the apical base 
sagittal relationship may not be reduced with the 
non-extraction approach. But the two-maxillary 
and four-premolar extractions Class II treatments 
decrease the ANB angle by 1.8 and 2.5 °, respec-
tively [25]. In addition to the increased mandibu-
lar divergence, the patient in Fig. 7.12 also had an 
impacted maxillary right maxillary cuspid and 
mesially tipped second molars. Non-extraction 
treatment of such a patient with additional treat-
ment discrepancies and the increased overjet may 

Fig. 7.12 Pre-treatment, progress, and post-treatment 
photos of a 12-year-old female that was treated with max-
illary first bicuspid extractions. Maxillary bicuspid extrac-
tions versus distalization were preferred in this case due to 

additional treatment complexities such as increased man-
dibular divergence, impacted right cuspid, maxillary pos-
terior crowding in addition to increased overjet
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increase the skeletal divergence and affect the lip 
position negatively and therefore may cause an 
undesired protrusion of the upper lip profile. 
Some clinicians may choose to extract four bicus-
pids in these types of cases. According to a sys-
tematic review [26], when Class II patients with 
increased overjet are treated with premolar 
extractions, the nasolabial flattens because of 
incisor retraction. However, the lower lip retrac-
tion is less with the 2-maxillary premolar extrac-
tion protocol than with the four-premolar 
extraction protocol. Therefore, one can appreci-
ate that the case presented in Fig.  7.13 did not 
require any lower lip changes.

The position of the upper teeth also affects the 
lower lip esthetically. Figure 7.13 demonstrates a 
high-angle, skeletal Class II patient with pro-
clined maxillary incisors and increased overjet. 
Extractions of upper bicuspids and adequately 
managing the vertical plane improved the facial 
appearance of this patient. When extracting the 
first bicuspids and finishing in the Class II molar 
relationship, certain adjustments should be made 
to the maxillary first molars. In MBT prescrip-
tion, maxillary first molar bands or buccal tubes 
have a 10  ° distal offset. The addition of distal 
offset rotates the maxillary first molar in the 
transverse plane due to its rhomboidal morphol-

Fig. 7.13 Pre-treatment, progress, and post-treatment 
photos of a young adult female who presented with a 
high-angle skeletal Class II pattern. Maxillary incisor pro-
clination is causing a soft tissue profile concern including 

the lower lip position. Intrusion and vertical control with 
TADs and uprighting of the maxillary incisors were 
instrumental in achieving a balanced facial outcome
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ogy, which is analogous to the molar offset bend 
in the edgewise ideal wire. The first-degree 
adjustment is helpful for the achievement of 
proper overjet and Class I molar occlusion. 
However, when finishing in Class II molar rela-
tionship, the maxillary first molar occludes 
between the mandibular first molar and the sec-
ond premolar and may not need rotation control. 
Otherwise, there will be excess overjet in this 
section. A helpful pearl to counteract this clinical 
issue is replacing the upper first molar buccal 
tubes with the lower first molar buccal tubes with 
“zero” rotation. The mandibular right buccal tube 
should be flipped and placed on the maxillary left 
first molar, and the mandibular left buccal tube 
should be flipped and placed on the maxillary 
right first molar. The mandibular buccal tubes 
will produce a similar negative torque when 
flipped and placed on the maxillary arch, and the 
tip should not be an issue since none of these buc-
cal tubes have a built-in tip prescription.

Vertical management is imperative in high- 
angle skeletal Class II patients. And it is essential 
when dealing with patients with remaining verti-
cal growth. When considering the annual erup-
tion changes of posterior teeth, it may be good to 
hold the maxillary and mandibular molars in the 
vertical plane during the incisor retraction phase. 
Mini-screws aid with anteroposterior anchorage 
reinforcement. However, inserting mini-screws 
for the vertical management of hyperdivergent 
patients with remaining growth brings excellent 
clinical results (Fig.  7.14). According to 
Buschang et al. [1], the annual eruption rate of 
maxillary and mandibular first molars totals 
about 2  mm. Therefore, limiting the vertical 
eruption of maxillary and  mandibular molars 
during the vertical development of posterior 
ramus and mandibular condyle should be helpful 
with mandibular autorotation and Class II correc-
tion. However, it should be noted that without 
active intrusion or holding the posterior teeth 

Fig. 7.14 A 15-year-old male patient presenting with 
skeletal Class II, bimaxillary protrusion, and a hyperdiver-
gent mandible was treated with extraction of second 
bicuspids. A palatal mini-screw-supported palatal bar 

anchored the maxillary first molars for both A-P anchor-
age and vertical control. Two mini-screws were placed 
distal to the mandibular first molars for vertical control 
and to help with mandibular incisor retraction
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Fig. 7.15 A 14-year-old male patient presenting with 
Class II, maxillary incisor protrusion, and a flattened 
smile arc was treated with maxillary first and mandibular 
second bicuspid extractions via moderate anchorage. 

Extractions of mandibular second bicuspids were essen-
tial in achieving a Class I molar relationship and helping 
with space creation to retract the maxillary incisors for the 
smile arc development

during growth period, merely extracting teeth 
would not reduce or control the vertical dimen-
sion. It was shown that a four- premolar extrac-
tion treatment has no specific effect on the 
skeletal vertical dimension [27].

Ideal positioning of the maxillary incisor is 
essential from the profile perspective and for 
planning a better smile arc relationship. 
Figure 7.15 presents an 11-year-old male patient 
with a skeletal Class II patient with bilateral end-
 on molar relationships, proclined maxillary inci-
sors, and moderate crowding in the maxillary 
arch. His treatment included the extractions of 
maxillary first and mandibular second bicuspids 
with moderate anchorage in both arches. 
Improvement of the pretreatment flattened smile 
arc was possible upon retracting and relatively 
extruding the maxillary central incisors, which 
would not have been possible without extrac-
tions. Many clinicians are concerned about facial 
profile flattening in extraction cases. However, as 
we explained elsewhere [11], targeted tooth 
movement in carefully planned cases targeting 
the optimum positioning of the maxillary incisors 

would not compromise the facial esthetics and 
instead would improve the outcome. Interestingly, 
there seems to be no sound evidence from  clinical 
trials to discourage the choice of extraction or 
non-extraction treatment even in children with 
Class II Division 2 malocclusions [28].

7.4  Summary

In light of current evidence, there is no preformu-
lated way of treating Class II malocclusions with 
fixed appliances. Therefore, the clinician must 
thoroughly assess the individual case needs and 
adjust the mechanotherapy with the patient’s 
facial form and physiological requirements. 
Growth pattern, presence of available space, bone 
support, and the final positioning of the incisors 
seem to be the keywords in Class II correction. In 
addition, as we tried to describe in this chapter, 
fixed appliance therapy should be modified and 
supplemented adequately with adjunctive appli-
ances and methods to optimize tooth movement 
to manage Class II cases successfully.
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8Class II Correction with Clear 
Aligners

Eugene Chan and M. Ali Darendeliler

8.1  Introduction

Orthodontic Class II correction is complex due to 
its multifactorial cause and its different pheno-
typical expression. The skeletal and dental impli-
cations further complicate the diagnosis and 
hence, the treatment plans. Successful Class II 
correction could be age-related, which means 
early consultations and early identification of 
problems are of paramount importance. The 
knowledge of the growth potential and biology of 
dental movements influences the appliance of 
choice, design and staging patterns, and the need 
to incorporate auxiliaries such as TADs and elas-
tics, as well as the need for any interdisciplinary 
collaboration.

8.2  Age-Related Class II 
Planning

When children are treated orthodontically during 
a phase of active growth, there is an opportunity 
to harness growth to achieve correction of the dif-
ferential jaw growth and harmonize dental rela-

tionships [1–4]. Correction outside of such 
premise will mostly be dental in nature. For ado-
lescents or young adult patients with little or 
unfavourable future jaw and dento-alveolar 
growth, treatment is more likely to be either repo-
sitioning the teeth to camouflage the skeletal dis-
crepancy or, for the more severe and/or older 
patient, surgical correction. Even though the 
goals of these alternative treatment approaches 
may be the same, namely improved aesthetics 
and a stable functional pattern with long-term 
dental health, the timing of treatment, mechanics 
used, and direction of tooth movement are sub-
stantially different [5].

The Burlington growth studies [6] evaluated 
the various growth time points of growing male 
subjects and their related height growth, to 
growth of the sutures and condyles. They corre-
lated the parameters and noted a similar peak 
growth at approximately 14 years (Fig. 8.1a). It 
has also been reported that in comparison, girls 
mature and hit their peak growth approximately 
2 years before boys [7] (Fig. 8.1b). It would then 
be logical to be guided by these growth estimates 
when planning Class II-related treatment.
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Fig. 8.1 (a) Burlington growth studies looking at various growth time points of boys and related height growth to 
growth of sutures and condyles. (b) Peak height growth differences between boys and girls from 6 to 18 years old

8.3  Pre-adolescent Class II 
Correction

Early interceptive orthodontic treatment is usu-
ally indicated under several conditions. These 
conditions may commonly include supernumer-
ary teeth disrupting routine dental eruption, dis-
parity in jaw growth, the presence of 
parafunctional habits that may have disturbed the 
equilibrium of dental positioning, missing or the 
early loss of deciduous teeth leading to the loss of 
space, anterior and/or posterior crossbites that 
may hinder the symmetrical dento-alveolar 
development. Other indications may also include 
trauma, soft tissue abnormalities, variations in 
dental anatomy, obstructive sleep apnoea, or 
transpositioned teeth.

Traditionally, we associate orthodontic treat-
ment in pre-adolescence with removable or fixed 
expanders, used with the collaboration of fixed 
appliances where appropriate. The clinician 
never had the option to consider clear aligners as 
another treatment modality until recently. Clear 
aligner treatment in the pre-adolescent treatment 
has its own unique criteria.

The Invisalign First ™ appliance is typically 
indicated for the early mixed dentition ranging 
from the age of approximately 6–10  years old. 
However, it is reserved for cases where the per-

manent first molars have sufficiently erupted, and 
with at least 2 incisors that are at least two-thirds 
erupted. The case should also have at least 2 non- 
mobile primary teeth (C, D, or E), or a partially 
erupted permanent tooth (3, 4, or 5) per quadrant 
in at least 3 quadrants.

Successful phase 1 treatment usually takes 
between 12 and 18 months [8] and the primary 
dentition present needs to be firm enough 
throughout this duration in order to allow the 
clear aligners to have sufficient engagement of 
the dentition, to fully express their mechanics. 
The deciduous teeth C’s, D’s, and E’s exfoliate at 
approximately between 9 and 12  years old 
(Fig.  8.2). If active phase 1 treatment takes 
between 12 and 18  months, treatment needs to 
commence between the ages of 7.5 and 10.5 years 
old in order to prevent the exfoliation of these 
teeth during treatment. The key to perfect timing 
of treatment commencement is to ensure you 
consult the patient early. It is essential to examine 
a current OPG (ortho-pantomogram) radiograph 
carefully. The child grows very quickly and OPG 
radiographs should not be older than 3–6 months. 
If the child is not ready for an immediate treat-
ment start, place them on a periodic recall and 
review them again in approximately 3–6 months’ 
time to avoid missing the window of opportunity 
for treatment.
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Upper Teeth Erupt Shed

Central incisor 8-12 mos. 6-7 yrs.

Lateral incisor 9-13 mos. 7-8 yrs.

Cuspid (canine) 16-22 mos. 10-12 yrs.

First molar 13-19 mos. 9-11 yrs.

Second molar 25-33 mos. 10-12 yrs.

Lower Teeth Erupt Shed

Second molar 23-31 mos. 10-12 yrs.

First molar 14-18 mos. 9-11 yrs.

Cuspid (canine) 17-23 mos. 9-12 yrs.

Lateral incisor 10-16 mos. 7-8 yrs.

Central incisor 6-10 mos. 6-7 yrs.

Fig. 8.2 Estimated 
eruption and shedding 
timing of upper and 
lower deciduous 
dentition

One of the early contributors to a Class II mal-
occlusion is the loss of the maxillary “E” space 
during the mixed dentition phase. The early loss 
of the upper second deciduous molar, usually due 
to decay, encourages the distally placed first 
molar to drift mesially, tipping into the eruption 
space of the second premolar (Fig.  8.3a). The 
OPG radiograph shows the potential impaction 
of tooth #15 with the mesial tipping of tooth #16 
into the “E” space in quadrant one (Fig.  8.3b). 
Clear aligners using the Invisalign First ™ appli-
ance was used to regain the “E” space by distal-
izing the #16 (Fig. 8.3c).

Treatment in mixed dentition may be tricky. 
Often with multiple deciduous teeth previously 
exfoliated, and the succedaneous ones not, or 
insufficiently erupted, there might be insufficient 
anchorage to hold the aligners in place. During 
the process of ClinCheck treatment planning, 
ensure the placement of sufficient “attachments” 
on the dentition (Fig. 8.3d, e). The appliance can 
also be designed to support the use of Class II 
elastics. This is required to support the #16 distal-
ization, regaining the “E” space, as well as to 
retract the increased overjet.

