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Preface

Management of the developing dentition has always been a fundamental role of the 
orthodontist. The transition from primary to secondary dentition is characterised by 
variation rather than conformity, and a multitude of local and more general prob-
lems can manifest during this period of development. However, in an era of 
evidence- based medicine, there is a surprising paucity of high-quality data to help 
inform decisions that often need to be made during this stage of development.

This textbook provides a rich source of information on the many aspects of den-
tal development that an orthodontist might be engaged with. The text begins with an 
overview of the normal development of the dentition and the management of early 
space loss, including enforced extraction of first permanent molars. It then covers 
local problems associated with the mixed dentition, including tooth agenesis and 
supernumerary teeth, dental trauma and impacted teeth, including maxillary inci-
sors and canines. Further chapters cover the interceptive management of class II and 
class III discrepancies and problems associated with the transverse dimension.

The chapters have been written by an international group of authors who have 
considerable expertise in the management of malocclusion and, in many cases, first- 
hand experience of conducting high-quality clinical trials investigating treatment 
interventions for these problems. The title of the book proclaims that it is evidence- 
based and in some areas it is. In particular, there have been recent advances in our 
knowledge of best practice for managing impacted maxillary canines and both class 
II and class III malocclusions. However, there are many common clinical problems 
that affect the developing dentition, which currently have only anecdote and retro-
spective clinician experience to inform them. Much work needs to be done in inves-
tigating many of these interventions with appropriate methodology. In the meantime, 
this textbook will provide you with the best current evidence that there is.

London, UK Martyn T. Cobourne
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1Development of the Dentition

Maisa Seppala and Martyn T. Cobourne

Abstract
Respiration, swallowing, speech and mastication are the primary roles of the oral 
cavity. The human dentition has evolved to effectively carry out the latter func-
tion by having teeth with different sizes and shapes and by going through a tran-
sition from primary to secondary dentitions that ensure optimal space and 
occlusal relationships in the adult. Teeth start forming early during the sixth 
week of embryonic development and are governed by molecular signals that 
ensure the right teeth develop at the right time in the right place. The first primary 
(deciduous) teeth emerge during infancy around 6 months of age, and following 
many dynamic stages of dental development and facial growth, the final second-
ary (permanent) third molar teeth erupt around the age of 19 years to complete 
the permanent dentition. However, even after this event, occlusal changes con-
tinue to take place through late-stage facial growth, alveolar development, post- 
emergent eruption and occlusal forces.

 Development of the Dentition

The human dentition begins formation in the embryo with postnatal development 
characterised by the transition from deciduous to permanent dentitions. The decidu-
ous dentition consists of two incisors, one canine and two molars in each dental 
quadrant, whilst the permanent dentition consists of the successional incisors, 
canines and premolars and accessional molars (Fig. 1.1).

mailto:martyn.cobourne@kcl.ac.uk
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 Embryonic Dental Development

The first 3 months of embryonic development are crucial for formation of the facial 
structures that derive from five fundamental processes: the paired mandibular, 
paired maxillary and frontonasal processes [1]. The oral surfaces of these processes 
provide the platform for dental development as the lower dentition derives from tis-
sue components originating in the mandibular processes and the upper incisors as 
well as the rest of the maxillary teeth develop within the frontonasal and maxillary 
processes, respectively. The appearance of the horseshoe-shaped epithelial thicken-
ings that form in the early oral cavity around 6 weeks of gestation marks the start of 
dental development. Subsequently, this continuous epithelial band divides into an 
outer vestibular and inner dental lamina, the former giving rise to the lip and cheek 
vestibules and the latter to the enamel organs of the teeth [2, 3].

 Molecular Basis of Dental Development in Brief

Teeth are epithelial appendages like hair, sweat glands and nails and share many simi-
lar morphological and molecular stages during their development. Their growth relies 
on epithelial-mesenchymal interactions mediated by secreted signalling molecules 
that, in turn, induce expression of multiple transcription factors. These signals are 
repeatedly used at different stages of dental development, and after first establishing 
oral-aboral and mesiodistal polarity in the jaws, then continue to regulate initiation, 
growth, morphogenesis, cell differentiation and cusp patterning of the teeth [4–6].

Humans are heterodonts, who have teeth with different sizes and shapes including 
two incisors, one canine, two premolars and three molars in each dental quadrant. The 
current developmental model for investigating tooth development is the mouse, which 
has a reduced dentition in comparison to humans. However, there is much commonal-
ity in the fundamental mechanisms underlying tooth development in mouse and human 
due to their genomic similarity and comparable stages of dental development [7].

In mice, teeth with different morphology develop depending on their mesiodistal 
position in either of the jaws, and the heterodont patterning is under control of at least 

a b

Fig. 1.1 The human dentition forms as a transition from deciduous to permanent dentition. The 
deciduous dentition consists of two incisors, one canine and two molars in each dental quadrant 
(a), whilst adult jaws accommodate an additional two premolars between the canine and first molar 
as well as a third molar (b)

M. Seppala and M.T. Cobourne
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two well-studied signalling molecules, bone morphogenetic protein 4 (Bmp4) and fibro-
blast growth factor 8 (Fgf8) expressed by the oral epithelium. Bmp4 specifies the incisor 
region by inducing expression of homeobox-containing transcription factors Msh 
homeobox 1 (Msx1) and 2 (Msx2) in the underlying mesenchyme and in the molar field 
through Fgf8 initiating expression of BarH-like homeobox 1 (Barx1) and Distal-less 2 
(Dlx2) [8, 9]. Significantly, murine studies have shown that inhibition of Bmp4 results 
in ectopic expression of Barx1 in the presumptive incisor region, which can cause trans-
formation of the incisors into teeth with more molariform characteristics, highlighting 
the importance of these homeobox genes in regulating heterodont patterning [9].

After mesiodistal polarity has been established, two signalling molecules, sonic 
hedgehog (Shh) and Wnt7b, become reciprocally expressed in the oral epithelium. 
Interestingly, the expression domain of Shh corresponds to the tooth-forming region 
and Wnt7b to the non-tooth-forming oral epithelium. Subsequently, their roles have 
been shown to delineate the regions that have potential for tooth formation [10]. At 
the time when tooth formation is initiated, Fgf8 also provides an inductive signal for 
formation of the localised thickenings in the oral epithelium that give rise to dental 
placodes. Fgf8 continues to induce proliferation in the dental placodes and together 
with Shh controls early cellular morphogenetic changes that result in progression of 
tooth development from a thickening to bud stage [11]. Following this early pattern-
ing, a whole host of molecules become dynamically expressed and take part in com-
munication between the oral epithelium and underlying mesenchyme to ensure 
normal progression of dental development.

 Histological Basis of Dental Development in Brief

The different stages of dental development are named after their resemblance to the 
shape of the invaginating epithelium that progress from thickening to bud, cap, bell 
and late bell stages. The surrounding mesenchyme condenses around the invaginat-
ing epithelium and at cap stage becomes partly encapsulated. At the bell stage, the 
enamel knots at the tip of the future cusps become visible. These are signalling 
centres that are important for morphogenesis and required for normal cusp forma-
tion in molars. At the late bell stage, histodifferentiation begins and derivatives of 
the oral ectoderm give rise to enamel-producing ameloblasts, whilst the rest of the 
tooth originates from cranial neural crest-derived mesenchyme, including dentin- 
producing odontoblasts, cementum-producing cementoblasts, periodontal liga-
ments and pulpal tissue [3, 4, 6]. Calcification of the deciduous dentition begins 
around 3–4 months of embryonic development [3, 12].

As diphyodonts, humans have two generations of teeth. Preparation for the tran-
sition from primary to secondary dentition begins during prenatal life. Successional 
secondary teeth develop from localised lingual proliferations from the dental lamina 
of their corresponding primary predecessors and give rise to two incisors, canine 
and two premolars in each dental quadrant. The rest of the secondary dentition are 
accessional teeth that include all three molars that form from a backward extension 
of the distal aspect of the primary second molar. The first sign of successional tooth 
development is seen around 3–4 months, whilst the accessional teeth start to form 
around 5 months of embryonic development [3] (Fig. 1.2).

1 Development of the Dentition
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 Postnatal Development of the Dentition (Box 1.1)

At birth the head is nearly half of the body mass, and the mandible is strikingly 
small and retrognathic in relation to the maxilla [2]. The upper lip is short and the 
lower lip forms the majority of the anterior seal. Even when dental development has 
begun already early on during prenatal life, the infant’s first smile is predominated 
by the presence of edentulous gum pads. However, inside the developing alveolar 
processes, dental development is well underway as the deciduous central incisor 
crowns have almost fully calcified, and the rest of the deciduous dentition has also 
begun this process.

a

b

iee

oee

sr

dl

p

pt

st

Fig. 1.2 Late cap stage tooth germ: developing mandibular incisor (a) and mandibular canine (b). 
During human embryonic development, the dental lamina (dl) connects the cap stage tooth germ 
to the oral epithelium. Outer enamel epithelium (oee) and inner enamel epithelium (iee) derive 
from the invaginated oral epithelium, and the iee gives rise to enamel-producing ameloblasts. 
Encapsulated neural crest-derived mesenchymal cells adjacent to the iee receive signals from the 
iee and differentiate into dentin-producing odontoblasts. Pulpal tissue (p) also originates from the 
mesenchyme. Sr stellate reticulum (a). The successional permanent tooth (st) is beginning to 
develop on the lingual side of the bud stage primary tooth (pt), and these are linked together by the 
successional lamina (arrow) (b)

M. Seppala and M.T. Cobourne
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 The First 6 Months

In the newborn maxilla, the horseshoe-shaped gum pad surrounds the shallow pal-
ate and overlaps the U-shaped mandibular gum pad. The future positions of the 
developing teeth can be seen on the gum pads as small segmented elevations sepa-
rated by small transverse grooves (Fig. 1.3). One of these grooves, the ‘lateral sul-
cus’, is prominent, extending vertically to the buccaneers sulcus and corresponding 
to the distal side of the future deciduous canine. The second molars are the last 
deciduous teeth to start developing, and subsequently the elevations in the prospec-
tive second molar regions do not become evident until around 5 months of age. Just 
palatal or lingual to these elevations, a dental groove represents a structure that is a 
remnant of the invaginated epithelial organs of the developing teeth. In addition, in 
the maxilla another shallow groove, the gingival groove, is located more palatally 
and anatomically separates the alveolar and palatal epithelium apart from each 
other [2, 3].

At birth, some of the infant’s vital physiological functions need to change 
abruptly, and the time of adaptation to a new environment can be associated with 
disruptions in enamel calcification resulting in formation of the so-called neonatal 
line. Normally this horizontal line is not visible by eye, but following more stressful 
or complicated births, it can become noticeable [13], and its location depends on the 
developmental stage of the relevant tooth crown at the time of birth. Although most 

a b

Fig. 1.3 Profile view of a 3-week-old baby boy and oral view of the maxilla. Newborn children 
have a small mandible in comparison to the maxilla (a), and their edentulous gum pads have small 
segmented elevations that mark the sites of the developing teeth (b)

Box 1.1 Key Stages of Development of the Deciduous Dentition 

 – 6 weeks of gestation: development of the deciduous dentition begins.
 – 6 months: first deciduous teeth, mandibular central incisors, erupt.
 – 2½ years: all 20 deciduous teeth have erupted.
 – Root development of deciduous dentition is completed within 12–18 

months after their eruption to oral cavity.
 – Teeth normally erupt within a few weeks from eruption of the teeth in the 

contralateral side of the same jaw.

1 Development of the Dentition



6

newborns are edentulous, 1:1000 to 1:30,000 depending on the racial group have 
natal teeth at birth or neonatal teeth that erupt within 30 days after birth. These are 
most frequently seen in the mandibular incisor region and can be either supernumer-
ary or prematurely erupted deciduous teeth. It is difficult at this stage to determine 
if they are part of the normal complement of the deciduous dentition, and thereafter 
the decision on their removal depends on the presence of any possible symptoms 
such as disrupted feeding that can cause inadequate nutrient intake, ulcerations or 
increased mobility with risk of aspiration [14].

Infants get their nutrition up to the first 3–6 months exclusively from breast or 
substitute milk, and their ability to thrive depends on establishment of a successful 
feeding pattern. In the newborn, the tongue normally sits between the maxilla and 
mandible and during suckling forms a seal against the lower lip. Coordinated move-
ments of the tongue, lips and cheeks during suckling activate the facial muscles and 
are considered to be important in stimulating facial growth [15]. During the first 
year, significant transverse growth takes place in both maxillary and mandibular 
sutures providing approximately 2 mm more space for eruption of the deciduous 
incisors [16].

 From 6 Months to 5 Years of Age

The first deciduous teeth erupt around the same time as the infant adapts to a more 
complex swallowing pattern and is physiologically ready for weaning [17]. Teething 
can be a big event in the infant’s life, as their eruption can cause multiple relatively 
minor symptoms such as general irritability, disturbed sleep, an increase in body 
temperature, drooling, gum-rubbing and increased biting [18].

The first deciduous teeth to emerge are the lower central incisors (median age 6.8 
months), and contralateral teeth normally erupt only a few weeks apart from each 
other. Although some variation does take place in the eruption pattern, typically 
every following few months, a new pair of incisors erupts in the following sequence: 
maxillary central incisors (9.1 months), lateral maxillary incisors (9.8 months) and 
lower lateral incisor (11.4 months) [19]. By the end of the first year of life, around 
two thirds of deciduous incisor root development is completed. Variable degrees of 
root formation are also evident in the rest of the developing deciduous dentition 
excluding the second molars that are just completing their crown formation [12].

After a short while, eruption of the deciduous teeth resumes with eruption of the 
first molars (maxillary 14.8 and mandibular 15.4 months) slightly before the canines 
(maxillary 17.6 and mandibular 18.0 months). The last deciduous teeth to erupt are 
the second deciduous molars (mandibular at 26.2 months, maxillary at 26.6 months), 
following which, the full complement of five deciduous teeth is present in each 
dental quadrant [19]. Root development of the primary dentition is completed 
approximately 12–18 months after their eruption, and subsequently all deciduous 
incisors complete their root development by age of 2 years, first molars 2½ years 
and second molars 3 years, and deciduous canines are the last ones to complete their 
root development around 3¼ years of age [12].

M. Seppala and M.T. Cobourne
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Eruption sequence of the primary dentition is more important than chronological 
timing. Large variation in eruption times exists, and it is not unusual that some of 
the children do not get their first teeth until the age of one (Table 1.1). As a general 
rule, 6-month deviation from the average eruption times is considered normal. If a 
child at the age of 3 years has not yet attended any dental appointments, this is now 
a good time to visit dentist or dental hygienist in order to confirm normal dental 
development and good dental health. The primary dentition is usually established 
by the age of 3 years (Fig. 1.4).

 Space and Occlusal Development in the Primary Dentition

From birth to 2 years of age, the intercanine width increases around 3.5 mm in the 
mandible and 5 mm in the maxilla [20]. Subsequently, even the primary incisors 
might erupt in crowded positions, transverse growth ideally results in spacing in the 
labial segments providing additional space for the wider permanent incisors to 
erupt. In addition to generalised upper and lower incisor spacing, ‘primate spaces’ 
mesial to the upper canines and distal to the lower canines provide further space for 
permanent dentition and are the most prevalent feature of the primary dentition [21].

Deciduous incisors are typically more upright, and the overbite tends to be tran-
siently deep in the early deciduous dentition. Overbite reduces as a result of increase 
in the posterior lower facial height that is anteriorly compensated by post-emergent 
eruption and augmentation of the alveolar bone. Both jaws also grow in an 

Table 1.1 Deciduous dentition: median eruption times

Deciduous C incisor L incisor Canine First molar
Second 
molar

Maxilla (months)
Median 9.1 9.8 17.6 14.8 26.6
In brackets 5 and 95% 
percentiles

(6.8–12.7) (7.2–15) (13.6–23.8) (11.8–18.5) (20.1–34.4)

Mandible (months) 6.8 
(4.3–10.6)

11.4 
(7.9–16.7)

18.0 
(14.0–24.6)

15.4 
(11.8–18.8)

26.2 
(20.2–33.1)

According to Nyström [19]

a b

Fig. 1.4 Primary dentition. Complete primary dentition of a 3-year-old girl with the presence of 
primary spaces mesial to the maxillary canines and distal to the lower canines (a, b)

1 Development of the Dentition
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anterior- posterior direction, and, significantly, the mandible grows faster than the 
maxilla, resulting in more optimal jaw relationships, reduction in overjet and erup-
tion of the teeth in better occlusion [2, 22]. Molar length increases with its highest 
rate up to the age of 3 years, providing posteriorly more space for eruption of the 
rest of the primary dentition [20]. In the deciduous dentition, the most common 
molar relationship is edge to edge, and the tendency for Class II malocclusion is 
much more common than Class III [21].

 Development of the Permanent Dentition (Box 1.2)

Transition from deciduous dentition to permanent dentition is divided into two stages, 
early and late mixed dentition, as permanent teeth erupt in groups. These two stages of 
rapid dental development are separated by around a year and a half of more silent 
period of time, when no further deciduous teeth exfoliate, but progression of dental 
development can be assessed from radiographs based on the amount of crown and root 
development as well as the presence of root resorption in the deciduous dentition.

 The Early Mixed Dentition (6–8 Years) (Fig. 1.5)

Transition to the permanent dentition commonly begins around the same time with 
the start of the juvenile growth spurt, at around 6–7 years of age, as the mandibular 
central incisors (6–7 years) or first molars (5.5–7 years) erupt. Only another year 
later, the mandibular lateral incisors (7–8 years) erupt around the same time with the 

Box 1.2 Key Stages of Development of the Permanent Dentition 

 – 14 weeks of embryonic development: development of the permanent denti-
tion begins.

 – 6 years: first permanent teeth, mandibular central incisors or first molars, 
erupt.

 – 9–10 years: permanent maxillary canines palpable bilaterally in the buccal 
sulcus.

 – 11 years: permanent maxillary canines erupt.
 – 12 years: permanent second molars erupt and complete development of the 

permanent dentition (excluding third molars).
 – 19 years: if present, permanent third molars erupt; however, their timing 

has a lot of variation depending on the space availability.
 – Root development of the permanent dentition completed within 2–3 years 

after their eruption to oral cavity.
 – Eruption within 2 years from average eruption time is considered as nor-

mal variation.
 – Teeth normally erupt within half a year from eruption of the teeth in the 

contralateral side of the same jaw.

M. Seppala and M.T. Cobourne
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upper central incisors (7–8 years). Lastly, the early mixed dentition stage is complete 
as the upper lateral incisors erupt at approximately 8–9 years of age [12]. As the 
deciduous teeth exfoliate, the permanent successors are expected to erupt within the 
following 6 months. The same time frame is applied when a permanent tooth has 
erupted on one side; the contralateral deciduous tooth can be expected to be lost again 
within the following 6 months. Similarly to the deciduous dentition, the correlation 
between chronological and dental age is also poor in the permanent dentition, and up 
to 2 year deviations from average eruption times are considered normal.

 Occlusal Features of the Early Mixed Dentition (Fig. 1.6)

As the upper central incisors erupt, they can be flared distally leaving a space in the 
midline. This midline diastema can be present due to crowding inside the anterior 
maxillary bone where the unerupted lateral incisor crowns are still in their vertical 

a b

c

Fig. 1.5 Early mixed dentition. Transition to early mixed dentition usually begins around 6–7 
years of age (a). Teeth exfoliate following root resorption of the deciduous teeth and after atraumatic 
loss good healing of the gingival tissue can already be seen a few hours after exfoliation (b, c)

Others
 – Eruption sequence in both deciduous and permanent dentition is more 

important than correlation between eruption times and chronological age.
 – Females are typically ahead of their male counterparts in terms of their 

dental development.

1 Development of the Dentition
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position high and can apply pressure on the central incisor roots causing their 
crowns to tip laterally. Following eruption of the lateral incisors, this same effect 
can shift distally, and consequently the canine crowns can now compress the lateral 
incisor roots. Although there are multiple reasons for the presence of midline dia-
stema, in the early mixed dentition, this phenomenon can be part of normal physi-
ological development, and midline spaces up to around two millimetres can easily 
resolve spontaneously following the eruption of the maxillary canines. This tran-
sient period of physiological spacing and flaring of the maxillary incisors is often 
referred as ‘ugly duckling stage’ (Fig. 1.7).

a b

Fig. 1.7 Radiographic view of the ‘ugly duckling stage’. Following their eruption, the upper 
central incisors can be flared due to unerupted upper lateral incisors causing pressure on the distal 
surface of the central incisor roots (a). After eruption of the lateral incisors, this same effect can 
move distally, resulting in high upper canines now causing distal angulation of the upper lateral 
incisor crowns and spacing (b)

a b

c d

Fig. 1.6 Complete early mixed dentition. Class I early mixed dentition with very mild crowding 
in the lower labial segment in a 9-year-old boy. Deciduous dentition has thinner enamel and in the 
presence of acidic diet is more prone for erosion than permanent dentition (a–d)

M. Seppala and M.T. Cobourne
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a b

c d

Fig. 1.8 Occlusal features of the early mixed dentition. Up to 6 mm spacing in the deciduous 
dentition is required to provide enough space for larger permanent teeth. Developing anterior open 
bite present in this 3-year-old child with no family history of anterior open bite is likely to be 
caused by a prolonged dummy-sucking habit (a). Midline diastema and deep bite can be transient 
physiological features of the mixed dentition. Permanent central incisor is approximately 2 mm 
wider than deciduous central incisor (b). Permanent teeth develop lingually in relation to their 
permanent successors, and occasionally, especially in the crowded dentition, lower incisors can 
erupt ectopically in the side of the tongue (c, d)

Permanent incisors are visibly larger and develop on the lingual/palatal side in 
relation to their deciduous predecessors. In the lower arch, four permanent incisors 
can take around six millimetres more space than the deciduous incisors. This space 
is obtained in variable ways such as by utilising the deciduous incisor spacing and 
permanent incisors erupting in more proclined inclination establishing a wider den-
tal arch. Even the intercanine and molar widths are essentially already established 
at the age of 8 years; a small increase in the intercanine distance takes place at the 
time when the canines erupt [16]. In the mandible approximately 1 mm increase is 
obtained as the lower canines erupt taking up the primate spaces available distal to 
the lower deciduous canines. In contrast, in the maxilla lateral incisors take up the 
primate spaces that are present in the maxillary arch mesial to the deciduous canines. 
However, approximately 3 mm increase is gained partially because the maxillary 
canines erupt in more buccal positions in comparison to their deciduous predeces-
sors. Lack of spacing between deciduous incisors is a strong predictor of future 
incisor crowding in the permanent dentition. Up to 6 mm space is required to reduce 
the risk of developing incisor crowding [22]. In the presence of crowding or retained 
deciduous incisors, the permanent incisors can erupt lingually/palatally due to their 
developmental position warranting removal of the retained deciduous teeth or inter-
ceptive orthodontic treatment if maxillary incisors erupt in crossbite (Fig. 1.8).

1 Development of the Dentition
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 The Late Mixed Dentition (10–13 Years) (Fig. 1.9)

Eruption of the mandibular canines (9–11 years) marks the transition to late mixed 
dentition that happens around the same time as the start of the adolescent growth 
spurt. Lower canines erupt more buccally and distally than their predecessors that 
can result in increase in the mandibular intercanine width and provide small amount 
of additional space for lower incisors.

First mandibular premolars erupt almost at the same time (10–12 years) with the 
maxillary first premolars (10–11 years). At around 11–12 years of age, the maxillary 
canines (11–12 years) and all four second premolars (maxillary 10–12 years and man-
dibular 11–13 years) erupt. This is followed by eruption of the all four second molars 
around the age of 11–13 years in the mandible and 12–13 years in the maxilla that com-
pletes the late mixed dentition stage [12]. However, dental development still continues 
as formation of the third molars is now underway and undergoing crown calcification 
that is normally radiographically evident. Also, root development of the permanent teeth 
is not completed until around 2–3 years after their eruption [12] (Table 1.2).

Maxillary canine crown development is started at around 4 months of embryonic 
development, and root development is not completed until the age of around 13½ 
years. They also have a long eruption pathway that is guided by the lateral incisor 
roots [23]. In contrast to other successional teeth, maxillary canines erupt later than 
teeth immediately distal to them, making them more prone for localised crowding, 
and subsequently they often erupt in buccally displaced positions. These factors 
together with familial tendency [24] can all contribute to the fact that around 2% of the 
maxillary canines are impacted [25]. Majority of the unerupted canines are displaced 
palatally (61%) but can also be impacted aligned with the dental arch (34%) or in the 
buccal position (4.5%) [26]. If the maxillary canines are not palpable buccally at 10 
years of age, it can be indicative of them being palatally ectopic. Early diagnosis of the 
palatally positioned maxillary canines can be beneficial as removal of the deciduous 
canines at the right time can sometimes normalise the eruption pathway of the maxil-
lary canines depending on the severity of their displacement [27].

a b

Fig. 1.9 Asymmetric dental development. Over 6 months delayed eruption of the contralateral 
tooth can be a sign of abnormal dental development or pathology. Normal dental development and 
symmetric eruption of the maxillary canines taking place in a 12-year-old boy (a) and delayed 
eruption of the upper right lateral incisor at the same time with upper canines seen in a same-age 
cousin whose father has a peg-shaped upper lateral incisor, that is, a dental feature with strong 
inheritance pattern (b)

M. Seppala and M.T. Cobourne



13

Table 1.2 Permanent dentition: calcification of the crown begins and completed, eruption times 
and completion of root formation

Arch and tooth Calcification begins
Crown completed 
(years)

Eruption 
(years)

Root completed 
(years)

Mx Ci 3–4 months (in utero) 4–5 7–8 9–10
Mx Li 10–12 months (in 

utero)
4–5 8–9 11

Mx canine 4–5 months (after 
birth)

6–7 11–12 12–15

Mx first premol 1.5–1.8 years (after 
birth)

5–6 10–11 12–13

Mx second 
premol

2–2.3 years (after 
birth)

6–7 10–12 12–14

Mx first molar At birth 2.5–3 5.5–7 9–10
Mx second 
molar

2.5–3 years 7–8 12–14 14–16

Mx third molar 7–9 years (after birth) 13a 17–30 18–25a

Md Ci 3–4 months (in utero) 4–5 6–7 9–10
Md Li 3–4 months (in utero) 4–5 7–8 10
Md canine 4–5 months (after 

birth)
6–7 9–11 12–15

Md first premol 1.3–2 years (after 
birth)

5–6 10–12 12–13

Md second 
premol

2.3–2.5 years (after 
birth)

6–7 11–13 12–14

Md first molar At birth 2.5–3 5.5–7 9–10
Md second 
molar

2.5–3 years (after 
birth)

7–8 12–14 14–16

Md third molar 8–10 years (after birth) 13.5a 17–30 18–15a

According to Logan and Kronfeld [12]
aBased on data of Nyström [19]

 Space and Occlusal Development in the Late Mixed Dentition  
(Box 1.3)

In contrast to incisors, the total mesiodistal width of the permanent canine and two 
premolars occupy less space than their deciduous predecessors. This space accounts 
for up to 2.5 mm space in the mandible and 1.5 mm in the maxilla and is called 
‘leeway space’. Majority of the leeway space is provided by wide deciduous second 
molars, and subsequently most of this space is used by first molars that following 
the loss of the second deciduous molars rapidly move mesially. Significantly, lee-
way space also contributes to formation of the Class I molar relationship as more 
space for mesial migration of the molars is available in the mandibular arch than in 
the maxilla [28]. Therefore, even the flush end of the first molars is the most com-
mon relationship in the early mixed dentition, the differential mesial movement as 
well as faster growth of the mandible in comparison to maxilla contributes all 
together for 3–4 mm more mesial movement of the mandibular than the maxillary 
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molar, contributing to the establishment of Class I molar relationship. Similarly, if 
Class II molar relationship is found in the deciduous dentition, this is likely to 
improve and Class III is likely to get worse around the time when a child shifts from 
the deciduous to permanent dentition. Mainly because of the loss of the leeway 
space and mesial movement of the molars, the arch perimeter reduces during the 
transition to the permanent dentition approximately 3.5 mm in boys and 4.5 mm in 
girls [29] (Table 1.3; Fig. 1.10).

Table 1.3 Mesiodistal widths of the deciduous and permanent teeth

Deciduous mesiodistal width 
combined value for girls and 
boys (mm)

Permanent mesiodistal 
width girls (mm)

Permanent mesiodistal 
width boys (mm)

Mx Ci 6.4 8.6 8.9
Mx Li 5.2 6.6 6.9
Mx canine 6.8 7.7 8.0
Mx first 
premol

6.9 7.0

Mx second 
premol

6.6 6.7

Mx first 
molar

6.9 9.8 10.1

Mx second 
molar

8.5 9.3 9.6

Md Ci 4.0 5.4 5.5
Md Li 4.6 5.9 6.1
Md canine 5.8 6.6 7.0
Md first 
premol

6.9 7.0

Md second 
premol

6.9 7.0

Md first 
molar

7.5 10.3 10.7

Md second 
molar

9.4 9.9 10.2

According to Lysell and Myrberg [30]

Box 1.3 Features Ensuring Adequate Space for Permanent Dentition 

 – Transverse and anterior-posterior growth of the jaws.
 – Incisor spacing in the primary dentition.
 – Primate spaces in the maxilla mesial and in the mandible distal to decidu-

ous canines.
 – Leeway space 1.5 mm in the maxilla and 2.5 mm in the mandible.
 – Incisors erupt into more proclined positions than upright deciduous 

incisors.
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a b

Fig. 1.10 Establishing Class I molar relationship. Deciduous molars are wider (a) than their suc-
cessor premolars (b). In addition, the mandibular first and second deciduous molars are wider than 
the maxillary deciduous molars contributing to the flush vertical relationship of the distal ends of 
the deciduous second molars (a). This allows more mesial movement of the lower than upper 
permanent first molars at the time when deciduous teeth exfoliate subsequently facilitating to the 
development of Class I molar relationship (b)

 Permanent Dentition (13 Years Onwards) (Fig. 1.11)

Dental development continues even after eruption of the second molars. Over 20% 
of the population have missing third molars [31, 32], and the rest develop one to 
four third molars that typically start crown calcification around the age of 9 years 
and complete by 14 years of age. Third molars erupt in on average around the age 
of 19 years, but due to posterior crowding and angular orientation, they can often be 
delayed or impacted.

a b

c d

Fig. 1.11 Permanent dentition. Full permanent Class I dentition in a 13-year-old boy (a–d)
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After teeth have reached the occlusal level and completed root development, they 
still continue to erupt. This continued eruption together with alveolar growth com-
pensates the increase in the ramus and condylar height and results in further increase 
in the lower anterior facial height during adolescence and adulthood [2]. Late alveo-
lar growth and eruption is important to bear in mind when assessing the prognosis 
of the ankylosed teeth or planning the suitable time for implant placement. Neither 
ankylosed teeth nor implants have the ability to erupt and subsequently can become 
infraoccluded if the ankylosis has taken place during the childhood or adolescence 
or if the implants have been placed during the time of active growth.

Teeth are also exposed to occlusal forces that can cause attrition occlusally and 
interproximally resulting in changes in occlusion. Specifically, the mandibular teeth 
are subject to occlusal forces with an anterior force vector that together with anterior 
growth rotation of the mandible as well as eruption of the third molars are thought to 
contribute to the development of the late incisor crowding [33]. Although late incisor 
crowding typically occurs during late teen years, it can also appear later on during 
adulthood [34]. Eruption of the third molars has traditionally been thought to increase 
the anterior forces and likelihood of late incisor crowding. However, multiple studies 
have shown that individuals who have absent lower third molars also develop late 
incisor crowding providing evidence that third molars are not alone responsible for 
late incisor crowding, but the aetiology is more likely to be multifactorial [35, 36].

 Eruption Is Divided in Five Different Stages

Eruption occurs in two distinct stages consisting of pre-emergent and post-emergent 
eruption. Post-emergent eruption can be further divided in four phases of pre- 
functional spurt that takes place until teeth meet the occlusal level and juvenile 
equilibrium, adolescent eruptive spurt and adult equilibrium that compensate for the 
vertical facial growth.

Pre-emergent eruption begins at the time when root formation is initiated, and 
two coordinated but independent processes are taking place: eruptive movement of 
the tooth and resorption of the surrounding bone. When successional teeth erupt, 
also root resorption of the deciduous predecessors is necessary before they can 
obtain their correct positions in the dental arch. Interactions between the follicle and 
surrounding bone consisting of osteoclasts and osteoblasts stimulate resorption that 
clears the eruption pathway and can subsequently act as a rate-limiting factor for 
eruption. Studies done on dogs and coincidental finding on patients who have expe-
rienced trauma show that resorption of the surrounding bone occurs even after teeth 
have been ligated to the lower border of the mandible [37, 38]. On the other hand, 
after removal of the root apex, teeth still have potential to erupt, providing evidence 
that eruptive movement does not only rely on root development [10]. These studies 
together indicate that eruptive movement and bone resorption are two distinct 
mechanisms that are differentially regulated.

Eruption continues even after completion of root development. Indeed, after 
molars have reached the occlusal level, they still continue to erupt approximately 
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one centimetre in order to keep up with vertical facial growth. Multiple mecha-
nisms have been suggested to induce the post-emergent eruption. Interestingly, 
studies using video microscope revealed that majority of the juvenile equilibrium 
premolar eruption took place between 6 pm and 1 am. This time correlated with 
high release of the growth hormone rather than changes in occlusal forces. Other 
mechanisms that have been suggested to stimulate eruption are shrinking and 
cross-linking of maturating collagen fibres as well as vascular pressure created by 
blood flow in the periodontal ligaments [38]. In addition, a more recent theory sug-
gests that patterns of compression and tension created by occlusal forces and medi-
ated by soft tissues provide a lifting force to teeth towards the oral cavity as 
compression in the coronal part of the tooth causes resorption and tension in the 
apical end creates bone [39].

 Conclusions

Understanding normal development and maturation of the dentition is essential 
for any dentist who treats children, and it forms the basis for appropriate diagno-
sis and treatment. Any considerable deviation from average dental development 
can be an indication of underlying pathology or malocclusion, and it is important 
to be able to identify when further investigation or referral to a specialist is nec-
essary. Furthermore, a thorough knowledge of dental developmental stages can 
help to predict the consequences of environmental influences, such as maternal 
or childhood illnesses and dental trauma.
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2Space Loss and Crowding

Anthony J. Ireland, Fraser McDonald, Rebecca John, 
and Jonathan R. Sandy

Abstract
Crowding and spacing within the dental arches is largely under genetic control 
but is affected by a number of local factors. This chapter describes these local 
factors, discusses how they can influence the development of the dentition and 
also describes the interceptive measures available to the orthodontist.