Most early Class II correction may also require 
some dental arch expansion. This 8-year 
11-month-old Class II div 2 male patient pre-
sented with moderate degrees of dental crowd-

ing, a deep dental overbite, with rather constricted 
upper and lower dental archforms (Fig. 8.4a, b). 
The Invisalign First ™ appliance allowed simul-
taneous dental arch expansion (Fig. 8.4c), dental 
alignment, bite opening as well as sagittal correc-
tion. Computer-aided designed, optimized attach-
ments were placed on dentition that did not show 
signs of exfoliation. An eruption “compensator” 
or “tooth pontic” is designed over the erupting 
#44 to allow the natural eruption of the tooth. 
Interproximal dental spaces ranging up to 0.6 mm 
are designed mesial and distal to the upper and 
lower deciduous canines in order to accommo-
date the larger succedaneous permanent canines 
when they erupt through. “Precision cuts” 
allowed the use of Class II elastics clinically, and 
activated the sagittal correction as required 
(Fig.  8.4d). The clear aligners were changed 
weekly. Figure 8.4e shows the treatment progress 
after 31 weeks of active aligner wear. A progress 
OPG radiograph (Fig. 8.4f) was also taken at this 
stage when additional aligners were ordered with 
new intra-oral scans to determine our finishing 
movements. Figure 8.4g, h show the completed 
phase 1 treatment after 13 months of active clear 
aligner treatment with the Invisalign First ™ 
appliance. The three-dimensional correction has 
been evidently demonstrated. The dental arch 
expansion, overbite correction, sagittal change as 
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Fig. 8.3 (a) An 8-year-old male patient in mixed dentition 
was referred with regards to the early loss of #55 and mesial 
drifting of #16. (I) Maxillary view, (II) right buccal view 
show the increased dental overbite and overjet. (b) OPG 
radiograph of case showing the early loss of #55 and the 
mesial drifting of #16, and blocking the eruption of #15. (c) 

ClinCheck plans showing (I) pre-treatment, (II) predicted 
completion: maxillary occlusal view and (III) predicted 
completion: right buccal view. (d) Clinical images (I) to (VI) 
showing the regaining of the “E” space with molar distaliza-
tion, correction of the deep overbite and increased overjet. 
(e) OPG radiograph at the end of phase 1 treatment

a b
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e

Fig. 8.3 (continued)

Fig. 8.4 (a) 8-year 11-month-old Class II div 2 male 
patient presented with moderate degrees of dental crowd-
ing, a deep dental overbite, with constricted upper and 
lower dental archforms. (b) Pre-treatment (I) OPG and 
(II) lateral cephalogram. (c) ClinCheck plans showing (I) 
pre-treatment maxillary occlusal view, (II) superimposi-
tion with dental expansion, and (III) predicted comple-

tion. (d) ClinCheck plans showing attachment and 
precision cut designs. (e) Treatment progress after 
31  weeks of active aligner wear. (f) Progressive OPG 
taken at 31 weeks. (g) Completion of phase 1 treatment 
after 13 months of active treatment. (h) Completion OPG. 
(i) Comparison of before and after phase 1 treatment with 
Invisalign First™

a
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Fig. 8.4 (continued)
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well as the dental spatial arrangement within the 
arch were well achieved (Fig.  8.4i). Upper and 
lower fixed retainers, and an upper Hawley-type 
removable retainer to be worn at night were pre-
scribed to maintain the results of this phase 1 
treatment. The patient was subsequently be 
placed on a periodic review to be checked every 
3–6  months. The continued growth and dental 
development will be monitored until he transited 
into his full permanent dentition. The Hawley 
retainer may be trimmed and adjusted as required, 
as the remaining primary dentition exfoliates, 
and the permanent dentition erupts. Once the 
child has transited fully into the full permanent 
dentition, the clinician further assesses the case 
and determines if a phase 2 treatment will be 
required. Usually with successful phase 1 treat-
ment, phase 2 treatment will be less complicated 
and has a potentially shorter treatment duration. 
In some rare cases, phase 2 treatment may not be 
required.

8.4  Functional Therapy in Class II 
Correction

Conventional functional therapy treatment in 
orthodontics includes removable appliances such 
as a Frankel, bionator or twin block. They all 
have a common feature in which when activated, 
the patients have their mandible perpetually posi-
tioned forwards in an edge-to-edge incisor rela-
tionship. This prolonged postured position, in 

patients with favourable growth, has purported 
dento-alveolar changes contributing to Class II 
dental and skeletal corrections.

The mandibular advancement (MA) features 
in the Invisalign appliance (Fig. 8.5a, b) and the 
MA features in the Angelalign A6 appliance 
(Fig. 8.6a, b) adopt this similar philosophy and 
have demonstrated promising results.

8.4.1  MA with Invisalign

The patient was 9 years 11 months old at presen-
tation with a chief concern that “my front teeth 
stick out”. She was diagnosed as a Class II div 1 
dental malocclusion on a skeletal 2 base with a 
horizontal direction of growth (Fig.  8.7a). The 
ideal patient should be just about to hit their peak 
height growth [9, 10], this can be determined 
readily by studying the size of the third cervical 
vertebrae (CV3) in the lateral cephalometric 
radiograph (Fig. 8.7b) [11]. There was an upper 
median diastema, mild lower dental crowding, 
with an increased dental overjet of 8 mm, a deep 
dental overbite, with a recessive lower jaw.

The MA features in the Invisalign appliance 
and the Angelalign A6 appliance allow pre-MA 
phases whereby the clinician may choose to have 
certain dental movements prescribed prior to the 
mandibular advancement. These movements may 
include proclining the upper incisors of a Class II 
div 2 type malocclusion in order to allow the 
advancement of the lower jaw without the patient 

a b

Fig. 8.5 (a) Mandibular advancement feature with the Invisalign appliance. (b) The Invisalign appliance with the 
“precision wings” on the buccal surfaces posturing the lower jaw forwards while activated
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a b

Fig. 8.6 (a) Mandibular advancement feature with the Angelalign A6 appliance. (b) The Angelalign A6 appliance with 
the “twin blocks” on the occlusal surfaces posturing the lower jaw forwards while activated

going into a negative overjet. Cases with a deep 
lower curve of Spee may also be levelled during 
this pre-MA phase.

One of the keys to the success of treatment 
with any clear aligners with the mandibular 
advancement feature is to ensure that the aligners 
fit and stay on the dentition well.

With the Invisalign aligner system, the 
ClinCheck plans showed attachments and the 
MA “precision wing” designs (Fig. 8.7c). When 
the mandibular advancement “precision wings” 
appear in the plan, usually after at least 4 stages 
of pre-MA aligners (if any pre-MA stages are 
planned), attachments cannot be placed on the 
buccal surfaces where the wings are. These are 
usually the upper and lower second premolars 
and first molars. When there are a lack of attach-
ments on the posterior segments, the aligners do 
not retain well on the dentition. This often 
 contributed to the ease of aligner dislodgement 
and negated the effect of the aligners on dental 
movements as well as the mandibular posturing 
required to achieve the Class II correction. This 
also often led to the flattening of the aligners and 
the “precision wings” during treatment. The 
placement of 5 mm horizontal rectangular attach-
ments on the upper and lower lingual surfaces of 
the first molars helped to alleviate this issue 
(Fig. 8.7d).

With the Angelalign aligner system, the man-
dibular advancement features are designed to 
mimic the traditional “twin block” appliance. 

These features are designed on the occlusal and 
not the buccal surfaces of the aligners. Although 
it may increase the resting vertical dimension of 
the patient whilst in place, it allows the place-
ment of attachments on the buccal surfaces to 
ensure good retention of the appliance (Fig. 8.6a, 
b). As such, the dislodgment of the aligners, flat-
tening of the aligners and the MA features are a 
lot less likely.

The aligners were designed to be worn full 
time, at least 20–22 hours per day, and changed 
every week. The mandibular advancement “pre-
cision wings” may be designed to advance the 
mandible in a “step-wise” configuration, advanc-
ing 2 mm every 8 weeks (8 aligners). This “step- 
wise” advancement allows gradual posturing of 
the mandible to make the treatment progress 
more comfortable for the patient, and have poten-
tially a greater effect in advancing the mandible 
as compared to a single-step maximum advance-
ment [12].

If the lower curve of Spee was not completely 
levelled during the initial sagittal correction, 
there will be a posterior open bite evident in the 
later stages of treatment. Plan for continued Class 
II elastic wear with the new additional aligners 
order. A triangular Class II elastic configuration 
may be designed to both maintain the sagittal 
correction, as well as to assist with the closure of 
the posterior open bite (Fig. 8.7e). Figure 8.7f, g 
show the completion of the Class II correction 
after 23 months of active aligner treatment. The 

E. Chan and M. A. Darendeliler



123

Fig. 8.7 (a) 9-years 11-month-old female patient: “my 
front teeth stick out”. (b) Pre-treatment (I) OPG and (II) 
lateral cephalogram. (c) ClinCheck plans showing attach-
ments placed to ensure the retention of the aligners. (d) 
The placement of 5  mm horizontal rectangular attach-
ments on the upper and lower lingual surfaces of the first 
molars. (e) Triangular Class II elastic configuration 
designed to both maintain the sagittal correction, as well 

as to assist with the closure of the posterior open bite. (f) 
Completion of active treatment after 23  months. (g) 
Completion (I) OPG and (II) lateral cephalogram. (h) 
Comparison of (I) before and (II) after treatment with 
Invisalign MA appliance. (i) Superimposition tracing of 
before and after treatment. (j) Cephalometric changes 
with treatment compared with norms
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Sydney – Geneva Normas

Parameter Norms T1 T2

Nasolabial angle 90˚ 106.8˚ 91.3˚

S line U, L 0, 0 mm 3.6 mm,
1.2 mm

1.6 mm,
1.1 mm

Basic U lip
thickness

15 mm
12.7 mm 16.1 mm

Upper lip strain 14 mm 15.9 mm 16.3 mm

H angle 10 + 4˚ 24.3˚ 18.78˚

Parameter Norms T1 T2

Y axis 68 + 4˚ 67.3˚ 65.6˚

Facial axis 90 + 3˚ 91.5˚ 92.6˚

S – N 73 + 3 mm 73.4mm 75.4mm

SN / FH 7.8 + 2.4˚ 9.5˚ 9.7˚

SN – Ba 130 + 4˚ 133.4˚ 133.3˚

Wits 0 + 2 7.5˚ 3.3˚

Go’ – Me 67 + 4 mm 62.5 mm 67.6 mm

Co – Gn 106 + 3 mm 106.1 m 114.3 m

Co – A 85 + 2 mm 93.4 mm 96.4 mm

L distance 21 mm 12.7 mm 17.9 mm

Sydney – Geneva Normas

Parameter Norms T1 T2

1/-SN 105 + 6˚ 112.9˚ 106.8˚

1/-PP 113 + 7˚ 123.4˚ 118.1˚

/1- MP 94 + 7˚ 101.3˚ 107.4˚

1 / 1 126 + 10˚ 119.1˚ 120.9˚

1/-N Pog 9 + 33 mm 13.3 mm 8.1 mm

1/-A Pog 6 + 3 mm 9.7 mm 5.7 mm

1/-A Pog 1 + 3 mm –0.5 mm 3.3 mm

OJ 9.4 mm 2.3 mm

OB 6 mm 1.1 mm

Parameter Norms T1 T2

SNA 81 + 3˚ 80.5˚ 81.4˚

SN-PP 8 + 2˚ 10.6˚ 11.3˚

PP-MP 28 + 5˚ 16.2˚ 13.6˚

SN-MP 35 + 5˚ 26.8˚ 24.9˚

SN-OP 20 + 4˚ 13.6˚ 14˚

Gonial angle 127 + 5˚ 122.7˚ 121.3˚

SNB 77 + 3˚ 74.3˚ 77.5˚

ANB 4 + 2.6˚ 6.1˚ 3.9˚

S-Go’/N-Me (J%) 61% 70.3% 72.7%

N-ANS 50 + 3 mm 54.8 mm 56.8 mm

ANS - Me 60 + 4 mm 56.3 mm 59.4 mm

N-ANS / ANS-Me 45%, 55%
49.3%
50.7%

48.9%,
51.1%

j

Fig. 8.7 (continued)
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increased overjet was reduced, deep overbite was 
corrected with the Class II dental malocclusion 
and facial appearance normalized (Fig. 8.7h–j).

8.4.2  MA with Angelalign A6

A young adolescent female, 12  years 1  month 
old, in permanent dentition presented with a 

Class II div 2 dental malocclusion and a skeletal 
2 base with a normal direction of growth 
(Fig. 8.8a, b). Her chief concerns were her deep 
dental overbite and recessive lower jaw. There 
was mild upper and lower dental crowding with 
mildly constricted upper and lower dental 
archforms.

The Angelalign clear aligners were worn full 
time with a weekly change regime. The first stage 

Fig. 8.8 (a) 12-year 1-month-old female patient: “I have 
a deep overbite”. (b) Pre-treatment (I) OPG and (II) lat-
eral cephalogram. (c) Images showing the completion of 
initial sagittal correction with an “edge-to-edge” anterior 
dental relationship, and a posterior open bite. (d) 

Completion of active treatment after 23  months. (e) 
Completion (I) OPG and (II) lateral cephalogram. (f) 
Comparison of (I) before and (II) after treatment with 
Angelalign A6 MA appliance
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with the mandibular advancement achieved an 
overly corrected sagittal change. This presented 
as an “edge-to-edge” bite with a posterior open 
bite (Fig. 8.8c). The dental alignment, transverse 
discrepancies and archforms were all well cor-
rected at this stage. The next stage followed with 
conventional clear aligners without the MA fea-
tures. This stage concentrated on the coordination 
of the upper and lower arches, and to settle the 
bite into a good occlusion. Dental elastics may be 
used to help with this stage of correction where 
necessary. Figure 8.8d, e show the completion of 
the Class II correction after 23 months of active 
aligner treatment. The increased dental overbite 
was corrected, with the Class II dental malocclu-
sion and facial appearance normalized (Fig. 8.8f).

8.5  Adolescent Class II 
Correction

Correction of dental malocclusions in adolescent 
patients has always been the bread and butter for 
the busy orthodontist. While clear aligners were 

first designed for the aesthetically conscious 
adult patient that did not want fixed appliances, 
they are now very much sought after in the cor-
rection of most dental malocclusions in younger 
patients. Successful Class II correction occurs 
readily in cases that demonstrate favourable 
growth potential and growth patterns. The verti-
cal dento-alveolar growth and the biologically 
favourable tissue responses in younger patients 
enhance the treatment [13, 14].

8.5.1  Non-extraction Therapy

A 14-year 6-month-old female patient sought 
orthodontic intervention with concerns of her 
ectopically placed upper canines (Fig. 8.9a). She 
presented as a Class II div 1 dental malocclusion 
with a mild skeletal 2 base and a normal direction 
of growth. She had a pleasant smile, an overall 
convex profile with an obtuse nasal labial angle 
and prominent soft tissue pogonion. Although 
she had a full unit Class II molar relationship on 
the left and a half unit Class II molar relationship 
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Fig. 8.9 (a) 14-year 6-month-old female patient sought 
orthodontic intervention with concerns of her ectopically 
placed upper canines. (b) Pre-treatment (I) OPG and (II) 
lateral cephalogram. (c) ClinCheck plans showing attach-
ments, precision cuts and staging designs. (d) (I) 
Conventional Class II elastics worn from upper canines to 
lower first molars. (II) Triangular Class II elastics intro-
ducing a vertical vector to assist in the extrusion of the 

ectopic canine. (e) Asymmetrical elastics (stronger on the 
left) necessary to correct the dental midlines as treatment 
progressed. (f) Treatment progress after 31 active align-
ers. (g) Completion of active treatment after 22 months. 
(h) Completion of (I) OPG and (II) lateral cephalogram. 
(i) Intra-oral comparison of (I) before and (II) after treat-
ment. (j) Extra-oral profile comparison of (I) before and 
(II) after treatment
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on the right, a non-extraction treatment plan was 
prescribed in order to preserve her dental profile. 
Even though she was 14.5 years old, her C3 cer-
vical vertebrae showed good growth potential for 
our intended treatment plans (Fig.  8.9b). Once 
the overly retained upper right second deciduous 
molar and upper left deciduous canines have 
exfoliated, treatment with Invisalign clear align-
ers commenced.