 Introduction

Orthodontists are often expected to predict, prevent and treat the effects of crowding 
and space loss during development of the dentition. Although this may entail com-
prehensive treatment, more often than not, it comprises of short, interceptive mea-
sures. Before describing these measures, we should first look at the aetiology of 
crowding and space loss.
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 Aetiology of Crowding

For the teeth to fit perfectly within the dental arches and to be in the correct relation-
ship with those in the same and opposing jaws, mesiodistal tooth widths should be 
a match with the jaws. Any discrepancy in the sizes of either the teeth or the jaws is 
likely to lead to spacing or, more commonly, crowding. Although the aetiology is 
most likely to be genetic in origin, other more local factors can have an effect on 
how this crowding or spacing may present within an individual patient. These 
include, for example, extra teeth, missing teeth, retained deciduous teeth and the 
early unscheduled loss of teeth.

It is worth at this point perhaps asking the question “Has crowding and space loss 
always been an issue in the developing dentition?”. Studies on pre- industrialised civili-
sations have shown that in most instances, there is little evidence that dental crowding 
was present to the same extent as is seen today [1, 2]. This has led to the theory that 
early civilisations ate a more abrasive diet, which resulted in the loss of tooth tissue, not 
only occlusal but also interdental. As a result, the mesiodistal tooth widths of the teeth 
were thought to gradually reduce over time, permitting all of the teeth to fit within the 
arches, including the third permanent molars [3, 4]. Therefore pre-industrialised occlu-
sions were not without crowding, it was perhaps just less common.

 Predictors of Crowding in the Developing Dentition

As has previously been described in Chap. 1, the presence of severe crowding in the 
deciduous dentition is relatively rare. More often than not, the teeth (in particular, 
the incisors) are slightly spaced. Indeed, it is thought the degree of crowding or 
spacing of the deciduous incisors can be used as a possible predictor of the likely 
crowding that may be initially seen in the early permanent dentition. It was Leighton 
who suggested that if the deciduous incisors were well aligned, with no spacing or 
crowding, then there were more than 2 in 3 chances that the permanent incisors 
would be crowded [5]. If the sum of the spaces was less than 3 mm, the chance of 
crowding was slightly better than 1 in 2, and if the sum of the spacing was between 
3 and 6 mm, this improved to 1 in 5. Where the total was greater than 6 mm then 
there was little chance of permanent incisors being crowded. Other than this, there 
is little in the way of predicting crowding.

 Local Factors Affecting Crowding and Space Loss

Local factors that may affect crowding and subsequent space loss include:

• Early loss of deciduous teeth
• Retained deciduous teeth
• Developmental absence of teeth
• Unscheduled loss of permanent teeth
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• Extra teeth (supernumerary and supplemental)
• Anomalies in tooth form (microdont and megadont)
• Anomalies in tooth position

Of all of these local factors, it is relatively easy to understand how the presence 
of large, small or extra teeth will have a direct influence on the presence of spacing 
or crowding. What is not quite so easy to understand is the effect when teeth are lost 
prematurely through trauma or disease. The most important factor is most probably 
the presence or absence of crowding. If the arches are spaced, in both the mixed or 
permanent dentitions, then the effect of early loss on the remaining teeth within the 
same arch is likely to be minimal. However, in the presence of crowding, the loss of 
a tooth is likely to lead to drifting of the adjacent teeth towards the site of loss. This 
space loss, in turn, can affect occlusal relationships leading to a change in the molar 
relationship or a shift in the dental centreline. The earlier a tooth is lost, the greater 
the likely effect on the developing occlusion. Each of these local factors will now be 
described in turn.

 Early Loss of Deciduous Teeth

The effect of early loss of deciduous teeth will, as previously described, depend 
largely on the underlying crowding within the permanent dentition. If there is no 
crowding, the effect will be minimal. However, in the presence of crowding, the 
effect will depend on which tooth is lost and the age at which this occurs. In general, 
the more anterior the tooth loss the greater the effect on the centreline, and the more 
posterior the tooth loss the greater the effect on the buccal segment tooth relation-
ship, usually as a result of mesial movement of the first permanent molar. In order 
to try to prevent a shift in the dental centreline, it is sometimes useful to extract the 
same tooth on the opposite side of the same arch, known as a balancing extraction.

With this in mind, “Should balancing extractions always be performed?” The 
loss of a deciduous incisor is not usually balanced. However, whenever a deciduous 
canine is lost, due, for example, to resorption of its root by the permanent lateral 
incisor, or a first deciduous molar is lost prematurely due to caries, it is worth bal-
ancing the loss. This can be done either by the extraction of the opposite deciduous 
canine or first deciduous molar, in order to prevent a shift of the dental centreline. If 
a second deciduous molar is lost prematurely, the effect on the centreline is minimal 
and so it should not be balanced. The greatest effect of early loss of the second 
deciduous molar is mesial drifting of the first permanent molar, which is then likely 
to encroach on the space for the second premolar. This often results in the premolar 
being squeezed out of the arch (Fig. 2.1) and eventually erupting palatal to the arch. 
In all cases the earlier the loss of the deciduous tooth, the greater the effect it has on 
either the centreline or the buccal segment relationship.

“Should we ever retain the space following early loss of a deciduous tooth?” In 
most instances the answer is no and there are a number of reasons for this. Firstly, if 
the deciduous tooth has been lost prematurely due to caries, then such a patient is 
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unlikely to be a good candidate for the long-term wear of either a fixed or removable 
space maintainer. Secondly, as has already been mentioned, in the absence of crowd-
ing, there is no need to maintain the space, and, thirdly, if there is moderate to severe 
crowding, extractions may be required at a later date in any case. Only very occa-
sionally is space maintenance the treatment option of choice, and an example would 
be the enforced extraction of an ankylosed and submerging deciduous tooth, where 
space maintenance might obviate the need for any future orthodontic treatment. In 
such a case the space can be maintained with a removable or a fixed space main-
tainer (Fig. 2.2).

“What about compensating extractions?” A compensating extraction is an 
extraction of a tooth in the opposing arch, and the aim is to preserve the buccal seg-
ment relationships of the teeth. In general compensating extractions in the decidu-
ous dentition are less often performed than balancing extractions.

Fig. 2.1 Panoramic radiograph showing an impacted upper second premolar following early loss 
of the deciduous second molar

Fig. 2.2 Fixed space 
maintainer. Notice how the 
lower first premolar is 
beginning to erupt and 
there is just sufficient 
space
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 Retained Deciduous Teeth

Deciduous teeth are not infrequently retained beyond their normal age of eruption. 
This may be associated with the ectopic path of eruption or developmental absence 
of the permanent successor or the presence of chronic infection at the deciduous 
tooth root apex (Fig. 2.3), all of which may delay the normal process of root resorp-
tion that leads to the tooth being naturally shed. In some instances this failure of 
resorption can lead to ankylosis and the appearance of a submerging tooth. In real-
ity, it is not the affected deciduous tooth that is submerging. What is in fact happen-
ing is that with continued facial growth the adjacent teeth erupt relative to the 
ankylosed tooth, which then appears to submerge. Submergence is most commonly 
seen in the deciduous molar regions and, if left unchecked, can lead to the adjacent 
teeth tipping over the occlusal surface of the submerging deciduous molar (Fig. 2.4). 
In extreme circumstances the deciduous tooth can submerge so far that it will not be 
visible in the mouth, only on a radiograph. Not only does this make removal of the 
submerged tooth somewhat difficult but it can also lead to space loss, with insuffi-
cient room left for the permanent successor to erupt.

This begs the question “If and when should a submerging deciduous tooth be 
extracted?” In reality a degree of submergence during the lifetime of a deciduous 
molar is a relatively common part of normal occlusal development. The eventual 
natural loss of a deciduous tooth is a dynamic process of root resorption and repair, 
and provided there is more resorption than repair, the tooth may submerge a little, 
re-erupt and then is ultimately shed. However, if there is more repair and little 
resorption, the tooth is likely to ankylose and continue to submerge. If a permanent 
successor is present and the deciduous tooth is only slightly submerged, being above 
the contact points of the adjacent teeth and with no signs of these teeth tipping over 
its occlusal surface, then the deciduous tooth can be kept under observation. If the 
tooth submerges below the contact points of the adjacent teeth and they begin tip-
ping over the occlusal surface, then extraction of the deciduous tooth and space 
management might be required [6].

Fig. 2.3 Retained upper 
central deciduous incisors 
preventing the eruption of 
the permanent central 
incisor teeth
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 Developmental Absence of Teeth

It is very rare that deciduous teeth are developmentally absent. However, the devel-
opmental absence of permanent teeth is relatively common. Excluding the third 
permanent molars, there are reports that it may affect between <0.1% [7] and 10.3% 
of children [8]. The most common missing tooth, apart from the third permanent 
molar, is the upper second premolar, followed by the upper lateral incisor, the lower 
second premolar and the lower central incisor. In the early permanent dentition, 
when it is discovered on a radiograph that a permanent tooth is developmentally 
absent, there are a number of possible treatment options for the retained deciduous 
tooth, including:

• Preservation of the deciduous tooth for as long as possible provided it is in good 
condition. It can then be replaced when naturally shed with a prosthetic tooth. 
There are reports of second deciduous molars being retained in the mouth until 
the fifth decade of life [9], which is longer than many intraoral prostheses are 
able to survive.

• To extract the deciduous tooth in order to encourage mesial movement on erup-
tion of other, as yet unerupted permanent teeth. In this way the space created by 
the missing tooth is either closed or reduced, eliminating or reducing the need for 
later orthodontic treatment or a prosthetic replacement tooth. For this to work 
there should be some underlying crowding; otherwise the teeth may not sponta-
neously drift into the primary tooth extraction space.

• To preserve the deciduous tooth until a later date when it can be extracted as part 
of a comprehensive orthodontic treatment plan to relieve crowding, align the 
teeth and close the space or relocate the space prior to the provision of a defini-
tive prosthetic replacement.

Whichever treatment option is chosen, it is important a full orthodontic and 
radiographic assessment is undertaken, being mindful that in the case of apparently 
missing second premolars, these may not become apparent radiographically until 9 
years of age [10].

Fig. 2.4 Submerging 
upper left second 
deciduous molar. Notice 
how the adjacent teeth are 
tipping over the 
submerging tooth
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 Unscheduled Loss of Permanent Teeth

As with the deciduous dentition, the effect of the loss of a permanent tooth will be 
dependent on a number of factors:

• Presence or absence of crowding—as with the loss of a deciduous tooth, the loss 
of a permanent tooth will have a greater effect within the same arch in the pres-
ence of crowding. This is because crowding will promote drifting of the adjacent 
teeth into the extraction site.

• Position of the tooth within the arch—the more anterior the tooth loss, the greater 
the effect on the centreline. Therefore the loss of a central incisor in a crowded 
arch will have a profound effect on the centreline (Fig. 2.5), whilst the loss of a 
second permanent molar will have minimal effect. Conversely the loss of a pos-
terior tooth will have a greater effect on the buccal segment relationship than the 
loss of an incisor.

• Patient age—in general and in the presence of crowding, the earlier the tooth 
loss, the greater the effect, as the adjacent erupted and also unerupted teeth will 
drift towards the extraction site. Therefore the effect will be greater in the devel-
oping dentition than in the mature adult dentition.

• The occlusion—the angulations of the teeth adjacent to the extraction site and the 
interdigitation of remaining teeth within the arch with those in the opposing arch 
will both have an effect on space loss. Erupted teeth will more readily tip than 
bodily move into an extraction site. Therefore, if the crown of a tooth is angu-
lated away from an extraction site, it is more likely to move into the extraction 
site than if it is angulated towards it (Fig. 2.6). The interdigitation of teeth, par-
ticularly in the buccal segments, may also have an effect on space loss. If the 
interdigitation in the buccal segments is very good, it may prevent the teeth adja-
cent to an extraction site from spontaneously drifting into it and closing the 
space. Indeed, such interdigitation can be sufficiently effective in this regard as 
to sometimes make space closure even with fixed appliances more difficult.

Fig. 2.5 Loss of the upper 
left central incisor tooth has 
resulted in space loss and a 
shift of the upper centreline 
to the left
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Previously we have described the various treatment options available when a 
permanent tooth is found to be developmentally absent during the developing denti-
tion, including timely deciduous tooth extractions to encourage spontaneous space 
closure. When a permanent tooth is lost due to disease, e.g. caries or periodontal 
disease, the treatment options are often fewer and include either the maintenance of 
space for a prosthetic replacement or space closure as part of a more comprehensive 
orthodontic treatment plan involving usually fixed appliance. The treatment choice 
will depend on various factors including the presence of crowding and type of mal-
occlusion, the skeletal pattern, overjet, overbite and buccal segment relationships. 
At this point it is worth perhaps considering the unscheduled loss of each permanent 
tooth in turn during the developing dentition:

Central incisor—the loss of a permanent central incisor due to trauma or caries can 
result in rapid space loss (Fig. 2.7). As a result, in the upper arch, it is usually 
worth fitting a space maintainer, not only from the point of view of the 

Fig. 2.6 Notice how the 
permanent canine is 
mesially angulated in this 
crowded case. Loss of the 
first premolar during the 
eruption of the canine 
would have encouraged the 
canine to tip back into the 
extraction space

Fig. 2.7 Loss of the 
upper left central incisor in 
this crowded case has led 
to complete space loss as a 
result of drifting of the 
adjacent teeth
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immediate aesthetic improvement for the patient but also because orthodontic 
space closure and restoration of the lateral incisor to simulate the central incisor 
rarely gives a good long-term aesthetic result. In the lower arch the loss of a 
central incisor in the presence of crowding can be incorporated into an overall 
orthodontic treatment plan at a later date, and in most instances space should not 
be preserved whilst awaiting the development of the remaining occlusion. This is 
because it can lead to alveolar bone loss which can make later space closure 
more challenging.

Lateral incisor—when an upper lateral incisor is lost due to trauma or caries, once 
again the decision should be made whether to preserve the space or close the 
space. If the lateral incisor is lost prior to the eruption of the upper permanent 
canine, it is likely the canine will erupt into the upper lateral incisor position 
(Fig. 2.8). In which case the decision whether to close or reopen the space can 
only be made once the canine has erupted. This decision will depend on other 
features of the occlusion but principally the degree of crowding/spacing and also 
the shape and colour of the permanent canine as a possible substitute for the 
lateral incisor. Once again in the lower arch in the developing dentition, the loss 
of a lower permanent lateral incisor is usually accepted and the occlusion treated 
on its merits in the permanent dentition.

Permanent canine—the permanent canine is rarely lost due to trauma or caries but 
is more commonly absent due to an ectopic path of eruption. This will be dealt 
with in Chap. 7.

Premolars and molars—when a first premolar tooth is lost, usually due to caries, 
this can lead to spontaneous space closure and unwanted affects such as a shift in 
the centreline or buccal segment relationship. As a result when there is the 
enforced loss of a first premolar in a crowded arch, consideration should be given 
to the loss of the first premolar on the opposite side of the same arch, a balancing 
extraction. If the buccal segment relationship is to be preserved, then sometimes 

Fig. 2.8 The absence of 
the upper lateral incisors in 
this crowded case has led 
to space loss with mesial 
eruption of the upper 
permanent canines
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a compensating extraction is also required. However, such balancing and com-
pensating extractions may not be necessary if a space maintainer is fitted to 
allow, for example, a crowded upper permanent canine to drop into the line of the 
arch. In the case of second premolars and first permanent molars in the develop-
ing dentition, it is not necessary to carry out a balancing extraction to preserve 
centrelines, but a compensating extraction may be required to once again pre-
serve the anteroposterior buccal segment relationship. Other factors that will 
effect whether or not to compensate the loss of a first permanent molar include 
the presence of second and third permanent molars and whether or not the unop-
posed molar tooth is likely to overerupt. If all of the other molars are developing 
normally, then consideration should be given to the compensating extraction of 
the unopposed molar. Not only will this reduce the likelihood of trauma from 
biting on the gingivae, but it will also improve the likelihood the second molar 
will move into the correct anteroposterior position without hindrance from an 
overupted first molar in the opposing arch.

 Extra Teeth: Supernumerary and Supplemental Teeth

The extra teeth that most commonly disrupt the normal development of the denti-
tion include the upper midline conical supernumerary tooth or mesiodens and the 
tuberculate supernumerary. The mesiodens can displace the path of eruption of the 
upper central incisors and lead to the development of a midline diastema, in which 
case it should be extracted. The mesiodens itself may or may not erupt and is obvi-
ously easy to remove if it does so (Fig. 2.9). The tuberculate supernumerary usually 
prevents the eruption of the central incisor tooth, as it lies directly over the cingulum 
of the tooth. Neither the supernumerary nor the central incisor will erupt. As a result 
the supernumerary tooth should be extracted, and the central incisor may then erupt 

Fig. 2.9 This erupted 
mesiodens has displaced 
the upper central 
incisors from their 
normal path of eruption
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spontaneously. If it doesn’t it may then require exposure and bonding to bring it into 
the line of the arch [11]. Occasionally additional teeth of similar form to the normal 
series develop and may erupt into the arch, and these are known as supplemental 
teeth. Sometimes there is sufficient space to accommodate such a tooth within what 
would otherwise be a spaced dentition. However, in most cases it leads to localised 
crowding, in which case a decision has to be made as to the best tooth to remove, 
the supplemental or the one of the normal series. Sometimes it can be very difficult 
to tell which is the supplemental tooth, and the extraction decision will be depen-
dent on factors such as the condition of the tooth/teeth, the position within the arch 
and which extraction will promote the best spontaneous improvement in the align-
ment of the remaining teeth.

 Anomalies in Tooth Form (Microdont/Megadont)

Large or small teeth within the arch can lead to either crowding or spacing and 
where they are very obviously of a different size to the normal series. Extraction 
may be the best option. The decision whether or not to maintain or perhaps recreate 
some of the space will be dependent on the position of the tooth in question (see 
section “Unscheduled Loss of Permanent Teeth”) and other features of the 
malocclusion.

 Anomalies in Tooth Position

The most common ectopically positioned teeth are the permanent upper central 
incisor and the maxillary permanent canine. The sequelae and management will be 
described in Chaps. 7 and 8.
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3First Permanent Molars

Gavin J. Mack

Abstract
Complications with the formation and eruption of first permanent molars can 
result in patients in the mixed dentition stage of development seeking orthodon-
tic advice. The prognosis of first permanent molars can also be compromised by 
dental decay, and this can mean decisions have to be made with regard to the 
optimum timing of extractions in relation to the developing occlusion.

A structured assessment includes consideration of patient compliance with 
dental treatment, prognosis of the teeth, presence or absence of crowding and the 
underlying skeletal pattern.

Advice provided regarding the timing of the extraction of first permanent 
molars will reflect any future need for orthodontic treatment, and the impact first 
permanent molar extractions will have on the anchorage management during 
future orthodontic treatment.

 Normal Development of the First Permanent Molar

 Development of the First Permanent Molars

The first permanent molar (FPM) is rarely absent from the dentition, and when they 
do fail to develop, this is usually associated with severe hypodontia. Along with the 
upper central incisors, FPMs have been reported as the teeth least likely to be devel-
opmentally absent [1]. Morphological evidence of the formation of FPMs is usually 
present at 17 weeks in utero, and calcification of the crown commences at birth [2]. 
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FPMs usually erupt into the mouth at the age of 6–7 years, and root formation is 
completed by the age of 9–10 years [3, 4]. The mandibular FPMs will typically 
erupt into the oral cavity before the maxillary FPMs. As these teeth erupt, they are 
guided into a position in the arch that is distal to and in contact with the distal aspect 
of the second primary molar.

 Morphology of the FPM

The FPMs are usually the largest tooth in each jaw quadrant. The upper FPMs are rhom-
boid in outline when viewed occlusally and generally have four major cusps separated 
by an irregular H-shaped occlusal fissure. The upper FPMs typically have three diverg-
ing roots, with one relatively large palatal root and two smaller buccal roots. The lower 
FPMs are pentagonal in outline when viewed occlusally and tend to have five cusps 
separated into three buccal and two lingual cusps by a mesiodistal occlusal fissure. The 
lower FPMs have two roots, one mesial and one distal, and both are flattened mesiodis-
tally and curved distally. Average dimensions of the FPMs are shown in Table 3.1.

 Ideal Occlusion

FPMs erupt as root formation progresses until contact is made with an opposing tooth, 
and the opposing tooth will typically be the FPM in the opposing arch, but some contact 
with primary teeth is also possible. The relationship between upper and lower FPMs 
forms the basis of the occlusal classifications described by Edward Angle and Lawrence 
Andrews. In the developing dentition of patients with an underlying class I skeletal base, 
it is typical for the FPMs to occlude in a one-half unit class II molar relationship, with 
the FPMs having ‘flush terminal planes’.

As the second primary molars exfoliate, there is an increased potential for the 
mandibular FPM to migrate mesially, and this allows for a class I molar relationship 
to become established.

 Complications Associated with FPMs

 Hypomineralization

As the incidence of caries has reduced, the developmental anomaly of molar-incisor 
hypomineralisation (MIH) has been increasingly recognised as a clinical condition that 
affects young patients [5]. MIH is the hypomineralisation of systemic origin of one to 

Table 3.1 Average dimensions of FPMs

Crown 
height (mm)

Length of 
root (mm)

Mesiodistal crown 
diameter (mm)

Labiolingual crown 
diameter (mm)

Maxillary FPM 7.5 12.5 10.5 11.0
Mandibular FPM 7.5 14.0 11.0 10.0
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four FPMs and is frequently associated with affected incisors. The severity of the extent 
of the hypomineralisation can vary significantly between patients and between teeth in 
an individual mouth. The affected molar teeth may present with a small hypominer-
alised area, or more severely affected teeth may have complete breakdown of the occlu-
sal surface of the tooth. The destruction of the crown of affected teeth can commence 
during the eruption process, and patients can initially present complaining of sensitiv-
ity that further impairs effective toothbrushing around the erupting teeth. 

Management of FPMs presenting with a mild degree of hypomineralisation can 
range from the use of desensitising agents, such as the repeated application of fluo-
ride varnish and the daily use of 0.4% stannous fluoride gel, to the restoration of the 
localised defects with adhesive restorations such as composite. FPMs that are more 
significantly compromised and presenting with a greater extent of enamel hypomin-
eralisation can be either restored with occlusal coverage restorations, such as a cast 
adhesive coping or a preformed stainless steel crown. FPMs that are severely affected 
can be considered as unrestorable and require extraction.

Assessing the prognosis of FPMs affected by MIH can be difficult. The early 
presentation of affected teeth can allow for good-quality, relatively small restorations 
to be placed in young patients. However, if the quality of the enamel adjacent to the 
restoration margins is affected, the progressive breakdown of the enamel of the tooth 
can be difficult to prevent over time, meaning the prognosis of the tooth is inherently 
compromised. Similarly, the option of temporising FPMs affected by MIH, to allow 
for the teeth to be extracted at a later stage in development, can also be compromised 
by the affected teeth being symptomatic and difficult to restore (Fig. 3.1).

Fig. 3.1 A 9-year-old girl presented with MIH and FPMs of poor prognosis. The upper left panel 
shows the DPT taken at age 9, which resulted in a decision being made to extract all four FPMs. The 
remaining panels show the same patient as a young adult with composite restorations on the anterior 
teeth and favourable space closure in the buccal segments without the need for orthodontic treatment
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 Impaired Eruption of FPMs

As the upper FPMs erupt, they can impact into, and cause resorption of, the distal 
root of the upper second primary molar. The severity of the impaction influences 
the treatment options and management. Milder impactions can spontaneously 
improve, and this has been reported to occur in 66% of cases [6]. More significant 
impactions can be corrected with treatment using either a separating elastic or an 
appliance or can resolve following exfoliation of the primary molar. Severe impac-
tions causing resorption to the root of the primary molar can involve the pulp 
chamber and may be painful for the patient. In such situations the second primary 
molars can be extracted, and a space maintainer can be used once the FPM has 
erupted (Fig. 3.2). 

The incidence of first and second permanent molar teeth failing to erupt is rela-
tively low and has been reported as 0.06% [7]. The clinical implications of FPMs 
failing to erupt can be significant and can include posterior open bites and altered 
tongue function. In patients presenting in the mixed dentition, the failure of FPMs 
to establish occlusal contact with the opposing arch can be considered as a diagnos-
tic indicator that normal dental development is not occurring. Similarly, in an older 
patient, if the occlusal surfaces of the second molars are superior to the occlusal 
surfaces of the FPMs, this can be an indication that the FPM is affected by primary 
failure of eruption. The clinical implication being that the prescription of alternative 
teeth for orthodontic extraction should be avoided if at all possible as orthodontic 
treatment to reposition the FPM is likely to be unpredictable, and the FPM may not 
respond to the application of an orthodontic force (Fig. 3.3).

 Caries

FPMs have a deep complex fissure patterns on the occlusal surface, and buccal pits 
are also frequently present in lower FPMs. FPMs erupt into the mouth at an age 
when children are not particularly dextrous or diligent enough to thoroughly clean 
the most posterior teeth in their mouths, and if dietary habits are not ideal, these 
teeth are prone to decay. The incidence of caries in the UK has been reported to 
have reduced over the last 30 years [8]. However, recent surveys have suggested 
that approximately one third of 15-year-olds in the UK still have carious lesions 
extending into dentine, and the majority of FPMs are extracted as a consequence of 
decay [9].
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Fig. 3.2 The upper FPMs 
are impacted against the 
distal aspect of the primary 
second molars (upper panel). 
Following the extraction of 
these teeth (middle panel), a 
removable space maintainer 
was provided to prevent 
unwanted mesial drift of the 
upper FPMs (lower panel). 
The patient was instructed to 
wear this appliance on a 
nocturnal-only basis
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 Extracting FPMs

The extraction of FPMs is rarely requested for patients who present with a caries- 
free, healthy dentition, irrespective of the presence of dental crowding or an under-
lying skeletal discrepancy. This is because the position of the FPMs within the 
dental arches means that extraction spaces are not ideally positioned to relieve 
crowding in the labial segments or assist with the correction of a positive or reverse 
overjet. In addition, the size of the residual extraction spaces can be excessive in 
relation to mild or moderate degrees of crowding, and closure of these spaces can 
extend orthodontic treatment times. The extraction of FPMs is typically undertaken 
when the tooth is severely broken down and beyond restoring in the short term. 
FPMs are also extracted in young patients when the teeth are less severely broken 
down but are considered to have a poor long-term prognosis in relation to unre-
stored premolars and the developing second and possibly third molars. 

Irrespective of the age of a patient, or the presence of an underlying or develop-
ing malocclusion, a symptomatic, compromised FPM is considered unrestorable if 
the margins of the potential restoration are likely to be positioned below the level of 
the supporting periodontium and alveolar bone. Similarly, once carious enamel and 
dentine have been removed, the remaining tooth tissue should be sufficient to pro-
vide viable support for a definitive restoration.

In addition to the status of the FPM, patient factors can also influence extraction 
decisions. Patient co-operation should be taken into account and assessed. Complex 
restorative treatment, such as lengthy endodontic therapy, is not routinely prescribed 
for young patients, either under local anaesthesia or sedation in a dental clinic or 
under general anaesthesia in an operating theatre. The presenting oral health status 
of the individual patient should also be assessed. Multiple decayed but potentially 
restorable FPMs in the mouth of a dental phobic patient with uncontrolled caries 
and poor plaque control are likely to be extracted as a part of a pragmatic treatment 
plan to improve the patient’s dental health. The converse of this would be the 

Fig. 3.3 DPT of a patient in the late mixed dentition with delayed eruption of the lower right 
FPM. There is an asymmetry in the eruptive progress of both the lower FPMs, with the lower left 
FPM being in a more ideal position. There is also a disordered eruption sequence in the lower right 
quadrant, with the second permanent molar and second premolar being vertically positioned above 
the occlusal surface of the FPM. These are clinical indicators of the lower right FPM failing to 
erupt and could potentially be overlooked in a developing dentition
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complex restorative management of an individual FPM that is compromised due to 
localised hypoplasia in the mouth of a cooperative patient with an otherwise caries- 
free, unrestored dentition and excellent oral health.

 Orthodontic Considerations When Extracting FPMs

When a patient presents in the mixed dentition with one or more FPMs that are 
considered to have a poor short- or long-term prognosis, the implication of elective 
extractions on the developing dentition and future occlusion would be considered. 
This is typically achieved by requesting an opinion from an orthodontic specialist.

 Extra-Oral Assessment of the Underlying Pattern of Facial Growth

Skeletal growth occurs in all three dimensions, and in young patients, it is not pos-
sible to accurately predict exactly how growth will be expressed over future years. 
However, distinct growth patterns, particularly in the anteroposterior dimension, 
can be determined, and these can suggest if growth modification or orthodontic 
camouflage treatment will be required as part of the future orthodontic treatment of 
the individual. Young patients presenting with an underlying skeletal I base will 
typically maintain this skeletal relationship throughout their growth, but late man-
dibular growth may result in a class III tendency. Young patients presenting with an 
underlying skeletal II base are also likely to maintain the underlying skeletal II base 
throughout growth, with the potential for favourable mandibular growth to reduce 
the skeletal II discrepancy to a limited extent. Young patients presenting with an 
underlying skeletal III base will typically grow progressively and unfavourably so 
that the skeletal III relationship becomes more pronounced.

 Intra-Oral Assessment of the Presence/Absence and Status 
of the Erupted Teeth

The clinical assessment of the erupted teeth is essential to ensure that the full com-
plement of primary and permanent teeth is present for the patient’s stage of dental 
development. Any teeth that are absent due to previous extractions, trauma or 
hypodontia should be noted. In addition, the caries status and prognosis of the 
erupted teeth, and particularly the erupted permanent teeth, should be assessed and 
considered as part of the consideration to extract FPMs.

 Intra-Oral Assessment of Existing and Potential Crowding 
in the Upper and Lower Arches

As a general rule, mild spacing in the mixed dentition stage of dental development can 
suggest that as dental development progresses, the permanent teeth will be well 
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aligned within the arch. An excess of spacing around the erupted teeth in the mixed 
dentition is likely to result in spacing around the permanent teeth in the established 
adult mouth. The absence of spacing in the mixed dentition, or even the presence of 
crowding in the mixed dentition, suggests that as dental development progresses, the 
indicated dentoalveolar disproportion will become more pronounced, and the patient 
will develop progressively crowded arches. Careful consideration should be given to 
the effects of premature loss of the first and second primary molars. This can allow the 
FPMs to migrate mesially. On clinical examination, in the mixed dentition, the erupted 
teeth do not necessarily appear crowded, and spacing may be present, but the effect of 
the mesial migration of the FPMs can increase the potential for the premolar teeth to 
be crowded or even impacted at a later stage in development.

 An Intra-Oral Assessment of the Occlusion

An occlusal assessment of a young child can be complicated by the young patient’s 
tendency to posture their mandible anteriorly when asked to ‘bite together’. Care 
should be taken to assess the occlusion from a position where the condyles are poste-
riorly, superiorly and symmetrically seated in the glenoid fossae. In patients with a 
class I skeletal pattern of growth, in the mixed dentition, the molar relationship 
between the upper and lower FPMs can be described as having ‘flush terminal planes’, 
and as dental development progresses, the future loss of the relatively large lower 
second primary molar allows for the mesial migration of the lower FPM, and this 
allows the class I molar relationship to become established. 

In patients presenting in the mixed dentition with variation from FPMs having 
flush terminal planes, the molar relationship between the upper and lower FPMs can 
represent the underlying anteroposterior skeletal pattern of growth, with molar rela-
tionships tending towards either class II or class III as a consequence of the relative 
size and shape of the underlying maxilla and mandible. 

When assessing the molar relationship between FPMs, consideration should 
again be given to the possibility of space being lost prematurely within the arch. 
FPMs can migrate mesially as a consequence of either the premature extraction of 
primary teeth or interproximal caries reducing the mesiodistal dimension of the 
primary teeth. If space has been prematurely lost in one of the arches but not the 
other, the anteroposterior relationship between the FPMs in occlusion can be 
affected in a way that does not indicate an underlying skeletal discrepancy. 

In relation to the anterior occlusion, patients presenting with an overjet and over-
bite are unlikely to be affected by the premature loss of primary teeth, but other 
factors, such as the existence of an ongoing thumb-sucking habit, would be relevant. 
Patients presenting in the mixed dentition with class I incisors, with the overjet and 
overbite assessed as being within normal limits, are unlikely to grow unfavourably 
and develop an underlying skeletal discrepancy in the future. A possible exception 
to this would be when a family history of having a significant skeletal III discrep-
ancy exists and there is a potential for late, pronounced mandibular growth to occur. 
For this reason, a discussion with the patient and their parents or guardian can be 
helpful to explore this aspect of the family history. In the absence of a digit-sucking 
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habit, patients in the mixed dentition presenting with a significantly increased over-
jet are likely to have an underlying skeletal II pattern of growth that would not self-
correct with future growth. Similarly, patients with an edge-to- edge bite or reverse 
overjet will typically have an underlying skeletal III pattern of facial growth, and 
this is likely to become more pronounced with future growth and development.

 Radiographic Assessment of the Presence/Absence of Unerupted 
Permanent Teeth

A DPT is indicated to review the presence and position of all the developing perma-
nent teeth. The prevalence of hypodontia affecting the second premolar teeth and the 
second permanent molar teeth has been reported as 1–3% and <1%, respectively, and 
the absence of these teeth would influence the decision to extract FPMs [10]. The 
presence or absence of the third molar teeth is also of relevance. The incidence of 
hypodontia affecting the third molars is relatively high, with at least one third molar 
being absent in 20–30% of European populations [11–13]. Also, calcification of the 
third molars has been reported to commence between the age of 7 and 10 years [3]. 
If FPMs are to be extracted, ideally the third molars would be present and reasonably 
positioned. However, late developing third molars may not be identified on a DPT 
until a chronological age of 10 years, and this can mean patients presenting in the 
mixed dentitions have extraction decision made regarding their FPMs without the 
clinician knowing for certain whether all the third molars are present or absent.

 Extraction Decisions in Patients with a Low Need 
for Orthodontic Treatment

 Timing of Extractions

When a decision is made to extract FPMs in a patient with little or no need for future 
orthodontic treatment, a major consideration is how to avoid residual extraction 
spaces remaining in the buccal segments of the patient’s dentition. FPM extraction 
spaces are primarily closed by mesial migration of the second permanent molars. In 
the upper arch, extraction spaces are more likely to close spontaneously, and the 
timing of extraction is considered to be less sensitive in allowing the space to close. 
This space closure occurs through the upper second permanent molars drifting 
mesially and rotating mesiopalatally. The spontaneous closure of extraction spaces 
in the lower arch is less predictable, and the lower second permanent molars have a 
tendency to tip mesially, with significant space remaining between the second per-
manent molars and the second premolars. There is a paucity of scientific evidence 
to allow for the accurate prediction of the effects of FPM extractions. The majority 
of the published literature in this area was presented in the 1960s and 1970s. Such 
studies tended to focus on the general development of the occlusion post-extractions 
and assessed changes in overjet, overbite and soft tissue profile, as opposed to 
changes in the buccal occlusion [14].
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However, in the absence of more robust clinical investigations, these publica-
tions have influenced clinical practice. The ideal time to extract FPMs to encourage 
complete space closure through the mesial migration of the second permanent 
molars is generally considered to be represented by the onset of the calcification of 
the furcation of the roots of the unerupted lower second permanent molars [12]. 
This stage of dental development tends to correlate with a chronological age of 8–10 
years. Other factors to consider when predicting the potential for the second perma-
nent molar to spontaneously drift mesially are the presence of the developing third 
molar and the mesial angulation of the second permanent molar.

When spontaneous space closure is desirable for a patient requiring the extrac-
tion of FPMs, the other consideration for spontaneous space closure is the presence 
or absence of crowding in the buccal segments. Space closure is more likely to 
occur if some of the FPM extraction space is closed by the premolars drifting dis-
tally (Figs. 3.4 and 3.5). When lower FPMs are to be extracted, consideration should 
also be given to the position of the developing second premolar. Ideally, this tooth 
should be contained within the roots of the overlying second primary molar. If this 
is not the case, then the potential for the second premolar to drift distally and impact 
against the second permanent molar exists, and this results in significant spacing 
between the lower premolars and reduced mesial migration of the lower second 
permanent molars (Fig. 3.6).

Fig. 3.4 Favourable space 
closure subsequent to the 
extraction of poor prognosis 
FPMs. The DPTs were 
taken when the patient was 
age 10 and 13 years, 
respectively. When the 
FPMs were extracted, there 
was a lack of space for the 
developing premolars to 
erupt
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Fig. 3.5 Unfavourable 
space closure subsequent to 
the extraction of poor 
prognosis FPMs. Residual 
extraction spaces remain in 
the lower arch. The FPM 
extractions were under-
taken after calcification of 
the bifurcation of the roots 
of the second permanent 
molars had commenced. 
Also of note is the premolar 
crowding in the upper arch, 
whereas the lower arch was 
relatively uncrowded prior 
to the extractions

Fig. 3.6 DPT showing 
an impacted lower right 
second premolar 
following extraction of 
the lower right FPM

 Compensating Extractions

Compensating extractions can be considered when FPMs of poor prognosis are 
going to be extracted. A compensating extraction is undertaken when the opposing 
tooth is extracted from the same side of the patient’s mouth. This practice has been 
suggested to aid the process of spontaneous space closure.

An example would be the necessary extraction of an unrestorable lower right 
FPM being accompanied by the elective extraction of the opposing upper right 
FPM. The proposed benefit of the compensating extraction is that spontaneous 
space closure can more predictably occur on this side of the patient’s mouth and 
both the second permanent molars can drift mesially, erupt and oppose each other in 
a reasonable occlusal relationship, essentially assuming the position of the FPMs.
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Compensating extractions are requested due to the concern that single FPM 
extractions can lead to occlusal disturbances. This can theoretically occur if only the 
unrestorable lower right FPM is extracted and the upper right FPM is left unop-
posed. There is the potential for the unopposed upper right FPM to progressively 
super erupt into the extraction space, assuming a nonideal functional relationship 
with the lower arch and preventing the lower second permanent molar from drifting 
mesially and spontaneously closing the extraction space.

The current guidelines for the extraction of FPMs recommend, as a general rule, 
the compensating extraction of the upper FPM when the extraction of the lower 
FPM is required. This is to avoid the overeruption of the upper FPM. However, if an 
upper FPM has to be extracted and the opposing lower FPM has a reasonable prog-
nosis, the compensating extraction of the lower FPM is not recommended as the 
lower FPM is considered to have a negligible propensity to overerupt [15].

 Balancing Extractions

A balancing extraction occurs when the contralateral tooth in the same dental arch 
is electively extracted to accompany the necessary extraction of a tooth. Balancing 
extractions have been suggested as a useful way of maintaining arch symmetry. An 
example would be the necessary extraction of an unrestorable lower right FPM 
accompanied with the elective extraction of a sound lower left FPM. However, there 
is a lack of research presenting the benefits of balancing FPM extractions, and the 
extraction of an otherwise healthy FPM is a significant procedure to prescribe in the 
absence of clear clinical evidence. In addition, the possibility of correcting a result-
ing dental line asymmetry as part of a future course of fixed appliance orthodontic 
treatment exists if necessary (Fig. 3.7). For these reasons, the routine practice of 
extracting sound FPMs as balancing extractions to preserve dental centrelines has 
not been recommended [15].

 FPM Extraction Decisions in Patients with a Need 
for Orthodontic Treatment

 Class I Crowding

An assessment of the severity of the likely crowding for an individual patient is pos-
sible in the mixed dentition. This assessment can be made through a clinical exami-
nation and the review of a recently taken DPT. Both the extent and the location of 
the crowding are important to assess, as is the aetiology. It is generally accepted that 
the extraction of FPMs can provide spontaneous relief of crowding in the buccal 
segments. This presentation of crowding is typically due to the early loss of primary 
teeth allowing the FPMs to migrate mesially, reducing the available space for the 
premolars to erupt. However, the extraction of FPMs is unlikely to allow significant 
relief of the crowding that presents in the labial segments. This presentation of 
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Fig. 3.7 DPT of a patient 
with dentinogenesis 
imperfecta and a lower 
right FPM that has a poor 
prognosis (upper panel). 
Extraction of upper and 
lower right FPMs was 
prescribed, and these 
extractions were not 
balanced. The middle panel 
shows a DPT from the 
same patient taken 5 years 
later, and reasonable 
spontaneous space closure 
has occurred. A frontal 
occlusal clinical photo-
graph of the same patient 
indicates the mild 
centreline shift that has 
occurred (lower panel). No 
orthodontic treatment was 
provided for this patient
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crowding is primarily due to dentoalveolar disproportion and occurs when the alve-
olar bone volume is reduced relative to the size and shape of the developing teeth.

When it is evident that crowding is present in the developing dentition, and par-
ticularly if crowding is present in the labial segments, a key consideration relates to 
the future prescription of orthodontic extractions. If the presenting crowding appears 
to be relatively mild, to the extent that a non-extraction approach to treatment is 
likely to be undertaken in the future, then the extraction of FPMs of poor prognosis 
should be prescribed at the stage of dental development when spontaneous space 
closure can most predictably be achieved. This will allow the restorative problem of 
the poor prognosis FPMs to be addressed, as the FPMs will ultimately be replaced 
by the sound second permanent molars, and future orthodontic treatment to relieve 
the mild to moderate crowding is relatively predictable to deliver.

However, if the presenting crowding is more severe, to the extent that premolar 
extractions would likely be prescribed as part of the future orthodontic treatment, 
then the extraction of FPMs in the young patient should be avoided if at all possible. 
In patients with severe crowding, temporising the FPMs of poor prognosis can allow 
for progressive dental development to occur, and typically the crowding may also 
worsen during this time. When the second permanent molars have erupted, the orth-
odontic treatment plan can then include the extraction of the FPMs and the use of 
upper and lower fixed appliances. The resulting extraction spaces can be used to 
relieve the crowding in the labial segments, and the extraction of the FPMs obviates 
the need for the extraction of premolar teeth. When FPMs are extracted to relieve 
crowding, orthodontic treatment can be relatively lengthy as the extraction spaces 
are larger than those created when premolar teeth are extracted. Also, the extraction 
spaces are located more remotely to the crowded labial segments, and careful treat-
ment mechanics are required to ensure that:

• Anchorage is controlled during treatment. The upper second permanent molars 
will migrate mesially more readily than the lowers. This means the extraction 
spaces in the upper arch will close by mesial movement of the upper second 
permanent molar, and consideration should be given to reinforcing upper arch 
anchorage throughout treatment. This can be through the use of a trans-palatal 
arch with or without the addition of a Nance acrylic button contacting the palatal 
mucosa (Fig. 3.8).

• The position of the second permanent molars is controlled during treatment. The 
lower second permanent molars will have a tendency to tip mesially and roll lin-
gually as they are protracted during treatment. These unwanted tooth movements can 
be controlled by using rectangular stainless steel archwires during the space closure 
stage of treatment. In addition, the use of class II elastics from the lingual aspect of 
the lower second permanent molars can be considered, as can the introduction of 
additional progressive buccal crown torque, as required to the archwire (Fig. 3.9).

• The unnecessary advancement of teeth in the labial segments during the early 
stages of treatment. A ‘round-tripping’ effect can result in the crowded incisors 
being unduly proclined and advanced during the alignment stages of treatment. 
This can potentially lead to gingival recession around the incisors. To avoid this, 
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the anterior teeth can be selectively included in the fixed appliance, allowing arch 
form to be controlled to the extent that archwires of 0.017 × 0.025 in. stainless 
steel can be used to allow the controlled retraction of premolars and canines into 
the FPM extraction spaces. When the extraction spaces have been redistributed 
to the extent that spacing is present anteriorly, the remaining anterior teeth can 
then be included in the full fixed appliance (Fig. 3.10).

 Class II Malocclusion

The decision regarding extractions in relation to the extent of the future crowding is 
similar for patients presenting with class I malocclusions and class II malocclu-
sions, but certain other orthodontic considerations are required in the presence of an 
anteroposterior discrepancy. These primarily relate to the relative difficulty of 

Fig. 3.8 Trans-palatal arch (left panel) and trans-palatal arch with a Nance acrylic button (right 
panel)

Fig. 3.9 Class II elastic 
traction being applied from 
the lingual aspect of the 
lower second permanent 
molars. This will support 
mesial movement of the 
lower second permanent 
molars and control the 
tendency for these teeth to 
tip lingually during the space 
closure stage of treatment
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closing FPM spaces in the lower arch and the use of functional appliances during 
orthodontic treatment.

 Class II Division 1 Incisor Relationship
When patients present with an increased overjet, the orthodontic management of 
FPM extraction cases can have specific considerations when using fixed appliances 
and these include:

• Are upper arch extractions required to retract proclined upper incisors? If this is 
the case, the timing of upper FPM extractions would ideally be delayed until the 
second permanent molars have erupted. This allows for anchorage reinforcement 
to be used in the upper arch to ensure the extraction spaces are at least partially 
closed by the retraction of the upper labial segments and the spontaneous mesial 
migration of the upper FPMs is controlled. Anchorage reinforcement techniques 
include the use of a trans-palatal arch possibly accompanied with a headgear 
appliance, a Nance palatal arch or the use of temporary anchorage screws.

• Can lower FPM extraction spaces be minimised to limit the possible retraction of 
the lower incisors? This consideration particularly applies in patients presenting 
with increased overjets and uncrowded lower arches. As it is relatively difficult 
to move lower second permanent molars mesially without reciprocally retracting 
the lower labial segment, and increasing the overjet, the extraction of lower 
FPMs at a time when spontaneous mesial movement of the lower second perma-
nent molars is optimal is indicated. Should only partial space closure be achieved 
in the lower arch, this can allow for the use of class II elastic traction during the 
subsequent treatment with fixed appliances. 

The use of functional appliances is typically indicated for growing patients 
 presenting with increased overjets, increased overbites and a degree of mandibular 

Fig. 3.10 Selective bonding and partial ligation of crowded lower incisors during the alignment 
stage of treatment can avoid the excessive proclination of the lower incisors. The teeth can be 
included in the fixed appliance after the premolars and canines have been partially retracted and the 
extraction space has been relocated
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retrognathia. Patients suitable for treatment with functional appliances may also 
present with FPMs of poor prognosis. In such cases, the possible treatment 
approaches include:

• Deferring extractions until after the functional appliance stage of treatment. This 
can be useful in the short term as the FPMs are available to aid retention during 
the treatment with the removable functional appliances. This approach can also 
be useful in crowded cases in the longer term as the subsequent extraction of the 
poor prognosis FPMs at the start of the transition stage from functional appli-
ances to fixed appliances can ensure the extraction spaces are available at the 
ideal time to start aligning the arches.

• Modifying the design of a Twin Block appliance. As the most commonly used 
functional appliance the Twin Block is recognised as being a versatile appliance. 
Modifying the design of a Twin Block appliance to allow for retention to be 
gained from premolars and/or retained primary molars can allow for the extrac-
tion of FPMs of poor prognosis to be undertaken at the ideal stage of dental 
development to allow for spontaneous space closure through the mesial migra-
tion of the second permanent molars whilst allowing class II correction to com-
mence with a Twin Block before the second permanent molars erupt.

• Using an alternative functional appliance design. One-piece functional appliances 
such as a Frankel Functional Regulator appliance can be relatively more challeng-
ing for patients to tolerate than a two-piece appliance such as a Twin Block. 
However, for patients requiring the extraction of FPMs at a stage in dental develop-
ment when primary molars are exfoliating and premolars are not fully erupted, the 
use of a one-piece tissue-borne appliance can allow for class II correction to com-
mence at a time when there is a relative lack of posterior teeth available for tooth-
borne retention.

 Class II Division 2 Incisor Relationship
The complication of poor prognosis FPMs in patients presenting with class II divi-
sion 2 incisor relationships primarily impacts on the treatment mechanics required 
to control the overbite and relieve the crowding. In patients with a severe class II 
division 2 incisor relationship, the overbite is typically increased, and at least some 
of the teeth in both the upper and lower labial segments are crowded and retroclined. 
The typical approach to treatment will involve using fixed appliances to level the 
arches and normalise the inclination of the incisors. These treatment changes 
improve the inter-incisal angle and reduce the overbite. If a patient presents with a 
class II division 2 incisor relationship and the arches are either mildly or moderately 
crowded, the challenge of closing FPM extraction spaces can significantly compli-
cate treatment mechanics and compromise the end result of treatment. This is 
because the mesial protraction of the second permanent molars, particularly the 
lower second permanent molars, is technically difficult to deliver without retracting 
the lower labial segment. This is relevant as any retraction of the lower labial seg-
ment will potentially retract the incisors and deepen the overbite. Therefore, the 
early extraction of FPMs is indicated to allow for spontaneous extraction space 
closure when possible.
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If in addition to a significant class II division 2 incisor relationship there is also 
severe crowding, the extraction of the FPMs should be delayed until the second per-
manent molars erupt, allowing the extraction spaces to be available for the relief of the 
crowding. Typically, it is challenging to close the extraction spaces in patients present-
ing with increased overbites and reduced vertical facial proportions, so often anchor-
age reinforcement is not required, and the use of class II elastic traction can aid closing 
the space in the lower arch whilst also contributing to overbite reduction.

 Class III Malocclusion

When assessing patients in the mixed dentition, an underlying class III skeletal pat-
tern of growth complicates the treatment planning process as the extent of future 
facial growth, which typically enhances the class III tendency, is often unknown. The 
uncertainty surrounding the severity of the skeleton III pattern is focused on the pos-
sibility of the class III malocclusion being satisfactorily corrected by orthodontic 
camouflage treatment alone as opposed to orthognathic surgery. The key issue in this 
treatment planning decision relates to the management of the lower labial segment. 

In patients with mild to moderate skeletal III patterns, if orthodontic camouflage 
treatment is anticipated, the scope to retract the lower incisors further may well be 
desirable and required to correct a reverse overjet and establish a satisfactory ante-
rior occlusion. It is therefore advisable to avoid the early loss of poor prognosis 
FPMs if possible. This means that the temporised FPMs can be incorporated into a 
future orthodontic extraction pattern and the scope to close the lower FPM extrac-
tion spaces through the partial protraction of the second permanent molars, and the 
retraction of the lower anterior teeth can aid the class III correction. In the upper 
arch, the upper second permanent molars have a tendency to readily migrate mesi-
ally, so in the absence of any crowding, the upper arch extraction spaces will close 
predictably without appreciably retracting the upper labial segment.

A different approach to patient management is required if future orthognathic 
treatment is anticipated. In this situation, decompensation of the lower incisors is 
often required to ensure orthognathic surgery can correct the true extent of the 
underlying skeletal discrepancy. The implication of this is that in uncrowded arches, 
poor prognosis lower FPMs should be extracted at the stage of dental development 
to allow as much spontaneous space closure as possible. This is preferable to delay-
ing the extractions until the pre-surgical orthodontic treatment commences as it can 
be challenging to decompensate retroclined lower incisors at the same time as clos-
ing lower FPM extraction spaces in the absence of crowding.

In the upper arch, the management of poor prognosis FPMs can be considered in 
relation to the extent of any possible crowding and the need for upper incisor decom-
pensation. In uncrowded, well- aligned arches, the extraction of the upper FPMs will 
allow for predictable mesial migration of the upper second permanent molars. In 
crowded upper arches, or arches where the decompensation of proclined upper inci-
sors is required, the possibility of delaying the extraction of the FPMs to allow for 
the upper second permanent molars to erupt should be considered. This is because 
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allowing for the upper second permanent molars to erupt before requesting the 
extraction of the upper FPMs will allow for upper arch anchorage reinforcement to 
be used, and the need to additionally extract upper premolars as part of the pre-
surgical management can be avoided. Often patients presenting with crowded upper 
arches and severe skeletal III discrepancies do not want to delay improving the 
appearance of the upper incisors until the pre-surgical orthodontic treatment com-
mences in their late teenage years. It can therefore be timely and beneficial to the 
patient to align the upper arch only in the early teenage years. This relatively simple 
treatment can allow for the incorporation of the extraction of poor prognosis FPMs. 
This means the restorative burden of temporising and stabilising the poor prognosis 
FPMs is removed, whilst growth is ongoing and the patient considers whether they 
want to embark on the orthognathic process in the future.

Summary When assessing young patients presenting with FPMs of poor progno-
sis, a number of considerations have to be taken into account. These include the 
prognosis of the individual teeth, the developing occlusion and the likely mechanics 
of possible future orthodontic treatment.

In summary the key principles that can be applied to individual cases include:

• In young patients, FPMs may have to be extracted even if this complicates future 
orthodontic treatment. This can be due to the individual teeth being unrestorable 
or the patient not being compliant with the restorative treatment required to sta-
bilise the teeth.

• In young patients with developing, significant malocclusions that are likely to 
require permanent tooth extractions as part of their future orthodontic treatment, 
delaying the extraction of the FPMs until the second permanent molars erupt can 
complicate the anchorage management of the future orthodontic treatment but 
will reduce the need for the additional extraction of permanent teeth.

• After the extraction of an upper FPM, space closure through the mesial migration 
of the upper second permanent molar is relatively predictable. If the upper FPM 
extraction space is required to correct a malocclusion, then anchorage reinforce-
ment is required.

• After the extraction of a lower FPM, space closure through the mesial migration 
of the lower SPM is less predictable. If the relief of anterior crowding or the 
retraction of the lower labial segment is not required during future orthodontic 
treatment, it is advisable to extract the lower FPM at an optimum stage of dental 
development to allow for spontaneous closure of the extraction space.

• The optimum stage of dental development to allow spontaneous space closure to 
occur has been associated with the onset of the calcification of the bifurcation of 
the lower second permanent molar. However, this can be considered as a guide, 
and other factors such as the angulation of the lower Second permanent molar 
and the presence of the developing third molar are also useful indicators of the 
likelihood of spontaneous space closure occurring.

• The compensating extraction of a sound upper FPM can allow for more predict-
able space closure in the lower arch when a poor prognosis lower FPM requires 
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extraction and spontaneous space closure is desirable. The compensating extrac-
tion of an unrestored lower FPM is not recommended to facilitate space closure 
if an upper FPM is extracted.

• The balancing extraction of unrestored FPMs to maintain arch symmetry is not 
routinely recommended.

• With appropriate orthodontic advice provided in the mixed dentition and con-
temporary orthodontic treatment with fixed appliances and planned anchorage 
reinforcement in the permanent dentition, the need to extract permanent teeth in 
addition to the extraction of poor prognosis FPMs can be avoided in the majority 
of clinical cases.
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4Supernumerary Teeth

Helen Tippett and Martyn T. Cobourne

Abstract
A supernumerary tooth is defined as one that has developed in addition to the 
normal complement of teeth within the dentition. Supernumerary teeth are most 
commonly seen in the permanent dentition and are rare in the deciduous denti-
tion. Males are affected twice as often as females, with the most frequently 
affected site being the anterior maxilla (by a reported ratio ranging between 5 
and 10:1 compared to the mandible). Supernumerary teeth can be found in almost 
any region of the dental arch. The anomaly is generally classified according to its 
morphology and site but, like tooth agenesis, can occur as an isolated trait or 
coexist with a syndrome. Management is dependent on the type, location, num-
ber and complications arising from their presence.

 Introduction

A supernumerary tooth is defined as one that has developed in addition to the nor-
mal complement of teeth within the dentition. These teeth usually occur in isolation 
but can more rarely be associated with a number of developmental disorders. They 
can cause local problems during development of the dentition and may require 
removal in these circumstances.
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 Prevalence

The prevalence of supernumerary teeth in the deciduous dentition is reported as 
0.3–0.8%, and in the permanent dentition as 1.2–3.5% ([1, 2]; and reviewed by 
[3]). This wide variation in prevalence is most likely a result of the methodology 
utilised and a reflection of the age ranges and populations studied. Those indi-
viduals who present with a supernumerary in the deciduous dentition demon-
strate a higher prevalence of supernumerary development in the permanent 
dentition. However, it has also been suggested that this is not necessarily a sig-
nificant risk factor [4].

A wealth of studies have suggested that males are twice as likely as females to 
present with a supernumerary in the adult dentition, although this is dependent on 
the population studied and there is considerable variability in these ratios (1.3:1 to 
2.64:1) [2, 5, 6]. This sexual dimorphism is not displayed in the primary dentition.

Supernumerary teeth can occur singly, in multiples, unilaterally or bilaterally 
and in either the maxilla or mandible. Numerous studies have found that the major-
ity of patients present with one or two supernumerary teeth [5]. Multiple supernu-
merary teeth are more commonly seen in patients with an associated syndrome or 
systemic condition (Table 4.1). The syndromes most frequently associated with 
supernumerary teeth are cleidocranial dysplasia (OMIM 119600) and familial ade-
nomatous polyposis (OMIM 175100).

Cleidocranial dysplasia (CCD) is a rare congenital defect with an autosomal 
dominant inheritance. Individuals are characterised by persistent open cranial 

Table 4.1 Disorders associated 
with supernumerary teeth

Disorder OMIM
Cleft lip and/or palate
Cleidocranial dysplasia 119600
Familial adenomatous polyposis 175100
Opitz GBBB syndrome 300000
Rubinstein-Taybi syndrome (RSTS1) 180849
Rubinstein-Taybi syndrome (RSTS2) 613684
Robinow syndrome (dominant form) 180700
Kreiborg-Pakistani syndrome 614188
Insulin-resistant diabetes mellitus with 
acanthosis nigricans

610549

Ehlers-Danlos syndrome (classic) 130000
Ehlers-Danlos syndrome (hypermobility) 130020
Ellis-van Creveld 225500
Incontinentia pigmenti 308300
Fabry disease 301500
Trichorhinophalangeal syndrome 190350
Nance-Horan syndrome 302350
Neurofibromatosis type 1 162200
Orofaciodigital syndrome 311200
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sutures, hypoplasia or aplasia of the clavicles and dental abnormalities (Fig. 4.1), 
including multiple unerupted supernumerary teeth. Loss-of-function mutations of 
the RUNX2 gene, involving transcription factor CBFA1, are the cause of CCD  
[7, 8]. The affected gene is located on chromosome 6p21 [9].

Familial adenomatous polyposis (FAP) is an autosomal dominant condition with 
variable expression. FAP is characterised by the development of innumerable ade-
nomatous polyps of the colon and rectum, which may become malignant. The 
responsible gene, adenomatous polyposis coli (APC), is located on the long arm of 
chromosome 5 [10]. Gardner’s syndrome is an accepted variant of FAP and was 
originally distinguished from FAP by the presence of extra-colonic findings, 

a

b

c

Fig. 4.1 (a) DPT of patient 
with cleidocranial dysplasia 
undergoing orthodontic 
traction with fixed 
appliances. There are 
multiple unerupted 
supernumerary teeth in the 
premolar and molar regions. 
(b) DPT of patient with 
neurofibromatosis type 2 
associated with multiple 
unerupted supernumerary 
teeth in the premolar 
regions. (c) DPT of patient 
with five late-forming 
supernumerary teeth. The 
patient had no underlying 
medical history

4 Supernumerary Teeth



56

particularly oral and maxillofacial abnormalities. It is reported that up to 30% of 
patients can present with supernumerary teeth, which is far higher than in the nor-
mal population [11].

Although the presence of supernumerary teeth has been linked to many disorders 
(Table 4.1), a recent review of the literature argued that conditions where just one or 
two patients demonstrated the presence of supernumerary teeth could be coinciden-
tal rather than a true association [12].

The prevalence of supernumeraries in patients with cleft lip and palate has also 
been reported at between 1.9 and 10% [13] and is thought to be a consequence of 
disruption of the dental lamina during cleft formation. Supernumerary teeth are the 
second-most common anomaly found in the cleft area [14, 15].

Although rare, cases have been observed where multiple supernumerary teeth 
have been located in patients in the absence of any underlying disorder [16, 17] 
(Fig. 4.1).

 Aetiology

The aetiology of supernumerary teeth has yet to be fully established, although vari-
ous hypotheses have been proposed. Hyperactivity of the dental lamina has been 
suggested [6], with this hypothesis assuming that the lingual extension of an addi-
tional tooth bud leads to development of a tooth with normal morphology and the 
supernumerary tooth arises from proliferation of epithelial remnants of the dental 
lamina. Others have considered a genetic predisposition or even a multifactorial 
aetiology [18]. Support for genetic involvement has been derived from numerous 
familial studies; offspring of parents with supernumerary teeth have been shown to 
have an increased risk of their development by a factor of six [19]. Furthermore, a 
sex-linked transmission, or variability in penetrance, could explain why supernu-
merary teeth are more commonly found in males. Despite the strong hereditary 
tendency, the pattern of inheritance does not entirely fit the Mendelian model. 
Moreover, mouse models have also demonstrated a genetic basis for supernumerary 
tooth formation, with both loss and gain-of-function mutant mice demonstrating a 
capacity to generate supernumerary teeth [20].

Supernumerary teeth are an aberration of tooth development, and as such, a 
greater understanding of the molecular mechanisms underlying this complex pro-
cess has contributed to current thinking. Although a genetic component is the aetio-
logical factor most strongly linked with supernumerary teeth, it does not act in 
isolation and different molecular signalling pathways, together with transcription 
factors, also play an important role [21–23].

 Classification

Supernumerary teeth are generally classified according to their location (Fig. 4.2) or 
morphology (Table 4.2).
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 Location

• Mesiodens: occurs in the midline
• Paramolar: buccal or lingual to a maxillary molar or located in the space buccal 

to the second and third molar
• Distomolar: lies distal to the third molar

In individuals who present with just one or two supernumerary teeth, they are 
most frequently found in the anterior region of the maxilla [2, 5, 6, 16], followed by 
the mandibular premolar area. It is rare for a supernumerary tooth to be found in the 
mandibular incisor region and, rarer still, for it to be erupted [5, 6, 24, 25] (Fig. 4.3). 
In non-syndromic patients with multiple supernumeraries, these are more frequently 
located in the mandibular premolar area.

a

b c

Fig. 4.2 (a) DPT showing a midline supernumerary tooth (tuberculate) (arrowed) preventing 
eruption of the UL1 (see also Fig. 4.4b). (b) Erupted paramolar between the upper left first and 
second molar. (c) Section of a bimolar radiograph showing a distomolar in the upper left buccal 
segment (arrowed)
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Table 4.2 Morphological classification of supernumerary teeth in the permanent dentition

Typical 
morphology

Frequency 
(%) Number Site Eruption

Conical Small 74.8a Usually isolated Anterior 
maxilla

May erupt 
palatally but 
rarely 
labially

Peg-shaped 83.5b Frequently 
between 
central 
incisors

Normal root 
development

May be 
inverted

Tuberculate Multicuspid 11.9a Frequently occur 
in pairs

Palatal to 
maxillary 
incisors

Rarely erupt 
but 
commonly 
prevents 
eruption of 
maxillary 
incisors

Aberrant or 
absent root 
formation

Supplemental Similar to normal 
tooth in series

6.9a Usually isolated End of 
series

Frequently 
erupts

Most 
commonly 
maxillary 
lateral 
incisor

Odontomes Small group of 
malformations 
which contain 
calcified dental 
tissues of 
epithelial and 
mesenchymal 
origin

6.4a Can give 
appearance of 
multiple 
supernumeraries 
within one 
structure

Complex 
type more 
frequently 
located in 
posterior 
jaw

Compound—
discrete 
structures 
resembling fully 
developed teeth
Complex—poor 
level of 
organisation and 
little resemblance 
to normal tooth

aRajab and Hamdan [6]
bLiu et al. [5]
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 Morphology

Supernumerary teeth in the deciduous dentition are frequently of either normal mor-
phology or conical. In the adult dentition, there is more variability and four morpho-
logical classes have been described: conical, tuberculate, supplemental and 
odontomes (Fig. 4.4). Each group is characterised by particular features (Table 4.2). 
The conical type is the most frequently observed class [5, 6, 16], followed by tuber-
culate and supplemental. The frequency of odontomes is less clear, as this form is 
not universally accepted as a supernumerary and some studies have not included 
them in their sample [16]. As indicated in Table 4.2, morphology is also related to 
the likelihood of a supernumerary to erupt. Studies have shown that the supplemen-
tal type is most likely to erupt followed by conical and tuberculate.

 Clinical Features

The presence of a supernumerary tooth may have no effect on the developing denti-
tion and can be a chance finding when a patient first presents for orthodontic treat-
ment (Fig. 4.5). However, in other instances, a variety of effects may be seen 
including displacement, crowding (Fig. 4.6), dilaceration, root resorption, cystic 
change and nasal cavity eruption. However, pathology is rare and the complication 
seen most frequently is delayed eruption of an incisor (Fig. 4.7).

 Management

In the first instance, a careful clinical and radiographic examination is required to 
detect and localise supernumerary teeth. Treatment is dependent on the type and 
position of the supernumerary and its effect on adjacent teeth.

a b

Fig. 4.3 Rare finding of an erupted conical supernumerary preventing eruption of a LR2. (a) 
Supernumerary situated between the LR1 and LR3. (b) Corresponding long-cone periapical 
radiograph
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a b

Fig. 4.5 (a) There is no obvious reason to suspect the presence of a supernumerary tooth on clini-
cal examination of this dentition. (b) An earlier upper standard occlusal radiograph demonstrates 
the presence of an unerupted midline conical supernumerary

a b

c d e

Fig. 4.4 In the permanent dentition, four morphological classes of supernumerary have been 
described. (a) Conical midline supernumerary tooth, which has erupted and displaced the UL1. (b) 
Cone beam CT image of an unerupted tuberculate supernumerary (see also Fig. 4.2a). (c) Long- 
cone periapical radiograph of a supplemental maxillary canine and a maxillary canine in the upper 
left quadrant. (d) Occlusal view of the patient from (c), the supplemental canine is erupting distal 
to the normal UL3, which is buccally placed. (e) Upper standard occlusal radiograph demonstrat-
ing a large odontome in the anterior maxilla composed of four denticles fused into two pairs pre-
venting eruption of the UR1
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a

b

Fig. 4.6 (a) DPT 
showing a supplemental 
supernumerary tooth 
adjacent to the UR1 
(arrowed), which has 
caused displacement of 
the UR2 and crowding in 
the region of the UR3. (b) 
The supplemental tooth 
was extracted to allow for 
mesial movement of the 
UR2 with an upper 
removable appliance and 
space creation to facilitate 
eruption of the UR3. Note 
that the UR5 and UR5 are 
both absent

a b

c d

Fig. 4.7 (a) Upper standard occlusal radiograph and (b) DPT showing an unerupted midline coni-
cal supernumerary in the anterior maxilla with delayed exfoliation of the URA and failure of erup-
tion of the UR1. The URA and supernumerary were removed and the UR1 exposed and bonded. 
As the UR1 was aligned, it was noted that there was delayed eruption of the LL4 and a further DPT 
was taken (c) which clearly demonstrated a late-forming supernumerary premolar tooth superior to 
the LL4 (arrowed) and preventing its eruption. Closer inspection of the earlier DPT (b) shows the 
first sign of this supernumerary is visible between the roots of the LLD. Surgical removal of the 
premolar supernumerary was undertaken and the LL4 exposed and bonded. (d) Sectional DPT 
shows eruption of the LL4 without active traction to the tooth
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Routine radiographs such as a dental panoramic radiograph, upper standard 
occlusal and long-cone periapical can be used in combination to localise a supernu-
merary tooth using the parallax technique (horizontal or vertical tube shift) and may 
give sufficient information to allow safe removal. However, if the proximity to 
developing roots is a concern, assessment of resorption is required or indeed a deci-
sion is needed as to whether orthodontic tooth movement can go ahead without 
removal of a supernumerary, then cone beam computed tomography may be indi-
cated (Fig. 4.8). This additional imaging technique has been shown to enhance the 
ability to carefully localise a supernumerary [5]. Indeed, a system has been pro-
posed to classify the complex location of supernumeraries in the maxillary anterior 
arch based on evaluation with cone beam computed tomography [5].

In some instances, no intervention may be indicated, particularly when the posi-
tion of the supernumerary is unlikely to interfere with potential orthodontic treat-
ment or if its removal poses a significant risk to the roots of adjacent teeth [26] 
(Fig. 4.9). Many authors suggest that the early diagnosis and treatment of supernu-
merary teeth can limit complications, but early removal is not without controversy. 
If the supernumerary lies adjacent to the maxillary incisors, delaying removal until 
root development is complete has been advised [6]. This is because the risk of dam-
age to developing roots is viewed as too great to warrant early removal. This ratio-
nale may be similarly applied to supernumerary teeth in the premolar region.