The typical molar distalization plan in Class II 
correction utilizes a sequential staging pattern. 

However, in younger patients, it is possible to 
exploit the child’s growth potential, and plan a 
simultaneous staging pattern (Fig.  8.9c). This 
allows a more efficient plan with fewer active 
aligners required.

The ClinCheck plans showed optimized 
attachments, button cut outs for elastic wear and 
“precision” bite ramps on the upper central inci-
sors to support the vertical movements of the 
anterior teeth. The patient was instructed to 
change her aligners every 2 weeks, clinical Class 
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II elastics commenced at the fourth aligner with 
¼″ 3.5 oz. strength, worn full time on both sides. 
The Class II elastics were changed to a triangu-
lar Class II configuration during the night and 
sleeping hours (Fig. 8.9d). This combination of 
sagittal and vertical vector of elastic forces 
allowed both the anterior-posterior correction, as 
well as the providing the guidance for the extru-
sion of the upper ectopic canines. At the 11th 
aligner, we increased the strength of the Class II 
elastics on the left to 3/16″ 3.5 oz. to assist with 
the dental midline correction (Fig.  8.9e). The 
elastics on the right side remained the same, with 
the aligners still being changed every 2 weeks. 
The treatment progress images taken after 31 
active aligners showed good dental alignment 
and sagittal correction (Fig. 8.9f). The overbite 
and overjet were reduced significantly. 
Additional aligners were ordered to complete the 
correction with a further 21 active aligners, these 
aligners were worn full time daily and changed 
every 10 days. Elastics of the similar configura-
tion as before were prescribed. Treatment com-
pleted after 22  months of active treatment 
(Fig. 8.9g, h). The images showed a full correc-
tion to Class I canine, molar and dental interdigi-
tation. Upper and lower fixed retainers were 
placed with night-time wear of vacuum-formed 
retainers prescribed as well. The comparison 
images showed the correction of the ectopic 
canines and re-alignment of the dental midlines 
(Fig. 8.9i). Side profile comparison showed the 
preservation of the naso-labial angle and the 
improvement of the deep labial mental fold 
(Fig. 8.9j).

Simultaneous staging in growing patients is 
predictable and should be prescribed routinely. 
However, the aligners should be changed every 
10–14 days. Do not rush to change the aligners as 
the elastics take time to achieve the sagittal cor-
rection. Monitor the sagittal correction and elas-
tic wear very closely and in-person reviews are 
recommended. Often, unilateral, stronger elastics 
may be necessary to help correct asymmetrical 
cases. Consider the vector of forces required for 
the mechanics and plan the elastic wear and con-
figurations accordingly.

8.5.2  Extraction Therapy

While non-extraction plans are usually indicated 
to preserve facial profiles, there are cases whereby 
dental extractions are necessary. An 11-year-old 
female patient presented with an upper dental pro-
trusion. She had incompetent lips, a Class II div 1 
dental malocclusion, a skeletal 1 base with mild 
dental crowding, a large overjet and a lower lip 
trap (Fig.  8.10a, b). The treatment plan was to 
have the upper left and right first premolar teeth 
extracted and treat the case to a “therapeutic Class 
II” occlusion finish. This is an occlusion with a 
Class I canine and a full unit Class II molar rela-
tionship. The ClinCheck plans showed the place-
ment of optimized and conventional attachments, 
“precision cuts” and “button cut outs” for the pre-
scription of Class II elastics and compensatory 
movements (Fig.  8.10c). Compensatory dental 
movements are necessary in cases such as extrac-
tion therapies in order to negate the tipping side 
effects of the appliance during planned bodily 
movements upon space closure [15]. In this par-
ticular case, the compensatory movements were: 
increased upper incisor lingual root torque, 
increased distal root tip of the upper canines, 
increased mesial root tip of the upper second pre-
molars and increased intrusion of the lower inci-
sors to allow an anterior open bite were planned 
(Fig.  8.10d). After one additional aligner order, 
the active treatment completed in 21  months 
(Fig. 8.10e, f). The overjet and overbite were nor-
malized with the levelling of the lower curve of 
Spee. The canines and molars completed in Class 
I and Class II dental relationships respectively 
showed good buccal inter- digitation. The lip com-
petency was improved and the OPG radiograph 
showed good root parallelism.

Aligner therapy in young patients that require 
extractions has been demonstrated to be a power-
ful alternative to traditional fixed appliances. 
With thorough understanding of the patient’s bio-
logical response to aligner movement, and 
designing compensatory movements to overcome 
the shortfall of the aligners in controlling bodily 
translational movements, it is possible to achieve 
excellent results.
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Fig. 8.10 (a) 11-year-old female patient presented with 
an upper dental protrusion and incompetent lips. (b) Pre- 
treatment (I) OPG and (II) lateral cephalogram. (c) 
ClinCheck plans showing attachments, precision cuts and 

elastic wear designs. (d) ClinCheck plans showing com-
pensatory movements. (e) Completion of active treatment 
after 21 months. (f) Completion (I) OPG and (II) lateral 
cephalogram
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8.6  Adult Class II Correction

Class II correction in adults is planned differently 
primarily due to the lack of their vertical dento- 
alveolar growth. Non-surgical sagittal correction 
is mostly achieved with either upper molar distal-
ization or with dental extractions.

8.6.1  Non-extraction Therapy

A female adult patient with upper dental protru-
sion sought a non-extraction treatment therapy 
with clear aligners. She presented as a Class II 
division 1 dental malocclusion on a mild skeletal 
2 base with normal to horizontal direction of 
growth (Fig.  8.11a, b). There was an increased 
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Fig. 8.11 (a) Adult female patient with upper dental pro-
trusion sought a non-extraction treatment therapy with 
clear aligners. (b) Pre-treatment (I) OPG and (II) lateral 
cephalogram. (c) ClinCheck plans showing attachments, 
precision cuts and staging designs. (d) Completion of 

active treatment after 18 months. (e) Completion (I) OPG 
and (II) lateral cephalogram. (f) Progress of treatment 
from (I) initial, (II) additional aligner order to (III) com-
pletion (g) Extra-oral profile comparison of (I) before and 
(II) after treatment
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dental overjet, a deep overbite with a deep lower 
curve of Spee, moderate upper and lower dental 
crowding with rather constricted upper and lower 
dental archforms.

Sequential staging with upper molar distaliza-
tion is a common approach to the correction of 
Class II malocclusions. However, the default set 
up is often drawn out with upwards of 60 active 
aligners or more. Moreover, while the molar dis-
talization is occurring, the default set up often 
does not allow any upper anterior movements. 
Hence, the patient’s chief concerns of misaligned 
upper front teeth are usually not addressed until 
the second half of the active treatment. These 
shortfalls can be managed by re-staging the 
ClinCheck plans.

 (i) During the modification process of the 
ClinCheck plans, request for an early upper 
anterior aesthetic start while the upper molars 
are distalizing. This shows up as an “arrow-
head” staging pattern instead of the conven-
tional “v” shape pattern (Fig.  8.11c). This 
initial upper anterior alignment occurring in 
concurrent with the upper molar distalization 
addresses the patient’s misalignment con-
cerns early.

 (ii) The usual default in sequential molar distal-
ization distalizes the second molar over 8 
stages, before the first molar distalizes a fur-
ther 8 stages. This is then followed by the 
second premolar and first premolar distaliz-
ing 8 stages each respectively. This distaliza-
tion pattern stretches out the total number of 
active aligners and may be unrealistically 
long for clinicians. During modification, 
request to start the distalization of the second 
molar from stage 1, the first molars com-
mences distalization from stage 4, the second 
premolar from stage 8 and so on. This less 
truncated sequential staging will condense 
the total number of active aligners to improve 
both the patient and clinician’s experience.

However, with these modifications, early anchor-
age demand and control needs to be addressed. 
The use of Class II elastics is paramount in Class 
II corrections. Start elastic wear as early as stage 
4, or immediately after the attachments, buttons 
and “precision cuts” are placed. The ClinCheck 
plan in this case showed the placement of attach-
ments and commencement of Class II elastics 
from stage 4 (Fig. 8.11c). Aligners were changed 
2 weekly initially and only with good treatment 

g

Fig. 8.11 (continued)

E. Chan and M. A. Darendeliler



141

response and compliance observed, from stage 
15 onwards, they were changed every 10  days. 
The initial strength of Class II elastics used were 
¼” 3.5  oz. As treatment progressed, they were 
increased to 3/16″ 3.5  oz. (from stage 9). The 
final occlusion shows the complete resolution of 
the increased overjet, deep overbite and deep 
lower curve of Spee (Fig. 8.11d, e). Figure 8.11f 
shows the treatment progress to completion. 
There was improvement of the facial profile with 
the slight increase of the lower facial height and 
shallowing of the deep labial mental fold 
(Fig. 8.11g). Active treatment was completed in 
18 months.

8.6.2  Extraction Therapy

An adult female patient presented with a Class II 
dental subdivision malocclusion with a skeletal 1 
base and normal direction of growth (Fig. 8.12a, 
b). She had a bimaxillary protrusive profile with 
incompetent lips. There were moderate degrees 
of upper and mild degrees of lower dental crowd-
ing, upper and lower dental protrusion with a 
constricted upper dental arch form. There was 
also a lingual crossbite on the left terminal 
molars. The canine and molar relationships were 
Class II ½ unit and Class I on the right and left 
respectively. The patient’s oral hygiene was not 
good and she was sent away for a few months of 
careful dental debridement and oral hygiene care 
before commencement of her orthodontic 
treatment.

The extraction of four premolars was indi-
cated. On the right, the Class II ½ unit side, teeth 
#14 and #45, while on the left, the Class I side, 

teeth #24 and #34 were extracted. The ClinCheck 
plans showed a simultaneous staging pattern, the 
indicated teeth may be extracted right at the 
beginning of the treatment or within the first 2–4 
aligners depending on clinical preferences. 
Conventional attachments and “precision cuts” 
were placed at stage 4 (Fig. 8.12c). Compensatory 
dental movements are necessary in cases such as 
extraction therapies in order to negate the tipping 
side effects of the appliance during planned 
bodily movements upon space closure [13]. In 
this particular case, increased upper incisor lin-
gual root torque, increased distal root tip of the 
upper canines, increased mesial root tip of the 
distal abutment premolars and molars from the 
extraction spaces and increased intrusion of the 
lower incisors to allow an anterior open bite were 
planned (Fig. 8.12d). The aligners were worn full 
time with a 2-weekly change regime. Class II 
elastics were worn from precision hooks on the 
upper canines to bonded buttons on the lower first 
molars commenced from stage 4 as well. The ini-
tial elastics used were ¼″ 3.5 oz. this was further 
increased to 3/16″ 3.5  oz. after approximately 
6 months (stage 12). The biological response and 
patient compliance was exemplary and at approx-
imately 12 months into treatment (stage 27) the 
aligners were changed every 10 days. There were 
44 active aligners in the first stage of treatment 
(Fig.  8.12e), followed by an additional aligner 
order of 13 more aligners (10  days change). 
Treatment was completed in 23  months with 
good bilateral Class I interdigitation, normalized 
overjet and overbite with good facial profile and 
lip changes (Fig. 8.12f, g). Upper and lower fixed 
retainers were placed to be worn concurrently 
with night-time vacuum-formed retainers.
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Fig. 8.12 (a) Adult female patient with dental crowding 
and protrusion. (b) Pre-treatment (I) OPG and (II) lateral 
cephalogram. (c) ClinCheck plans showing attachments, 
precision cuts and staging designs. (d) ClinCheck plans 

showing compensatory movements. (e) Treatment prog-
ress after 44 active aligners. (f) Completion of active treat-
ment after 23 months. (g) Completion (I) OPG and (II) 
lateral cephalogram
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8.7  Surgery

Conventionally, orthognathic surgery planned in 
conjunction with traditional orthodontics 
required fixed appliances to help with the fixation 
of the surgical splints during surgery and stabili-
zation after surgery. However, there are advan-
tages for patients undergoing orthognathic 
surgery without the need to have fixed appliances 
placed. The digital planning could be seamless, 
with no transition and re-adaptation to a different 
appliance. Without the presence of fixed appli-
ances and surgical wire fixations, oral hygiene 
could be much better managed. This promotes 
patient comfort and optimizes wound healing.

An adult male patient presented with a deep 
dental overbite and a recessive chin (Fig. 8.13a, 
b). He was concerned with his retrognathic 
mandible and would like to seek orthodontic 
treatment incorporating orthognathic surgery. 
There was a deep dental overbite, retroclined 
upper incisors, rather constricted archforms 
with mild to moderate upper and lower dental 
crowding. The lower dental midline was devi-

ated to the right. Decompensation pre-surgical 
orthodontics was performed with clear aligners 
for approximately 14 months (Fig. 8.13c). Once 
the arches were ready for surgery, buttons were 
bonded on the upper and lower, left and right 
canines and first molars with corresponding 
“precision button cut-outs” placed in the align-
ers (Fig.  8.13d). The orthognathic surgical 
movements performed were maxillary posterior 
impaction, asymmetrical mandibular BSSO 
advancement, and an advancement genioplasty. 
Without the need to have fixed appliances placed 
during the orthognathic surgical procedure, oral 
hygiene was immaculately maintained 
(Fig. 8.13e). Once the patient had regained full 
jaw movements, additional aligners were 
ordered to detail and complete the treatment. 
The completed images showed a balanced and 
harmonious facial change. The deep dental 
overbite, dental crowding, deviated midlines, 
recessive mandible and chin were normalized 
(Fig. 8.13f–h). Fixed and night-time removable 
retainers were prescribed to retain the orthodon-
tic correction.
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Fig. 8.13 (a) Adult male patient with a deep dental over-
bite and a recessive chin. (b) Pre-treatment (I) OPG and 
(II) lateral cephalogram. (c) ClinCheck plans showing 
attachments and precision cut designs. (d) Treatment 
progress after 14 months. The pre-surgical movements are 

complete. (e) (I) Extra and (II) intra-oral photos at 3 weeks 
post orthognathic surgery. (f) Post-surgery (I) OPG and 
(II) lateral cephalogram. (g) Completion of active treat-
ment. (h) Extra-oral profile and lateral cephalogram com-
parison of (I) before and (II) after treatment
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8.8  Conclusions

A Class II malocclusion has a variety of different 
aetiologies and may present with different mor-
phologies. The skeletal and dental influences, 
coupled with maxillary and/or mandibular contri-
butions and age-related treatment responses, fur-
ther complicate treatment plans and their 
executions.