In situations where further dental development is awaited, or a decision made to 
leave a supernumerary in situ, the patient may be reviewed at an appropriate interval 
and further radiographs taken to reassess (Fig. 4.9). Tyrologou et al. [27] reviewed 
43 patients with mesiodens and no complications were reported. However, if the 

Fig. 4.8 Cone beam CT showing a conical supernumerary (arrowed) situated palatal to the UL1 
that has not interfered with eruption of the maxillary incisors (see also Fig. 4.5a). Planned retrac-
tion of the upper labial segment was required to reduce an increased overjet. The CBCT revealed 
that the proximity of the supernumerary to the root of the UL1 would interfere with orthodontic 
tooth movement and it was surgically removed
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a

b

c

Fig. 4.9 A patient who initially presented at the age of 9 years with retained URAB, unerupted 
UR1 and two unerupted supernumeraries in the midline. These teeth were removed and the UR1 
bonded with a gold chain. (a) DPT taken at review 8 months post-surgery, where a further two 
supernumeraries were identified developing in both upper quadrants (arrowed). These teeth did not 
interfere with dental development in these regions (b) and the patient underwent simple alignment 
of the upper arch. (c) At the age of 17, the patient presented for review and arrangements were 
made for extraction of the supernumeraries. In the upper right quadrant, the supernumerary had 
erupted palatally between the UR5 and UR6. In the upper left quadrant, it had erupted buccally 
between the UR5 and UR6 (shown here)
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supernumerary has interfered with normal dental development or will impede orth-
odontic tooth movement or there is evidence of pathology, then its removal should 
be planned. On rare occasions, removal of a supernumerary tooth may be required 
if its presence would otherwise compromise alveolar bone grafting in patients with 
cleft lip and palate. Similarly, removal is indicated if a supernumerary is positioned 
at a potential implant site. In these complex cases, surgical removal of the supernu-
merary can compromise the amount of bone available and bone grafting may also 
be required prior to implant placement.

Patients presenting with supernumerary teeth in the anterior maxilla associated 
with failure of permanent maxillary incisor eruption and who require a general 
anaesthetic for removal should, in general, also have the unerupted incisor exposed 
and bonded with an orthodontic attachment to facilitate guided traction. The time 
frame within which the tooth will erupt is influenced by the degree of displacement 
and the space available within the arch (for more details, refer to Chap. 7).

Where the supernumerary tooth is of the supplemental type, its extraction is often indi-
cated due to crowding or displacement of adjacent teeth and the difficulties associated with 
tooth-size discrepancies between the arches if it is retained. The choice of tooth for removal 
is usually based on the crown and root morphology and the degree of displacement.

Supernumerary teeth may also develop late [28, 29], and it has been reported in 
the literature that those patients with a midline supernumerary have an increased 
risk of developing supplemental premolars [30]. Figure 4.7 shows radiographs of a 
patient who initially presented with an unerupted central incisor. Following surgical 
removal of the supernumerary and exposure and bonding of the incisor, the patient 
underwent a course of sectional fixed appliance treatment to align the incisor. 
However, during this phase of treatment, they were regularly monitored and it was 
noted that there was delayed eruption of the lower left first premolar. A radiograph 
revealed a further late-developing supernumerary, which was subsequently removed, 
and the first premolar exposed and bonded to facilitate eruption. This illustrates the 
need to follow up patients who have undergone removal of supernumerary teeth to 
determine if further ones develop.

References

 1. Brook AH. Dental anomalies of number, form and size: their prevalence in British schoolchil-
dren. J Int Assoc Dent Child. 1974;5:37–53.

 2. Mahabob MN, Anbuselvan GJ, Kumar BS, Raja S, Kothari S. Prevalence rate of supernumer-
ary teeth among non-syndromic South Indian population: an analysis. J Pharm Bioallied Sci. 
2012;4(Suppl S2):373–5.

 3. Ata-Ali F, Ata-Ali J, Penarrocha-Oltra D, Penarrocha-Diago M. Prevalence, etiology,  
diagnosis, treatment and complications of supernumerary teeth. J Clin Exp Dent. 
2014;6(4):e414–8.

 4. Marinelli A, Giuntini V, Franchi L, Tollaro I, Baccetti T, Defraia E. Dental anomalies in the 
primary dentition and their repetition in the permanent dentition: a diagnostic performance 
study. Odontology. 2012;100:22–7.

 5. Liu DG, Zhang WL, Zhang ZY, Wu YT, Ma XC. Three-dimensional evaluations of supernu-
merary teeth using cone-beam computed tomography for 487 cases. Oral Surg Oral Med Oral 
Pathol Oral Radiol Endod. 2007;103:403–11.

H. Tippett and M.T. Cobourne



65

 6. Rajab LD, Hamdan MA. Supernumerary teeth: review of the literature and a survey of 152 
cases. Int J Paediatr Dent. 2002;12:244–54.

 7. Lee B, Thirunavukkarasu K, Zhou L, et al. Missense mutations abolishing DNA binding of the 
osteoblast-specific transcription factor OSF2/CBFA1 in cleidocranial dysplasia. Nat Genet. 
1997;16:307–10.

 8. Mundlos S, Otto F, Mundlos C, et al. Mutations involving the transcription factor CBFA1 
cause cleidocranial dysplasia. Cell. 1997;89:773–9.

 9. Mundlos S, Mulliken JB, Abramson DL, et al. Genetic mapping of cleidocranial dysplasia and 
evidence of a microdeletion in one family. Hum Mol Genet. 1995;4:71–5.

 10. Bodmer WF, Bailey CJ, Bodmer J, et al. Localization of the gene for familial adenomatous 
polyposis on chromosome 5. Nature. 1987;328:614–6.

 11. Wijn MA, Keller JJ, Giardiello FM, Brand HS. Oral and maxillofacial manifestations of famil-
ial adenomatous polyposis. Oral Dis. 2007;13:360–5.

 12. Lubinsky M, Kantaputra PN. Syndromes with supernumerary teeth. Am J Med Genet A. 
2016;170:2611–6.

 13. Akcam MO, Evirgen S, Uslu O, Memikoglu UT. Dental anomalies in individuals with cleft lip 
and/or palate. Eur J Orthod. 2010;32:207–13.

 14. Tereza GP, Carrara CF, Costa B. Tooth abnormalities of number and position in the permanent 
dentition of patients with complete bilateral cleft lip and palate. Cleft Palate Craniofac 
J. 2010;47:247–52.

 15. Tsai TP, Huang CS, Huang CC, See LC. Distribution patterns of primary and permanent denti-
tion in children with unilateral complete cleft lip and palate. Cleft Palate Craniofac 
J. 1998;35:154–60.

 16. De Oliveira Gomes C, Drummond SN, Jham BC, Abdo EN, Mesquita RA. A survey of 460 
supernumerary teeth in Brazilian children and adolescents. Int J Paediatr Dent. 
2008;18:98–106.

 17. Orhan AI, Ozer A, Orhan K. Familial occurrence of nonsyndromal multiple supernumerary 
teeth. A rare condition. Angle Orthod. 2006;76:891–7.

 18. Brook AH. A unifying aetiological explanation for anomalies of human tooth number and size. 
Arch Oral Biol. 1984;29:373–8.

 19. Kawashima A, Nomura Y, Aoyagi Y, Asada Y. Heredity may be one of the etiologies of super-
numerary teeth. Pediatr Dent J. 2006;16:115–7.

 20. Cobourne MT, Sharpe PT. Making up the numbers: The molecular control of mammalian 
dental formula. Semin Cell Dev Biol. 2010;21:314–24.

 21. Anthonappa RP, King NM, Rabie AB. Aetiology of supernumerary teeth: a literature review. 
Eur Arch Paediatr Dent. 2013;14:279–88.

 22. Fleming PS, Xavier GM, DiBiase AT, Cobourne MT. Revisiting the supernumerary: the epide-
miological and molecular basis of extra teeth. Br Dent J. 2010;208:25–30.

 23. Xavier GM, Patist AL, Healy C, et al. Activated WNT signalling in postnatal SOX2- positive 
dental stem cells can drive odontoma formation. Sci Rep. 2015;5:14479.

 24. Fukuta Y, Totsuka M, Takeda Y, Yamamoto H. Supernumerary teeth with eumorphism in the 
lower incisor region: a report of five cases and a review of the literature. J Oral Sci. 
1999;41:199–202.

 25. Tanaka S, Murakami Y, Fukami M, Nakano K, et al. A rare case of bilateral supernumerary 
teeth in the mandibular incisors. Br Dent J. 1998;185:386–8.

 26. Kurol J. Impacted and ankylosed teeth: why, when, and how to intervene. Am J Orthod 
Dentofacial Orthop. 2006;129:S86–90.

 27. Tyrologou S, Koch G, Kurol J. Location, complications and treatment of mesiodentes – a ret-
rospective study in children. Swed Dent J. 2005;29:1–9.

 28. Breckon JJ, Jones SP. Late forming supernumeraries in the mandibular premolar region. Br 
J Orthod. 1991;18:329–31.

 29. Chadwick SM, Kilpatrick NM. Late development of supernumerary teeth: a report of two 
cases. Int J Paediatr Dent. 1993;3:205–10.

 30. Solares R, Romero MI. Supernumerary premolars: a literature review. Paediatr Dent. 
2004;26:450–8.

4 Supernumerary Teeth



67© Springer International Publishing AG 2017
M.T. Cobourne (ed.), Orthodontic Management of the Developing Dentition, 
DOI 10.1007/978-3-319-54637-7_5

S. Arte (*) • W. Awadh • P. Nieminen 
Department of Oral and Maxillofacial Diseases, University of Helsinki, Helsinki, Finland
e-mail: Sirpa.Arte@Helsinki.fi; wael.awadh@helsinki.fi; pekka.nieminen@Helsinki.fi 

D.P. Rice 
Department of Oral and Maxillofacial Diseases, University of Helsinki, Helsinki, Finland 

Department of Oral and Maxillofacial Diseases, Helsinki University Hospital,  
Helsinki, Finland
e-mail: David.Rice@Helsinki.fi

5Tooth Agenesis

Sirpa Arte, Wael Awadh, Pekka Nieminen, and David P. Rice

Abstract

This chapter describes tooth agenesis in the developing dentition. Firstly, it 
describes the prevalence and aetiology of this condition, focussing on genetic 
and environmental factors. The associated anomalies are discussed and syn-
dromic forms of tooth agenesis are described in detail, including those associated 
with cleft lip and palate. Finally, the clinical management of patients affected by 
tooth agenesis is described in the developing dentition.

 Definition and Diagnosis

Failure to develop the normal number of 20 primary teeth or 32 permanent teeth, 
tooth agenesis (hypodontia), is one of the most common developmental anomalies. 
A tooth is defined to be congenitally missing if it has not erupted in the oral cavity 
and is not visible in a radiograph at an age when it would be detected.

Usually, all primary teeth have erupted by the age of 3 years and all permanent 
teeth except the third molars between the ages of 12 and 14 years. Therefore, 3–4-year-
old children are suitable for diagnosis of agenesis of primary teeth by clinical exami-
nation and 12–14-year-old children for diagnosis of permanent teeth, excluding the 
third molars. Radiographic diagnosis can be made at a younger age depending on the 
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timetable of the development in different tooth groups. For that reason it is important 
to pay attention to the age of the child and also the stage when a tooth is expected to 
erupt. The use of panoramic radiography is recommended, together with clinical 
examination in detecting or confirming a diagnosis of tooth agenesis.

The development of the dentition starts during the second month of embryogen-
esis and continues for many years, until in adolescence the third molars erupt. Tooth 
germs are visible in radiographs depending on their stage of development. The min-
eralization of the primary dentition starts early in the prenatal period, while first 
permanent molars start their mineralization perinatally and the other permanent 
teeth except third molars before the age of 6 years. However, their crypts become 
visible earlier. It should be noted that differences in mineralization stages and dental 
age exist among individuals of the same chronological age depending on ethnic 
background, on gender and even within a family and in an individual. Therefore a 
developing tooth germ with late onset of mineralization like second premolars can 
result in false-positive diagnosis of tooth agenesis even at the age of 6, and later 
confirmation is necessary.

 Terminology

Tooth agenesis, dental agenesis and congenitally missing tooth or hypodontia are 
terms used commonly when describing failure of tooth development. More specific 
terms hypodontia (one to five teeth absent, excluding third molars), oligodontia (six 
or more teeth absent, excluding third molars) and anodontia (complete absence of 
teeth) are in common use according to the severity of phenomenon (Fig. 5.1).

 Prevalence of Tooth Agenesis

 Primary Dentition

The prevalence of tooth agenesis in the primary dentition is relatively rare and no 
significant difference exists in prevalence by gender. The prevalence varies from 0.4 

a b c

Fig. 5.1 Terminology of tooth agenesis. (a) Hypodontia 1–5 teeth absent (third molars excluded). 
Dental panoramic tomograph shows the absence of upper permanent lateral incisors (asterisks). 
(b) Oligodontia—six or more teeth absent (third molars excluded). Dental panoramic tomograph 
shows the absence of 12 permanent teeth (asterisks). (c) Anodontia—absence of all teeth (primary 
and/or permanent dentitions). Lateral skull radiograph shows a complete absence of teeth
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to 0.9% in the European population [1] but is reported to be higher, 2.4%, in Japan 
[2]. Typically one or two primary teeth are missing and the incisor region seems to 
be affected most often. In Europe the upper lateral incisors whereas in Asian popula-
tion the lower incisors are the teeth most frequently missing in the primary dentition. 
Tooth agenesis of the primary tooth is a sign of the absence of the successor tooth.

 Permanent Dentition

One or a few permanent teeth are missing in 3–10% of the humans (excluding third 
molars), and in more than 20% of the subjects, at least one third molar (wisdom 
teeth) fail to develop. The absence of one or two permanent teeth is most frequent, 
observed in 83% of the subjects with hypodontia. Most commonly, one or a few 
permanent upper lateral incisors and second premolars are missing; therefore, this 
mild phenotype is alternatively called incisor-premolar hypodontia. The prevalence 
of more severe tooth agenesis phenotypes becomes gradually more rare so that the 
prevalence of oligodontia (six or more permanent teeth missing) is approximately 
0.1% [3]. Non-syndromic anodontia is extremely rare. If anodontia is diagnosed, it 
points to a syndromic form of tooth agenesis such as an ectodermal dysplasia syn-
drome [3].

The prevalence of permanent tooth agenesis has differences between populations 
and between females and males. For females the prevalence is 1.37 times higher 
than for males. Prevalence of tooth agenesis appears to be lower in North America 
than in Europe and Australia as well as in Asia. In a meta-analysis, it was shown that 
in European countries (Caucasians, white) the prevalence of tooth agenesis is 
approximately 5.5% but 6% or higher in most studies of Scandinavian countries, 
3.9% in North America (white and African American), 6.3% in Australia (white), 
6.9% in Asia (Chinese Mongoloid) and 2.5% in the Middle East (Saudi Arabia, 
white) [3].

 Most Frequently Missing Permanent Teeth

The frequency of tooth agenesis is similar in the maxilla and mandible as well as in 
the left and right sides of the jaws. For most teeth bilateral agenesis is noticed in 
about half of the cases. It is most likely that the last developing tooth within its 
dental group is congenitally missing: third molars, second premolars and lateral 
incisors.

Apart from the third molars, the most commonly missing teeth in permanent 
dentition of Caucasian populations are clearly mandibular second premolars (more 
than 40% of the missing teeth) followed equally by maxillary lateral incisors and 
maxillary second premolars and then the mandibular incisors [3]. Among the 
Japanese, Chinese and Korean populations, the most commonly missing tooth is in 
the mandibular incisor region [4]. The most stable permanent teeth are maxillary 
central incisors, canines and mandibular first molars (Fig. 5.2).
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 Aetiology of Tooth Agenesis

The long time span and complexity of human dental development means that abnor-
malities may arise from multiple genetic and environmental factors which may 
affect the teeth at different stages of development.

The important role of genetics as a cause of tooth agenesis stems from the facts 
that tooth agenesis is usually observed without any obvious environmental cause 
and it is more common in monozygotic than in dizygotic twins and among relatives 
than in the general population. Many gene mutations have been discovered to cause 
isolated and syndromic tooth agenesis. However, both twin and family studies indi-
cate that the relationship of the genotype and phenotype is not straightforward but 
shows variation presumably caused by genetic background, that is to say additional 
genetic factors, as well as epigenetic and external factors. Thus, family members 
affected by the same mutation typically show variation in the phenotype, and even 
monozygotic twins often do not have identical phenotypes [5].

 Environmental Causes of Tooth Agenesis

The most dramatic known external effect on tooth development is caused by treat-
ment of cancer during early childhood. The effects include tooth agenesis, extreme 
microdontia and hypoplasia of tooth roots. The effect is especially strong after radio-
logical treatments but also chemotherapy can cause microdontia and agenesis [6].

Tooth germs may sometimes be destroyed by external trauma. It has been sug-
gested that agenesis of mandibular third molars may be related to application of 
local anaesthetics during childhood dental care [7].

Tooth agenesis has been described in children whose mothers’ have suffered 
rubella infection during pregnancy [8].

Both experimental animal and population studies have shown that certain pollut-
ants, especially dioxins, are harmful for normal tooth development. As shown by 

Fig. 5.2 Schematic of most frequently missing permanent teeth. In Caucasian populations the 
most commonly missing are the third molars (red), followed by the mandibular second premolars 
(orange) and followed equally by the maxillary lateral incisors and maxillary second premolars 
(yellow). Less frequently missing teeth are the mandibular incisors, maxillary canines, first premo-
lars and mandibular second molars. The maxillary central incisors, mandibular canines, maxillary 
and mandibular first molars and maxillary second molar teeth are very rarely missing [3]
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animal studies, dioxins affect both tooth morphogenesis and cell differentiation, and 
predisposition to dioxins after an industrial accident in Seveso, Italy, was associated 
with increased prevalence of tooth agenesis [9]. Confirmed environmental causes of 
tooth agenesis are rare and do not have a significant contribution to tooth agenesis 
at a population level. However, factors that affect the size of tooth germs may also 
play a role in determining the outcome of genetic predisposition.

 Genetic Causes of Tooth Agenesis

Both case reports and systematic studies of cohorts of patients and their families 
indicate that genetic factors cause tooth agenesis by different modes of inheritance. 
Thus autosomal dominant, autosomal recessive and X-linked modes of inheritance 
as well as suggested complex inheritance have been reported in families with oligo-
dontia. In his pioneering study of hypodontia, Grahnen studied Swedish families 
and observed hypodontia in at least one of the parents of 43 of the 55 cases (78%), 
suggesting predominantly dominant inheritance [10].

Underlying genes have been identified in all common syndromes featuring tooth 
agenesis and a significant part of nonsyndromic oligodontia [11, 12].

Identified human mutations, complemented by experimental mutations in mice, 
show that disturbances in any of the important signalling pathways (WNT, 
Hedgehog, FGF and TGFβ/BMP) or their intracellular effectors affect normal tooth 
development. Furthermore, mutation identification in hypohidrotic (also named 
anhidrotic) ectodermal dysplasia (HED, EDA), the most common ectodermal dys-
plasia syndrome, led to a discovery of a whole new signalling pathway, EDA signal-
ling. In this pathway, an identical disease can be caused by inactivating mutations in 
the genes coding for the extracellular signal protein, its cell surface receptor or an 
intracellular mediator of signalling (EDA, EDAR and EDARADD, respectively). 
Similarly, identified causative mutations in other signalling pathways may affect the 
extracellular signals or their receptors or intracellular mediators or effectors. Several 
genes for transcription factors critical for BMP, FGF and WNT signalling and cell 
fate decisions are mutated in isolated or syndromic forms of tooth agenesis. In addi-
tion, tooth agenesis may be caused by mutations in molecules mediating cell adhe-
sion and/or even by defects in extracellular matrix molecules [12].

The first identified causative genes for isolated tooth agenesis were MSX1 and 
PAX9, which code for transcription factor proteins critical for tooth development 
[13, 14]. Heterozygous mutations segregate with severe tooth agenesis in multi- 
generation families. In the family segregating an MSX1 missense mutation in the 
homeobox, all affected family members lacked second premolars and third molars 
and to variable extent other teeth like first molars, first premolars and some incisors 
[14], whereas a frameshift mutation in PAX9 affected predominantly all molars, 
second premolars and some incisors [13]. Numerous other mutations, each unique, 
have since been identified, and phenotypes of the patients largely conform to the 
patterns described above [11]. Data from patient cohorts suggests that less than 10% 
of families with oligodontia have a mutation in MSX1 or PAX9; however, due to the 
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dominant inheritance, an overall contribution of each of these genes to oligodontia 
is larger [11, 15].

MSX1 and PAX9 are expressed in the mesenchymal tissue during early tooth 
development and mediate effects of epithelial-mesenchymal signalling especially 
by BMPs and FGFs. Selective tooth agenesis as a consequence of a heterozygous 
inactivating mutation indicates a haploinsufficiency of these genes in human tooth 
development, presumably by defective mesenchymal condensation and signalling. 
Haploinsufficiency, i.e. insufficiency of a single normal copy, as a cause of tooth 
agenesis is a more general mechanism present in numerous syndromes and isolated 
tooth agenesis with dominant inheritance.

Two genes involved in WNT signalling have been identified to harbour dominant 
mutations causing oligodontia. Heterozygous truncating mutations in AXIN2, cod-
ing for an intracellular antagonist of WNT signalling, have been identified in severe 
oligodontia of permanent teeth [16]. Interestingly, the patients were also predis-
posed to colorectal cancer. Recently, a WNT cell surface co-receptor LRP6 has been 
shown to harbour heterozygous inactivating mutations causing dominantly inher-
ited tooth agenesis, in most cases expressed as a severe phenotype [17, our unpub-
lished data].

The important role of WNT signalling in human tooth development is empha-
sised by unravelling the role of WNT10A in tooth agenesis. Recessive mutations 
affecting this extracellular signal protein were first identified in an ectodermal dys-
plasia syndrome, odonto-onycho-dermal dysplasia. Subsequently they have been 
identified in a spectrum of patients with ectodermal defects, from an allelic Schöpf- 
Schulz- Passarge syndrome (additional symptoms eyelid cysts and telangiectasias) 
to ectodermal dysplasia with hypo- or hyperhidrosis to tooth agenesis with minor or 
no other ectodermal defects. Mutations in WNT10A are by far the most common 
known cause of isolated tooth agenesis: in different samples, biallelic or heterozy-
gous genotypes have been found in 26–56% of the non-syndromic oligodontia 
patients (Table 5.1) [11, 15, 18].

According to the verifiable data, despite strong effects on permanent dentition, 
WNT10A, AXIN2 or LRP6 mutations very seldom affect deciduous teeth [11, 16] 
implying that abnormalities of WNT signalling tend to affect mechanisms involved in 
development of successional teeth. Unlike mutations in MSX1 and PAX9, mutations in 
WNT10A or LRP6 show variable phenotypes sometimes affecting mostly anterior and 
sometimes posterior teeth. This extensive variation may depend on other mutations 
that affect WNT10A expression or are located in other genes. Indeed, examples of co-
detection of WNT10A and EDA signalling mutations have been presented [11].

Like WNT10A, genes of EDA signalling are associated with both syndromic and 
isolated tooth agenesis. While completely inactivating genotypes cause an ectoder-
mal dysplasia syndrome (see below), specific hypomorphic mutations in EDA are 
expressed as isolated tooth agenesis affecting especially anterior deciduous and per-
manent dentition. Similar defects can arise due to heterozygosity of EDA and EDAR 
mutations in carriers [11, 19].
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Table 5.1 Selected genetic causes of tooth agenesis

Non-syndromic/isolated causes

Gene mutated/
chromosomal change

Estimated percentage of 
non-syndromic 
oligodontia families (%)

Type of molecule 
encoded

Associated 
non-dental defects

WNT10A 26–56 Growth factor Minor ectodermal 
features

PAX9 5 Transcription factor
MSX1 3 Transcription factor Cleft lip/palate, 

nail dysplasia
AXIN2 2 Signal regulator Colorectal cancer
LRP6 5 Co-receptor
EDA (ectodysplasin) 8–10 Growth factor Minor ectodermal 

featuresEDAR TNF receptor
EDARADD Signal transducer

Syndromic causes

Condition
Gene mutated/
chromosomal change

Type of molecule 
encoded

Associated non-dental 
defects

Hypohidrotic 
(anhidrotic) 
ectodermal dysplasia 
(HED, ED)

EDA (encodes 
ectodysplasin)

Growth factor Ectodermal dysplasia, 
hypoplastic hair/glands

EDAR TNF receptor
EDARADD Signal transducer

Ectrodactyly, 
ectodermal dysplasia 
and cleft lip/palate 
syndrome (EEC)

TP63 Transcription 
factor

Ectodermal dysplasia, cleft 
palate, split hands

Odonto-onycho- 
dermal dysplasia 
(OODD)

WNT10A Growth factor Ectodermal dysplasia

Cleft lip/palate- 
ectodermal dysplasia 
syndrome (CLPED1)

PVRL1 (encodes 
nectin 1)

Adhesion 
molecule

Ectodermal dysplasia, cleft 
lip/palate, cutaneous 
syndactyly

Axenfeld-Rieger 
syndrome (ARS)

PITX2 Transcription 
factors

Eye defects, umbilical 
anomaliesFOXC1

Diastrophic dysplasia DTDST Sulphate 
transporter

Osteochondrodysplasia

Van der Woude 
syndrome 1 (VWS1)

IRF6 Transcription 
factor

Cleft lip/palate, pits in the 
lower lip

Van der Woude 
syndrome 2 (VWS2)

GRHL3 Transcription 
factor

Cleft lip/palate, pits in the 
lower lip

Incontinentia pigmenti 
(IP)

NEMO (IKBKG) Kinase subunit Ectodermal dysplasia, 
neurological problems

Down syndrome Trisomy 21 Dysmorphic craniofacial 
features, mental 
retardation
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The mutations described above have been mainly identified in oligodontia. 
However, many heterozygous carriers of WNT10A or EDAR mutations, that is, fam-
ily members of oligodontia patients, present with hypodontia, lacking one or a few 
permanent teeth. These variants behave as dominant mutations but with reduced 
penetrance and variable expression, presumably explained by genetic background 
and other factors affecting the developmental outcome. It is probable that similar 
variants in other genes will be discovered in hypodontia.

 Anomalies Associated with Tooth Agenesis

 Dental Anomalies

Tooth agenesis is commonly associated with different kinds of dental anomalies in 
other teeth (Fig. 5.3). These anomalies can occur even in the dentition with mild 
hypodontia but are more frequent in cases of oligodontia. In addition, tooth agenesis 
contributes to the development of abnormal occlusion, malfunctions and aesthetic 
problems especially in subjects with severe oligodontia.

The typical dental anomaly associated with tooth agenesis is a peg-shaped upper 
lateral incisor which is often noticed when the contralateral incisor is missing. It 
belongs to the spectrum of anomalies that are associated with tooth agenesis: reduc-
tion of tooth crown size (mesiodistal and bucco-lingual dimension of the crown), 
abnormal morphology (peg-shaped tooth, conical tooth, tapered- or shovel-shaped 
tooth, reduction of the cusp number and form) and shortened roots and taurodontism 
[20–22].

a b c

d e f

Fig. 5.3 Anomalies associated with tooth agenesis. (a, d) are images from the same individual. 
The patient has oligodontia mainly in the mandible and has a WNT10A mutation. The images show 
reduced crown size, tapered teeth and a peg-shaped upper right lateral incisor (arrow). (b, e) are 
images from the same individual. The images show tapered maxillary central incisors and rotated 
maxillary first premolars (arrows). (c) Conical-shaped mandibular primary teeth in a patient with 
extensive oligodontia (arrow). (d) in the text pointing to the radiograph  should be the same as in 
the picture. (f) Taurodontism in all four first permanent molars, vertically enlarged and misshaped 
pulp chambers (arrows)
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It has been shown that, as the severity of tooth agenesis increases, the delay of 
dental age also increases. A mean delay of up to 2 years compared to the chrono-
logical age has been reported. From a clinical perspective, it must be taken into 
consideration that a tendency to developmental delay is possible in teeth contralat-
eral or adjacent to the missing tooth [23].

Ectopic teeth, especially ectopic canines (palatal or labial maxillary canines) but 
also other teeth such as first premolars and molars, as well as transpositions of teeth 
(canine-premolar, incisor-canine transpositions), show association with tooth agen-
esis [22, 24, 25].

An association exists between infraocclusion of primary molars and agenesis of 
premolars. In about 20% of the subjects with agenesis of second premolars, infraoc-
clusion of primary second molars has been noted (Fig. 5.4).

In subjects with tooth agenesis, the prevalence of abnormal tooth positions such 
as rotations (especially premolars) as well as enamel defects (hypoplasia, hypocal-
cification) is higher than in the control groups [22].

 General Signs and Symptoms

Approximately half of young individuals with oligodontia have one or more signs 
or symptoms from ectodermal origin in a Swedish study. One in three individuals 
with oligodontia has low salivary secretion, but only one in ten individuals has self- 
reported symptoms from the hair, nails or sweat glands. Therefore, measurement of 
salivary secretion is indicated in subjects with oligodontia [26].

 Tooth Agenesis and Cancer

It has been shown that tooth agenesis and cancer development share common 
molecular pathways. The connection between tooth agenesis and colorectal cancer 
predisposition as a consequence of AXIN2 mutations was found in a large Finnish 

a b

Fig. 5.4 Infraocclusion of primary molar. (a, b) are images from the same individual. The patient 
has agenesis of all permanent premolars and maxillary canines and infraocclusion of the remaining 
primary first molars (arrows)
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family [16]. An increased prevalence of tooth agenesis has been reported among 
patients with epithelial ovarian cancer [27]. However, more studies on this subject 
are needed to understand genetic mutations and networks which together contribute 
both to tooth agenesis and to cancer.

 Tooth Agenesis in Orofacial Clefting and Syndromes

 Cleft Lip/Palate

Anomalies in the number of teeth (tooth agenesis, supernumerary teeth), in the 
morphology of teeth (shape and size) and delayed development and eruption of 
teeth are common in patients with clefts. The prevalence of hypodontia increases 
with the severity of the cleft and has been reported to be 10–68% in different 
cleft types, being 10% in cleft lip, 16% in submucous cleft, 33% in cleft palate 
and 49% in unilateral and 68% in bilateral cleft lip and palate. The teeth most 
commonly affected are in the cleft area (upper permanent lateral incisor), but 
tooth agenesis is more common than in general population also outside the cleft 
region [28].

 Syndromic Tooth Agenesis

Tooth agenesis with varying severity is associated with more than 80 malformation 
syndromes [28, 29].

 Down Syndrome (Trisomy 21)

Down syndrome, the most common chromosomal abnormality in man, is caused 
by trisomy of all or a critical portion of chromosome 21. Together with typical 
dysmorphic craniofacial features, mental retardation and structural anomalies, 
tooth agenesis and other dental aberrations are very common. The prevalence of 
tooth agenesis is about 50% in the patients if the third molars are excluded and 
about 90% if they are considered. The upper lateral incisor is most commonly 
missing in Down syndrome, and peg-shaped upper lateral incisors are frequent. 
Other dental anomalies in the permanent dentition of patients with Down syn-
drome include taurodontism, ectopic eruption, impaction, delayed eruption, trans-
position of teeth and microdontia [30].

 Axenfeld-Rieger (Rieger) Syndrome

Axenfeld-Rieger syndrome (ARS) is an autosomal dominant disorder with malfor-
mations of the anterior chamber of the eye, umbilical anomalies and tooth agenesis. 
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The prevalence of ARS is approximately 1 in 200,000. ARS Type 1 is caused by 
mutation in a homeobox transcription factor gene PITX2; Type 2 maps to chromo-
some 13q14; and Type 3 is caused by mutation in the FOXC1 gene.

The maxillary primary and permanent incisors and second premolars are most 
commonly missing and conical and misshapen teeth and microdontia have been 
reported. Maxillary hypoplasia is a typical craniofacial finding, which is caused, in 
part, by missing teeth in the region [28].

 Ectodermal Dysplasias

Ectodermal dysplasias (EDs) include a large clinically and genetically heteroge-
neous group of rare conditions where at least two of the ectodermal derivatives such 
as hair, nails, glands and teeth are affected. There are about 200 EDs and ED syn-
dromes with 11 subgroups [31].

Hypohidrotic (also named anhidrotic) ectodermal dysplasia (HED, EDA) is the 
most common ectodermal dysplasia. HED is genetically heterogeneous and caused 
by mutations in three different genes which all disrupt the same signalling pathway. 
Mutations in the X-chromosomal EDA gene coding for the tumour necrosis factor- 
like signal called ectodysplasin cause X-linked EDA, whereas autosomal dominant 
and recessive HED are caused by mutations in the TNF receptor EDAR and its 
intracellular regulator EDARADD. Autosomal HED is clinically indistinguishable 
from X-linked form, but in autosomal HED both males and females can be similarly 
affected. Recently, mutations in WNT10A have been shown to cause hypohidrotic/
anhidrotic ectodermal dysplasia with distinctive clinical features including marked 
dental phenotype without facial dysmorphism.

The patients with EDA show frontal bossing, nasal and maxillary hypoplasia, 
low face height, sparse or absent hair and dry skin with periorbital hyperkeratosis 
which contribute to a typical appearance. The most characteristic features in EDA 
are delayed eruption of primary teeth and the reduced number and abnormal shape 
of teeth which can alert the clinician to making diagnosis in early childhood. In 
X-linked HED affected males have severe oligodontia or anodontia in both the pri-
mary and permanent dentitions with on average only six permanent teeth develop-
ing. The teeth which most commonly do develop are the maxillary central incisors 
and first molars. There is also a delay in dental development. The teeth which 
develop often have abnormal conical crowns especially in the incisor region, and 
other teeth may be microdont or may have otherwise altered morphology. 
Taurodontism is also more common in the molars of the patients with HED. The 
sweat glands are hypoplastic or aplastic resulting in an inability to sweat normally 
which can be life threatening especially in early infancy. Female carriers in X-linked 
HED are affected with milder phenotype than male patients [19].

Odonto-onycho-dermal dysplasia (OODD) is a recessive ectodermal dysplasia 
characterised by severe oligodontia in the permanent dentition with less affected 
primary dentition, conical teeth, lack of taste buds of the tongue, hypoplastic nails 
and thin, dry hair. Several different mutations in WNT10A have been identified in 
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patients with OODD or the similar Schöpf-Schulz-Passarge syndrome where cysts 
of the eyelids are additional manifestations.

Incontinentia pigmenti (IP, Bloch-Sulzberger syndrome) is a rare 
X-chromosomal dominant ectodermal dysplasia syndrome caused by mutation in 
the IKK-gamma gene also called NEMO. Due to X-chromosomal dominant inher-
itance, IP affects females and is usually lethal prenatally in males. The patients 
have variable abnormalities of the skin, hair, nails, eyes, teeth and central nervous 
system. Dental anomalies have been diagnosed in more than 50% of the patients. 
Tooth agenesis, mostly oligodontia, is most frequent of the anomalies, but dental 
shape abnormalities (conical, peg-shaped teeth, generalised microdontia), macro-
dontia (extra cusps), taurodontism and delayed eruption of teeth have been 
reported [32].

 Clinical Problems and Management of Patients with Tooth 
Agenesis

Tooth agenesis creates special functional and aesthetic problems, and several treat-
ment phases starting in childhood and continuing to adulthood are necessary. An 
ideal management from diagnosis to treatment planning and treatment requires a 
multidisciplinary approach, and many specialities of dentistry are needed. Nearly 
all patients, 90%, with hypodontia or oligodontia need orthodontic treatment. In 
some cases, medical and genetic consultation should be considered. A repetitive 
communication between the members of the team is also essential [33, 34].

Giving sufficient information about tooth agenesis to the patient and the family 
as well as support during the different phases of the treatment is important. It is 
recommended that siblings and children of the patient should be examined for tooth 
agenesis and associated anomalies at appropriate age, firstly in the early mixed den-
tition and then at approximately 9–10 years of age.

During the growth period, it is important to follow and to evaluate the develop-
ment of occlusion and the growth pattern of the jaws (sagittal, vertical, transversal 
growth). Patients with tooth agenesis often have typical dentofacial features, and the 
severity and location of missing teeth have a significant effect on them. Cephalometric 
analyses have shown bimaxillary retrognathism, reduced vertical facial dimensions, 
concave profile, decreased mandibular plan angle, incisors which are upright and 
overerupted in oligodontia patients [35].

In tooth agenesis cases, in order to optimise long-term success, forethought 
should be given into maintaining alveolar bone, for example, around a deciduous 
tooth where no permanent successor is present. Depending on the malocclusion, 
maintaining alveolar bone will improve the success of possible dental implants later 
and may facilitate possible orthodontic tooth movement into the space. The alveolar 
process grows with teeth and each tooth creates its own bone while erupting into the 
oral cavity. If there are no teeth developed in the jaws, there are no alveolar pro-
cesses either. On the other hand, after losing a tooth, alveolar resorption continues 
for years which results in shortage of bone for later reconstruction.
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The diagnosis and treatment of tooth agenesis and the diagnosis and treatment of 
orthodontic malocclusion should not be planned in isolation but with an understand-
ing of both entities. That said, it can be helpful to assess the patient from a maloc-
clusion perspective first and then add the complexities of the tooth agenesis. In this 
way the missing teeth can be incorporated into the overall plan for the patient. For 
example, in a class I severe crowding case with a favourable skeletal pattern, premo-
lar extractions may be planned. If the patient is missing premolar teeth, then this 
hypodontia can easily be integrated into the plan. Conversely, if the patient presents 
with a deep bite and closing-type growth pattern, then one would be more inclined 
to treat on a non-extraction basis, and it may be advisable to maintain the lower 
deciduous molars for as long as possible if lower premolars are missing.

 Primary and Early Mixed Dentition

Both functional and aesthetic problems can arise early in childhood. The prelimi-
nary evaluation of the facial growth pattern and type of occlusion is made, and 
interceptive orthodontics (elimination of crossbites, scissors bites) can be carried 
out to promote favourable orofacial functions and growth of the jaws.

Before a child starts school, it is advisable to evaluate orofacial functions (speak-
ing, mastication, smiling) together with aesthetics (conical, malformed teeth, spac-
ing). This is because children with tooth agenesis can be exposed to bullying at 
school. Closure of diastema (midline maxillary diastema), composite build-ups of 
malformed primary and permanent teeth (incisors, canines) and removable dentures 
are possible in severe oligodontia or anodontia. In children with missing incisors, 
fixed constructions like banded molars with acrylic incisors fixed to lingual or pala-
tal arches can be considered. However, all these early constructions will require 
regular follow-up adjustments during the growth period.

If the premolar is missing, an ankylosis and developing of infraocclusion of the 
predecessor tooth is possible. This can result in tipping of the neighbouring teeth 
and overeruption of the opposing tooth. Ankylosis can be diagnosed by evaluating 
the alveolar bone levels between the primary molar and the adjacent teeth. A flat 
level of the alveolar bone indicates that the primary tooth is erupting evenly with the 
permanent ones. If the alveolar bone level becomes oblique and the bone level 
around the primary tooth is more apically, this confirms ankyloses [36]. In a Swedish 
study, 20% of the primary molars without successors were submerged 1 mm or 
more relative to the adjacent teeth at the age of 12 years and 55% of them between 
0.5 and 4.5 mm at the age of 20 years. Whenever infraocclusion of primary molar is 
noted, a build-up of the occlusal surface can be made to improve occlusal contacts. 
However, if the infraocclusion worsens, extraction of the ankylosed tooth can be 
considered [33, 37].

In addition to ankylosis, root resorption of the primary molars must be assessed 
and monitored. Large individual variation is seen in an amount of root resorption. 
Lower primary molars without a successor have a good prognosis, and in more than 
90% of the patients, these teeth survived up to late adulthood [38].
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Palatally or labially impacted permanent canines are common in patients with 
tooth agenesis. The maxillary permanent canines should be palpated labially at the 
age of 9–10 years, and if they are not, further radiological examination must be car-
ried out to confirm their position. The positions of permanent canines have particu-
lar significance in cases of tooth agenesis, especially if the upper lateral incisor(s) 
are missing. The position and eruption pattern of permanent canines will influence 
the management of space of primary lateral incisors and canines.

 Late Mixed and Permanent Dentition

At approximately 8–10 years of age, making of a preliminary long-term treatment 
plan including orthodontic and future prosthodontic therapy is recommended. 
Orthodontic treatment includes both management of general features of maloc-
clusion and special problems linked to tooth agenesis. During the growth period, 
orthodontic treatment with functional jaw orthopaedics to improve skeletal dis-
crepancies and using of fixed appliances to arrange dental arches is often indi-
cated. A proper positioning of the incisors, canines and molars, treatment of deep 
bite and a decision on maintaining or closing spaces of missing teeth are advised. 
When considering the treatment options, an evaluation of the facial components 
including hard and soft tissues and dental show in the face is essential. If the num-
ber of teeth is low, the arrangement of anchorage during orthodontic treatment can 
be challenging. However, using of temporary skeletal anchorage devices has 
brought many new possibilities for the orthodontic therapy of tooth agenesis 
patients [33].

There are two options for treating patients with missing maxillary lateral inci-
sors: to close the space or to open the space. In addition, a symmetrical appearance 
of the incisor region must be included as a treatment aim. If the space is planned to 
be closed, permanent canines are allowed to erupt next to the central incisors, and 
extractions of primary laterals and canines can be considered before the permanent 
canines erupt. Posterior teeth are later protracted mesially to substitute the maxil-
lary first premolars for canines. The second option is to open the space for prosthetic 
replacement of upper laterals.

The desired occlusion at the end of treatment must be considered. If the patient 
has a Class I relationship in both the molars and canines, normal overbite and over-
jet, it is ideal for a prosthetic replacement of lateral incisors. The ideal situation for 
closing the space is Class II occlusal intercuspation, or maxillary posterior teeth 
have to be brought mesially into a proper Class II relationship. Treatment is often 
required to make the canines look and function more like lateral incisors, and sub-
sequently that the first premolars, now in the canine position, look and function 
more like canine teeth. This may involve reshaping the teeth in three planes of 
space: vertically, mesiodistally and palato-labially. With regard to the first premolar, 
it may be advisable to grinding the palatal cusp, so that it does not interfere with the 
occlusion and also rotate the tooth mesio-palatally so that the tooth presents a wider 
crown and improved aesthetic result. In some cases, reshaping of the teeth may not 
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produce an acceptable aesthetic result and the placement of prosthetic replacements 
can be considered.

If the maxilla and the mandible have different number of teeth, it may be impos-
sible to achieve a normal Class I molar and canine relationship without compensa-
tory procedures such as an extraction of a lower permanent incisor or a reduction of 
the width of second primary molar. It must be noted that due to generalised micro-
dont teeth, it is not always possible to close all spaces in the dental arches with 
orthodontics. Instead, composite build-ups or extra prosthetic teeth can be 
considered.

Extractions of upper primary second molars without successors at appropriate 
time are beneficial because permanent molars tend to drift mesially closing the 
space. Mandibular molars do not drift as favourably and orthodontics may be chal-
lenging. Especially in skeletal deep bite, it is not recommended to extract lower 
primary molars because of an unfavourable worsening of the deep bite. Maintaining 
of the space, autotransplantation or later implants are the other alternatives.

Before the orthodontic appliances are removed, it is essential to examine the 
patient for correct amount of space for tooth replacement and the placement of 
implants. In addition to dental study models, 3D radiography gives the most exact 
measurements for spaces. The roots of the teeth must be parallel and adequately 
separated for proper placement of an implant. For instance, the minimum space 
between the root and an implant should be approximately 1–1.4 mm, the minimum 
interradicular space for a maxillary lateral is 6 mm and the vertical space should be 
7 mm [39].

It should be remembered that the placement of dental implants should be delayed 
until growth of the jaws is complete. This is because dental implants, and the bone 
around them, do not ‘grow’ with the patient. If implants are placed too early, a verti-
cal discrepancy between the prosthetic tooth and the neighbouring teeth can develop 
[40]. Even if implant treatment is not used in growing patients, children with ecto-
dermal dysplasia syndromes and anodontia in the mandible have been treated with 
implants. However, treatment of ectodermal dysplasia patient is very demanding 
and should be centralised [33, 41].

Patients should be provided with retainers which maintain the spaces created for 
replacing the missing teeth. Removable retainers with acrylic teeth replacing miss-
ing teeth can be used to improve dental appearance and oral function as well as act 
as a retainer. Resin-retained bridges are also possible as a permanent or temporary 
solution.

 Established Dentition

If the skeletal discrepancy is severe and camouflage treatment alone cannot provide 
the facial harmony, a combination of orthodontics and orthognathic surgery should 
be considered before prosthetic restoration. In addition, minor surgical procedures 
are often needed such as alveolar ridge and sinus floor augmentations and inferior 
dental nerve transpositions to ensure proper circumstances for the implants.
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Estimation of the craniofacial growth is essential in planning an appropriate time 
for placing implants in order to prevent later submergence of an implant tooth. 
Following of the general growth is not always sufficient because cessation of cra-
niofacial growth exhibits a great individual variation. However, in most cases cra-
niofacial growth can be considered to have ceased at approximately 18–19 years of 
age in males and 17–18 years of age in females. It must be kept in mind that patients 
can show continued craniofacial vertical growth late into adulthood and even into an 
old age which can create aesthetic and functional disturbances in the implant region. 
It is widely recommended, however, that implants into an incisor area are not placed 
earlier than over 20 years of age to ensure better function and aesthetics in the 
future.
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Trauma to the Permanent Maxillary 
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Abstract
Dentoalveolar trauma to the permanent maxillary incisors is a relatively common 
occurrence in young children. The extent of the injury can be variable but can 
have significant emotional, social and financial implications to both the child and 
their parents in both the short and long term. Management of traumatised perma-
nent maxillary incisors in the mixed dentition requires long-term monitoring of 
both pulp vitality and root development. Although comprehensive orthodontic 
treatment may not be immediately required, early interceptive management of a 
malocclusion characterised by an increased overjet may be indicated to reduce 
the risk of trauma or further trauma to the permanent maxillary incisors beyond 
the mixed dentition stage of development. If orthodontic treatment is to be con-
sidered in these cases, then a team approach involving general dental practitio-
ners, restorative, orthodontic specialists and paediatric dentists is advocated. To 
prevent trauma to the permanent maxillary incisors in young children, education 
of children and their parents is vital. The use of custom mouthguards in patients 
at risk of trauma to the permanent maxillary incisors is recommended.
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 Introduction

Within the literature, a wide variation in the prevalence of dental trauma has been reported 
ranging between 10.7 and 37.6% [1–4]. This has been attributed to local, environmental, 
socio-economic causes, behavioural and cultural diversities and a lack in consistency in 
the age of samples examined as well as standardisation in the classification of traumatic 
dental injuries [5, 6]. Both social deprivation [2] and more recently binge drinking [7] in 
adolescence are associated with a higher prevalence of dental traumatic injuries. Within 
the United Kingdom, up to 17% of children aged between 11 and 14 years of age will 
experience some form of traumatic injury to the anterior permanent teeth prior to leaving 
school [8]. The most commonly affected teeth are the permanent maxillary central and 
lateral incisors [6, 7, 9]. The prevalence of traumatic dental injuries appears to increase 
with increasing age [3, 9], with a peak incidence up to 12 years of age reported [1].

 Aetiology of Dental Trauma

Physical trauma to the permanent maxillary incisor teeth remains the commonest 
cause of traumatic dental injuries. Types of physical trauma include falls, collisions, 
trauma whilst playing with others, during physical or sporting activities and traffic 
accidents [3, 4, 9]. In approximately 40% of cases, this results in an enamel- dentine 
fracture of the crown of the tooth without pulpal involvement. Enamel fractures are 
the next most common type of injury (33.8%), followed by subluxation (8.4%) and 
luxation (6.7%) injuries [9, 10].

 Risk Factors for Dental Trauma

Differences in the incidence of dental trauma between males and females suggest 
gender is an aetiological factor. Based on retrospective studies, males tend to incur 
trauma to the permanent maxillary incisors more frequently compared to females 
[2, 9, 11] with the overall risk quantified as 1.88 times more likely [4]. However, the 
number of activities that an individual performs rather than their gender may predis-
pose them to a higher risk of traumatic dental injuries [6].

Certain traits of a malocclusion have been reported to increase the risk of trauma 
to the permanent maxillary incisors [2, 9, 12]. An overjet is defined as the horizontal 
distance between the labial surface of the mandibular incisors and the labial aspect 
of the incisal edge of the maxillary incisors (Fig. 6.1). Retrospective analysis sug-
gests the presence of an overjet above 3.5 mm increases the risk of trauma [5] and 
that traumatic dental injuries are 1.6 times more likely to occur if the overjet is 
greater than 5 mm [4]. Within an orthodontic sample compared to an untreated con-
trol group, the presence of an overjet greater than 6 mm increases the risk of trauma 
to the maxillary incisors [11]. Despite methodological weakness, a systematic 
review of observational studies suggests a direct proportional relationship with the 
presence of an increased overjet and an increased risk of trauma [13].

The soft tissues, in particular lip coverage, have a role in the aetiology of dental 
trauma. Previous studies have reported an association with a history of dental trauma 
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Fig. 6.1 An increased 
overjet present in a 
9-year-old patient in the 
mixed dentition

Fig. 6.2 Incompetent lips

and the presence of lip incompetency [14], leading to the conclusion that the pres-
ence of inadequate lip coverage is one of the most important predicators of traumatic 
injury to the permanent maxillary incisors [5] (Fig. 6.2). It has been reported that the 
presence of both an increased overjet and inadequate lip coverage acts synergistically 
and substantially increases the risk of trauma [12]. It appears male adolescents, with 
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both an increased overjet and inadequate lip coverage, are at a higher risk of trauma 
to the permanent maxillary incisor teeth. However, it would be prudent for clinicians 
to refer children of both genders in the mixed dentition with a malocclusion charac-
terised by an increased overjet for an early orthodontic assessment.

 Impact of Traumatic Dental Injuries to Permanent Maxillary 
Incisor Teeth

Traumatic dental injuries in a young child can be an emotional and anxious experi-
ence for both the individual and his/her parents. Once the immediate trauma has 
been managed and the child is pain-free and both dental aesthetics and function 
have been restored, long-term monitoring is required in cases where the prognosis 
of the traumatised teeth is uncertain. However, the extent of this traumatic incident 
can also affect an individual’s quality of life and result in both immediate and future 
direct and indirect costs.

Compared to an untreated control group, adolescents aged between 12 and 14 
years of age who had a history of dental trauma without pulpal involvement were 20 
times more likely to report an impairment on their daily living resulting in an impact 
on their ability to smile, eat, their social contacts and their emotional state [15]. The 
psychosocial implications are further highlighted by Porritt et al. [16] who reported 
higher functional limitations and impact on school-related activities in a sample of 
patients aged between 7 and 17 years of age who had a history of traumatic dental 
injuries.

Costs can be classified as direct (transport, health service and medicine costs) 
and indirect (loss of income and time of parents/guardians) [17]. Prospective anal-
ysis suggests direct costs generally outweigh indirect costs in the management of 
traumatic dental injuries [17]. However, indirect costs may increase with compli-
cated dental injuries which require a multidisciplinary approach resulting in 
numerous treatment appointments and a lack of access to treatment from health-
care providers [17, 18]. The latter may be further compounded by the perceived 
lack of remuneration available for the management of dental trauma cases [19]. 
The increased cost to health service providers in the management of these cases 
has been highlighted [20]. To prevent the long-term burden and costs to patients, 
their parents, primary care givers and healthcare providers, strategies to prevent 
dental trauma in young children should be stressed and reinforced at an early age.

 Prevention of Trauma

Despite the majority of traumatic dental injuries occurring as a result of physical 
trauma such as sports-related situations, the predication of such events is difficult. 
Strategies to prevent trauma to the dentition include the development of life skills 
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aimed at a personal and social level, anti-bullying and health policies within schools, 
the school provision of mouthguards and maintaining links with health services 
[21]. As highlighted, the presence of an increased overjet and inadequate lip cover-
age can predispose a young individual to potential traumatic dental injury to the 
permanent maxillary incisor teeth. Approaches to protect the teeth or early correc-
tion of the underlying malocclusion could be considered to reduce this risk of 
trauma.

 Use of Mouthguards

Based on low-quality evidence, the use of mouthguards has been advocated to 
reduce the risk and severity of orofacial trauma [22, 23]. Quantitative analysis of 
several studies suggests the overall risk of trauma is 1.6–1.9 times more likely 
when mouthguards are not worn [22]. Intraorally, the material properties of 
mouthguards such as thickness and resilience are thought to absorb traumatic 
forces and reduce their transmission to the dentoalveolar complex [24]. In rela-
tion to this, variation in the performance of different mouthguards has been 
reported with non-laboratory- constructed mouthguards achieving poor results 
[25]. However, this dissipating “shock absorber” effect may also result in 
increased mobility and dental injuries of adjacent teeth as the forces are distrib-
uted over a wider surface area within the mouthguard [10]. Three types of mouth-
guards are commonly available: stock, mouth-formed and custom-made. 
Custom-made types made from ethylene vinyl acetate (EVA) co-polymer are rec-
ommended as they are better tolerated, allow for normal function such as breath-
ing and speaking, are better retained within the mouth and reported to afford the 
most protection to the dentition [26]. The latter is supported by the findings of 
in vitro analysis [10].

Mouthguards can be worn when a child is either in the mixed or permanent 
dentition (Fig. 6.3). In a cohort of 7–8-year-olds, custom-made mouthguards were 
reported to be better tolerated compared to both stock and mouth-formed types 
[27]. Despite this, the retention of mouthguards and hence its overall effective-
ness may be compromised during the mixed dentition due to growth and develop-
ment of the jaws and further tooth eruption [28]. Anticipation of these changes 
should be considered and can be incorporated in the design of custom-made 
mouthguards [28].

Dentists have a unique role in educating young children and their parents who 
participate in contact sports regarding the importance of wearing mouthguards [29]. 
In addition, highlighting situations where trauma may likely occur may further 
encourage parents to encourage their children to wear mouthguards [27]. Despite 
the lack of prospective clinical evaluation of the effectiveness of mouthguards to 
reduce dental trauma [23], the use of mouthguards by young children participating 
in sporting activities is recommended.
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 Early Orthodontic Treatment

Previous authors have suggested early interceptive orthodontic treatment to reduce 
an increased overjet and hence reduce the potential risk of future trauma to the 
upper permanent incisor teeth [9, 11]. Early orthodontic treatment is potentially 
considered between 7 and 11 years of age (early adolescence). Reduction of an 
increased overjet forms the primary reason for early treatment as the highest preva-
lence of trauma is reported to occur between 11 and 15 years of age [9]. Both a 
simple upper removable appliance (Fig. 6.4) and a functional appliance (Fig. 6.5) 
can be utilised to reduce an increased overjet in the mixed dentition. Favourable 
compliance and wear of a functional appliance can result in efficient reduction of 
both overjet and overbite (Fig. 6.6). However, as these patients grow and continued 
dental development occurs, relapse of the corrected overjet is anticipated and a pos-
sible further course of treatment in adolescence warranted. In a Cochrane system-
atic review and meta-analysis, the effects of one-phase (adolescence) versus 
two-phase (early adolescence and adolescence) treatment of children with promi-
nent teeth were compared. Although the overall quality of evidence was deemed to 
be low, there were no differences in the final occlusal result, but there was a signifi-
cant reduction in the incidence of trauma to the upper permanent incisors in patients 
who underwent two-phase treatment [30]. Individual case selection is imperative 
when considering the early correction of an increased overjet. Patients should be 
well motivated with high levels of oral hygiene, and compliance as a negative expe-
rience of early treatment may preclude the success of future treatment [31]. The 
known risks of orthodontic treatment are well documented and may increase with 
long durations or multiple phases of treatment. However, in a young patient who is 
at risk of dental trauma, the potential benefits of early orthodontic treatment from a 
dental health and psychosocial development aspect may outweigh these apparent 
risks.

Fig. 6.3 Custom-made 
mouthguard worn in the 
mixed dentition
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 Management of Acute Traumatic Injuries in the Mixed 
Dentition

The mixed dentition stage is generally between 6 and 13 years of age. The perma-
nent incisor teeth will be erupting or fully erupted with varying degrees of root 
development. Hertwig epithelial root sheath is present in immature teeth and plays 
an important role in root development. Odontoblasts on the pulpal side of the sheath 
are involved in the formation of dentine, and cementoblasts, fibroblasts and osteo-
blasts are involved in the formation of the periodontal membrane.

The aim in managing acute dental trauma in the mixed dentition is to:

 1. Restore form.
 2. Restore function.
 3. Preserve pulp vitality.
 4. Support continued root formation.
 5. Improve self-esteem.
 6. Promote long-term sustainable biological outcomes for the patient.

Fig. 6.4 An upper 
removable appliance used 
to retract the permanent 
maxillary incisors. The 
design incorporates an 
anterior bite plane to 
disclude the occlusion, an 
activated labial bow and 
Adam’s cribs to retain the 
appliance

a b

Fig. 6.5 Functional appliances that can be used in the mixed dentition to reduce an overjet: 
Balters bionator (a) and modified Clark Twin Block (b)
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a

b

c

Fig. 6.6 Occlusal 
effects of a functional 
appliance worn in the 
mixed dentition. 
Pretreatment clinical 
appearance (a), 
progressive reduction of 
the increased overjet 
following full-time wear 
(b) and reduction of the 
increased overjet and 
establishment of lateral 
open bites (c)
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A combination of the direction and force of an impact as well as the point of 
impact can result in two traumatic dental injuries that can affect the teeth: fractures 
and luxation injuries.

Fracture injuries can be categorised as:

• Uncomplicated crown fractures—enamel; enamel-dentine
• Complicated crown fractures—enamel-dentine with pulp exposure
• Crown-root fractures—with or without pulp exposure
• Root fractures—involving the cementum; can be horizontal or oblique

Luxation injuries can be categorised as:

• Concussion
• Subluxation
• Extrusion
• Lateral luxation
• Intrusion
• Avulsion

Injuries rarely occur in isolation, and it is possible for more than one type of 
injury to affect an individual tooth. Multiple injuries per tooth increase the risk of 
long-term sequelae.

The following account of the assessment and management of traumatic dental 
injuries in the young patient is an overview, and for a more comprehensive account, 
the reader is referred to the dental trauma guide: www.dentaltraumaguide.org.

 History of the Traumatic Incident

It is important to obtain a detailed history of the event detailing how and when it 
took place. This will allow a picture to be built on what to expect when examining 
the patient but will also provide important information when discussing the progno-
sis with the patient and their parent(s). Where the injury has occurred is important 
in assessing whether a tetanus booster is necessary, e.g. near soil. It may be prudent 
to ascertain the tetanus vaccination history of the patient at this stage. Any loss of 
consciousness with signs of a head injury such as headache, amnesia, nausea or 
vomiting need to be taken seriously and referral to the accident and emergency unit 
arranged as a priority. Enquiring about previous traumas can be helpful to explain 
signs seen during the clinical examination. 

Relevant medical history such as allergies, blood disorders, medication being taken 
and any degree of immunosuppression need to be noted before embarking on treatment. 
If the patient has arrived with an avulsed tooth, this should be placed in Hank’s Balanced 
Salt Solution (HBSS) e.g. Save-a-tooth TM or milk whilst the history is being taken.

Sensibility testing can be useful in the long-term monitoring of traumatised teeth 
when attempting to assess pulp vitality. Bearing in mind that immature teeth can give 
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transient negative results, and there may be false-negative responses for up to 3 months 
after a traumatic dental injury, it is probably sensible to obtain these at the subsequent 
appointment when the patient is less emotional and anxious about their predicament.

Radiographs should be obtained as required by the clinical presentation. 
Periapical radiographs are standard, but if there is a suspicion of a root fracture, an 
upper occlusal radiograph would help diagnose this. In the presence of a lip lacera-
tion and a fractured tooth where the fragment has not been identified, a soft tissue 
view should be obtained as well to eliminate the possibility of the fragment being 
embedded in the lip.

Photographs are an important and easy way of documenting the presentation of 
the patient. If a camera is not available, a line diagram outlining all of the soft tissue 
injuries can also help.

 Fractures

• Uncomplicated crown fractures—enamel; enamel-dentine
 Small fractures may be smoothed down. If restoration is necessary, then direct 

build up with composite resin as soon as possible is indicated. If time is a prob-
lem, placing a temporary ‘bandage’ with glass ionomer is acceptable (Fig. 6.7).

• Complicated crown fractures—enamel-dentine with pulp exposure
 When the pulp is exposed, the aim of management is to try and preserve the vital-

ity of the pulp to support continued root formation. A Cvek pulpotomy, carried 
out under local anaesthesia and rubber dam, is indicated (Fig. 6.8). Once pulp 
therapy has been completed, the tooth can be built up with composite, or if the 
tooth fragment is available and can be relocated with ease, it should be reattached 
(Fig. 6.9). Again, if time is a problem, placing a temporary ‘bandage’ with glass 
ionomer is acceptable whilst a longer appointment is arranged.

• Crown-root fractures—with or without pulp exposure
 These may be difficult to restore and have a guarded prognosis. However, the 

long-term consequences of the loss of such teeth should be considered before 
committing them to be extracted. Treatment options for uncomplicated crown- 
root fractures include reattachment of the coronal fragment, build up with com-
posite resin, surgical extrusion or orthodontic extrusion. Treatment options for 
complicated crown-root fractures are as above with consideration of pulp man-
agement either with a Cvek pulpotomy or root canal treatment before restoration 
of the tooth. The limiting factor for root canal treatment of such teeth will be 
whether isolation with rubber dam is possible or not.

• Root fractures—involving cementum; can be horizontal or oblique
 These may be located in the apical, mid or cervical third of the root with the latter 
having the poorest prognosis. Depending on the presence of displacement of the 
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a

b

c

Fig. 6.7 Uncomplicated 
enamel-dentine fracture 
of the UR1 restored 
with a glass ionomer 
“bandage” (a–c)
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b
c

Fig. 6.8 Complicated enamel-dentine fracture involving the UR1 and UR2 in an 8-year-old. 
Pretreatment radiographic appearance (a), Cvek pulpotomy of the UR1 (b) and apexification using 
mineral trioxide aggregate (MTA), backfill obturation using gutta percha and coronal seal of the 
UR2 (c)
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coronal fragment, the crown may be longer than the adjacent tooth, be mobile and 
interfere with the occlusion. Where possible, the coronal fragment should be 
repositioned under local anaesthesia and splinted flexibly for 4 weeks in the apical 
and mid-third root fractures and for 4 months in cervical third root fractures. As 
already indicated, the latter have a poor prognosis and incorporation into an orth-
odontic plan, or retaining the root as a space maintainer should be considered.

 Luxation Injuries

• Concussion
 Teeth with concussion will be slightly tender to touch but demonstrate no increase in 

mobility. Patients should be reassured that they do not require any active treatment.

a

b

c

d

Fig. 6.9 Complicated enamel-dentine fracture involving the UR1. Post-treatment clinical (a–c) 
and radiographic appearance (d) following Cvek pulpotomy and reattachment of the tooth frag-
ment using composite
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• Subluxation
 Teeth with subluxation are tender to touch and exhibit slightly increased mobil-

ity. As above, patient reassurance is indicated, but flexible splinting can some-
times be reassuring for anxious patients and may be used if patients demonstrate 
considerable distress.

• Extrusion
 Extruded teeth appear slightly longer than the adjacent teeth and are mobile and 

there may be an occlusal interference. Digital repositioning under local anaes-
thetic and flexible splinting for 2 weeks is indicated.

• Lateral luxation
 Teeth may be displaced palatally (most common) or labially and are locked into 

position due to the presence of a dentoalveolar fracture. Palatally displaced teeth 
may result in an occlusal interference. Digital repositioning under local anaes-
thetic and flexible splinting for 4 weeks is indicated.

• Intrusion
 Intruded teeth are displaced apically into the socket, and the crown appears 

shorter than the adjacent teeth. In such situations it is possible to think that the 
crown has been fractured. As a result, the tooth is locked into position, and if 
tapped, a high-pitched ankylotic sound is elicited. Depending on the degree of 
intrusion, the tooth may be monitored for spontaneous eruption, be orthodonti-
cally or digitally repositioned. Teeth repositioned digitally should be splinted 
flexibly for 4 weeks. The following tables are the guidance provided by the 
International Association for Dental Traumatology (www.dentaltraumaguide.
org) (Tables 6.1 and 6.2).

Table 6.1 Recommended management of intrusion injuries with teeth with an open apex

Degree of intrusion Repositioning

Open Spontaneous Orthodontic Digital
apex Up to 7 mm ✓

More than 7 mm ✓ ✓

Table 6.2 Recommended management of intrusion injuries with teeth with a closed apex

Degree of intrusion Repositioning

Spontaneous Orthodontic Digital
Closed Up to 3 mm ✓
Apex 3–7 mm ✓ ✓

>7 mm ✓

J. Seehra and S. Djemal
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• Avulsion
 This is the total displacement of a tooth out of its socket. Immediate replantation 

of the tooth confers the best prognosis in the long term. If a tooth with an imma-
ture root is replanted within 5 min, monitoring for revascularisation should be 
adopted. In the same scenario for a mature tooth, root canal treatment is indi-
cated within 7–10 days. If this is not possible, the ideal storage medium is Hank’s 
Balanced Salt Solution (HBSS) or, if this is not available, milk. The following 
table summarises the different treatment strategies for delayed replantation of 
teeth with open and closed apices (Table 6.3).

 Complications

The following complications may arise following traumatic dental injuries in the 
mixed dentition:

• Pulp necrosis ± discolouration
• Pulp canal obliteration ± discolouration
• Root resorption
• Ankylosis
• Infraocclusion (Fig. 6.10)

Table 6.3 Summary of recommended management of avulsed teeth with differing degrees of root 
formation and extraoral dry time

Root 
development

Extra oral dry 
time Root canal treatment

Splinting 
time Prognosis

Open apex <60 min Aim for revascularisation 2 weeks Fair
Open apex >60 min  Root canal treatment (extraoral 

or asap)
4 weeks Poor

Closed apex <60 min Root canal treatment within 
7–10 days

2 weeks Fair

Closed apex >60 min Root canal treatment (extraoral 
or asap)

4 weeks Poor
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 Follow-Up

Long-term monitoring of all traumatised teeth is essential to diagnose problems 
early to allow interception to reduce the sequelae above.

Root canal treatment should be carried out if there are two signs or symptoms of 
pulp necrosis such as:

• Pain
• Swelling
• Sinus

Fig. 6.10 Intrusion injury 
of the UR1 in an 8-year- 
old. Failed orthodontic 
extrusion was attempted 
8–9 months post-injury. 
Radiographically, the UR1 
has undergone pulp canal 
obliteration and clinically 
is ankylosed as 
demonstrated by the lack 
of vertical development in 
relation to the UL1
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• Discolouration
• Increased mobility
• Negative sensibility tests (weak sign)
• Periapical radiolucency on radiograph

Sensibility test results should not be relied upon in the absence of other compel-
ling signs or symptoms. For more information, visit www.dentaltraumaguide.org.

 Orthodontic Movement of Traumatised Teeth

Depending on the severity of the dentoalveolar injury, future orthodontic movement 
of previously traumatised permanent maxillary incisors is not without possible risk. 
It is thought that the application of orthodontic forces from either removable or 
fixed appliances may increase the susceptibility to root resorption and non-vitality. 
The evidence to support these assumptions is based on low-quality studies lacking 
standardised outcomes and heterogeneous trauma samples. However, the incidence 
of loss of vitality of permanent maxillary incisors with a history of trauma following 
application of orthodontic forces from fixed appliances is reported to range between 
7.3 and 10.4% [12, 32]. The risk of pulpal necrosis is higher in lateral incisors and 
incisors with a history of intrusion, lateral luxation and extrusion type injuries [12]. 
It is well reported that comprehensive orthodontic treatment may result in root 
resorption. However, whether a history of trauma increases this risk of root resorp-
tion in permanent maxillary incisors is subject to debate. Retrospective analysis 
suggests that a history of trauma is a risk factor of root resorption in permanent 
maxillary incisors [33]. In contrast, compared to an uninjured maxillary incisor in 
the same patient, the contralateral traumatised permanent maxillary incisor appears 
not to have a greater tendency for root resorption [34]. Systematic review of the 
available evidence suggests there is little evidence that a history of previous trauma 
to the incisors increases the risk of root resorption during orthodontic treatment 
[35]. Importantly, if there is evidence of pre-existing root resorption in traumatised 
permanent maxillary incisors prior to orthodontic treatment, then these teeth appear 
to be more prone to root resorption during treatment [34].