Using clear aligners to treat complex compre-
hensive orthodontic cases is still relatively new. 
Shifting the mindset and applying knowledge 
and biomechanics learnt from fixed appliances to 
clear aligners requires time. This brief chapter 
introduces what clear aligner can do with dental 
and skeletal Class II correction under different 
contexts and conditions. Incorporating the clini-
cian’s knowledge, embracing digital technology 
in orthodontics and with cooperative subjects, 
treatment with clear aligners in complex compre-
hensive Class II cases can eventuate with excel-
lent results.
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9Class II Division 2 Malocclusion

Zamri Radzi, Siti Adibah Othman, 
and Mang Chek Wey

9.1  Introduction

Class II division 2 malocclusions are described as 
having excessive lingual inclination of the maxil-
lary central incisors, often overlapped on the 
labial by the maxillary lateral incisors and accom-
panied by a deep overbite and minimal overjet. 
Class II division 2 malocclusion is reported to be 
present in about 10% of children in the UK. Its 
prevalence is between 5% and 12% in other 
European populations with slightly less in the 
USA, which is between 3% and 4%.

In cases with extreme overbite, the lower inci-
sor edges may contact the soft tissues of the pal-
ate. In a few Class II division 2 cases, the 
mandibular labial gingival tissues may be also 
traumatized by the lingually inclined maxillary 
incisors, particularly in the absence of an 
overjet.

A Class II division 2 incisor relationship is 
defined by the British Standards classification as 
being present when the lower incisor edges 
occlude posterior to the cingulum plateau of the 
upper incisors and where the upper central inci-
sors are retroclined. The overjet is usually mini-
mal but may be increased [1].

9.2  Aetiology

The aetiological basis of Class II division 2 mal-
occlusion can be considered in terms of the skel-
etal pattern, dentoalveolar and soft tissue 
features.

9.2.1  Skeletal Pattern and Facial 
Growth

Growth of the skeletal craniofacial complex 
involves an increase in the absolute size of the 
various bones as well as changes in their position 
and form. Class II division 2 malocclusion is 
commonly associated with a Class II skeletal pat-
tern; however, it may also occur in association 
with a Class I or even a Class III skeletal base. 
The vertical dimension is also important, and 
typically is reduced. When comparing Class II 
division 2 and Class I and Class II division 1 indi-
viduals, the posterior cranial base is often larger 
in Class II division 2 cases. The low gonial angle 
giving rise to a square facial profile is commonly 
due to the forward rotational pattern of the 
mandible.

The presence of a strong hereditary compo-
nent is apparent from an examination of families 
of individuals who tend to have similar facial fea-
tures. A study on identical twins demonstrated 
100% concordance for Class II division 2 maloc-
clusion, indicating a strong genetic influence, 

Z. Radzi · S. A. Othman · M. C. Wey (*) 
Faculty of Dentistry, Department of Paediatric 
Dentistry and Orthodontics, Universiti Malaya,  
Kuala Lumpur, Malaysia
e-mail: zamrir@um.edu.my; sitiadibah@um.edu.my; 
weymc@um.edu.my

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-57530-3_9&domain=pdf
https://doi.org/10.1007/978-3-031-57530-3_9#DOI
mailto:zamrir@um.edu.my
mailto:sitiadibah@um.edu.my
mailto:weymc@um.edu.my
mailto:weymc@um.edu.my


150

autosomal dominant with incomplete penetrance 
or polygenic model in the development of Class 
II division 2 deep-bite malocclusions.

9.2.2  Dentoalveolar

The upper anterior dentition is thought to play an 
important role in the development of Class II 
division 2 malocclusion. A study on the upper 
incisors of Class II division 2 subjects showed 
that retroclination starts prior to emergence, con-
tinued during emergence, and then for several 
years thereafter [2]. The more upright position of 
the upper incisors among division 2 subjects 
allows the mandible to over rotate. There is a 
negative relationship between upper incisor 
angulation and lip height, with greater coverage 
associated with greater incisor retroclination. 
Patients with Class II division 2 malocclusion 
have higher lower lip line, with resting lip pres-
sures greater in the incisal areas and less in the 
cervical areas which be a causal factor in deter-
mining the axial position of the incisors. In addi-
tion, a retroclination of the upper incisors is 
frequently associated with an abnormal crown- 
root angle.

9.2.3  Soft Tissues

The influence of the soft tissues in Class II divi-
sion 2 malocclusions is usually secondary to 
discrepancy in the skeletal pattern. If the lower 
facial height is reduced, the lower lip line will 
effectively be higher relative to the crown of the 
upper incisors. A special lip morphology and 
behaviour as well as a high resting lower lip line 
will tend to retrocline the upper incisors giving 
the appearance of marked labio-mental groove 
beneath the lower lip. It has also been suggested 
that the lips act as a local genetic factor in Class 
II division 2 malocclusion and that maxillary 
incisor retroclination results from excessive 
non- physiological pressure between the lips and 

teeth. The activity shown in perioral electromy-
ography indicated that the local epigenetic fac-
tors had an important role in the development of 
imbalanced vertical relationship between the 
lips and the maxillary anterior dentoalveolar 
structures.

Class II division 2 also features high masse-
teric muscle forces where fibre-type properties 
are very closely associated with variations in ver-
tical growth of the face. Biting forces with strong 
musculature have been reported to be higher in 
Class II division 2 patients with reduced lower 
facial height. The presence of strong masticatory 
muscle pattern in Class II division 2 cases could 
have been explained by the genetically deter-
mined muscular and neuromuscular system.

9.3  Features

9.3.1  Extraoral

Due to an anterior or anticlockwise growth rota-
tion of the mandible, a patient with Class II divi-
sion 2 malocclusion may present with a straight 
or convex lateral profile (Fig. 9.1). The chin may 
even appear pronounced with greater mandibular 
rotation, and this may present as a mildly con-
cave lateral profile. At the same time, with the 
upward mandibular growth rotation pattern, the 
patient may present with a decreased or almost 
average vertical facial proportion [3]. All these 
extraoral features combined with a flat mandibu-
lar plane fit into a brachycephalic facial pattern. 
Along with an acute angle of the mandible, this 
may result in a more ‘squarish’ shape of the face 
(Fig. 9.1). The forward mandibular growth rota-
tion may also cause an over-closed soft tissue 
appearance, with reduced lip thickness and deep 
labiomental fold. The lips may appear retrusive 
relative to a prominent chin from an anteriorly 
rotated mandible. Should the lower lip get trapped 
behind the palatal surface of the upper lateral 
incisors, the subsequently proclined lateral inci-
sors may cause lip incompetence at rest.
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a b c

Fig. 9.1 (a) Convex lateral facial profile with decreased 
gonial angle, flat mandibular plane, and prominent labio-
mental fold; (b) Squarish brachycephalic face shape; (c) 

Decreased gonial angle, flat mandibular plane and promi-
nent labiomental fold. (Pictures courtesy of Dr Pang Yee 
Rui)

Fig. 9.2 Retroclined upper central incisors, proclined upper lateral incisors, increased overbite, Class II canine and 
molar relationships. (Pictures courtesy of Dr Pang Yee Rui)

9.3.2  Intraoral

In the permanent dentition, the lower incisor 
edges occlude posterior to the cingulum plateau 
of the upper incisors [1]. The overjet may be 
reduced, average or increased, depending on the 
severity of the sagittal skeletal discrepancy com-
bined with retroclination of incisors.

The upper labial segment is often retroclined, 
especially the central incisors (Fig.  9.2). Along 
with the upward mandibular rotation, the lower 
lip level may cover the labial surface of the upper 
incisors [3], exerting a palatally directed force on 
the labial incisor surface during function. The lat-
eral incisors, however, may be proclined due to 
their more superior position, above the level of 
the lower lip. If the lower lip gets trapped behind 
the palatal surface of the upper lateral incisors, 
this will then exert a labially directed pushing 
force on the lateral incisors, resulting in their pro-
clination. As for the lower incisors, the lower 
labial segment rotates upwards and backwards 

with the anticlockwise rotation of the mandible, 
to appear retroclined.

The overbite is usually increased [4] with over-
eruption of the anterior segments, resulting from a 
lack of occlusal stop on the palatal surface of the 
retroclined upper incisors. This may present with 
increased gingival show and gummy smile, and 
increased curve of Spee in the lower arch. There 
may be attrition of palatal surfaces of upper inci-
sors, resulting in the loss of the cingulum shape 
and decreased labio-palatal crown width. A 
severely increased overbite can result in traumatic 
palatal gingival stripping of the upper incisors and 
labial gingival stripping of the lower incisors.

Bimaxillary retroclination of both upper and 
lower labial segments will result in various 
degrees of upper arch and lower arch crowding. 
The interincisal angle is also increased [3, 4], and 
this may present as flattened anterior segments 
resulting in a squarish arch shape, with broader 
transverse dimensions and frequent scissors bite 
in the premolar region.
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In the posterior region, the molars are usually 
in Class II relationships, with the mesiobuccal 
cusps of the upper first molars occluding anterior 
to the mesiobuccal groove of the lower first 
molars (Fig. 9.2). Similarly, the canines are usu-
ally in Class II relationships, with the upper 
canines’ cusp tip occluding anterior to the embra-
sure between the lower canines and first 
premolars.

9.3.3  Lateral Cephalometric 
Analysis

The lateral cephalometric values are usually in 
tandem with the extraoral and intraoral features 
and reflect the anterior rotational growth pattern 
of the mandible. The Class II maxillary- 
mandibular skeletal relationship presents as an 
increased ANB angle of more than the population 
norm, although sometimes this may be mild or 
average as compared to the population norm. The 
Class II skeletal pattern can be contributed by 
either a prognathic maxilla indicated by an 
increased SNA, or a retrognathic mandible indi-
cated by a decreased SNB or a combination of 
both. A short mandibular length is common, with 
an anteriorly angled condylar head, and a flat 
lower border. The inferior alveolar canal may be 
curved downwards. The lips may be retrusive if 
measured from an E-line comprising an anteri-
orly positioned soft tissue Pogonion.

The cephalometric values for reduced vertical 
proportions such as a decreased Frankfort- 
Mandibular Plane Angle (FMPA) or Maxillary- 
Mandibular Plane Angle (MMPA) and decreased 
lower facial height proportion may be presented 
[5]. This decrease in angular measurements 
reflects the decrease in the anterior facial height 
relative to the posterior facial height in keeping 
with the anticlockwise rotation of the mandible.

The upper incisor angle traced from the retro-
clined incisors would be decreased but purpose-
ful tracing of the proclined lateral incisors would 
result in an increased upper incisor angle. With 

upward rotation of the mandible, this would 
result in lower labial segment retroclination and a 
decrease in lower incisor angle. Interincisal angle 
is usually increased.

9.4  Facial Growth and Treatment 
Timing

Genetically predetermined facial growth 
expresses itself fully during the pubertal growth 
spurt. Growth of the mandible is in an anticlock-
wise growth rotation, with a resulting deep over-
bite and reduced vertical facial height. Treatment 
involving enhanced eruption of the posterior 
teeth is more successful during growth because 
the dentoalveolar vertical development could 
enhance vertical eruption of the posterior teeth in 
deep overbite correction, contributing to a stable 
treatment outcome. For a more severe mandibu-
lar retrusion, or vertical skeletal discrepancies, 
growth modification with a functional appliance, 
such as to enhance mandibular growth, is best 
just before, or at the peak of pubertal growth 
spurt. Should the sagittal or vertical discrepancy 
be too severe in a non-growing patient, surgery 
may be a better option than camouflage, but ces-
sation of growth is a requirement.

9.5  Interceptive Treatment

9.5.1  Correction of the Deep 
Traumatic Overbite

Deep overbite is a common classic feature for a 
Class II division 2 malocclusion. Normally the 
deep overbite is traumatic and needs urgent inter-
vention. In a growing patient it can be corrected 
by using an upper removable appliance incorpo-
rated in an anterior bite plane, which will free the 
occlusion posteriorly. This then induces over-
eruption of the lower posterior teeth, levelling the 
curve of Spee and eventually decreases the 
overbite.
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Retroclined upper incisors are also one of the 
classic features for a Class II division 2 maloc-
clusion. An expansion screw or z-springs can be 
added to the upper removable appliance to pro-
cline the upper incisors to their normal inclina-
tion. At least 3-points of retention are needed for 
this mechanic. For example, if an anterior expan-
sion screw is used, retention can be placed anteri-
orly (Southend clasp on both upper central 
incisors) and posteriorly (Adams clasp on both 
upper first molars) (Fig. 9.3).

9.5.2  Correction of the Buccal 
Segment

The buccal segment is normally in a Class II rela-
tionship, in a Class II division 2 malocclusion. 
The correction of it can be aided in growing 
patients by using an extraoral traction. A straight 

pull headgear can be used to distalize the upper 
buccal segments. A cervical pull headgear can be 
utilized too, taking the advantage of correcting 
the deep overbite as well. It acts by extruding the 
posterior teeth and the wedge effect will reduce 
the deep overbite.

9.5.3  Growth Modification

The aims for growth modification in a growing 
patient are to correct the overjet, overbite, buccal 
segment relationships, as well as the antero- 
posterior and transverse relationships. The Class II 
division 2 incisor relationship first needs to be con-
verted to a Class II division 1 incisor relationship. 
A modified Twin Block appliance can be utilized. 
Anteriorly an expansion screw can be incorporated 
to procline or to convert the upper incisors to a 
Class II division 1 malocclusion (Figs. 9.4 and 9.5).