Orthodontic treatment is often performed in patients with a history of trauma 
to the dentition (Fig. 6.11). A period of observation/monitoring is often recom-
mended prior to the application of orthodontic forces. The duration of this obser-
vation period varies in relation to the severity of the traumatic injury. The 
following observation periods prior to orthodontic tooth movement have been 
proposed [31, 36]:

• Crown and crown-root fractures without pulpal involvement (3 months)
• Crown and crown-root fractures with pulpal involvement (3 months after coronal 

pulpotomy following radiographic signs of a hard tissue barrier)
• Root fractures (12–24 months)
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• Minor injuries including concussion, subluxation, extrusion, minor lateral luxa-
tion (3 months)

• Moderate/severe injuries including avulsion and replantation and moderate/
severe lateral luxation (12 months if ankylosis not present)

• Immature traumatised teeth (await radiographic signs of continued root 
development)

Orthodontic treatment may incorporate traumatised teeth with a poor long-term 
prognosis in the extraction pattern [37] (Fig. 6.12), or they may be maintained 
within the dental arches aligned and spacing optimised for a possible future pros-
thetic replacement (Fig. 6.13). The former obviates the need for prosthetic replace-
ment teeth. Ideally, light forces of short duration should be applied and, if possible, 
avoidance of bonding the tooth, hence limiting exposure to orthodontic forces which 
could accelerate its loss. During orthodontic treatment, permanent maxillary inci-
sors with a history of trauma should be closely monitored. Regular clinical and 

a b c

d e f

Fig. 6.11 Comprehensive orthodontic treatment in a 12-year-old with a mild Class III malocclu-
sion complicated by the previously traumatised UL2 and crowding. At age 10, the UL2 was trau-
matised (a). Apexification of the immature UL2 was undertaken using Mineral Trioxide Aggregate 
(MTA) (b), followed by backfill obturation using gutta percha and placement of a coronal seal (c). 
Pretreatment clinical appearance of the malocclusion (d). Post-treatment clinical appearance fol-
lowing orthodontic alignment using upper and lower fixed appliances (e). The appearance of the 
discoloured UL2 was improved with inside-outside (nonvital) bleaching technique (f)
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radiographic assessment of pulpal health and root status including signs of root 
resorption should be undertaken. Prior to any form of orthodontic treatment, it is 
essential that an accurate history of the traumatic incident is taken, supported by 
clinical examination and appropriate special investigations. It is imperative that any 
evidence of pre-existing root resorption is identified and recorded (Fig. 6.14). A 
multidisciplinary opinion may also be beneficial in these cases. Patients and their 
parents should be consented and the possible risks associated with orthodontic 
movement of traumatised permanent maxillary incisor teeth explained [31].

a b

c d

e f

Fig. 6.12 Comprehensive orthodontic treatment in a 13-year-old with a Class I malocclusion 
complicated by an increased overjet, previously traumatised UL1 and UL1 and crowding. 
Pretreatment radiographic (a) and clinical (b) appearance. The treatment plan involved and the 
extraction of the UR1, UL1 and loss of two lower premolar units. As part of the treatment, the 
UR2, UL2, UR3 and UL3 were to be substituted into the position of the UR1, UL1, UL2 and UR2, 
respectively, and aesthetically modified with composite material. Extraction of the UR1, UL1 and 
placement of the upper and lower fixed appliances (c). Elastomeric chain used to mesialise both the 
UR1 and UL1 (d). Composite modification of the UR3, UR2, UL2, UL3 and continued space 
closure (e). Post-treatment clinical appearance (f)
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a b

c

d

e

Fig. 6.13 Comprehensive orthodontic treatment in a 12-year-old with a Class I malocclusion 
complicated by the previously avulsed and reimplanted UR1, ectopic UR3, diminutive UR2 and 
UL2 and crowding. Pretreatment radiographic (a) and clinical appearance (b). The reimplanted 
UR1 had undergone external root resorption and ankylosis. The enamel-dentine fracture was 
restored with a composite veneer. The treatment plan involved the extraction of the unfavourably 
positioned UR3, UL5, LL5 and LR5. As part of the treatment, the UR1 was to be maintained, and 
the UR2 and UL2 built up with composite material. As part of the fixed appliance mechanics, the 
ankylosed UR1 was not bonded as it was fairly well aligned and to avoid unwanted reciprocal 
anchorage loss (c). Post-treatment clinical (d) and radiographic appearance (e). The UR2 and UL2 
were built up with composite to improve their aesthetic appearance

J. Seehra and S. Djemal



105

 Discussion

Early orthodontic treatment to reduce an increased overjet and subsequently reduce 
the risk of trauma to the permanent maxillary incisors may be beneficial. All poten-
tial risks such as possible non-vitality of teeth, root resorption and future prosthetic 
replacement of teeth should be outlined and documented during the consenting pro-
cess. Patients and parents should be informed of the possible need of further orth-
odontic treatment in the permanent dentition. To ensure an optimal treatment 
outcome, a multidisciplinary approach should be adopted. Additional preventative 
measures to reduce the risk of dentoalveolar trauma to the permanent maxillary inci-
sors in young children should be promoted by clinicians and dentists. This includes 
educating parents and children regarding environments or situations where trauma is 
likely to occur and to stress the importance of wearing mouthguards when participat-
ing in activities, which may predispose the permanent maxillary incisors to trauma.
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a b

Fig. 6.14 Enamel-dentine fracture and avulsion injury of the UR1 in a 9-year-old. Periapical 
assessment of the UR1 which has undergone progressive external root resorption following reim-
plantation (a) and at 12-month follow-up (b)
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7Impacted Maxillary Central Incisors

Shruti Patel

Abstract
Any significant delay in eruption of the maxillary central incisor teeth needs 
careful management as presenting patients are usually young and may not have 
had any previous dental experience. Treatment will depend on many variables 
including the age and compliance of the patient, aetiology of impaction, position 
of the impacted tooth, the potential need to recreate space, appropriate surgical 
intervention and possible guided tooth eruption with orthodontic traction. 
Following clinical and radiographic assessment, an accurate diagnosis of the 
problem is required. A favourable outcome is achieved in the majority of cases, 
although alignment of dilacerated incisors and those impacted high in the alveo-
lus are more challenging. Ideally, by the time an individual starts secondary 
school, both upper central and lateral incisors should have erupted, affording 
dental, functional, aesthetic and psychosocial benefits to the patient. Specific 
clinical guidelines for the management of impacted maxillary incisors are avail-
able in the UK (https://www.rcseng.ac.uk/fds/publications-clinical guidelines/
clinical_guidelines/documents/ManMaxIncisors2010.pdf).

 Introduction

The maxillary central incisors are the most prominent teeth in a patient’s smile and 
are usually the most visible during smiling and speech (Fig. 7.1). Hence, their erup-
tion and position can have a major impact on dental and facial aesthetics in patients. 
Failure of eruption can be considered to be unattractive and may influence self- 
esteem and confidence in developing social relationships with others [1]. Due to the 
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increasing use of the Internet and social media, young patients have greater aware-
ness of facial attractiveness and dental appearance. Children of this age are often 
targets for teasing and bullying by their peers. A prevalence of bullying in 12.8% of 
adolescents with a malocclusion aged between 10 and 14 has been reported [2]. As 
many patients presenting with this problem are relatively young, early identification 
and management is recommended to optimise a favourable outcome.

 Aetiology and Prevalence

The maxillary central incisor is the third-most commonly impacted tooth in Caucasians, 
after third molars and maxillary canine teeth. Unerupted incisors present more fre-
quently in males than females and are more common when there are other inherited 
dental anomalies, such as enamel hypoplasia, hyperdontia and other ectopic teeth [3] 
(Fig. 7.2). Failure of eruption of maxillary central incisors can be grouped according 
to whether hereditary or environmental factors are causative. By far the most common 
hereditary factor is obstruction secondary to supernumerary teeth, especially if tuber-
culate in morphology. Other hereditary, less frequent causes of failure of eruption 
include the presence of odontomes, abnormal tooth/tissue ratio, generalised delayed 
eruption, gingival fibromatosis, cleft lip and palate and cleidocranial dysostosis. 
Environmental aetiological factors include trauma, early extraction or loss of decidu-
ous teeth with associated loss of space, retained deciduous teeth, cystic formation, 

Fig. 7.1 The importance of maxillary central incisor teeth in facial aesthetics

S. Patel



111

endocrine abnormalities and bone pathology [4]. As calcification of the maxillary cen-
tral incisors commences at 3–4 months after birth, and calcification of the crown con-
tinues until on average, 4.5 years of age, any significant trauma to the deciduous 
central incisors may disturb normal crown and root development of the permanent 
successor, which is positioned in close proximity. The extent of disturbance to the 
developing tooth will depend on the age of the child at the time of the trauma and the 
severity and direction of the traumatic impact. As a result, dilaceration may develop, 
which is defined as a developmental disturbance in the shape of a tooth, such as an 
angulation, curve or sharp bend in the crown or root. Any significant dilaceration will 
potentially disturb the normal eruption pathway of the maxillary central incisor.

a

b

c

Fig. 7.2 Aetiology. 
Unerupted teeth present 
more frequently when other 
dental anomalies are present. 
(a) Enamel hypoplasia.  
(b) Supernumerary teeth.  
(c) Other ectopic teeth
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 Diagnosis

Provisional diagnosis of impaction and failure of eruption of the maxillary central 
incisor tooth can be made when:

• The contralateral central incisor tooth has erupted more than 6 months previously.
• The upper central incisor teeth remain unerupted when the upper lateral incisors 

have erupted.
• Both maxillary central incisors remain unerupted when the lower central incisors 

have erupted more than 12 months previously.

 Clinical Examination

As most impactions are asymptomatic, the patient may not be aware of the problem. 
Referral will result from either a chance finding following a routine appointment or 
as a result of parental concern. For younger patients, this may be their first visit to 
see a specialist, and hence it is important that they have a positive experience and 
remain relaxed. Future treatment can be complex and uncomfortable to a degree, 
and patient compliance will be needed.

A comprehensive medical history should be taken as part of the clinical examina-
tion because a number of systemic conditions including prematurity, low birth 
weight, endocrine disorders, vitamin D deficiency, anaemia or renal disease can all 
lead to delayed tooth eruption. A detailed trauma history is also required. Trauma to 
the teeth at a young age is common, and fortunately, in the majority of cases these 
injuries are minor. Parents may not remember specific accidents as they are gener-
ally accepted as part of the normal scrapes and bumps that occur whilst growing up. 
Mentioning bicycle accidents, falling from chairs, trees or slipping by the side of the 
swimming pool can often help jog a memory. Should there be any concerns regard-
ing the reported cause of traumatic injury, child safeguarding protocols should be 
followed. Relevant answers should be carefully documented with the approximate 
dates of the traumatic incidences.

A thorough intraoral examination should then be undertaken. This should include 
assessment of teeth present, with reference to any retained deciduous teeth which 
should have normally exfoliated, palpation of the buccal and palatal tissues, angula-
tion and inclination of the adjacent teeth and measurement of the available space 
present for potential eruption of the unerupted incisor (Fig. 7.3). The amount of 
keratinised gingivae in the anterior region should be assessed, as well as the oral 
hygiene and general dental condition. Such a comprehensive examination may give 
an insight into how cooperative the young patient will be to allow further investiga-
tions, such as radiographs, intraoral photographs and impressions.

Assessing the angulation and inclination of adjacent teeth is generally helpful in 
determining the position of the unerupted incisor. If the impaction occurs close to 
eruption, the adjacent teeth may be affected and tip mesially. However, if the impac-
tion is very high, the adjacent teeth may not be affected at all. Space available for the 
unerupted tooth should be measured. If space has been lost as a result of crowding, 
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or mesial drift of the lateral incisors, spontaneous eruption of the impacted central 
incisor is unlikely to occur, and any treatment plan will need to recreate space first.

 Radiographic Examination

Radiographic examination is necessary to accurately locate the impacted tooth and 
assist in confirming the aetiology of the failure of eruption. Each case should be 
evaluated on an individual basis when considering the indications for standard 
radiographs and/or three-dimensional imaging.

Fig. 7.3 Varying degrees 
of space loss at 
presentation
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A request for any radiographic imaging must be clinically justified for every 
patient, but more so for younger patients, where the radiation dosage should be kept 
as low as reasonably practicable. As single radiographs can only offer a two- 
dimensional view, more than one radiograph will be needed to locate the unerupted 
tooth. A range of radiographic views are available, which include the following:

• Upper standard occlusal radiograph
• Periapical radiograph
• Dental panoramic radiograph
• Lateral cephalometric radiograph
• Cone beam computed tomography

 Upper Standard Occlusal Radiograph

This radiograph shows the maxillary incisor region clearly and is taken with the X-ray 
tube angled at 60° to the occlusal plane. It is relatively comfortable for the young patient 
to tolerate the position of the intraoral film and offers good clarity of the unerupted inci-
sor. However, due to the angulation of the X-ray beam, the roots of the upper central 
incisor teeth will appear ‘shortened’, and accurate diagnosis of the vertical position of 
the impacted tooth in the alveolus will not be possible from this view alone (Fig. 7.4a).

 Periapical Radiograph

Periapical radiographs are taken with the X-ray tube angled so that the X-rays pass 
through the minimum of surrounding tissue, which results in a clear image of the 
unerupted incisor with minimal distortion. The tooth follicle, cystic change, angula-
tion of the incisor, morphology of adjacent roots and any possible obstruction will 
be visible. If the obstruction is due to the presence of a supernumerary tooth, then it 
may be possible to identify the type from this view. As with the upper standard 
occlusal radiograph, it is not possible to accurately locate the unerupted incisor in 
the vertical plane or buccolingual position. However, due to the improved clarity of 
view, and a lower radiation dose, it may be beneficial to request this radiograph if a 
patient can tolerate the positioning of the intraoral film (Fig. 7.4b).

 Dental Panoramic Radiograph

This is the most commonly requested radiograph when undertaking a full orthodon-
tic assessment. Whilst it lacks detail in the clarity of image, it supplements the clini-
cal examination and provides an excellent overview of the presence, position and 
morphology of all the teeth, both erupted and unerupted (Fig. 7.2b, c). The height of 
the impaction will be evident, although due to the fact that the focal trough is rela-
tively narrow in the incisor region, the anterior region has the least clarity. In addi-
tion, superimposition of the cervical spine also causes some blurring in this area. 
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Newer panoramic machines have the advantage of reducing radiation dosage as 
settings allow field limitation and appropriate collimation of the images. ‘Dentition 
only’ views can result in a reduction in radiation dosage by up to 50%. Anterior 
section panoramic views extending from canine to canine can also be requested, 
further reducing the radiation dose (Fig. 7.5).

a b

Fig. 7.4 Radiographic appearance of unerupted maxillary incisors. (a) Upper anterior occlusal 
view showing two impeding supernumerary teeth. (b) Periapical view

Fig. 7.5 Anterior section panoramic view of an 
impacted UL1 at age 7 years and 8 months 
approximately 6 months following exposure and 
bonding (see Fig. 7.6 for imaging relating to the 
original position of this tooth)
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 Lateral Cephalometric Radiograph

Cephalometric images may be requested in conjunction with a dental panoramic 
radiograph and upper standard occlusal view if information is needed to view the 
unerupted tooth in the sagittal plane (Fig. 7.6a). Using a combination of radiographs 
taken from different angles will allow a three-dimensional image of the unerupted 
tooth to be visualised and give further information on the height of the impaction 
and buccolingual inclination of the crown and root of the tooth.

a

b

c

Fig. 7.6 Pretreatment imaging for the unerupted maxillary incisor (shown in Fig. 7.5 following 
exposure and bonding). (a) Cephalometric lateral skull radiograph. (b) CBCT. (c) Panoramic 
radiograph
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These combined views may be sufficient for accurate localisation, diagnosis and 
planning of further treatment in most cases, but if dilacerations or other pathology 
is suspected, then cone beam computed tomography may be indicated in selected 
cases.

 Cone Beam Computed Tomography

In complex cases, further radiographic investigation with cone beam computed 
tomography may be indicated, which can often be requested in conjunction with 
surgical colleagues. If multiple supernumerary teeth are present or a severe dilacera-
tion of the root is suspected, cone beam computed tomography will have the advan-
tage of giving a clear three-dimensional view, which can be rotated and viewed from 
all angles and supplements the panoramic view (Fig. 7.6b, c). It is vital to share any 
additional information with surgical colleagues and ideally patients should be seen 
together on combined multidisciplinary clinics to allow definitive treatment plan-
ning decisions to be discussed collectively.

When requesting cone beam computed tomography, the risks of the additional 
radiation exposure delivered must be considered and weighed against the benefits of 
allowing improved visualisation and potential improved clinical outcome. The vol-
ume of cone beam computed tomography needs to be specified and should be kept 
as minimal as possible to reduce the radiation dosage. The size of the volume is 
referred to as the field of view (FOV).

Potential advantages of cone beam computed tomography include the following:

• The images can be viewed from all angles, allowing a complete three- dimensional 
view of the unerupted tooth. This is helpful when explaining the nature of the 
problem to parents.

• Neighbouring structures can be viewed in all planes of space, allowing mechan-
ics to be planned when guiding the incisor tooth through the least obstruction.

• Adjacent roots can be assessed for resorption.
• Optimum position of attachment on the incisor can be discussed and agreed with 

surgical colleagues.
• Ideal surgical access can be planned to minimise bone removal.
• Degree of dilaceration, if present, can be discussed as traction to severely dilac-

erated central incisors can be particularly challenging. Any application of force 
to the crown of the tooth may result in the root moving in an unfavourable direc-
tion. For successful outcome, both crown and dilacerated root have to be moved 
whilst completely surrounded in alveolar bone.

Due to the considerable increase in radiation dosage, the routine use of cone 
beam computed tomography cannot be justified. Recent radiographic guidelines 
published in the United Kingdom [5] and European guidelines [6] do not support 
the use of cone beam computed tomography as a routine part of orthodontic prac-
tice. Requests for these investigations should be reserved for when the orthodontist 
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and/or surgeon consider that the additional information gained will contribute to an 
improved treatment outcome. Future advances in medical physics may result in the 
development of cone beam computed tomography machines with a radiation dosage 
equal to or less than standard radiographs. This will most likely lead to greater use 
for radiographic assessment and treatment planning.

 Timing of Treatment

The majority of unerupted central incisors are diagnosed at 7–8 years of age. Unless 
diagnosis is made at a much younger age, treatment should be commenced if the 
orthodontist is confident that the patient will be able to cope and understands suffi-
ciently what treatment will involve. There is no conclusive evidence to suggest that 
the younger the patient, the more effectively the tooth will erupt, but there are con-
siderable psychosocial benefits from early alignment. Several different approaches 
have been proposed for treatment, but all share the common theme that the less that 
normal eruption is delayed, the more favourable the outcome.

 Management

Management of the impacted maxillary central incisor tooth involves a number of 
processes, which includes obtaining appropriate consent, creating sufficient space 
in the dental arch for the impacted tooth, planning the surgical intervention, remov-
ing any associated obstruction, and facilitating appropriate guided eruption.

 Informed Consent

Parents will naturally wish to fully understand the risks and benefits of any orth-
odontic and surgical treatment, together with the prognosis for successful outcome. 
Ideally, treatment duration should be kept to a minimum, and it should be stressed 
that the aim of this early phase is primarily to bring the unerupted tooth into the 
mouth and maintain alveolar bone in the anterior region of the maxilla. Younger 
patients will require longer appointment times and considerable encouragement 
throughout treatment. If fixed appliances are to be used, there will be increased 
demands on oral hygiene and diet control. It is difficult to discontinue treatment 
whilst traction is being applied. Before commencing treatment with fixed appli-
ances, time must be spent with the younger patient and parents, so that all are fully 
aware of the commitment required. Risks of non-completion of treatment should be 
explained. Photographs of appliances during the stages of treatment are useful for 
explanation to a younger patient who may find long discussions daunting. The more 
understanding the patient has, the better prepared they will be, potentially improv-
ing their chance of optimal outcome. Parents should be warned that there is an 
increased risk of further impacted teeth occurring with dental development and, in 
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particular, maxillary canine impaction on the same side as the unerupted incisor [7, 
8]. This reinforces the need to keep this phase of interceptive treatment as short as 
possible, as future treatment may be necessary. In some cases, minor malalignment 
of the incisors may have to be accepted. Other risks of treatment include root resorp-
tion,  alveolar bone resorption, loss of vitality and ankylosis. Fortunately, all are rare 
complications. Occasionally surgery may be necessary on more than one occasion. 
A recent study has reported a success rate of 90% for patients presenting with 
unerupted incisors who had surgical exposure with orthodontic guided tooth erup-
tion. Of the six incisors which failed to erupt, five had dilacerations. Overall treat-
ment time was longer for the dilacerated incisors and those impacted high in the 
alveolus [8].

Following successful outcome with eruption of the tooth, oral hygiene instruc-
tion is essential as many teeth do not have optimal gingival condition and contour. 
This usually improves with time, but in some cases, differing gingival margin levels 
and recession may remain after treatment.

 Create Sufficient Space

Definitive management will ultimately depend on the final diagnosis and confirma-
tion of the aetiological basis of the unerupted incisor. If there is no obvious cause, 
the primary incisor should be extracted if present and space created for the perma-
nent incisor. Retrospective evaluation has suggested that up to 75% of unerupted 
incisors will erupt spontaneously if more than sufficient space is created with orth-
odontic treatment and possible extraction of the primary canines in the presence of 
moderate to severe crowding [9].

Prior to commencing any active appliance treatment, a full orthodontic examina-
tion should be undertaken, as the patient may present with other anomalies, such as 
anterior or posterior crossbites, deep overbite or class II malocclusion. It may be 
possible to correct some or all of these, but generally, treatment priority should be 
given to the unerupted incisor. Other occlusal anomalies are usually accepted until 
definitive orthodontic treatment can be planned in the full permanent dentition. The 
choice of appliance will depend on patient cooperation. If there are any concerns 
about how a young patient may cope with treatment, it is favourable to start with a 
simple upper removable appliance with midline expansion screw and finger springs 
(Fig. 7.7). However, its use should be limited to the short term, as space is created 
by tipping the crowns of the central and lateral incisor teeth distally. This may result 
in the roots of the adjacent teeth being tipped in a mesial direction and potentially 
into the path of the unerupted central incisor crown. Despite their theoretical limita-
tions, an upper removable appliance can be very helpful in encouraging a nervous 
child cope with treatment. Fixed appliances are more challenging to use, but they 
have many advantages provided the patient can manage the increased demands 
placed on diet and oral hygiene. They allow controlled bodily movement of adjacent 
teeth, and once sufficient space is created, this is retained easily during and after the 
surgical procedure.
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 Plan Surgical Intervention

If surgery is planned, it is best undertaken when sufficient space has been created 
for the impacted tooth. A combined decision should be made with surgical col-
leagues on which type of exposure is best for the patient. Generally, there are two 
basic approaches to exposing impacted teeth:

• Open eruption technique. The simplest and most conservative method of 
exposing a maxillary central incisor is to carry out a simple gingivectomy, 
with a small incision to expose the crown. This method is rarely suitable, as 
the crown of the tooth has to be palpable immediately under the oral mucosa 
comprising of keratinised gingivae. The long-term periodontal outcome will 
depend on the quality of the mucogingival attachment around the labial sur-
face of the tooth and following exposure, at least 3 mm of attached gingivae 
needs to remain around the tooth (Fig. 7.8). The apically repositioned flap is 
an alternative way of performing an open exposure. A labial flap taken from 
the crest of the alveolar ridge is raised carefully, keeping the attached mucosa 
intact and repositioned higher up on the crown of the newly exposed tooth. 
This can pose problems with post-operative hygiene and the exposure may 
have to be maintained with a non- eugenol- based periodontal dressing. Whilst 
open exposures provide the orthodontist with the advantage of clearly being 
able to bond the attachment under a dry field and direct the tractional force, 

a b

c d

Fig. 7.7 Space creation for impacted UR1 using an upper removable appliance with a combina-
tion of expansion and tipping of the adjacent incisors. (a) Pretreatment clinical and (b) radio-
graphic appearance, (c) 3 months and (d) 10 months following fitting of the removable appliance

S. Patel



121

a b

c d

Fig. 7.8 Simple open exposure for a labial impacted UR1. (a) Pretreatment appearance. 
(b) Immediately following the gingivectomy. (c) Two weeks post-gingivectomy. (d) Six months 
post-gingivectomy

there is some evidence of a greater risk of poor aesthetic and periodontal out-
come with this technique [10].

• Closed eruption technique. Most surgeons prefer this method for surgical expo-
sure of an unerupted maxillary central incisor if traction is planned to help guide 
the tooth into its correct functional position. A flap is raised and a bracket is 
bonded to the surface of the exposed incisor with composite resin. The flap is 
then replaced and sutured with the gold chain protruding from the alveolar ridge 
through keratinised mucosa (Fig. 7.9). If practical, the bracket should be bonded 
to the palatal surface, which minimises the risk of the attachment fenestrating 
through the alveolar mucosa during eruption (Fig. 7.10), but this can be challeng-
ing and preservation of bone around the exposed tooth should be priority. This 
method allows conservative bone removal with rapid healing and the ability to 
apply traction if needed. As the orthodontist is unable to view the exposed inci-
sor crown, it is helpful to request that photographs are taken in theatre of the 
exposed crown and bonded attachment, prior to replacing the buccal flap. This 
information is especially helpful when planning the direction of traction. If mul-
tiple supernumerary teeth are present, both central incisors can become impacted, 
and photographs may be helpful if a decision has to be made to apply traction to 
one incisor before the other (see Fig. 7.9c). Better aesthetics and bone support 
have been recorded when the closed eruption technique is followed [11].
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a b

c d

e f

g h

Fig. 7.9 Closed exposure and orthodontic traction for the impacted UL1 shown in Figs. 7.5 and 
7.6. The tooth remained vital and achieved an excellent occlusal position
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 Remove Any Physical Obstruction with Evidence of Delayed 
Incisor Eruption

The presence of a supernumerary tooth or odontome does not necessarily delay 
eruption of incisors. Tuberculate supernumerary teeth rarely erupt and often obstruct 
the eruption of the permanent incisor, whereas conical supernumerary teeth fre-
quently erupt and do not usually delay eruption [12] (Fig. 7.11). In an analysis of 
compound and complex odontomes, complex odontomes obstructed eruption in 
half of cases and compound odontomes in a third of cases [13]. Once there is evi-
dence to confirm that the supernumerary tooth or odontome is obstructing or inter-
fering with normal eruption, surgical removal is recommended. Usually these 
develop palatal to the crown of the incisor tooth and rarely cause any significant 
dilacerations of the roots. Hence, if removed early, the prognosis for eruption of the 
maxillary central incisor tooth is favourable. Provided the obstruction is removed 
keeping the entire dental follicle intact, the submerged tooth should erupt spontane-
ously without the need for orthodontic traction (Fig. 7.12). However, in many cases, 

Fig. 7.10 Labial bonded 
attachment visible through 
alveolar mucosa with risk 
of fenestration

a b c

Fig. 7.11 (a) Tuberculate supernumerary teeth and odontomes are more likely to obstruct incisors 
than conical supernumerary teeth (b, c)
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the proximity of the supernumerary tooth and the palatal surface of the incisor is so 
close that damage to the dental follicle is inevitable, and hence it is advisable to 
bond an attachment to the incisor, which can be used to apply traction.

 Exposure of Dilacerated Incisors

Developmental disturbances in the shape of the crown and root of teeth can occur 
due to a variety of causes. Although significant trauma is often cited as the main 
cause, the majority of dilacerations are developmental in origin and most likely the 
result of ectopic development of the tooth germ [14]. The extent of dilaceration and 
the inclination of the crown and root will determine whether it is possible to bring 
the crown into alignment (Fig. 7.13). Cone beam computed tomography will allow 
the orthodontist to view the dilaceration from all angles and also provide informa-
tion on the quality and quantity of alveolar bone at the site where the tooth will be 
moved. Traction can then be planned to maintain both the crown and root in alveolar 

a b

c d

e f

Fig. 7.12 Eruption of impacted upper central incisors following the removal of tuberculate super-
numerary teeth
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bone if alignment is to be successful [15]. If the crown can be aligned and the apex 
becomes prominent through the labial plate of bone, amputation of the apex can be 
considered with root canal treatment of the remaining incisor tooth [16]. Alignment 
of dilacerated incisors will have the benefit of maintaining alveolar bone, even if 
optimal alignment and gingival margins cannot be achieved (Fig. 7.14). Severe 
dilacerations may necessitate surgical removal.

 Orthodontic Guided Tooth Eruption

The biomechanical principles of orthodontic tooth movement must be adhered to 
when guiding the unerupted incisor to its functional position. Planning sufficient 
anchorage can be challenging as the first permanent molars, and possibly three 

a b

c d

e f

Fig. 7.13 Management of a dilacerated UL1
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incisor teeth are often the only erupted permanent teeth at the time of guided erup-
tion. To maximise potential anchorage, molar bands soldered to a transpalatal arch 
can be cemented to the first permanent molars, and brackets should be bonded to 
both maxillary lateral incisors and the erupted central incisor. This is referred to as 
a ‘2 × 4 fixed appliance’ [17] (Fig. 7.15). The long spans of archwire between the 
molars and lateral incisor teeth should be supported by housing them in closed 
stainless steel tubing, cut precisely to fit the exact length of the unsupported base 
archwire. In addition, it is useful to cinch the archwire distal to the first permanent 
molar teeth. Occasionally, it may be necessary to bond attachments to the primary 
canines or molars if there is insufficient support for the archwire. Wide bore eyelet 
attachments can be used as their primary purpose is to support the archwire and not 
to move the primary teeth (Fig. 7.16). Gentle traction can be applied when a stiff 
stainless steel archwire is in place, and as progress is made, a light nickel titanium 
wire can be used as an overlay wire tied to the rigid steel archwire (Fig. 7.17). 
Rectangular steel wires should be avoided to minimise torqueing of roots which 
may impede the unerupted tooth. The direction of traction must be planned espe-
cially if dilaceration is present, as the tooth should be guided carefully through the 

a b

Fig. 7.14 Poor gingival margin differences following alignment of dilacerated UL1 (a) During 
treatment (b) Minimal improvement 6 months following debond. Labial bonded retainer made of 
multistranded stainless steel wire

Fig. 7.15 ‘2 × 4’ appliance
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a b

Fig. 7.16 ‘Wide-bore’ attachment bonded to deciduous molar tooth to support archwire as the 
lateral incisor is congenitally absent

a b

c d

Fig. 7.17 0.012-in. Nickel titanium overlay wire tied to rigid stainless steel base wire

thick attached keratinised mucosa to optimise the periodontal support. Once the 
tooth is visible, its vitality should be checked and monitored until alignment is 
achieved (see Fig. 7.9).

 Cystic Change

As with any unerupted teeth, cystic formation can occur. If follicular enlargement is 
suspected, with possible associated displacement of the unerupted tooth, cone 
beam computed tomography may be indicated to identify the full extent of the 
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lesion. A conservative surgical approach is recommended to optimise the chances 
for eruption of the incisor. Depending on the size of the lesion, enucleation or mar-
supialisation may be the treatment of choice. A period of healing is recommended, 
and if the incisor does not improve in position, a further exposure with traction may 
be considered at a later date.

 Surgical Removal of Unfavourable Incisors

Orthodontic traction may not be successful if the unerupted incisor has become 
ankylosed. This can occur to any tooth during the eruption process when replace-
ment resorption occurs at the innermost layer of the periodontal ligament. True 
ankylosis is difficult to diagnose but should be suspected if there is no progress with 
continued light tractional forces, as evident by measuring the gold chain, and adja-
cent teeth included in the appliance become intruded.

Surgical removal of the incisor must be considered as a last resort, as removal will 
result in considerable loss of alveolar bone. Replacement with an implant prosthesis 
in the future will require bone grafting, and this may compromise success. If possi-
ble, the unerupted tooth should be left in situ and monitored radiographically over 
time, as it will then help maintain alveolar bone thickness until a permanent prosthe-
sis can be placed when the patient has stopped growing. In many cases, this will not 
be possible if orthodontic treatment of adjacent teeth is required to prepare space for 
a replacement tooth. In crowded cases, surgical removal of the impacted incisor, 
closure of space and alignment of the lateral incisor in place of the central incisor is 
a possible medium term interim solution. If aesthetics are compromised, replacement 
of the lateral incisor with a prosthetic implant can be considered in the future.

 Surgical Replantation

In rare circumstances, the surgical removal and replantation of an impacted maxil-
lary incisor can be considered if there is a severe dilaceration or arrested root devel-
opment and guided tooth eruption is not considered to be a viable option. The 
unerupted tooth is removed with minimum trauma, and the transplant site is pre-
pared by creating a greenstick fracture of the labial plate to expand it to allow posi-
tioning of the incisor. The crown is splinted to adjacent teeth. Orthodontic movement 
may be attempted after 4 months [18].

 Retention

Interceptive treatment should cease as soon as the incisor is aligned. Fitting a remov-
able retainer to maintain alignment can be problematic, as retention of the appliance 
is challenging due to the normal exfoliation of deciduous teeth and their 
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replacement with the permanent dentition. A simple fixed retainer bonded to the 
labial surfaces of the teeth is an ideal choice, as it will be easy to clean, help prevent 
vertical relapse and allow normal dental development (Fig. 7.14b). This can be eas-
ily removed after 6–9 months.

 Discussion

When managing impacted maxillary central incisor teeth, each individual case 
must be considered independently. The clinician must diagnose the problem with 
accuracy and communicate with surgical colleagues to plan treatment with the 
best potential outcome. Multidisciplinary teamworking allows the ideal environ-
ment for patient examination, group discussion and definitive planning. With 
favourable patient compliance and operative skills, the majority of unerupted 
maxillary central incisor teeth will successfully erupt into a functional occlusion 
with ideal aesthetics, resulting in significant long-term dental and psychosocial 
benefit to the patient.
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Displaced Maxillary Permanent Canine
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Abstract
This chapter describes the current evidence concerning the early management of 
the palatally displaced canine (PDC).

To practice effective interceptive treatment, normal development must be 
understood. Key papers are summarized, which help in the diagnosis of a PDC, 
and some thought is given to the timing of interceptive treatment. Any interven-
tion should be undertaken early enough to allow time for self-correction, and it 
appears the optimum time is when a child is aged 10–13 years.

Justification for extracting the primary canine often stems from one, exten-
sively cited, study that had no control group. The study methodology was not 
robust, and it is possible that many of the canines included might have erupted 
without intervention. Little knowledge is gained from this investigation; how-
ever, it has evoked much interest, and many studies have been published subse-
quently exploring the same concept. These will be described, as well as alternative 
interceptive techniques, such as space creation, using maxillary expansion 
devices, headgear and/or fixed appliances.

We conclude that most published trials in this field have inadequate detail or 
inconsistencies in reporting, dictating the need for further well-designed clinical 
trials. After studying the available literature, it appears that the horizontal sector 
is the best predictor for outcome, with success defined as eruption of the perma-
nent canine without the need for surgical uncovering. We have developed guide-
lines to help the practitioner decide when interceptive treatment might be 
appropriate. These guidelines are based on conventional radiography as, cur-
rently, this is most commonly used in clinical practice.
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 Normal Development and Eruption

In order to determine when a child has a palatally displaced canine (PDC), it is 
important to know how a normally erupting canine should appear clinically and 
radiographically at a given age. Although there can be considerable variation in 
chronological age versus biological age, regarding the degree of inclination, height 
and medial position of the canine, it is important to understand what happens during 
normal development in the average child. Early detection of an eruptive disorder is 
undoubtedly crucial if interceptive prevention is planned.

The crown of the maxillary permanent canine starts to calcify at 4–5 months after 
birth, is fully formed at approximately 6–7 years of age and erupts between the ages 
of 11 and 12 years [1]. The tooth has a long path of eruption, moving about 22 mm 
between the ages of 5 and 15 years [2]. This might explain why the maxillary canine 
is the tooth most frequently associated with displacement. Ericson and Kurol exam-
ined a large community-based sample of 505 schoolchildren aged 8–12 years over 
3 years and determined that both the maxillary permanent canines are palpable in 
the buccal mucosa of 67 out of 94 or 71% of 10-year-olds [3]). This proportion 
increased to 95% in 11-year-olds (104 out of 109 young people) (Fig. 8.1).

Coulter and Richardson [2] examined the longitudinal radiographic records of 30 
children from the Belfast growth study. The participants had lateral and depressed 
postero-anterior radiographs taken annually from the age of 5 to 15 years, and the 
authors found that between the ages of 5 and 9 years, lateral movement of the upper 
permanent canine was small and mainly in a palatal direction. After 9 years the 
canines moved buccally, with the greatest amount occurring between 10 and 
12 years. This suggests that little is to be gained from a radiographic investigation 
of the canine position prior to the age of 9 years, before the canine starts to move in 
a buccal direction. This observation is substantiated by Ericson and Kurol who, in 
their study of 3000 schoolchildren, confirmed that examination before the age of 
10 years did not prove a reliable basis for the prognosis of a future unfavourable 
path of canine eruption [4].

Fernandez and colleagues examined the inclination of the upper canine on pan-
oramic radiographs and concluded that they become more mesially inclined until 

a b

Fig. 8.1 (a) According to the work of Ericson and Kurol [3], maxillary permanent canines are 
palpable in the buccal mucosa of 71% of 10-year-olds and 95% of 11-year-olds. (b) Radiograph of 
a normally developing dentition in a 9-year-old child
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the age of 9 years, after which they progressively upright; however, they also found 
considerable individual variation and state that ‘the capacity to predict inclination at 
a given age is limited.’

 Disturbances of Development and Eruption

In a large community-based sample of Swedish children examined at 7, 10 and 
13 years of age, the prevalence of maxillary canine displacement was found to be 
2.2% (123 out of 5459) [5]. In a smaller school-based sample, Ericson and Kurol 
determined that 41 out of 505 (8%) children had clinical signs of a displaced maxil-
lary canine requiring a radiographic examination and 1.7% of their canines had a 
disturbance in their eruption path following a radiographic examination [3]. In a 
larger sample of 3000 school children aged 10–15 years, 201 (7%) had clinical signs 
suggesting a displaced canine [4], and following a radiographic examination, 84 
children (2.8%) were diagnosed with 93 displaced permanent canines, of which 69 
(74%) canines were palatally displaced (PDC).

McSherry and Richardson, again using records from the longitudinal Belfast 
growth study, concluded that PDC, unlike those that erupted normally, never moved 
buccally between the ages of 10 and 12 years, but always moved palatally [6]. The 
annual differences in the amount of palatal tooth movement between displaced and 
undisplaced maxillary canines ranged from 1.0 to 2.2 mm between the ages of 5 and 
9 years and 1.3 to 3.0 mm after 9 years.

There is much speculation in the literature about whether PDCs are caused by a 
disturbance in the local environment as the tooth erupts, for example, a diminutive 
or developmentally absent lateral incisor (the guidance theory) or whether it is a 
genetic condition [7, 8]. Whatever the cause, a PDC can lead to resorption of adja-
cent teeth (Fig. 8.2), particularly in females with enlarged dental follicles [9] and 
very occasionally unerupted teeth develop cysts [10].

a b

Fig. 8.2 (a) Standard maxillary occlusal radiograph of a 14-year-old girl with resorbed lateral and 
central incisors. (b) There were no clinical signs of resorption, no discolouration or mobility of any 
of the incisors
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 Diagnosis of a Palatally Displaced Maxillary Permanent Canine

 Clinical Features

Ericson and Kurol outline three clinical features that indicate a radiographic exami-
nation to determine the position of the unerupted permanent canine is necessary [11]:

• Asymmetry on palpation or a pronounced difference in eruption of canines 
between the left and right side.

• The canines cannot be palpated in the normal positions, and the occlusal devel-
opment is advanced.

• The lateral incisor is late in eruption or shows a pronounced buccal displacement 
or proclination (Fig. 8.3).

a

b

c

Fig. 8.3 (a) The upper 
left canine is overlapping 
the root of the lateral 
incisor on the dental 
pantomogram and the root 
of the incisor is fully 
developed. (b and c) The 
angulation of the lateral 
incisor suggests that the 
canine is buccally 
positioned
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 Radiographic Features

Ericson and Kurol then went on to outline a method of assessing the displacement 
of the maxillary canine on a radiograph using three criteria [12]:

• The medial position of the canine crown classified into five sectors (Fig. 8.4)
• The angulation of the long axis of canine to a vertical line drawn between the 

central incisors (Fig. 8.5)
• The vertical distance of the canine cusp tip to the occlusal plane (Fig. 8.5)

1 2 3 4 5

Fig. 8.4 Classification of 
the horizontal position of 
the unerupted maxillary 
permanent canine (With 
permissions from Ericson 
and Kurol [12])

α

d1

OL

Fig. 8.5 Methods of 
measuring the angulation 
and vertical position of 
the unerupted maxillary 
permanent canine (With 
permissions from Ericson 
and Kurol [12])
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Lindauer and colleagues [13] undertook a retrospective examination of pan-
oramic radiographs and concluded that at the age of 9 years 92% of non-PDC teeth 
were positioned in horizontal sector 1. By the age of 12 years, if the upper canine 
was in sector 1, then the proportion that were eventually diagnosed as displaced was 
12%, but if in sector 2, then the proportion was 83% and if in sectors 3 and 4, the 
proportion that were eventually diagnosed as displaced was 100%; however, the 
sample size was small (28 young people with PDC and 28 without a PDC).

Warford and colleagues examined the dental pantomograms of patients diagnosed 
with and without PDCs from one orthodontic practice. They concluded that the hori-
zontal sector was a better predictor of future displacement than angle [14]. The odds 
of a maxillary canine being eventually diagnosed were 0.05 if the tooth was in sector 
1, 0.53 in sector 2, 0.80 in sector 3 and 0.99 in sector 4; however, the numbers of 
teeth in each sector were very small and no confidence intervals were quoted.

Fernandez and colleagues observed that the extent of root development of the 
lateral incisor was also important when determining if the permanent canine was 
displaced or not [15]. They found that some overlap of the canine and adjacent lat-
eral incisor was commonly found on a panoramic radiographs when the root of the 
lateral incisor is not fully developed. This important finding has been overlooked in 
some of the trials published over the last decade, leading to some readers doubting 
whether all the canines in the sample were actually displaced at the outset.

Some authors have suggested that radiographs can be used to predict that the 
maxillary canine is displaced earlier than 10 years of age. Sambataro and colleagues 
used a PA radiograph at the age of 8 years, but their formula for predicting a PDC 
was based on the radiographs of just 12 individuals with PDC [16]. The authors 
state that two children were incorrectly diagnosed, but do not indicate whether these 
were children with a PDC, who were not diagnosed (false negative) or more worry-
ingly children without a PDC who were incorrectly diagnosed with a PDC (false 
positive). Sajnani and King used measurements from panoramic radiographs taken 
as early as 8 years of age, but again this was based on just 14 individuals who were 
less than 9 years old and had follow-up radiographs [17]. The study included indi-
viduals with both buccal and palatal displacement, and it is not clear how many false 
positives (and hence unnecessary interventions) would result. Others have disputed 
whether a displaced maxillary canine can be diagnosed before the age of 10 years 
[11, 18].

 Early Interventions

Treatment for a PDC, after the secondary dentition has been established, frequently 
involves the young person undergoing a surgical operation to uncover or expose the 
displaced tooth or teeth, often with a general anaesthetic. This is followed by a pro-
longed course of orthodontic treatment to pull the tooth or teeth into the correct 
position [19–21]. To avoid the need for this potentially lengthy and expensive treat-
ment, several interventions, designed to correct the eruption direction of a PDC, 
have been proposed.
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 Extraction of the Primary Canine

The extraction of the primary canine when the clinician suspects that the permanent 
canine is displaced was described in a case report by Buchner in 1936 [22]; how-
ever, the justification for extracting the primary canine as an interceptive technique 
often stems from one cohort study, with no control group, reported by Ericson and 
Kurol [12], possibly one of the most quoted articles in the orthodontic literature. 
Ericson and Kurol published the outcomes from a case series of 35 children, aged 
10–13 years. All the young people in their article had their primary canines removed, 
and there was no untreated control group, and the data should be interpreted with 
caution. Following removal of the primary canine 38 out of 46 (83%) suspected 
PDCs permanent canines erupted successfully. This appears an impressive success 
rate; however, on closer examination of the data, 13 of the unerupted canines were 
in sector 1, which might be considered a normal position and a low risk of displace-
ment. Of the 11 teeth diagnosed in sector 2, 10 erupted satisfactorily; however, 
Ericson and Kurol do not explain how many of these young people had a fully 
developed root of the lateral incisor on the radiograph (see section on [15]). The 
success rate for the more severely displaced teeth was 14 out of 22 teeth (64%); 
however, it is not clear how many were in the more severely displaced sector 4, as 
the authors combined the numbers for sectors 3 and 4 (none was in the most severely 
displaced sector 5).

Power also reported a case series of 39 patients, aged 9.3–14.5 years, diagnosed 
with 47 PDCs [23]. The young people were all consecutively treated with extrac-
tion of the primary canine, and there was no untreated control group. In 8 of the 
47 permanent canines that were treated, there was no horizontal overlap between 
the permanent canine and the adjacent incisor (sector 1), which many would con-
sider to be a normal developmental position. In 16 of the 47 canines, there was 
some overlap of the canine with the lateral incisor, but again, the authors do not 
describe the development of the lateral incisor root in these patients, and therefore 
it is not clear how many of these teeth might be considered to be in an abnormal 
position. The authors did conclude that the more the permanent canine was dis-
placed horizontally, then the lower the probability that extraction of the primary 
canine would be successful. Out of nine unerupted canines that overlapped the 
nearest incisor by more than half the tooth (sector 3), only 4 or 44% erupted suc-
cessfully without surgical intervention, and the figures were even worse (one 
erupted out of eight teeth, or 13%) when the unerupted canine was even further 
towards the midline (sector 4 or 5).

The first reported prospective clinical trial of this intervention, including an 
untreated control group, was by Leonardi and colleagues [24]. They compared the 
successful eruption of the permanent canine (defined as ‘permitting bracket posi-
tioning for final arch alignment when needed’) in the untreated, control patients, 
with participants who had undergone two treatments (extraction of the primary 
canine only and extraction of the primary canine with the use of cervical pull head-
gear). They concluded that there were similar proportions of successfully erupting 
canines between participants who had the primary canine extracted (50%) and those 
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in the untreated control group (success rate not reported); however, there were just 
11 young people in this intervention group and 3 dropped out or withdrew. The 
proportion of canine teeth that successfully erupted when the primary canine was 
extracted and headgear fitted was 80%, but this group was much larger than the 
other intervention group, with 21 young people. All the groups included canines 
that were judged to be in sector 1 (undisplaced), and it is not clear how horizontal 
displacement effected the success rates. Unfortunately there were numerous confu-
sions and inconsistencies in the reporting of the trial as outlined in two systematic 
reviews [21, 25], and all attempts to obtain further clarification from the authors 
failed.

Baccetti and colleagues reported a study containing a larger number of partici-
pants, but with the same interventions as Leonardi and colleagues [26]. Interestingly 
the introduction to the article states that there was ‘no study in the literature’ that 
had reported using a randomized, prospective study design, with untreated controls 
and a ‘statistically appropriate number’ of participants in this area, even though 
three of the authors were common to the Leonardi et al. article. Baccetti and col-
leagues found a 36% successful eruption of the permanent canine with no interven-
tion, compared with 66% when the primary canines alone were extracted. The 
proportion of successfully erupting canines increased to 88% with the extraction of 
the primary canine and the use of cervical headgear. Again serious deficiencies in 
the reporting of the study have been identified, including whether outcome asses-
sors were masked, if there was pretreatment equivalence regarding the inclination, 
distance from the occlusal plane and the midline location of the displaced canine 
and missing data for the successful eruption of teeth in the control and experimental 
groups [21]. In addition the sample included young people with a ‘dental age older 
than 8’, which is younger than many clinicians would consider it possible to deter-
mine that the permanent canine is displaced [11, 18]. Most importantly the authors 
did not report the success rates according to the initial horizontal displacement (sec-
tor) and again all efforts to obtain further data from the authors failed.

Bonetti and colleagues proposed the extraction of both the primary canine and 
the primary first molar in young people with a suspected PDC [27, 28]. In the first 
article, they report the results of a clinical trial involving 60 young people aged 
9–12 years and 7 months. Participants with suspected palatally displaced maxillary 
permanent canines were randomly allocated to either have the primary canine only 
removed or the primary canine and the primary first molar. They defined a success-
ful outcome as ‘when surgical uncovering was not required, as the [sic] complete 
eruption of the PMCs into the dental arch within 48 months’; however, there were 
no data in the article about the proportions of participants with successful eruption 
of the permanent canine, only improvements in the position of the permanent 
canine.

In a second article (which does not cite the first article), Bonetti and colleagues 
report the results of the same interventions, but with 40 young people. The upper 
age limit in this trial was also 13 years; however, the lower age limit was reported as 
8 years, which as previously explained, many clinicians believe is too young to 
confidently predict that a maxillary canine is palatally displaced. The participants 
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were randomly allocated to one of the two interventions outlined in the previous 
report. Success was also judged according to the criteria of Leonardi and colleagues; 
however, the sample size (which was not justified in the first article) was calculated 
on the basis of improvement in the angulation of the unerupted canine and cited for 
the number of teeth, not the number of participants. This does not take into account 
the potential clustering effect of multiple teeth within the same individual [29]. The 
authors report successful eruptions of 22 out of 28 canines (79%) when the primary 
canine alone was extracted and 36 of 37 canines (97%) when both the primary 
canine and molar were removed; however, again there were no data on the success 
rates according to the initial horizontal displacement (sector), which several studies 
have identified as an important criterion for a successful outcome.

Bazargani and colleagues undertook a randomized trial involving young peo-
ple (aged 10–14 years), with bilateral PDC, that were in horizontal sectors 2–5 
[30]. The sample size was based on improvement in the angulation of the canine 
over an 18-month observation period. They recruited 24 young people and ran-
domized one upper quadrant, in each participant, for extraction of the primary 
canine and the contralateral upper quadrant as an untreated control. The reported 
proportions for successful eruption of teeth were 16 out of 24 (67%) for the side 
where the extraction was undertaken and 10 out of 24 (42%) for the control side. 
The authors conclude that the intervention was more successful in younger par-
ticipants, aged 10–11 years, compared with older participants, aged 12–14 years; 
however, there are no details about the numbers of participants or the proportions 
of successfully erupted teeth (the ultimate aim of the intervention) in each group. 
The authors also noticed that the intervention was more successful when the 
canine was closer to the normal horizontal position at the start. An improvement 
in the horizontal position of canines was seen over 18 months in 15 out of 19 teeth 
that were initially in sectors 2 or 3 (2 out of 19 teeth showing no change and 2 
teeth migrated to a worse position). This compares with improvement in the hori-
zontal position of only one out of five teeth that were initially in sectors 4 and 5 
(two showed no change and in two the position worsened); however, the numbers 
of teeth (let alone participants) was clearly very small. In addition, the authors do 
not state what proportion of the teeth that improved their horizontal position also 
successfully erupted without surgical intervention. Interestingly the authors 
observed no midline shift towards the side were the primary canine was removed 
in any of the participants.

Naoumova and colleagues undertook a randomized controlled trial involving 67 
young people with both unilateral and bilateral PDCs [31]. Participants, who were 
aged 10–13 years, were randomized to either an intervention group (extraction of 
one or both primary canines) or to an untreated control group. Although the declared 
primary outcome of the study was the proportion of canines that successful erupted 
within a 24-month observation period, the primary canines were extracted in the 
control group if there were no signs of mobility at 12 months. In addition, surgical 
exposure was undertaken if there were no signs of improvement in the position of 
the canine on radiographs taken at 12 months, regardless of which group the partici-
pant was allocated to. The sample size was estimated on the basis of improvement 
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in the angulation of the canine, which was a secondary outcome, not the primary 
outcome. Despite these inconsistencies, the study did show a clear difference in the 
proportions of successfully erupted canines between the two groups (69% in the 
extraction group and 39% in the untreated control). Twenty-seven canines in the con-
trol group required surgical exposure compared with only 14 in the extraction group. 
The mean eruption time was slightly longer in the control group (18.3 months, SD 5.8 
vs. 15.6 months, SD 5.6), but no differences were found in the eruption times between 
younger (aged 10–11 years) and older participants (12–13 years). In regard to the 
displacement severity of the unerupted canines, this was assessed from cone beam 
computed tomography (CBCT), rather than plain films; therefore, the horizontal dis-
placement towards the midline was expressed in millimetres rather than sectors. In a 
second publication, the authors did find that the distance from the canine cusp tip to 
the midline demonstrated a very good discriminatory power and could be used as a 
prognostic indicator for whether the PDC would spontaneously erupt or not [32]. 
They concluded that when the canine cusp tip was 11 mm from the midline then the 
probability of spontaneous eruption was high, whereas canines that were 6 mm or less 
from the midline would probably need surgical exposure, even following extraction 
of the primary canine.

There are now a number of published studies that have examined the effective-
ness of extracting the primary canine when the clinician suspects that a maxillary 
canine is palatally displaced. All the studies have irregularities in study design and 
inconsistencies in their reporting; however, they all suggest that extracting the pri-
mary canine is an effective method of increasing the chances that a palatally dis-
placed permanent maxillary canine will erupt without surgical intervention; 
however, the procedure can lead to unpredictable results (Fig. 8.6), and none of the 
studies provide sufficient information concerning at what age or what horizontal 
displacement of the permanent canine this intervention is likely to be most effective. 
These are areas for future research.

a b

Fig. 8.6 (a) Dental pantomogram of an 11-year-old girl showing both upper canines overlapping 
the upper lateral incisors, which have fully developed roots. The upper left canine looks to be more 
mesial than the right canine. Both upper primary canines were removed. (b) A follow-up radio-
graph of the same patient 18 months later. The upper left canine has erupted, but the upper right 
canine (which was in a more favourable position on the first radiograph) has continued to move 
mesially and was surgical exposed (the retained crown of the upper right primary first molar prob-
ably did not help)
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 Space Creation

Some have advocated creating space when the canine is potentially displaced. This 
might be achieved using transverse expansion of the maxillary arch using RME or 
anterior-posterior expansion using headgear or a bonded orthodontic appliance.

Below is an example of a young child presenting at the age of 10.1 years. He has 
a skeletal transverse maxillary deficiency and crowding, the canine on the right side 
is excluded and in a more medial position to that on the left side. Maxillary expan-
sion was carried using a Haas type maxillary expansion device together with space 
creation using fixed appliances with the result that both canines erupted spontane-
ously in a favourable position.

 Rapid Maxillary Expansion (RME, Fig. 8.7)
Baccetti and colleagues reported the results of a clinical trial to investigate the effect 
of rapid maxillary expansion on the eruption patterns of maxillary canines [33]. The 
study presented data from 60 young people, aged 7.6 and 9.6 years, from two cen-
tres in Italy, who were apparently diagnosed with palatally displaced canines from 
PA radiographs, using the mathematical technique described by Sambataro and col-
leagues. As stated earlier this method was based on the radiographs of just 12 indi-
viduals [16]. The authors state that participants were randomly allocated to either 
receive the intervention (RME) or to be observed as an untreated control, but con-
trary to CONSORT guidelines, neither the method of randomization nor allocation 
concealment were explained, and there were unequal numbers in the two groups 
(35 in the intervention group vs. 25 controls). The authors admit that the partici-
pants in this study showed no evidence of skeletal transverse maxillary deficiency, 
but there was evidence of constriction at the dentoalveolar level. Expansion was 
continued until ‘the palatal cusps of the maxillary posterior teeth were in contact 
with the buccal cusps of the mandibular posterior teeth’. No sample size calculation 
was reported. The participants were re-evaluated in the early permanent dentition at 
an average age of 13.1 years (SD 6.8 months) after a mean observation time of 
4.4 years, at which point the canines had successfully erupted in 21 out of 32 partici-
pants (66%) in the intervention group, but only 3 out of 22 participants (14%) in the 
control group. There were numerous deficiencies in the reporting of this trial accord-
ing to the CONSORT guidelines; however, many would consider the main limita-
tion was the early age at which the authors claimed to have diagnosed a 
PDC. Notwithstanding these limitations, a surprising number of canines in the con-
trol group failed to erupt.

In a further article, written by some of the same authors as the previous article, 
they report the findings from 120 young people, aged 9.5–13 years, recruited in Italy 
[34]. Although the study design was described as ‘randomized, prospective and lon-
gitudinal’, the recruitment period was extremely long (1991–2009), and the authors 
explain that it was ‘standard practice that orthodontic patients in the University clinic 
are given a serial number as they are enrolled for orthodontic treatment or monitor-
ing’. This, as well as the numerous missing details from the CONSORT checklist, 
suggests that the sample was a longitudinal cohort. There were no descriptions of the 

8 Early Management of the Palatally Displaced Maxillary Permanent Canine



142

method of randomization and allocation concealment, no details of the primary or 
secondary outcomes and when they were to be assessed and the sample size calcula-
tion were incomplete. There was no flow diagram, no indication that the outcome 
assessor was masked as to group allocation and the number of withdrawals and drop-
outs was small. Data from three intervention groups, including RME followed by 
placement of a transpalatal arch (TPA) and extraction of the primary canine; place-
ment of a TPA and extraction of the primary canines and finally extraction of primary 
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Fig. 8.7 (a) Pretreatment records of a patient aged 10 years 5 months with insufficient space for 
the maxillary canines and a displaced upper right permanent canine. (b) The patient was treated 
with RME initially to widen the maxillary arch and create space. The canine on the left erupted 
spontaneously 7 months after expansion was complete. (c) Appearance 25 months after expansion. 
The canine on the right erupted after 20 months of treatment with fixed appliances. Surgical expo-
sure was not required
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canine only, were compared with data from young people in an untreated control 
group. The numbers of individuals in each group were different, as well as the length 
of the observation periods, and there was a high proportion diagnosed with bilater-
ally displaced canines (58 out of 88 or 66% in the intervention groups). The authors 
report that successful eruption of permanent canines occurred in 32 out of 40 (80%) 
of the young people in the RME group, which was no different to those who had just 
received a TPA and extraction of the primary canine (19 out of 24 individuals, 79%). 
Successful eruption occurred in 15 out of 24 (63%) of those who had extraction of 
the primary canine only, compared with 8 out of 29 (28%) in the untreated control 
group. The authors do helpfully provide an indication of success rates according to 
the initial horizontal displacement of the permanent canine, with 13 out of 14 indi-
viduals (93%) demonstrating a successful eruption of the canine when the canine 
was initially positioned in sector 1 (no overlap with the lateral incisor), compared 
with two out of seven individuals (29%) where the canine was in sector 4 (none were 
in sector 5, overlapping the central incisor by more than half of a line through the 
long axis).

A final article, from the same group, compared one intervention group (RME, 
placement of a TPA and extraction of the primary canine) with an untreated control 
group and included young people treated in Italy and the USA [35]. This study was 
only described as prospective, and there is no mention of random allocation in the 
article. The mean length of the observation period was 3 years 7 months in the treat-
ment group and 3 years 1 month in the control group. The prevalence rates for suc-
cessful eruption of the canines were 31 out of 39 (80%) in the treated group and 8 
out 29 (28%) in the untreated controls. Again the authors reported useful data about 
the success rates according to the initial horizontal position of the unerupted perma-
nent canine. Five out of five young people (100%) with a canine in sector 1 had a 
successful outcome compared with one out of three (33%) in sector 4. The majority 
of the canines were initially diagnosed in either sector 2 (19 out of 21 or 90% suc-
cessful eruptions) or sector 3 (six out of ten or 60% successful eruptions). In the 
control group, all the successful eruptions were with canines that were initially 
diagnosed in either sector 1 (six out of eight or 75% successful) or sector 2 (2 out of 
14 or 14% successful).

 Headgear
Silvola and colleagues undertook an investigation into the effects of cervical head-
gear treatment on the eruption pattern of maxillary canines in young people, with a 
mean age of 7.6 years (SD 0.3) [36]. The inclusion criteria were simply described in 
this article as moderate crowding and a Class II tendency, and it was not apparent that 
there was any clinical or radiographic diagnosis of PDC. The participants were ran-
domly allocated to either a headgear or an untreated control group, although they do 
state that the controls received ‘any necessary interceptive procedures’. A final exam-
ination was carried out after 8 years, although the data presented in this article were 
for changes in the canine angulation one or 2 years after recruitment. The authors do 
report the horizontal placement of the canines, but state that all the canines were in 
sectors 3, 4 or 5, with none in sectors 1 and 2. They confirm that there were no 
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differences in the horizontal position of any of the permanent canines between the 
control and headgear groups; however, as the young people were still only about 
9.5 years old, many clinicians and researchers in this area would consider that it is 
too early to diagnose that the maxillary permanent canine is displaced.

Armi and colleagues, from the same Italian group as several previous articles, 
compared two interventions (cervical pull headgear vs. RME and cervical pull 
headgear) with an untreated control group [37]. Once again the exact design of the 
study is not clear. The title suggests that allocation was random, whereas the meth-
ods initially mentions that the study was prospective, but later that the participants 
‘were assigned randomly’; however, few, if any requirements from the CONSORT 
guidelines, are included. The authors report a success rate (full eruption of the tooth 
permitting bracket placement) of 86% in the RME/headgear group compared with 
82% in the headgear alone group. Few details (except the mesial movement of the 
upper molars) are available in this report, including the success rate of permanent 
canine eruption in the untreated controls.

 Bonded Orthodontic Appliance
Olive advocates the extraction of the primary canine in patients with a suspected 
PDC, followed by creation of up to 1 cm more space than the width of the 
unerupted permanent canine [38, 39]. As in the patient illustrated (Fig. 8.8) space 
creation can be achieved with bonded appliances and/or rapid maxillary expan-
sion by accepting an increased overjet and perhaps a shift of the upper centre line. 
In the first article, Olive summarizes the outcomes in 28 young people aged 
between 11.4 and 16.1 years diagnosed with PDC and treated with orthodontic 
appliances alone. All the patients had canines that were diagnosed in sectors 2 to 
4 before treatment and Olive states that those in sectors 2 and 3 (19 out of the 28 
patients) had been consecutively treated (although it is not clear if they were con-
secutively started or consecutively finished). Fifteen of the patients had had the 
primary canine extracted between 6 and 42 months (mean 15 months) prior to the 
start of active orthodontic treatment, and in the remaining 13 patients, the primary 
canines were removed within 4 months of starting active orthodontic treatment. In 
this sample 8 out of the 28 patients required surgical exposure, a success rate of 
71%. Initial horizontal location was a strong predictor of success with only 1 out 
of 11 (9%) individuals with a canine in sector 2 requiring surgery, compared with 
2 out of 12 (17%) in sector 3, but five out of eight (63%) when the canine was in 
sector 4. The treatment times for those who had successful eruption of their 
canines were between 2 and 27 months. Olive suggests that this approach can be 
used for young people under 16 years of age with unerupted permanent canines in 
sectors 1, 2 and 3, whereas the young people with an unerupted canine in sector 4 
treatment should be started before the age of 13 years. He concluded that surgical 
exposure should be undertaken after 9 months of appliance treatment if the canine 
has still not erupted. In the follow-up article [39], Olive also confirms that the 
greater the horizontal impaction, the longer the canine takes to erupt; however, the 
samples from both articles appear to have been highly selected, so definitive con-
clusions are hard to produce.
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 Implications for Research

Published studies investigating early interventions to correct the position of a PDC 
frequently have absent details or inconsistencies in reporting. None claiming to 
have used random allocation are fully compliant with the CONSORT guidelines 
[40]. This has been reported previously by two systematic reviews summarizing 
the evidence for the extraction of the primary canine [21, 25]. It is essential that 
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Fig.8.8 An example of 
an adolescent aged 11 
years with an impacted 
upper right canine. After 
1 cm of space was created 
using an upper fixed 
appliance, the permanent 
canine took 5 months to 
start erupting. Total 
treatment time was 
14 months and no surgery 
was required
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future investigators design and report studies appropriately. Our summary of the 
current literature would suggest the following recommendations for further 
research in this area:

• The inclusion criteria should include young people in an appropriate age range, 
when the clinician can be reasonably certain that palatal displacement of the 
upper permanent canine can be diagnosed. We would suggest a lower age limit 
of 10 years and an upper age limit of 13 or 14 years depending upon the stage of 
dental development.

• Young people with both unilateral and bilateral PDCs can be included in trials; 
however, participants with bilateral displaced canines should be allocated accord-
ing to the participant, not the teeth and both sides should receive the same treat-
ment (or no treatment). Sample sizes should be estimated on the basis of 
participant numbers, not the number of displaced teeth.

• A clear and stated definition of when the upper canine is considered displaced 
should be provided. The work of Ericson and Kurol described earlier is useful for 
this [11, 12]. Angulation has been used by some authors, but in the opinion of the 
current authors, it is not such a clear indicator of displacement as medial horizon-
tal position (sector).

• The exclusion criteria of Bazargani et al. seem reasonable: patients with previous 
or ongoing orthodontic treatment; aplasia or microdontia of the upper lateral 
incisors; moderate to severe crowding in the upper arch (>3 mm) and craniofa-
cial syndromes, odontomas, cysts, or cleft lip or palate [30].

• The required sample size for any trial should be estimated on the basis of a clini-
cally relevant primary outcome. This should be whether or not the canine erupts 
sufficiently to permit bracket placement without the need for any surgical expo-
sure. This is surely the aim of the intervention. If the position of the canine 
improves, but the patient still has to undergo a surgical exposure, then in the view 
of the authors the intervention has failed to show any clinical effectiveness. A 
clinically relevant outcome should be the difference in the proportions of canines 
that successfully erupt with the intervention (or interventions in a factorial study 
design) compared with an untreated control group.

• A reasonable and predetermined follow-up period should be used (between 
18 months and 2 years, unless the patient is at the older end of the ideal age range).

• There is evidence in the literature that the success of an intervention depends 
upon the initial horizontal displacement of the canine, i.e. the further towards the 
midline the canine is at the start, the less successful the intervention. The initial 
horizontal displacement (sector) of the canines should be fully described and 
success rates per initial sector should be reported. In addition, investigators 
should consider stratifying the randomization of participants according to the 
initial horizontal sector to ensure that each intervention group has equal numbers 
of severely displaced canines.

P.E. Benson and N.A. Parkin
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 Implications for Clinical Practice

Taking into account the findings in the current literature, we recommend the follow-
ing guidelines for the management of unerupted maxillary permanent canines in 
children, with a dental age between 10 and 13 years, using conventional radio-
graphic examination:

Canines in sector 1 with an angle of less than 21° to the midline (coloured green in 
Fig. 8.9)

These are unlikely to be displaced and are of little concern. They should erupt in 
time provided that space is available.

Canines in sectors 2 and 3 with an angle of less than 21° to the midline (coloured 
yellow Fig. 8.9)

Interceptive treatment should be considered, either in the form of creating space or 
extraction of the primary canine (or both). The outcome of this treatment is ques-
tionable; however, there is little to lose if the root of the primary canine is already 
resorbing and the patient is willing.

Canines in sectors 4 and 5 (coloured red in Fig. 8.9)
These canines will require surgical exposure and alignment. There is therefore no 

advantage to extracting the primary canine and risking the patient not being suit-
able for fixed appliances when the eruption of the permanent canine fails to nor-
malize. It is better to leave the patient with a primary canine than an unsightly 
gap. In these cases, where the canine is considerably displaced, the primary 
canine root is often of a reasonable length and has a good medium-to-long-term 
prognosis.