Fig. 9.3 Overbite reduction. An upper removable appli-
ance with anterior bite plane together with an anterior 
expansion screw. Retention is through a Southend clasp 

on the upper central incisors and Adams clasp on both the 
upper first molars
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Fig. 9.4 Modified Twin Block appliance for the correction of a class II division 2 discrepancy. The upper anterior screw 
is to procline the retrocline upper incisors to achieve normal inclination

Fig. 9.5 Changes in the case shown in Fig. 9.4 before and after treatment with a modified Twin Block appliance
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9.6  Orthodontic Camouflage

9.6.1  Indication

In a mild to moderate skeletal Class II discrep-
ancy, the camouflage treatment option using a 
comprehensive orthodontic fixed appliance can 
be attempted in the permanent dentition. This is 
also indicated in any situation contra-indicating 
surgical treatment.

9.6.2  Deep Overbite

The common difficulty in fixed orthodontic treat-
ment of Class II division 2 is the correction of the 
increased overbite. Extrusion of the posterior 
teeth with orthodontic fixed appliance can flatten 
the curve of Spee and help with overbite reduc-
tion. This is more stable with the presence of ver-
tical dentoalveolar growth in growing patients [3, 
6]. By rotating the mandible downwards and 
backwards, this can increase the vertical propor-
tion, increase the FMPA and MMPA and improve 
the short face appearance with prominent chin. 
Extrusion of posterior teeth can be achieved by 
sequential archwire progression, banding of sec-
ond molars, reverse curve of Spee arch wires, 
intrusion loops bent on upper archwire, employ-
ing anterior bite plane and anterior bite turbos.

The anterior bite plane can be incorporated 
into a removable acrylic splint with retentive 
Plint clasp to be worn over buccal molar tubes 
and ball-ended clasps to be fitted over a concur-
rent fixed orthodontic appliance. The working 
bite for the splint should register the required 
thickness of the bite plane depending on the 
amount of overbite that is intended to be reduced. 
There is tendency for favourable lower incisor 
proclination with use of anterior bite plane. In 
reduced overjet deep bite patients, this appliance 
can also disengage the anterior segment to allow 
bonding brackets on the lower labial segment and 

prevent dislodgement of lower anterior brackets 
during function (Fig. 9.6).

Another form of anterior bite plane can be a 
modification of the Nance appliance with the 
acrylic disc placed further anteriorly over the 
incisal edges of the lower labial segment in occlu-
sion. There is however risk of trauma of the 
acrylic disc to the palatal tissues, and hygiene 
difficulties with long-term use of fixed anterior 
bite plane. Therefore, short-term use is advo-
cated, and removal of the fixed anterior bite plane 
must precede retraction of the upper labial seg-
ment in extraction cases.

Proclination of incisors within biological 
boundaries similarly will also reduce the overbite 
[3], especially when aligning crowded arches 
without extraction of teeth. Lower incisor procli-
nation helps to flatten the increased curve of 
Spee, which can change the arch shape from 
squarish to a more ovoid shape. Considering the 
risk of gingival recession, care should be taken to 
ensure good oral hygiene and proclination may 
be contraindicated in patients with thin gingival 
biotypes [7].

With an excessively increased overbite, more 
anterior teeth intrusion may be required [8] in 
addition to posterior extrusion in decreased verti-
cal facial proportions or without posterior extru-
sion with average vertical proportions. This can 
be achieved with various intrusion techniques 

Fig. 9.6 Upper removable appliance with flat anterior 
bite plane to disengage the anterior segment and allow the 
bonding of brackets to the lower arch
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ranging from the 2  ×  4 Mulligan bypass arch, 
Rickett’s utility arch, and segmented arch 
mechanics [9] such as Burstone’s technique, to 
temporary anchorage devices.

9.6.3  Decision for Extraction

Extraction of teeth can complicate overbite 
reduction as the overbite will tend to deepen dur-
ing space closure, which is undesirable in many 
Class II division 2 malocclusions with an 
increased pre-treatment overbite. The more ante-
rior the extraction, the more the overbite will tend 
to deepen. Therefore, the choice of extraction 
needs careful consideration and space closure 
requires careful overbite control to avoid bite 
deepening.

Planning for extractions depends on anchor-
age requirements and the anchorage mechanics 
planned. Should the crowding be too severe, 
extractions may be necessary. Depending on the 

required soft tissue changes [10], extraction of 
second premolars can result in some amount of 
incisor proclination and this can contribute to 
overbite reduction. Should incisor proclination 
not be conducive to the lip profile, extraction of 
the upper first premolars may be required 
(Fig. 9.7). Just as in any Class II malocclusions, 
the extraction pattern in the lower arch may 
sometimes involve lower second premolars; how-
ever, extraction of first premolars is hardly indi-
cated in Class II division 2 malocclusions, as 
residual space closure by retroclining the lower 
labial segment can complicate bite opening.

By incorporating any form of anchorage rein-
forcement, or anchorage-preserving mechanics 
such as frictionless space closure, extraction pat-
tern may change or can even be avoided. Using 
various methods to distalize upper buccal seg-
ments such as temporary anchorage device or 
cervical pull headgear, which can also increase 
vertical facial proportions, can also influence the 
need and pattern of extraction.

Fig. 9.7 Extraction of upper first premolars and non-extraction in the lower arch
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9.6.4  Alignment of the Anterior 
Segments

Early engagement of resilient NiTi archwires can 
proline incisors, especially if retroclined central 
incisors are engaged to proclined lateral incisors 
and in a crowded non-extraction treatment option. 
This is desired when incisors are retroclined, 
overbite is deep and lip profile is flat. Proclining 
the upper and lower incisors can reduce interinci-
sal angle, resulting in a more stable edge-centroid 
relationship [11].

When extractions are required, however, 
engaging anterior labial segments will result in 
initial proclination followed by retraction in sub-
sequent extraction space closure. This is a form 
of round tripping that carries the risk of root 
resorption. This can be avoided by delaying 
engaging and aligning of retroclined incisors 
until space is available from retraction of canine 
into extraction spaces. After completion of space 
closure, increasing upper labial segment inclina-
tion can be achieved by palatal root torque. This 
would maintain lip profile should this be the 
desired treatment aim. Due to the acute incisor 
crown-root angle, increasing upper labial seg-
ment inclination by employing palatal root torque 
techniques may require a longer alignment dura-
tion using light force to carefully avoid root 
resorption, especially when palatal alveolar bone 
is thinner than normal.

9.6.5  Transverse Discrepancy

Lingually tilted lower dentition or omega-shaped 
lower arch with constriction at premolars region 
contributing to scissors bite can be expanded 
with normal archwire sequence to increase lower 
transverse dimension and torque lower posterior 
crowns buccally. Employing use of cross elastics 
and expansion appliances such as a lower quad-
helix together with bite disengagement can be 
considered for severely constricted lower arches.

Proclination of upper labial segment together 
with constriction of upper posterior teeth and 

carefully finishing by coordinating upper and 
lower arch can address scissors bite commonly 
presented in Class II division 2 malocclusions.

9.7  Orthognathic Surgery

When the case is too severe for orthodontic treat-
ment alone, an orthognathic surgery approach in 
a non-growing patient is warranted. The treat-
ment objectives include establishing a functional 
occlusion aiming to achieve normal overbite/
overjet and transverse relationship; providing a 
stable result in normalizing the facial balance and 
proportions in three dimensions and providing 
long-term stability.

Typically, a patient with severe Class II divi-
sion 2 presents with mandibular retrognathia, 
prognathic maxilla, reduced lower face height, 
reduced gonial angle, and reduced MMPA, ante-
rior deep bite, and an excessive curve of Spee in 
the lower arch.

The treatment planning and execution are con-
ducted in a collaborative manner in the form of a 
multidisciplinary team (MDT) to ensure a suc-
cessful outcome can be obtained when managing 
patients undergoing orthognathic treatment. 
Orthodontics plays an integral part in preparing 
the patient for orthognathic surgery involving 
three distinct stages which are pre-surgical ortho-
dontics, surgery and post-surgical orthodontics. 
It is crucial to plan this treatment in all three 
planes of space: anteroposterior, vertical and 
transverse. Pre-surgical orthodontics typically 
involves relief of crowding and alignment, 
decompensation and arch coordination.

One of the key differences in presurgical 
orthodontics for Class II division 2 as compared 
to other malocclusions is how the curve of Spee 
is corrected. In a case with deep overbite and a 
reduced face height, curve of Spee is maintained 
during pre-surgical orthodontics as extrusion of 
the molars can easily be accomplished during the 
post-surgical orthodontic phase. During the pre- 
surgical orthodontics, a three-point landing is 
created. When the mandible is advanced, the face 
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height is increased leaving tooth contact between 
the incisors and molars with a deep curve of Spee 
observed immediately after surgery. This curve 
of Spee can later be corrected post-surgery by 
extruding the premolar teeth. In a case with a 
combination of deep curve of Spee and some 
degree of lower incisor crowding, extraction of 
teeth is sometimes needed for space creation to 
level the arch and to align the teeth. Care must be 
taken to avoid the stretching of the muscles of the 
pterygomandibular sling which can lead to post- 
orthognathic surgery instability and relapse.

9.8  Stability and Retention

9.8.1  Stability

The correction of the overbite with a good reduc-
tion of the inter-incisor angle is important for sta-
bility in a Class II division 2 malocclusion. For 
maximal chances of stability, the upper root cen-
troid should be at least 2 mm behind the lower 
incisor edge and the inter-incisor angle is reduced 
as much as possible toward 125° [12]. Intrusion 
and palatal root torquing of the upper incisors are 
needed to decrease and normalize the interincisal 
angle. Proclination of the lower labial segment 
after intrusion of the upper labial segment has 
been suggested as treatment that will be stable as 
the lower incisors would take up positions previ-
ously occupied by the uppers [3, 13].

9.8.2  Retention

The standard approach of retention in a Class II 
division 2 malocclusion is bonding a fixed lin-
gual retainer behind the lower right canine to left 
canine. This is to ensure a stable antero-posterior 
and transverse position of the lower labial seg-
ment. The upper arch often requires little or no 
retention unless the upper laterals were rotated 
mesiolingually. The upper incisors will be sup-
ported automatically by a properly positioned 

lower labial segment once overbite and inter- 
incisor angle are corrected [13].

As relapse is unpredictable, it is recommended 
that long-term retention is maintained. A normal 
night-time wear retention regime can be fol-
lowed. In a growing patient, an upper anterior 
bite plane can be incorporated into the Hawley 
retainer to maintain the corrected deep overbite.
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10Orthodontic-Surgical 
Management of Class II 
Malocclusion

Farhad B. Naini and Mehmet Manisali

10.1  Introduction

The purpose of this chapter is to describe the role 
of the orthodontist and surgeon team in the clini-
cal management of patients with moderate to 
severe Class II malocclusions of predominantly 
skeletal aetiology requiring orthognathic surgical 
correction.

10.2  Classification 
and Terminology

The term ‘Class II,’ originally introduced by 
Edward Angle to classify sagittal dental-occlusal 
relationships, is now widely used to describe a 
variety of attributes of the bimaxillary complex. 
A Class II skeletal pattern refers to mandibular 
retrusion relative to the maxilla in the sagittal 
plane. Class II may also refer to the incisor rela-
tionship (separated into divisions 1 and 2), the 
buccal segment relationships, or the overall mal-
occlusion. The term is also sometimes used to 
describe the facial soft tissue morphology.

In relation to the skeletal pattern, a Class II 
relationship may be due to sagittal maxillary 
excess (prominence of the maxilla due to a for-
ward position, referred to as prognathism, or 
infrequently, an excessive size, referred to as 
macrognathia). More commonly, a Class II skel-
etal relationship is due to sagittal mandibular 
deficiency. This may be due to posterior position-
ing of the mandible in relation to the craniofacial 
complex, known as mandibular retrognathia or 
retrognathism, reduced size of the mandible, 
known as micrognathia, or both.

Vertical overgrowth of the entire maxilla, 
known as vertical maxillary excess, or over-
growth of the posterior maxilla and maxillary 
dentoalveolus, described as posterior vertical 
maxillary excess, can lead to a posterior (back-
ward or clockwise) rotation of the mandible, 
which will exacerbate a Class II malocclusion 
and appearance by moving the chin downwards 
and backwards.

A Class II facial appearance may also be exac-
erbated by sagittal or combined sagittal and verti-
cal osseous chin deficiency.
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10.3  Clinical Evaluation

Clinical evaluation should begin with the frontal 
facial examination, and go on to assess the face 
from different viewpoints and using various diag-
nostic records. Comprehensive clinical diagnosis 
is beyond the scope of this chapter and has been 
described elsewhere [1, 2], but the most pertinent 
information related to the Class II patient is sum-
marized below. The patient should be in their 
natural head position (NHP), though the clinician 
may need to make minor manual adjustments to 
the patient’s head position, as patients may have 
developed a compensatory head posture, or more 
commonly, may habitually posture the mandible 
forward, in order to minimize the aesthetic impact 
of a mandibular deficiency.

The aesthetic parameters described below serve 
as useful guidelines for clinical evaluation. A use-
ful starting point is the evaluation of the vertical 
facial thirds, which may be undertaken in frontal or 
profile view. This proportional canon, known as the 
vertical facial trisection (Vitruvian trisection), was 
described by the Roman architect Vitruvius and 
popularized by Leonardo da Vinci [1]. The face 
may be vertically divided into thirds (Fig. 10.1):

• Upper facial third: trichion (hairline) to soft 
tissue glabella.

• Middle facial third: soft tissue glabella to 
subnasale.

• Lower facial third: subnasale to soft tissue 
menton. The lower facial third may be slightly 
greater than the middle third in males.

The lower facial third may be further subdi-
vided. Leonardo da Vinci described the upper lip 
as forming the upper third and the lower lip and 
chin forming the lower two-thirds. Albrecht 
Dürer subdivided the lower anterior face height 
into quarters, with the upper lip height ¼ of lower 
facial height. Subsequent attractiveness research 
has found that Leonardo’s proportion appears to 
be the ideal, though a range of variability exists 
from the upper lip being anything from ½ to ¼ of 
lower anterior face height (LAFH) [3, 4].

Vertical chin height should be assessed whilst 
considering the vertical facial proportions. 

Sagittal correction of mandibular position often 
alters the appearance of the mentolabial fold 
region and lower facial height proportions, as the 
mandible may be moved forward and downward 
(see later), potentially improving the chin height 
to face height proportion. Therefore, in such 
cases, vertical reduction or augmentation genio-
plasty may be undertaken, simultaneously or as a 
secondary procedure if necessary.

The sagittal position of the maxilla may be 
evaluated in profile view using a true vertical line 
(TrV or facial vertical) from soft tissue nasion, 
soft tissue glabella or a point midway between 
the two (perpendicular to the true horizontal 
line), with the patient in NHP (Fig.  10.2). 
Subnasale and soft tissue A-point should be 
approximately on this line.

Fig. 10.1 Vertical facial trisection. The upper facial third 
is from trichion (hairline) to soft tissue glabella (the most 
prominent midline point of the forehead between the brow 
ridges). Midface height is from soft tissue glabella to sub-
nasale (the deepest midline point where the base of the 
nasal columella meets the upper lip). Lower face height is 
from subnasale to soft tissue menton (the most inferior 
midline point of the soft tissue chin). The upper lip height 
is approximately one-third of lower face height
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Fig. 10.2 A patient in natural head position (NHP), dem-
onstrating the true facial vertical (TrV) and true horizontal 
(TrH) lines used to evaluate facial aesthetics. The true ver-
tical may be taken as a line parallel to a plumb line hang-
ing from the ceiling. The true horizontal will be at right 
angles to this. In some patients the Frankfort plane may be 
parallel to the true horizontal; however, the inclination of 
the Frankfort plane is subject to individual variability. 
(From: Naini FB. Facial Aesthetics: Concepts and 
Clinical Diagnosis. Oxford: Wiley-Blackwell, 2011. 
Reprinted with permission)

Fig. 10.3 The labial face tangent. The most accurate 
measurement of maxillary incisor crown inclination, from 
an aesthetic viewpoint, is that of a tangent to the labial 
face of the maxillary central incisor crown, with the 
patient in natural head position. This tangent should be 
approximately parallel to the true vertical plane and 
thereby approximately perpendicular to the true horizon-
tal plane

Maxillary incisor inclination should be evalu-
ated in profile smiling view. A tangent to the 
labial face of the maxillary central incisor crown 
should be approximately parallel to a true facial 
vertical line (TrV) (Fig. 10.3) [5].

Maxillary incisor position in the sagittal plane 
should be approximately level with a true vertical 
line dropped from soft tissue nasion, glabella or a 
point between the two, depending on the mor-
phology of the glabellar-nasal region, and con-
sidering ethnic variation. Cephalometrically, the 
maxillary incisors should be approximately 
4 mm anterior to the nasion-perpendicular (which 
is very similar to their proposed position in rela-
tion to the true vertical line dropped from soft tis-
sue nasion).

The sagittal chin position may be evaluated 
using a true vertical line as described above. Soft 

tissue pogonion should be approximately 
0 ± 2 mm to this line. If the patient has normal 
sagittal projection of the midface, subnasale 
(rather than soft tissue nasion) may be used to 
drop a TrV line, perpendicular to the true hori-
zontal line (TrH), with the patient in NHP. This 
analysis is useful for planning treatment in man-
dibular retrognathia or retrogenia, where the 
maxillary position is correct. The sagittal promi-
nence of the soft tissue chin ideally should not be 
further ahead than the lower lip. An angular rela-
tionship relating the prominence of the chin to 
the lower lip may be useful (Fig. 10.4) [6].

It is important to assess the soft tissue thick-
ness anterior to the bony chin (which may be 
observed on the lateral cephalometric radio-
graph, and palpated clinically), as an over-pro-

10 Orthodontic-Surgical Management of Class II Malocclusion



162

Fig. 10.4 The lower lip-chin prominence (LiaV-Pog′) 
angle. In front of the patient there is a plumb line hanging 
from the ceiling, which acts as an extra-cranial true verti-
cal line (TrV). Perpendicular to the TrV may be con-
structed the true horizontal line (TrH). A line parallel to 
the TrV, and perpendicular to the TrH, may be constructed 
through the Lia point (labrale inferius anterioris, which is 
the most anterior/prominent midline point of the lower lip, 
with the lips in repose, teeth lightly in occlusion and the 
subject in natural head position), which may be referred to 
as the Lia-Vertical line, or “LiaV.” This is effectively a 
true vertical line through the most prominent point on the 
lower lip. From Lia point, a second line is constructed to 
soft tissue pogonion (Pog′). The angle formed between 
the LiaV line and the Lia-Pog′ line may be termed the 
LiaV-Pog′ angle, i.e. the lower lip-chin prominence angle. 
The advantage of an angular relationship is that it is unaf-
fected by magnification if being measured on a photo-
graphic or radiographic image. The “ideal” angular 
relationship appears to be 0°, i.e. with the chin on the 
LiaV, or just behind it. Chin retrusion or prominence up to 
an angle of 15° retrusion to 5° prominence is deemed 
acceptable. Angular deviations outside this range are 
likely to be deemed unattractive, with a desire for surgical 
correction from most observers

jection of the chin may be entirely due to the 
soft tissue thickness. The submental length (soft 
tissue menton to C-point, which is the junction 
of submental plane and vertical plane of the 
anterior aspect of the neck) is on average 
approximately 50 mm, with a proportional value 
of approximately 80% of lower anterior face 
height. The submental- cervical angle describes 

the contour of the transition from the submental 
plane to the anterior aspect of the neck, with an 
average value of 110° (range 100–135°). 
Mandibular and/or chin advancement surgery 
tends to improve the submental- cervical contour 
by stretching the submental- cervical soft 
tissues.

10.4  Cephalometric Analysis

Cephalometric analysis may be used as an adjunct 
to the clinical evaluation of the patient. Two use-
ful methods of analysing sagittal skeletal rela-
tionships are the nasion perpendicular, which 
provides linear measurements, and a group of 
angular measurements which relate the maxilla 
(SNA angle), mandible (SNB angle) and chin 
(SND angle; SN-Pog angle) to the anterior cra-
nial base (sella-nasion or SN plane). An exten-
sion of the latter is the ANB angle, which relates 
the maxilla to the mandible.

Nasion perpendicular (McNamara) 
(Fig.  10.5): With the patient’s head oriented in 
NHP, the most direct method to determine the 
sagittal position of the maxilla and mandible is to 
measure the horizontal linear distance to the 
nasion perpendicular (N-perpendicular), a verti-
cal line perpendicular to the true horizontal, 
dropped from bony nasion. McNamara’s original 
data was based on the Frankfort plane rather than 
the true horizontal plane. Points anterior to 
N-perpendicular are assigned a positive value, 
and posterior a negative value. In white Caucasian 
patients [7]:

• Maxillary point A is on or slightly ahead of 
nasion perpendicular (0 to +1 mm).

• Mandibular point B is 2–3 mm behind nasion 
perpendicular.

• A-B difference (horizontal distance between 
points A and B when both are projected onto 
the true horizontal) is approximately 4 mm.

• Hard tissue pogonion (the most anterior point 
on the bony chin) is:

−4 to 0  mm behind N-perpendicular (in 
adult women).
−2 to +5 mm to N-perpendicular (in adult 
men).
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Fig. 10.5 The nasion perpendicular is a vertical line per-
pendicular to the Frankfort (FH) plane, or ideally the true 
horizontal plane (TrH), dropped from bony nasion (N). A, 
Skeletal A-point; B, skeletal B-point; Or, orbitale; Po, 
porion; Pog, pogonion. (From Naini FB. Facial Aesthetics: 
Concepts and Clinical Diagnosis. Oxford: Wiley- 
Blackwell; 2011. Reprinted with permission)

Fig. 10.6 The SNB, SND and SN-Pog angles provide an 
indication of the sagittal position of the mandibular apical 
base, mandible, and chin, respectively, in relation to the 
anterior cranial base and in relation to each other. (From: 
Naini FB.  Facial Aesthetics: Concepts and Clinical 
Diagnosis. Oxford: Wiley-Blackwell, 2011; reprinted 
with permission)

SNA angle (82 ± 3°): Relates the sagittal posi-
tion of the maxillary apical base (A-point) to the 
anterior cranial base (SN). The SNA angle pro-
vides an indication of the sagittal position of the 
maxilla relative to the anterior cranial base.

SNB angle (79 ± 3°): Relates the sagittal posi-
tion of the mandibular apical base (B-point) to 
the anterior cranial base (SN). The SNB angle 
provides an indication of the sagittal position of 
the mandible relative to the anterior cranial base 
(Fig. 10.6).

It should be noted that A-point and B-point are 
alveolar points and do not necessarily represent 
the true position of the skeletal bases, though 
they tend to provide a useful indication of the 
relative sagittal position of the maxilla and man-
dible. Additionally, the inclination of the SN 
plane is variable, therefore these analyses may 
only be employed if the SN plane has a normal 
inclination of 6–7° relative to the true horizontal, 
and sella and nasion are in normal sagittal and 
vertical positions.

SND angle (76–77°): Point ‘D’ is the centre of 
the body of the symphysis (bony chin) and is esti-
mated visually. The SND angle provides an 
assessment of the sagittal position of the man-
dibular skeletal base in relation to the anterior 
cranial base (see Fig. 10.6).

SN-Pog angle (80 ± 3°): This angle is formed 
between the most anterior point on the bony chin 
(pogonion) and the SN plane. It is important to 
compare the value of SNB to SN-Pog. In patients 
with a prominent chin but mandibular dentoalve-
olar (apical base) retrusion, the facial profile may 
be acceptable even though the dentoalveolar rela-
tionship is unfavourable. This relationship is 
common in Class II division 2 type malocclu-
sions. If SN-Pog is smaller than SNB, the patient 
is likely to have an excessively recessive bony 
chin in the sagittal plane (see Fig. 10.6).

ANB angle (3  ±  1°): The ANB angle repre-
sents the difference between the SNA and SNB 
angles, providing an indication of the sagittal dis-
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crepancy between the maxillary and mandibular 
apical bases (Fig. 10.7). The ANB angle is posi-
tive if point A lies anterior to NB. If NA and NB 
coincide, the ANB angle is zero. If point A lies 
posterior to NB, ANB will be negative. The skel-
etal pattern is described as:

• Class I: the ANB angle is in the range 2–4°.
• Class II: if ANB angle greater than 4°.
• Class III: if ANB angle less than 2°.

When assessing sagittal skeletal pattern using 
the angle ANB, it should be borne in mind that 
variations in the position of nasion will affect the 
ANB angle. Additionally, the sagittal skeletal and 
dental-occlusal relationships do not always 
match due to dentoalveolar compensation, e.g. a 
significant sagittal skeletal Class II may have a 
relatively small incisor overjet if the mandibular 
incisors are excessively proclined.

10.5  Treatment Planning

A logical treatment plan will follow from a thor-
ough and accurate clinical diagnosis [8]. At the 
initial joint orthognathic clinic, a preliminary 
treatment plan is provided to the patient. This is 
sometimes referred to as a ‘plan in principle,’ 
which is usually a general discussion of the type 
of surgery required, e.g. bimaxillary vs. single 
jaw, with or without genioplasty, and any poten-
tial adjunctive procedures that may be required. It 
is also explained that the final treatment plan may 
alter following the orthodontic preparation.

The final treatment plan is reached at the pre-
surgical joint clinic, following preparatory orth-
odontic treatment. Once the region(s) at fault 
have been identified, the next step may be termed 
vectorial analysis, in which the direction and 
approximate magnitude of movement of each jaw 
is determined [8]. This process is based predomi-
nantly on clinical observation of the patient, and 
is thereby qualitative in nature. It is not, however, 
entirely subjective; the reason is that most trained 
clinicians are likely to obtain similar findings. 
After accurate preoperative diagnosis, vectorial 
analysis is the most important stage of the treat-
ment planning process.

Having decided the direction and approximate 
magnitude of the skeletal movements required, 
the exact movements are confirmed using orthog-
nathic prediction planning. The different meth-
ods of prediction planning have been described 
elsewhere [8]. For the purposes of this chapter, 
the modern technique of three-dimensional vir-
tual surgical planning (3D-VSP) will be described 
[9].

A cone beam computed tomography (CBCT) 
scan is acquired. Due to the limited spatial reso-
lution of CBCT, the upper dentition, lower denti-
tion and bite registration are directly or indirectly 
scanned. The CBCT and dental scan are subse-
quently aligned, in preparation for the multidisci-
plinary 3D-VSP meeting, which should include 
the treating surgeon, orthodontist and 3D-VSP 
engineer. Virtual osteotomies may be made, 
based on the plan (Fig. 10.8), with virtual adjust-
ments made to the osteotomies based on potential 

Fig. 10.7 The ANB angle represents the difference 
between the SNA and SNB angles, providing an indica-
tion of the sagittal discrepancy between the maxillary and 
mandibular apical bases. (From: Naini FB.  Facial 
Aesthetics: Concepts and Clinical Diagnosis. Oxford: 
Wiley-Blackwell, 2011; reprinted with permission)

F. B. Naini and M. Manisali



165

Fig. 10.8 (a) Class II patient with mandibular retrogna-
thia, a skeletal anterior open bite and retrogenia, planned 
using 3D-VSP. (b) Differential posterior impaction of the 

maxilla (shown in light blue). (c) Forward autorotation 
and advancement of the mandible (shown in yellow). (d) 
Advancement osseous genioplasty (shown in dark blue)

a

b
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d

Fig. 10.8 (continued)
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occlusal collisions or bony interference colli-
sions, which may be clearly visualized from dif-
ferent directions (Fig. 10.9).

Le Fort I, bilateral sagittal split osteotomy 
(BSSO) and osseous genioplasty cutting 

guides (Figs.  10.10 and 10.11) and plates 
(Fig. 10.12) are constructed in preparation for 
surgery. When determining the locations of 
plate screw holes, root positions in the alveo-
lar bone, the mandibular nerve, the maxillary 

a

b

c

Fig. 10.9 (a) Overview of the planned maxillary move-
ment, showing root positions and areas of bony overlap. 
(b) Overview of the planned mandibular movement, 

showing the position of the mandibular nerve and tooth 
roots. (c) Dental-occlusal interferences are shown with 
red dots

a b

Fig. 10.10 (a) Maxillary cutting guides. (b) Intraoperative view of the maxillary cutting guides in preparation for a Le 
Fort I osteotomy
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a b

Fig. 10.11 (a) Mandibular sagittal split osteotomy and osseous genioplasty cutting guides. (b) Mandibular sagittal 
split osteotomy cutting guide in preparation for the osteotomy

a b

Fig. 10.12 (a) Maxillary plates. (b) Genioplasty plate. All the required plates will be three-dimensionally printed in 
preparation for the surgery

sinus, and the quality and thickness of bone 
can be visualized. The cutting guides can be 
designed with pilot hole locators aligned to 
best-suited bone regions and the drilling vec-
tors built in.

Facial soft tissue predictions can be under-
taken but their reliability is still questionable, as 
they are based on algorithms, whereas facial soft 
tissue responses to surgery are variable 
(Fig. 10.13).
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Fig. 10.13 Facial soft tissue predictions can be undertaken but their reliability is still questionable

10.6  Orthodontic Preparation

The overall purpose of preoperative orthodontic 
treatment is to place the teeth into the correct 
position for their respective jaw, so that on repo-
sitioning the jaws, the surgeon may attain the 
desired skeletal movements and obtain the best 
possible dental occlusion. The preparatory orth-
odontic tooth movements should be determined 
in relation to the proposed surgical movements of 
the jaws. The intended tooth movements may be 
described in relation to the six objectives of pre-
paratory preoperative orthodontic treatment [10]:

• Alignment.
• Levelling.
• Decompensation.
• Incisor inclination preparation.
• Arch coordination.
• Elimination of occlusal interferences.

There is a seventh objective if segmental sur-
gery is required:

• Creating interdental space for osteotomy cuts.

These objectives of orthodontic preparation 
are not always achieved in the same order. For 

example, decompensation may occur prior to 
arch levelling, or maxillary arch expansion to 
coordinate the arches may be required at the 
beginning of treatment. In certain circumstances, 
some of these phases occur together. They are 
described separately below for descriptive 
clarity.

Alignment: Alignment is usually, though not 
always, the first step in preoperative orthodontics 
(arch expansion is sometimes undertaken prior to 
alignment). Some arch levelling also begins at 
the same time as alignment, i.e. when the initial 
archwire is engaged into the brackets the teeth 
will begin to level. However, for the purpose of 
clarity, levelling will be described separately in 
the next section. The purpose of alignment is to 
correctly angulate (‘tip’) the crowns of the teeth 
into the correct position for their respective jaw 
and to correct tooth rotations.

Time taken to accurately position the brackets 
is never wasted. The brackets must be bonded 
into the correct position for each tooth. Minor 
variations in bracket positioning may be required 
in some patients. In orthognathic patients, the 
coordination of the maxillary and mandibular 
labial segments, i.e. the canine-to-canine region, 
is paramount. Often, interference may occur 
between the tip of the mandibular canine and the 
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mesio-palatal aspect of the maxillary canine, 
which prevents the intercuspation of the teeth. 
Therefore, it is advisable to bond the maxillary 
canine bracket approximately ½ to ¾ of a milli-
metre mesial to the long axis of the tooth, leading 
to slight mesio-labial rotation of the tooth, and 
better ultimate interdigitation of the labial seg-
ment [10]. Bonding the maxillary second molars 
may lead to their extrusion, which will become a 
major interference in attempting arch coordina-
tion. If they must be bonded/banded, e.g. to dero-
tate, then care should be taken to bonding the 
brackets somewhat occlusally. If a convertible 
tube is placed onto the first molar, vertical steps 
can be added to an archwire to also minimize 
extrusion of the second molar.

For archwire selection, a thin, round archwire 
is ideal for initial alignment, producing little 
binding and friction, and permitting relatively 
free tipping of the tooth crowns. The forces 
should be as light as possible, whilst permitting 
tooth movement. Nickel-titanium alloy (NiTi) is 
the initial aligning archwire material of choice, 
having both shape memory (i.e. it returns to its 
original form following plastic deformation, e.g. 
being ligated to a malpositioned tooth) and super-
elasticity (i.e. a flat ‘superelastic’ plateau in the 
middle of the force-deflection curve, allowing 
appreciable distortion of the wire in order to 
engage brackets on considerably displaced teeth 
whilst maintaining acceptable force levels) [11].

Typical sequencing of archwires for an orthog-
nathic patient is variable, depending on the 
desired goals of treatment. Assuming a 
0.022  ×  0.028-in. bracket slot, the preliminary 
archwire is usually a round 0.014-in., followed 
by a 0.016-in. NiTi or 0.018-in. copper NiTi after 
one to two visits of religation. If sliding mechan-
ics are required, e.g. to correct a dental midline 
shift, a working archwire of 0.018-in. stainless 
steel may be used, though a working wire should 
always be ligated into the brackets for at least a 
month, allowing levelling of the bracket slots, 
prior to any sliding mechanics being undertaken. 
This helps to make the archwire passive and 
thereby avoids binding of the brackets onto the 
archwire. The 0.018-in. stainless steel archwire is 

also very useful for correcting the inclination of 
incisor teeth, as the teeth rotate round the trans-
verse axis. If such movements are not required, 
then an interim 0.019 × 0.025-in. NiTi archwire 
is used to help prepare for the ligation of the 
0.019  ×  0.025-in. stainless steel archwires, on 
which surgery is usually carried out. 
0.019  ×  0.025-in. stainless steel archwires are 
also useful for coordinating the dental arches and 
for levelling.

Levelling: Dental arch levelling refers to the 
stage of orthodontic treatment which aims to flat-
ten (or almost flatten) the curve of Spee, by per-
mitting the relative vertical movement of the 
teeth in each arch to bring their marginal ridges to 
lie approximately in the same horizontal plane. A 
relatively flat (i.e. ‘level’) curve of Spee is one of 
the prerequisites to a normal dental occlusion.

In the Class II orthognathic patient, levelling 
may be undertaken preoperatively or postopera-
tively, depending on the requirements of the 
respective case:

• Preoperatively—In patients with an average 
or increased lower anterior face height 
(LAFH) most or all the levelling may be 
undertaken prior to surgery.

• Postoperatively—In patients with a reduced 
LAFH some or most of the levelling is under-
taken following surgery, e.g. a three-point or 
tripod landing (interarch tooth contact at the 
incisors and terminal molars only) is used to 
increase the LAFH and reduce the incisor 
overbite (Fig. 10.14) (see below).

The decision on how to level the maxillary 
arch is predominantly based on the final desired 
position of the maxillary incisors in relation to 
the upper lip and face. Once the desired postop-
erative position of the maxillary incisors has been 
planned, the decision on how to level the man-
dibular arch depends on the planned postopera-
tive position of the mandibular incisors in relation 
to the maxillary incisors and the effect of this 
position on the LAFH. If no increase in LAFH is 
desired, the mandibular arch is levelled preopera-
tively by incisor intrusion. However, if an 
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a b

Fig. 10.14 (a) Preoperative dental occlusion in a Class II 
patient with mandibular retrognathia and reduced lower 
anterior face height (LAFH), prepared for a mandibular 
advancement to a three-point landing. (b) Postoperative 

dental occlusion following mandibular advancement to a 
three-point landing. With a flexible lower archwire in 
place, bilateral box elastics may be used to close the lat-
eral open bites

increase in LAFH is desired, the mandibular arch 
curve of Spee is either partially levelled if only a 
small increase in LAFH is desired, the curve is 
maintained if already present at the required 
depth, or the curve is accentuated if a significant 
increase in LAFH is desired, i.e. the degree of 
preoperative levelling depends on how much of 
an increase in LAFH is desired. As the mandible 
is advanced, the degree of anterior-inferior move-
ment of the mandibular incisors will determine 
the increase in LAFH (Fig. 10.15).

There is a space requirement for orthodontic 
levelling, with approximately 1  mm of space 
required to level a 3 mm depth curve of Spee [6].

Decompensation: The discrepancy between 
the jaws in all three planes of space has an indi-
rect yet considerable influence on the dental 
occlusal relationship as a result of dentoalveolar 
compensation. Dentoalveolar compensation 
describes the variations in the positions of the 
teeth, in the sagittal, vertical and transverse 
dimensions, that may compensate for variations 
in the skeletal pattern, i.e. it is nature’s way of 
trying to get the teeth to meet when the jaws are 
growing away from one another. In the normal 
situation, the erupting maxillary and mandibular 
teeth are guided towards each other by the sur-
rounding soft tissue envelope of the tongue, lips 
and cheeks; hence, they erupt into a position of 
soft tissue equilibrium between the opposing 
forces of the tongue and lips/cheeks. Therefore, 
in the presence of sagittal or transverse skeletal 
discrepancies, alterations in the inclination of the 

teeth may compensate for the skeletal discrep-
ancy. In such cases, the occlusal discrepancy will 
appear less severe than the underlying skeletal 
discrepancy. For example, in a patient with a 
severe Class II skeletal pattern, the dentoalveolar 
compensation may involve proclination of the 
mandibular incisors. This compensatory mecha-
nism may be unsuccessful either because the 
skeletal discrepancy is too severe or because the 
soft tissue pattern is unfavourable. For example, 
in a Class II skeletal discrepancy, if the soft tis-
sues are unfavourable and the lower lip is unable 
to control the labial aspect of the maxillary inci-
sors and instead falls behind them it will lead to 
their proclination and thereby magnify rather 
than compensate for the skeletal discrepancy.

In the vertical plane, the incisors will tend to 
overerupt to compensate for increasing lower 
anterior face height, unless a forward tongue 
position prevents their overeruption. If the face 
height is dramatically increased, the incisors may 
not be able to fully compensate and an anterior 
open bite (AOB) will ensue.

Orthodontic preparation for orthognathic sur-
gery requires orthodontic decompensation of the 
dental arches in all three planes of space, i.e. the 
process of removing the dentoalveolar compen-
sations that may be present in the sagittal, trans-
verse and vertical planes, and re-establishing the 
correct position of the teeth with regard to their 
own skeletal base thereby permitting adequate 
surgical correction of skeletal discrepancies. An 
important objective of preparatory orthodontics 

10 Orthodontic-Surgical Management of Class II Malocclusion



172

a b

c d

Fig. 10.15 (a) Maintaining or accentuating an increased 
curve of Spee before mandibular advancement. (b) 
Mandibular advancement to a three-point landing (inci-
sors and terminal molars) occurs by a downward and for-
ward vector of movement of the mandibular incisors. This 
will increase the lower anterior face height (LAFH) and 
unfurl the mentolabial fold, improving the soft tissue con-
tour of the lower face. The lateral open bites are closed 
orthodontically by extrusion of the mid-arch mandibular 

dentition (i.e., postoperative levelling of the curve of 
Spee). (c) If the LAFH does not need to be increased, the 
mandibular dental arch is levelled in the preoperative orth-
odontic preparatory phase (i.e., preoperative levelling of 
the curve of Spee). (d) As such, mandibular advancement 
does not lead to any significant change in the LAFH. 
(From Naini FB, Gill DS, eds. Orthognathic Surgery: 
Principles, Planning and Practice. Oxford: Wiley- 
Blackwell; 2017. Reprinted with permission)

in a Class II patient is to remove the dental com-
pensations and to make the dental-occlusal dis-
crepancy match the skeletal discrepancy, which 
will allow correction of the dental occlusion with 
the skeletal repositioning.

There may be a ‘worsening’ effect on the den-
tal occlusion and facial appearance in this stage 
of preoperative orthodontics. Just as dentoalveo-
lar compensation tends to mask the extent of the 
underlying skeletal discrepancy, orthodontic 
decompensation unmasks the true extent of the 
underlying skeletal discrepancy. For example, in 
a patient with a Class II skeletal discrepancy and 

proclined/compensated mandibular incisors, 
often mandibular first premolars are extracted, 
and the space is used to retrocline the mandibular 
incisors towards their ideal inclination for their 
skeletal base. There may be a significant increase 
in the incisor overjet. Dental-occlusal function 
may also deteriorate during this stage of treat-
ment. As such, it is extremely important that 
patients are made aware of this issue prior to 
embarking on treatment, and as part of informed 
consent.

Class III interarch elastics may be required in 
order to help mandibular incisor retroclination. 
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This is the opposite to their use in Class II orth-
odontic camouflage mechanics.

Dental extractions, when required, will be to 
permit the maximum extent of decompensation 
achievable, and thereby allow the desired extent 
of surgical movement of the jaws. In preparation 
for orthognathic surgery dental extraction pat-
terns are usually the opposite of those used in 
conventional orthodontics.

If maxillary surgery is not required, maxillary 
dental midline deviation correction may well 
require dental extractions to create space. This 
usually involves extraction of the first premolar 
on the side to which the dental midline is to be 
moved. However, all things being equal, it is bet-
ter to avoid extractions in the maxillary arch only, 
as there is a tendency to narrowing of the arch 
width, making arch coordination more difficult. 
This is particularly true in a Class II patient with 
a narrow maxilla relative to the mandible. All 
extraction patterns should be planned after under-
taking a comprehensive space analysis [12, 13].

Incisor inclination preparation: The orth-
odontic treatment required to prepare the maxil-
lary and mandibular incisor inclinations for 
surgery often occurs as part of incisor decompen-
sation (see above). However, preoperative incisor 
inclination changes are not always, by definition, 
strictly speaking decompensation. For example, 
Class II patients with mandibular retrognathia 
often develop a lower lip trap, i.e. the lower lip 
gets caught behind the maxillary incisors, and 
leads to their proclination. This is not a compen-
satory proclination, but the inclination of the 
maxillary incisors needs to be corrected prior to 
mandibular advancement surgery.

Incisor inclination preparation for orthogna-
thic surgery depends on whether surgery is being 
planned for a jaw, and whether that surgery 
involves rotation of the jaw round the transverse 
axis (also referred to as a change in pitch). If sur-
gery is not being planned, then the incisor incli-
nation for that jaw should be corrected prior to 
surgery, e.g. proclined maxillary incisors should 
be corrected preoperatively when only mandibu-
lar advancement surgery is being planned. If sur-
gery is being planned for either jaw that will only 
entail sagittal bodily translation of the jaw, or if 

only vertical maxillary movement is required, 
then the incisor inclination for that jaw should 
again be corrected prior to surgery. However, if 
either jaw is being planned for surgery that will 
involve the rotation of the jaw round the trans-
verse axis, such as differential posterior impac-
tion of the maxilla, or autorotation of the 
mandible, which thereby alters the relative incli-
nation of the incisors, then the incisor inclination 
should be prepared preoperatively to take into 
account the change in incisor inclination that will 
occur as part of the surgical repositioning of the 
respective jaw [8, 10].

Arch Coordination: Dental arch coordination 
refers to the aspects of orthodontic treatment 
which ensure that the maxillary and mandibular 
dental arches will fit well together in occlusion, 
with maxillary and mandibular arch forms that 
correspond to one another, and with normal inci-
sor, canine and buccal segment overjet. Of all the 
parameters that must be dealt with in orthodontic 
preparation, the coordination of the maxillary 
arch with the mandibular arch is often the most 
important, commonly the most challenging, and 
usually the most likely to cause problems at the 
time of surgery and in the postoperative phase of 
treatment.

Ideally, the dental arches should be as well- 
coordinated as possible prior to surgery. However, 
in some patients, if the occlusion is so well- 
interdigitated as to make expansion difficult, par-
ticularly in low angle patients, glass ionomer 
cement blocks may be placed on the occlusal sur-
face of the maxillary first molars to disclude the 
arches and permit easier expansion. Conversely, 
some of the posterior buccal segment expansion 
(perhaps 3–4  mm, i.e. no more than 2  mm per 
side) may be completed postoperatively. 
However, the coordination of the canine-to- 
canine region of the maxilla to that of the man-
dible is the single most important preparatory 
requirement of preoperative orthodontics [2]. 
Good preoperative coordination of this region is 
mandatory.

Judging the arch width of the opposing jaws 
for arch coordination is best accomplished by 
hand articulating the dental study models, which 
will demonstrate the requirement for arch expan-
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Fig. 10.16 (a) Preoperative Class II patient, with reduced or average lower anterior face height, in occlusion. (b) 
Posturing the mandible into a Class I incisor relationship allows comparison of the relative width of the dental arches

sion or contraction. In the Class II patient with 
reduced or average LAFH, it may also be possi-
ble to gauge the progress in arch coordination by 
asking the patient to posture the mandible for-
ward and observing the relative width of the den-
tal arches (Fig. 10.16).

If preoperative maxillary arch expansion is 
required, a number of methods are available, 
including expanded archwires, removable appli-
ances with expansion screws, auxiliary arch-
wires, quadhelices, rapid maxillary expansion, 
and surgically assisted rapid maxillary 
expansion.

Elimination of occlusal interferences: 
Planning to prevent occlusal interferences begins 
before a single bracket is bonded. Additionally, 
during treatment the dental arches should be 
checked at every visit, in order to continue pre-
venting the formation of potential interferences, 
and eliminating them when they occur.

It is important to check the patient’s individual 
dental arches and their occlusion with keen 
observation and with interim ‘snap models’ when 
required, in order to detect potential occlusal 
interferences. The two most common potential 
interferences in orthognathic patients are lack of 
coordination of the intercanine width, usually 
due to a narrow maxillary intercanine width, and 
extrusion of maxillary second molar teeth, which 
will prevent good dental interdigitation. In addi-
tion, excessive buccal flaring of maxillary molars, 
inadvertent premolar extrusion (usually due to 
incorrect bracket positioning), overeruption of 
preoperatively unopposed teeth, dental substitu-
tions, and prominent cusps may all lead to inter-

ferences, which should be identified and resolved 
prior to surgery.

10.7  Postoperative Orthodontics

Active orthodontic treatment is usually delayed 
for 2 weeks, until the patient feels up to having 
treatment. During this time the patient will usu-
ally be wearing light intermaxillary guiding elas-
tics, which help to guide the patient into the 
planned dental occlusion. These should be worn 
full time, and the patient should be seen by the 
surgeon and orthodontist weekly for the first 
2 weeks, for close observation of any changes to 
the dental occlusion. Some patients will have an 
obvious, well-interdigitated dental occlusal result 
postoperatively. However, others may need closer 
observation, with variations in the intermaxillary 
elastic vectors made as required during this time 
[10].

Repairs to the orthodontic appliance should be 
made as soon as practically possible during this 
initial period. If a bracket has debonded or a band 
is loose, it should be repaired or removed.

If full-thickness stainless steel archwires had 
been placed prior to surgery, i.e. 0.0215 × 0.025- 
in. archwire in a 0.022 × 0.028 bracket slot, then 
these stabilizing archwires will need to be 
replaced with working archwires. However, most 
orthognathic surgeons are happy to operate with 
a larger dimension stainless steel working arch-
wire, e.g. 0.019 × 0.025-in. stainless steel arch-
wire, so long as it has been placed for at least one 
visit and is considered passive, prior to the maxil-
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lofacial technologist’s impressions or three- 
dimensional intraoral scans in preparation for 
surgery. If a working archwire is already in place, 
there is no requirement to change it at this stage.

The type of working archwire required in 
either the maxillary or mandibular arch depends 
on the tooth movements desired. Often the most 
important initial movement is to guide the teeth 
vertically into a better dental occlusion. The 
orthodontist must decide on the teeth they would 
like to extrude, and in which arch. For example, 
if the maxillary arch is level, the 0.019 × 0.025- 
in. stainless steel archwire may be maintained in 
position. If there are lateral open bites in the man-
dibular canine and premolar regions following a 
planned three-point landing, these teeth need to 
be extruded by elastic force; therefore, a flexible 
mandibular archwire is required. The dimensions 
and material of the flexible archwire depend on 
the other types of movement that may be required, 
e.g. torque control, but rectangular braided (mul-
tistrand) stainless steel, TMA (titanium- 
molybdenum alloy), or nickel-titanium (NiTi) are 
commonly used postoperatively.

The configurations and vectors of the working 
intermaxillary elastics depend on the type and 
direction of desired tooth movement. Incorrectly 
placed elastics will result in undesirable tooth 
movement; therefore, every effort must be made 
to ensure that patients do not incorrectly position 
them. A drawing demonstrating exactly which 
teeth should engage the elastics may be provided 
to the patient as a reminder or they may take a 
photograph of the elastics positioned whilst still 
in the clinic.

Vertical tooth movement in the buccal seg-
ments is usually facilitated with box elastics, 
maintaining a vertical vector as far as possible. 
Vertical intermaxillary elastics, whether box type 
or triangular in configuration, aim at extrusion of 
selected teeth to improve the interdigitation of 
the dental arches. Box elastics are required to 
level a mandibular curve of Spee. If necessary, a 
Class II or Class III vector may be advisable on 
one or both sides, depending on the desired tooth 
movements.

Short intermaxillary elastics, either Class II or 
Class III, may be useful, providing the Class II or 

III vector but limiting the potential detrimental 
vertical eruption of the maxillary or mandibular 
molars from routine Class II or III intermaxillary 
elastics. These may also be placed in a triangular 
configuration.

Persistent dental midline deviations may 
require a Class II elastic vector on one side and 
Class III on the contralateral side. Sometimes an 
anterior diagonal elastic may also be added (usu-
ally just night times). In such situations, care 
must be taken not to cause transverse canting of 
the maxillary occlusal plane by extruding the 
teeth attached to these elastics; theoretically tem-
porary anchorage devices may be used in one 
arch as a means of elastic attachment instead of 
the teeth, though in practice this is rarely required.

Occasionally, the exact planned surgical result 
may not have been attained. Where the discrep-
ancy with the planned result is relatively minor, 
and the facial aesthetic improvements are accept-
able, the orthodontist and surgeon may decide if 
the case can be ‘salvaged’ by orthodontic treat-
ment alone. This often involves some form of 
compensatory tooth movement, particularly in 
relation to incisor inclinations. For example, if a 
Class II mandibular advancement has been 
slightly over-advanced, with an edge-to-edge 
type incisor relationship, Class III elastics may 
be used, perhaps in conjunction with a round 
steel archwire in the mandibular arch, to improve 
the incisor relationship. Whatever the circum-
stances, the clinicians need to be aware that mir-
acles are not possible, and significant problems 
resulting from surgical shortcomings may need 
further surgical modification.

Much of the active vertical orthodontic set-
tling occurs with the intermaxillary working elas-
tics. Intermaxillary elastic wear will be markedly 
reduced, if required at all, in the finishing stages 
of orthodontic treatment. Elastic wear should be 
completely stopped for at least 6 weeks prior to 
appliance removal, to ensure that a stable result 
has been achieved.

Minor variations in tooth crown morphology 
combined with minor variations in bracket posi-
tion will mean that some tooth repositioning by 
‘artistic’ wire bending is likely to be required in 
the finishing stages of treatment. Occasionally, 
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first-order bends to vertically extrude specific 
teeth or second-order angulation bends for the 
incisor teeth may be required. Labial or lingual 
root torque (third-order bends) for specific teeth 
(usually maxillary lateral incisors) may also be 
required.

The postoperative phase of orthodontic treat-
ment typically takes anything from 3 months to 
6  months, depending mainly on the degree of 
postoperative tooth movement required.

10.8  Stability of Class II 
Correction

When considering the stability of correcting a 
Class II skeletal relationship, it is important to 
understand the difference in surgical approach 
based on the lower anterior face height (LAFH). 
Patients with a reduced or average LAFH may be 
treated with mandibular advancement alone. 
Patients with an increased LAFH and anterior 
open bite (AOB) are corrected in a more stable 
fashion with a bimaxillary procedure that impacts 
the maxilla (either total or posterior) and advances 
the mandible.

The data suggests that for Class II patients 
with a reduced or average LAFH, mandibular 
advancement is stable within the first year fol-
lowing surgery. In the long term (1–5 years post- 
treatment), approximately one-quarter of patients 
with mandibular advancement alone experience 
more than 2 mm relapse in mandibular length and 
ramus height. However, only 10% of these 
patients have an increase in overjet of 2–4 mm 
[14], i.e. the skeletal change is not mirrored by 
dental change. That means that as remodelling of 
the mandible occurs (primarily at the condyles), 
the dentition frequently compensates to maintain 
a more ideal sagittal dental-occlusal relationship, 
primarily by proclination of the mandibular 
incisors.

Class II patients with an increased LAFH and 
either total or posterior vertical maxillary excess 
are best treated with maxillary superior reposi-
tioning and forward mandibular autorotation, 
either with or without concurrent mandibular 
advancement. Isolated superior repositioning of 

the maxilla with rigid fixation is the most stable 
surgical procedure in the short term, as the max-
illa essentially does not move in the first year 
after surgery [15]. At 5 years following surgery, 
20% of patients experience 2–4 mm of change in 
the vertical position of the maxilla, and almost 
half as many have more than 4 mm of relapse. 
This long-term vertical change may be the result 
of unfavourable facial growth. Despite these 
skeletal changes, the overbite is usually main-
tained in these patients, primarily because of 
compensatory eruption of the incisors [16, 17].

There has been some concern that Class II 
patients with increased LAFH may be at greater 
risk for long-term condylar resorption when they 
undergo bimaxillary surgery. However, the data 
demonstrates that long-term resorption appears 
to be the same in patients who have isolated man-
dibular osteotomies and those who have bimaxil-
lary surgery (10% for both) [18].

In specific circumstances, Class II patients 
with increased LAFH and an AOB may be treated 
with mandibular surgery alone [19]. Recently, 
data have become available regarding the long- 
term stability of correction using anticlockwise 
rotation of the mandible and rigid fixation. In a 
retrospective study, Fontes et  al. [20] examined 
the records of 31 patients with an average of 
4.5 years of follow-up data, and found that 60% 
of the skeletal anticlockwise rotation of the man-
dible was lost. Only 10% of these patients 
relapsed to clinical open bite. Again, dental com-
pensation is seen for skeletal relapse. It is impor-
tant to note that the average open bite for this 
sample was limited (−2.6 mm; SD, 1.1 mm).

10.9  Soft Tissue Changes 
with Mandibular Surgery

A systematic review on the profile changes after 
bilateral sagittal split osteotomy (BSSO) 
advancement concluded that there was poor evi-
dence on the short- and long-term effects of 
advancement [21]. Studies tend to have small 
sample sizes, no power calculation and a mixture 
of surgical procedures performed on the study 
subjects [22].
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With mandibular advancement alone, a 
downward and forward repositioning of soft 
tissue pogonion with a resultant reduction in 
facial convexity, increase in the LAFH and 
increase in submental length can be expected 
(Fig. 10.17) [23]. The increase in LAFH will be 
influenced by the maxillary occlusal plane 
inclination, with a steeper plane resulting in a 
greater increase in lower facial height. The 
reported short-term (<2  years) and long-term 
(>2 years) ratios with rigid fixation are summa-
rized in Table 10.1 [21].

The figures in Table  10.1 generally suggest 
that a vertical gradient in effects exists with the 
greater proportional changes occurring at soft tis-
sue pogonion with gradually reducing changes 
on moving up to the upper lip. In the short-term 
the upper lip can be affected by oedema and the 
upper lip may also follow the lower lip move-

ment to some degree. Long-term changes to the 
upper lip may be related to relapse and the ageing 
process with gradual thinning and inferior move-
ment of labrale superius [24]. The changes at soft 
tissue pogonion may be more predictable as there 
is close attachment of the facial muscles onto this 
bony region.

With mandibular advancement, one may also 
expect a reduction in facial convexity, an increase 
in submental length, reduction in any submental 
soft tissue sag and a reduction of the lower lip- 
chin- submental plane angle. There may also be 
an uncurling effect on the lower lip, particularly 
if the preoperative lower facial height was 
reduced [25]. Although mandibular advancement 
had no effect on absolute nasal dimensions, 
advancement of the chin point may reduce the 
relative perceived prominence of the nose in rela-
tion to the forehead and chin point [22].

a b

Fig. 10.17 (a) Preoperative profile of a Class II patient 
with mandibular retrognathia and reduced lower anterior 
face height (LAFH). (b) Following mandibular advance-
ment to a three-point landing, there is downward and for-

ward repositioning of soft tissue pogonion with a resultant 
reduction in facial convexity, increase in the LAFH, open-
ing of the mentolabial angle and increase in the submental 
length

Table 10.1 Range of ratios for soft tissue to hard tissue movements for mandibular advancement, without genioplasty, 
with rigid internal fixation [21]

Short-term (<2 years) ratios Long-term (>2 years) ratios
Upper lip to incisor inferior −2 to 29% −10 to −67%
Lower lip to incisor inferior 35 to 108% 31 to 60%
Mentolabial fold to B-point 88 to 111% 86 to 111%
Soft tissue pogonion to hard tissue pogonion 90 to 124% 102 to 127%
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