21°

1 2 3 4 5

Fig. 8.9 Classification of 
the horizontal position of 
the unerupted maxillary 
permanent canine 
according to Ericson and 
Kurol [12]. The colour 
coding suggests that 
unerupted canines in the 
green area are unlikely to 
be displaced and are of 
little concern. Canines in 
the yellow area might 
respond to intervention, 
which should be 
considered. Canines in the 
red zone are unlikely to 
respond to intervention
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9Early Treatment of Class II Malocclusion

Andrew DiBiase and Paul Jonathan Sandler

Abstract
An increased overjet in the primary or mixed dentition is a common reason to 
seek orthodontic treatment and is usually indicative of an underlying class II 
malocclusion. This can be due to a variety of factors, including digit sucking, a 
lip trap or an underlying skeletal II base relationship. Treatment timing has been 
controversial, with proponents of early treatment claiming it results in greater 
growth of the mandible and better outcomes for the patient. However, evidence 
from several large randomised clinical trials investigating early treatment for 
class II malocclusion have refuted this, essentially showing few clinical differ-
ences in outcome for patients who underwent an early course of treatment in the 
mixed dentition compared to those treated comprehensively in adolescence. 
However, patients treated early do seem to experience less dentoalveolar trauma 
than those treated later, although this is generally not severe, and it is debatable 
whether the slight reduction in risk justifies the cost and burden to the patient of 
early treatment. Another justification for early treatment is psychological out-
come. An increased overjet has been shown to make a child a target for bullying, 
and there is weak evidence that early treatment can help these patients. If early 
treatment is embarked upon, there are several modalities that can be used, one of 
which is a functional appliance. These appliances primarily reduce an increased 
overjet by dental movement, retroclining the upper incisors and proclining the 
lowers. There is a small increase in mandibular length, but this disappears with 
normal growth. Most patients will need a further course of treatment, which will 
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mean maintaining overjet reduction in the transition from early mixed to perma-
nent dentitions. In most cases, it is more efficient and less demanding on patient 
compliance to delay treatment until early adolescence in the late mixed dentition, 
as clinical outcome is likely to be the same.

 Introduction

Class II malocclusion is very common in most developed countries, and the features 
can be seen even in the primary dentition. It usually presents as an increased overjet, 
which is often a cause of concern to the patient or their parents, and as a conse-
quence, a specialist opinion is frequently sort. While it is possible to treat class II 
malocclusions in the mixed and sometimes even in the primary dentition, consider-
able discussion and debate has taken place as to the ‘ideal timing’ of treatment. This 
chapter will explore this controversial area.

 Incidence

Class II malocclusions are common in Western societies and Caucasian patients of 
Northern European descent, with an incidence of up to 25% having been reported in 
12 years old in the UK [1] and 15% of 12–15 year olds in the USA [2]. Class II is 
less common in Afro-Caribbean and East Asian populations and they tend to be a 
higher propensity to class III malocclusions.

The prevalence of a class II molar relationships is relatively high in the primary 
dentition [3]. This reduces in untreated subjects as they enter the mixed and early 
permanent dentition as the mandibular first molars migrate mesially with exfolia-
tion of the second primary molars. This also reflected in a reduction in the overjet to 
a lesser extent, although this is less likely to occur if the overjet is over 6 mm [3]. 
Once a class II buccal segment relation has become established in the permanent 
dentition, it will tend to be maintained, even with good mandibular growth. This is 
because dentoalveolar compensation occurs thus maintaining the occlusion despite 
the growth [4]. As a consequence, class II malocclusions do not usually self-correct 
without active intervention.

 Aetiology

 Skeletal

The majority of class II malocclusions present with some degree of mandibular 
retrognathia [5]. Maxillary prognathism is much less common and is often associ-
ated with vertical maxillary excess. Vertical face type and growth are variable, rang-
ing from patients with hypodivergent facial growth patterns and increased overbite 
to those who have a hyperdivergent pattern, an increased anterior low face height 
and a skeletal anterior open bite.

A. DiBiase and P.J. Sandler
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 Soft Tissue

The teeth sit in a ‘zone of balance’ between the soft tissues of the lips and cheeks 
buccally and the tongue lingually. It is therefore unsurprising that the soft tissues 
have a significant influence on the position of the developing dentition. The position 
and competence of the lips has a bearing on the position of the labial segments. If 
the lower lip rests behind the upper incisors, these will be proclined and the lowers 
reclined, resulting in an increased overjet. This is known as a lip trap and the lip 
pattern described as potentially competent. If the lower lip position is higher, it can 
result in retroclination of the upper central incisors but still rest behind the lateral 
incisors allowing them to procline, resulting in the classic presentation of a class II 
division 2 incisor relationship.

Lip incompetence and hypotonic activity, often associated with hyperdivergent 
facial growth, can result in the tongue having more influence on the incisors. 
Clinically this manifests itself as bimaxillary proclination and a reduction in the 
overbite. If this occurs with a class II skeletal pattern, an increased overjet can result 
as well as a reduced overbite or possibly an anterior open bite.

It has been argued that tongue position and poor lip posture are the primary aeti-
ology of class II malocclusion in childhood [6]. The theory goes that due to nasal 
obstruction, oral breathing predominates, resulting in lip incompetence and an open 
mouth posture. The tongue position then drops and the maxillary arch narrows, 
resulting in crowding and a downwards and backwards growth rotation of the man-
dible. This in turn shortens the lower dental arch resulting in secondary crowding 
appearing in the mandibular dentition. There is limited evidence for this hypothesis 
from primate experiments and human studies looking at the effect of adenoidecto-
mies on the growth in children and adolescents [7].

Advocates of this argument encourage early treatment for class II malocclusion 
usually consisting of a combination of myofunctional appliances and oral exercises 
designed to retrain the tongue and establish lip competence. By doing this, it is 
believed that greater anteroposterior mandibular growth will result, thereby correct-
ing the class II malocclusion. There is however no scientific or clinical evidence to 
support this philosophy or to justify this type of early treatment. What is more, the 
treatment modalities advocated are extremely demanding on compliance, extend 
over many years and have by the clinicians’ own admissions a very low success rate 
compared with other types of treatment.

 Digit or Thumbsucking

Nonnutritive sucking habits are common in many societies but usually stop in the 
primary dentition [8]. If this persists into the mixed dentition, this can affect the 
dental arches and occlusion, the severity being dependent on the duration of the 
habit [9]. Clinically this often results in the development of a posterior crossbite and 
an increased overjet as the upper arch narrows, the upper incisors are proclined and 
the lower incisors retroclined [10]. This can also result in a reduced overbite or an 
anterior open bite [11].

9 Early Treatment of Class II Malocclusion
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 Indications for Early Treatment

There has been much debate regarding the optimum time to start treatment for class 
II malocclusions, and early treatment has many advocates. The proposed advan-
tages of early treatment are:

 – Maximise growth potential
 – Psychosocial benefits
 – Reduce risk of dentoalveolar trauma
 – Good compliance in younger patients
 – Reduce need or complexity of second phase of treatment
 – Better overall outcomes

However set against this are the following contraindications:

 – Extended treatment time
 – Retention problematic during transition of dentition
 – Physiological cost of prolonged treatment
 – Use up patient cooperation
 – Cost to patient and parent—both economic and time

Many of the claims in favour of early treatment were based on retrospective 
research with small sample sizes, which were often compared to historic controls. 
In the 1990s, several large randomised clinical trials were set up to try and address 
the fundamental question of timing for the treatment of class II malocclusions: two 
in the USA and one in the UK [12–15]. The studies in the USA investigated the use 
of functional appliances, a Bionator, versus headgear or observation. They were 
based in dental schools with treatment carried out by a limited number of operators 
and sometimes involved patient incentivisation to comply with the study. They 
therefore investigated the efficacy of treatment, i.e. the provision of care under ideal 
conditions rather than its effectiveness. The UK-based study compared early treat-
ment with a functional appliance, a Twin Block, to an observation group. Treatment 
in this study was carried out by numerous operators in hospital-based orthodontic 
departments in the UK. It therefore investigated the effectiveness of treatment, i.e. 
the provision of care under conditions that are more relevant to the setting where the 
proposed treatment is usually carried out. The studies initially reported following 
the first phase of treatment. The patients were then followed through comprehensive 
orthodontic treatment in adolescence [16–18]. Overall over 600 patients were ini-
tially enrolled in these studies with almost 500 completing them, and so to date, 
they provide the best evidence available on the outcomes and benefits of early treat-
ment for class II malocclusions. So we need to look at the claims outlined above on 
the supposed benefits of early treatment in specific relationship to these studies.

A. DiBiase and P.J. Sandler



155

 Growth

There is no doubt early treatment is effective at reducing an increased overjet, and 
this is achieved by a combination of dental and skeletal effects. Therefore all three 
studies reported positive results following the initial treatment including a relative 
increase in mandibular length measured cephalometrically in the patients treated 
with the functional appliances and maxillary restraint in those treated with headgear. 
However once the patients were followed through to the end of the study, these dif-
ferences had disappeared, and there was no difference skeletally between the patients 
who had undergone early treatment and those who had undergone later treatment. 
Therefore to date there is no evidence that early treatment for class II malocclusion 
has any lasting impact on growth, and therefore ‘to achieve better growth’ is not a 
reason to undertake early treatment.

 Psychosocial Health

There is an increasing body of evidence that the presence of a malocclusion can 
have a negative impact on an individual’s quality of life and psychological health. 
This is particularly relevant to class II malocclusions which can be particularly 
aesthetically conspicuous. Both in childhood and adolescence compromised aes-
thetics can make an individual more susceptible to teasing and bullying. Bullying 
is endemic within school populations in most countries. In the presence of a mal-
occlusion, bullying has a negative impact on self-esteem and oral-health-based 
quality of life including lower levels of social competence, athletic competence, 
self-esteem related to physical appearance and general self-esteem [19]. In addi-
tion bullied individuals report higher levels of oral symptoms, functional limita-
tions and emotional and social impact from their malocclusions. Combined, these 
factors can have a long-term negative impact on individuals and are associated 
with both poor psychological and physical health, including low self-esteem, 
depression, anxiety, poor academic performance, truancy, crime, mental health 
problems and suicide.

Despite no evidence of long-term impact of early treatment on self-esteem, it 
appears to result in a short-term increase in self-esteem and a reduction in the 
self- reported levels of bullying, as well as a positive impact on the oral health-
related quality of life [13, 14, 20]. In certain well-motivated individuals, there-
fore, early treatment may well be very beneficial (Figs. 9.1, 9.2, 9.3 and 9.4). 
However this needs to be done on the understanding that ultimately it may result 
in extended treatment times and quite possibly a second course of treatment with 
no discernable difference in the final outcome, compared to one course of treat-
ment in adolescence.
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Fig. 9.1 8-year-old girl who presented with a 15 mm overjet who was being bullied at school 
about her dental appearance

Fig. 9.2 Patient from Fig. 9.1 in treatment with a Twin Block functional appliance

Fig. 9.3 Patient from Fig. 9.1 following early treatment
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 Prevention of Dentoalveolar Trauma

An increased overjet of over 6 mm has been associated with a higher incidence 
of trauma to the upper labial segment particularly when associated with lip 
incompetence [21]. The incidence is highest in children in the mixed dentition, 
i.e. patients aged 8–11 years old. While the trauma is usually mild, usually con-
sisting of fractures within enamel, it can on occasion be more severe such as 
fractures into dentine and the pulp, root fractures and rarely avulsion resulting 
in complete tooth loss, all of which have long-term consequences in terms of 
treatment and cost.

The only small positive difference found in the class II RCTs was the slightly 
reduced incidence in dentoalveolar trauma in the patients who had undergone early 
treatment. This was not actually found in the individual studies, but when the results 
were combined in a meta-analysis, a difference between the early treatment group 
and late treatment group was found with less incidence of new trauma during the 
study period in the early treatment group [22].

The overall incidence of dentoalveolar trauma in childhood has been reported 
as 1–3%, and the cost of treatment has been reported to range from US $2 to $5 
million per one million inhabitants with patients usually requiring 2–9 dental 
appointments to complete the treatment [23]. Most of the new trauma reported in 
the RCTs was mild in nature and clinically negligible not requiring treatment, 
and therefore it is debatable whether the extra cost related to early treatment 
could be justified. Also much of the trauma occurs in the early mixed dentition 

Fig. 9.4 Pre- and post-treatment lateral cephalograms for patient from Fig. 9.1
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as the permanent incisors erupt due to falls, sports or nonaccidental injury [23]. 
To have any really meaningful impact, therefore, treatment would need to be 
started soon after the permanent incisors erupt which may have an impact on 
compliance and overall duration of treatment, as well as cost. To prevent injury 
during sport, use of a mouthguard maybe more cost-effective and less demanding 
than early treatment. Finally even a slight increase in overjet of over 3–4 mm 
increases the risk of trauma by 21.8% (95% CI 9.7–34.5%) [3, 24]. This rela-
tively would mean many more children would require early treatment, which is 
again neither cost-effective nor practical, particularly in a state-funded health 
system. However in certain children with very prominent maxillary incisors and 
lip incompetence who are particularly physically active and deemed at high risk 
of dentoalveolar trauma, early treatment can be justified (Figs. 9.4, 9.5, 9.6, 9.7, 
and 9.8).

Fig. 9.5 9-year-old male in mixed dentition with class II div 1 incisor relationship. Early treat-
ment was carried out as there was gross lip incompetence increasing the risk of dentoalveolar 
trauma

Fig. 9.6 Patient from Fig. 9.5 in treatment with a Bionator functional appliance
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Fig. 9.7 Patient from Fig. 9.5 at the end of the first phase of treatment showing reduction in over-
jet and improvement in soft tissue profile. The patient went on to have comprehensive treatment 
with fixed appliances and extraction of the upper left first molar which was hypoplastic

Fig. 9.8 Pre- and post-treatment lateral cephalogram from patient in Fig. 9.5 showing mostly 
dentoalveolar changes
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 Compliance

Good patient cooperation is fundamental to successful orthodontic treatment. This 
is often extremely difficult to gauge, and there appears to be no psychosocial param-
eters that can predict this. An assessment of potential cooperation can be made by 
observing the initial patient behaviour and in particular the relationship with the 
orthodontist or treating clinician [25]. Poor oral hygiene, repeated breakages, fail-
ure to wear appliances as instructed and a poor patient/clinician relationship are 
often indicators of poor overall outcome [26, 27].

Preadolescent children generally make very good patients as their behaviour is 
more affected by figures of authority such as their parents or the orthodontist. As 
long as instructions are not abstract or relate to long-term outcomes, compliance 
levels are generally very good. As a child enters adolescence, their behaviour 
becomes more influenced by their peer group, and they tend to rebel against author-
ity. Successful treatment therefore involves empowering the patient, so that they 
feel the treatment is being done for them as opposed to them. This again involves 
including them in decision-making and developing a good patient-clinician rela-
tionship. Fortunately acceptance of treatment in this age group has become easier 
by the more universal availability of orthodontic treatment in most developed coun-
tries and the greater awareness of malocclusion and overall body image, plus the 
undeniable benefits of orthodontic treatment.

A problem with early treatment can be compliance ‘burn out’ as early treatment 
in the majority of cases will extend overall treatment time dramatically, and we 
know that extended treatment duration has a negative influence on cooperation [28]. 
Therefore there is a risk that the compliant eight year old will become a disgruntled 
12 year old after 4 years in treatment. As no study to date has shown convincingly 
any major benefits in early treatment, particularly in relation to better outcomes, the 
argument of better compliance of younger patients cannot really be used to justify it 
as ultimately the majority of patients will still further treatment in adolescence.

 Second Phase of Treatment

The majority of patients undergoing early treatment for class II malocclusion will 
require a further course of active orthodontic treatment according to the three RCTs 
previously discussed. This need for treatment can be for a variety of reasons but 
usually involves relieve of crowding and alignment of the teeth, detailing the occlu-
sion or to fully reduce a residual increased overjet. Furthermore the extraction rates 
and the duration of any subsequent treatment, usually with upper and lower fixed 
appliances or the percentage of patients requiring orthognathic surgery, appear to be 
no different between the patients that underwent phase 1, early treatment and those 
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patients that waited and had comprehensive treatment at the more usual time in 
early adolescence. The early treatment of class II malocclusion therefore can also 
not be justified to reduce the need or duration of second phase of treatment, based 
on the current scientific evidence available.

 Better Outcomes

In the three RCTs critically assessing early treatment for class II, the occlusal 
outcomes of the treated groups after the initial phase with both functional appli-
ances and headgear were better than those in the control group: both modalities 
were demonstrated to be effective at reducing an increased overjet. Following 
comprehensive treatment, however, these differences disappeared. Indeed, over-
all the patients in the early treatment groups reported significantly longer treat-
ment times overall, had a greater number of visits and, in the UK study, had a 
poorer occlusal result as measured by the Peer Assessment Rating (PAR) [17]. 
On the current evidence, therefore, it is not possible to justify early treatment 
for class II malocclusion on an expectation of a better occlusal result, compared 
with comprehensive treatment started in the late mixed or early permanent 
dentition.

 Mechanics for Early Treatment of Class II Malocclusion

So overall, while early treatment using the methods outlined later in this chapter can 
certainly be effective, it is questionable whether it is the most efficient way to treat 
class II malocclusions. If it is decided, however, that a course of early treatment is 
justified, and in the patient’s best interests, there are a variety of ways that it can be 
carried out.

 Thumb Deterrents

A digit sucking habit should ideally stop before eruption of the permanent inci-
sors; otherwise it can result in long-term dental and skeletal changes, as outlined 
previously. If persistent into the early permanent dentition, the child should be 
actively encouraged to stop, and numerous techniques have been described to 
assist in this. If the child struggles to break the habit on their own, a passive 
device such as a palatal arch incorporating a thumb or tongue crib can be effec-
tive [29] (Fig. 9.9).
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 Removable Appliances

A removable appliance with an activated labial bow can be used to reduce an 
increased overjet in the mixed dentition. This is only appropriate if the upper 
incisors are proclined and spaced, as the appliance will simply retrocline them by 
tipping of the teeth. An anterior bite plane can be incorporated to help reduce an 

Fig. 9.9 An anterior open 
bite and increased overjet 
as a result of 
thumbsucking. A palatal 
arch with spurs was used 
to break the habit, and 
there was an improvement 
in the incisal relationship

A. DiBiase and P.J. Sandler



163

increased overbite, and headgear can also be used as outlined below. It is an inap-
propriate treatment in patients with a mark skeletal II base relationship, and mandibu-
lar retrognathia as simple dentoalveolar tipping is unlikely to produce a satisfactory 
result.

 Functional Appliances

An extremely effective way of reducing an increased overjet in the mixed dentition 
is with the use of functional appliances. These are a class of orthodontic appliances 
originally developed in Europe in the early twentieth century that were believed to 
have an effect on facial growth. While many different designs and systems have 
been described the basic premise on which they all work is by posturing the man-
dible forward. This achieves several things: it changes the soft tissue environment 
and as a result alters forces that influence the position of the dentition. It exerts 
direct force on the teeth via the appliance, from the forces generated by the stretch 
of the muscles controlling the mandible trying to return to their resting length. In 
most cases, this results in a distalising force being transmitted to the upper jaw and 
the maxillary dentition and a mesialising force being transmitted to the mandible 
and the lower dentition. It has also been suggested that there is some bony remodel-
ling at the condyle and glenoid fossa. Combining all of these influences is very 
effective at reducing increased overjets via:

Retroclination of the upper incisors
Proclination of the lower incisors
Distal tipping of the maxillary dentition
Mesial eruption of the mandibular dentition
Some small but worthwhile restriction in maxillary growth
Repositioning of mandible anteriorly with some remodelling of glenoid fossa.

Whether functional appliances have a lasting effect on facial growth has remained 
one the most hotly debated topics in orthodontics, with passionate supporters of 
both opposing viewpoints. Advocates claim that the use of a functional appliance 
results in a significant improvement in appearance as a result of an increase in man-
dibular growth. Unfortunately many of these claims were based on case reports or 
retrospective studies, often comparing a small treated group to a historic sample. 
There was also some evidence from animal studies that mandibular hyperpropulsion 
with a fixed splint did result in bony change at the condyle and glenoid fossa. Whilst 
animal models are interesting, these experiments imposed treatment regimes on 
either rodents or primates that would just not be tolerated clinically. Also while 
these experiments show histological changes, as class II malocclusions do not exist 
in the animal models used, it is difficult to imagine how these changes would relate 
to a meaningful clinical difference in a patient.

With the publication of the large RCTs over the last two decades, it has become 
apparent that the early use of functional appliances, while very effective at reducing 
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an increased overjet, appears to have little or no long-term impact on facial 
growth. This is not to say that by doing nothing, an increased overjet and class II 
malocclusion will correct spontaneously. Indeed an untreated class II malocclu-
sion will almost certainly persist into adolescence and adulthood due to mainte-
nance of the occlusal relationship irrespective of growth [4]. The clinical effect 
of these functional appliances therefore appears to be early establishment of a 
class I occlusion, while then allowing normal condylar growth to consolidate 
this. And herein lies one of the major problems of early treatment. The most 
effective time to use these appliances is during the adolescent growth spurt [30]. 
In females this starts around 10 years of age with the peak at about 11.5 years. In 
males the growth starts between 11 and 12 years and peaks between 14 and 
15 years. If early treatment is undertaken, therefore, it does not coincide with the 
growth spurt, particularly in males. Treatment will be less efficient than if under-
taken in the late mixed or even early permanent dentition. Also unless the 
achieved results are effectively retained, the beneficial clinical effects will be lost 
as the patient enters the growth spurt, thus necessitating a second course of func-
tional appliances.

A practical problem with the use of removable functional appliances in the 
mixed dentition, particularly a largely tooth-borne appliance such as Twin Block, 
is retention of the appliance in the mouth (see Figs. 9.1, 9.2, 9.3, and 9.4). Primary 
teeth are generally not ideal teeth to attach a crib to, due to their conical shape and 
lack of natural undercuts. These teeth can also become mobile as they begin to 
exfoliate thus further reducing their function for retention. This problem can 
sometimes be overcome by the addition of composite to create an undercut or by 
the use of cemented functional appliances such as a Herbst. Finally there is the 
option of using non-tooth-borne or partially tooth-borne removable appliance 
such as a functional regulator or Balter’s Bionator. The former is not an easy to 
appliance to wear and is prone to distortion or breakage while the later has the 
potential advantage of allowing the natural shedding of the primary molars. In a 
child for whom early treatment is being advocated on psychosocial grounds due 
to bullying and teasing, the Bionator also has the advantage of them not having to 
wear the appliance to school, thus avoiding making them more of a target for 
abuse by their peers (see Figs. 9.5, 9.6, 9.7, and 9.8).

The final problem with early treatment with a functional appliance is knowing 
what to do once the overjet is reduced to maintain this reduction as the patient enters 
their adolescent growth spurt and while the permanent dentition establishes itself. 
Ideally the patient enters a period of retention while the appliance is worn at night, 
although this may be for several years depending on when treatment was started, 
which can put a strain on future compliance. Also it may necessitate the use of a 
further appliance such as a removable retainer with headgear added at night. The 
second option is to give the child a break from treatment by stopping appliance 
wear; however this runs the risk of relapse and reappearance of the overjet as the 
class II malocclusion re-establishes itself. Either way the patient and their carers 
should be fully informed of these potential outcomes before early treatment is 
started.
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 Headgear

Headgear for the treatment of class II malocclusion can be used with a removable 
or functional appliance, or on its own, and it has been shown to be effective at 
overjet reduction in the mixed dentition. Classically headgear can be run to maxil-
lary molar bands while the patient wears an ACCO (acrylic cervical occipital) 
appliance to reduce the overbite and distalise the maxillary molars correcting the 
buccal segment relationship. In the two RCTs looking at early treatment for class 
II carried out in the USA, headgear was compared to an observation group and a 
group treated with a functional appliance [12, 15]. Both in terms of morphological 
traits and dentoalveolar trauma, there was no difference in the outcomes for the 
headgear patients compared with the patients treated with a functional appliance 
after the initial phase of treatment, i.e. both modalities of treatment essentially did 
the same thing, and both were effective at reducing overjets. As with the patients 
treated with functional appliances, however, these differences disappeared in the 
headgear patients compared with the observation group at the end of comprehen-
sive treatment.

Practically, the use of headgear with or without a removable appliance also has 
the problems of retention and what to do during the transition from the mixed into 
the permanent dentition.

 Fixed Appliances

Similarly to the use of a removable appliance, if space is available with the dental 
arch, a fixed appliance can be used to reduce an increased overjet. The main prob-
lem with the use of fixed appliances in the mixed dentition is bonding brackets and 
attaching wires to the primary teeth, as this may increase their mobility and thus 
hasten their loss. This is usually why the use of removable or functional appliances 
is often preferred.

 Conclusions

Class II malocclusion is extremely common and is usually evident in the mixed 
dentition when it can effectively be treated using a variety of treatment modali-
ties. There is however no evidence that treatment at this stage is superior in terms 
of morphological outcomes to comprehensive treatment carried out once the per-
manent dentition has become established. Indeed early treatment will result in an 
overall greater treatment time, a larger number of appointments and higher cost 
to the patient or state, depending on who is paying. It can perhaps be justified in 
terms of risk-benefit analysis in patients with very prominent maxillary incisors 
with lip incompetence who have an active lifestyle are considered more at risk of 
dentoalveolar trauma. Similarly early treatment is worth considering in patients 
with very prominent upper incisors who are experiencing sustained bullying spe-
cifically due to their dental appearance. Before treatment is started, however, the 
patient and their parents or carers need to be fully aware that this course of early 
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treatment will not result in a better outcome nor will it reduce or eliminate the 
need for further orthodontic treatment to be carried out at a later stage when the 
full permanent dentition is established.
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10Class III Malocclusion

Simon J. Littlewood

Abstract
Interceptive treatment of Class III malocclusions is indicated if it reduces dam-
age to the oral tissues, or prevents, or significantly reduces the amount, or sever-
ity, of future orthodontic treatment. Patients must be informed that the long-term 
success of interceptive treatment of Class III malocclusions cannot be guaran-
teed due to the unpredictability of future growth.

The choice of treatment depends on identifying the aetiology of the Class III 
malocclusion. The aetiology could be dental, a pseudo-Class III (which is due to 
a displacement of the mandible caused by a crossbite) or skeletal.

Simple anterior dental crossbites can be successfully treated with removable 
or fixed appliances in the mixed dentition.

Treatment with chin cup or functional appliances can correct a Class III inci-
sor relationship, but any orthopaedic changes with these appliances are likely to 
be minimal.

Interceptive treatment with a protraction facemask treatment can reduce the 
need for future orthognathic surgical correction, when used on patients who are 
under 10, with a mild to moderate Class III and a retrusive maxilla, and with 
average or reduced vertical proportions.

Bone anchored appliances may offer the potential for more skeletal changes, 
but further research is needed in this area.
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 Introduction

Class III malocclusion was originally defined by Edward Angle in terms of the 
occlusal relationship of the first permanent molars, with the lower molars mesially 
positioned relative to the upper molar. A more contemporary definition focuses on 
the incisors, describing a Class III incisor relationship as the lower incisor tips 
occluding anterior to the cingulum plateau of the upper incisors.

The prevalence and presentation of Class III malocclusion vary significantly 
with ethnic background. Prevalence in East Asian populations, such as Japan, Korea 
and China, can range from 4% to 19%, whereas in European populations the preva-
lence is much lower: 1–4% [1].

 Aetiology of Class III Malocclusions in Mixed Dentition

It is important to identify the aetiology of Class III malocclusions in the mixed den-
tition as this will determine the most appropriate type of interceptive treatment. The 
aetiology may be due to skeletal and/or dentoalveolar components.

By definition, the lower incisors lie in front of the cingulum plateau of the 
upper incisors, often leading to an anterior crossbite of one or more teeth. An 
orthodontic assessment will help differentiate between a simple dental anterior 
crossbite, due to locally malpositioned teeth, and a true Class III skeletal discrep-
ancy. Whenever an anterior crossbite is present, it is important to assess whether 
this is associated with an anterior mandibular displacement of the mandible, 
which increases the severity of the appearance of Class III. There is also often a 
skeletal component, with the mandibular dentition held more anteriorly than the 
maxillary dentition. This could be as a result of the size and position of either 
jaw: it is important to identify where the discrepancy lies as this may affect the 
choice of treatment.

In order to decide on the most appropriate interceptive approach, we must diag-
nose the contributing factors causing the Class III malocclusion. This can be done 
by: extra-oral assessment, intra-oral assessment (including assessing for any man-
dibular displacements as a result of anterior crossbites) and cephalometric analysis 
if required.

 Extra-oral Assessment

A profile analysis will look at facial proportions, mid-facial position and chin posi-
tion, as well as vertical proportions. This will help to determine the presence and 
location of any skeletal discrepancy. For patients with a retrusive maxilla, there may 
be increased sclera show below the pupil and flattening of the infraorbital rims in 
addition to flattening of the area adjacent to the nose.
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 Intra-oral Assessment

An anterior crossbite of one or more teeth is a common presentation in Class III 
malocclusions. Whenever there is a crossbite, it is important to look for an anterior 
mandibular displacement. This premature contact may lead to the mandible being 
positioning further anteriorly, to allow the patient to close into full intercuspation 
and obtain a more comfortable bite.

It is also important to look at the inclinations of the upper and lower incisors. In 
patients with skeletal discrepancies, the soft tissues may tilt the teeth towards each 
other to allow a lip seal to be achieved. This is known as dentoalveolar compensa-
tion, and the degree of existing compensation may dictate what is possible with 
orthodontic movements of the teeth alone or whether movements of the underlying 
bones are required.

 Cephalometric Assessment

A cephalometric analysis may be required in addition to the clinical analysis to 
confirm the relative positions of the maxilla and mandible to each other and the base 
of the skull and to determine the inclinations of both the upper and lower incisors. 
The combination of clinical and cephalometric information will identify which type 
of Class III malocclusion can be treated in the mixed dentition and help decide the 
best interceptive approach.

In the mixed dentition there are effectively three types of Class III 
malocclusions [1]:

• Dental: Incorrect inclination or position of maxillary or mandibular incisors
• Pseudo: Anterior positioning of the mandible as a result of premature dental 

contacts deflecting the mandible anteriorly to allow the patient to achieve full 
intercuspation

• Skeletal: True skeletal discrepancies in the maxilla and/or mandible

 Indications for Interceptive Treatment of Class III

Although a Class III malocclusion may be identified in the developing dentition, a 
decision needs to be made whether it is better to treat at this stage or wait for further 
dental development and growth. Interceptive treatment of Class III malocclusions 
should be undertaken if it:

• Prevents damage to the oral tissues
• Prevents or significantly reduces the amount, or severity, of future orthodontic 

treatment
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Damage to oral tissues may occur as a result of an anterior crossbite causing a 
displacement of the mandible. This may lead to localised attritional wear of the teeth 
that are in premature contact as the mandible slides forwards into a position where the 
patient can achieve a maximum intercuspation and a more comfortable occlusion. It is 
also possible for irreversible periodontal soft tissue and bony damage to occur. This is 
due to the lateral forces applied by displacing contacts associated with the anterior 
crossbites and is more likely to occur if there are problems with oral hygiene.

Additional benefits of interceptive treatment include improving occlusal func-
tion and improving the facial appearance. It may also reduce the risk of a developing 
an abnormal posterior occlusion. This abnormal posterior occlusion can be the 
result of habitual posturing of the mandible, as the patient finds a more comfortable 
bite to accommodate abnormal anterior occlusal contacts. It has also been suggested 
that interceptive treatment has the potential to reduce the need for future orthogna-
thic surgery by causing favourable skeletal changes. This is controversial and will 
be discussed further in section “Growth Modification and Orthopaedic Treatment”.

Interceptive treatment of Class III malocclusions is always challenging, due to 
the unpredictability of future growth. Although it may be possible to correct an 
anterior crossbite and improve dental arch relationships, the result may relapse as a 
result of future unfavourable mandibular growth. There have been attempts to 
develop techniques to predict future growth on an individual basis, but at the present 
time, it is still difficult to confidently predict the outcome of treatment of Class III 
malocclusions [2]. Patients should therefore be given a cautious prognosis for their 
corrected interceptive Class III treatment, due to the unpredictably of future growth.

The following sections will discuss the treatment of simple dentoalveolar ante-
rior crossbites (section “Treatment of Simple Dento-Alveolar Anterior Crossbites”) 
and the use of growth modification and orthopaedic movement for malocclusions 
with a larger skeletal component (section “Growth Modification and Orthopaedic 
Treatment”). In both cases, more favourable changes will be seen in patients who:

• Have a definite overbite at the end of treatment, which helps to maintain the cor-
rection of any anterior crossbite

• Present with an initial anterior displacement of the mandible due to the 
crossbite

• Are more compliant and will wear the appliances as directed

 Treatment of Simple Dentoalveolar Anterior Crossbites

A simple anterior crossbite can be corrected using either a removable appliance or 
a fixed appliance. Success is increased if there is a minimal existing proclination of 
the upper incisors and there is adequate overbite to maintain the correction at the 
end of treatment.

A removable appliance has an active component anteriorly to procline the 
upper tooth or teeth to correct the anterior crossbite. This active component can 
either be a palatal spring, which is activated by the clinician, or a screw, which the 
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patient activates. The appliance also incorporates retentive components to keep 
the appliance in place and possibly posterior capping to disclude the occlusion to 
aid correction of the anterior teeth. A removable appliance can only tip the teeth, 
so it should only be used if simple tipping movements of the upper anterior teeth 
are required.

A fixed appliance can also be used (see Fig. 10.1) and is sometimes only bonded 
on the permanent teeth that are present in the mouth at this age. This appliance is 
often referred to as a “2 by 4” appliance as it is only bonded on the two upper first 
permanent molars and the four upper incisors. An active pushcoil, between the 
molars and the incisors, can be used to procline the incisors. Glass ionomer cement 
may be placed temporarily as a posterior fixed bite plane on the molars if disclusion 
is required. Fixed appliances allow bodily movement and correction of rotations. 
They also have the ability to increase the overbite to improve stability and reduce 
the compliance required by the patient.

There is evidence to suggest that both types of appliances work and the results 
are equally stable. Fixed appliance treatment is quicker and cheaper and has less 

a b

c

Fig. 10.1 Case demonstrating simple correction of anterior crossbite with 2 × 4 fixed appliance. 
(a) Start extra-oral lateral view demonstrating Class III skeletal pattern (partly retrognathic maxilla 
and slightly prognathic mandible). (b) Start intra-oral view demonstrating Class III incisor rela-
tionship and anterior crossbite upper right central and lateral incisor. There was a slight anterior 
displacement of the mandible caused by this crossbite, leading to a “pseudo-Class III”. (c) Fixed 
“2 × 4” appliance with pushcoil proclining the upper incisors. The patient wore the appliance for 
5 months. (d) Final extra-oral lateral view, showing Class I skeletal pattern as a result of the cor-
rection of the crossbite, which removed the anterior displacement of the mandible. (e) Final intra- 
oral view showing correction of the anterior crossbite, with an overbite present to maintain the 
correction. Future stability will depend on future mandibular growth

10 Class III Malocclusion



174

effect on the patient’s speech than a removable appliance, but patients may com-
plain of slightly more difficulty in chewing and biting initially with the fixed appli-
ance [3–6].

 Growth Modification and Orthopaedic Treatment

It has been suggested that it is possible to intercept a developing Class III skeletal maloc-
clusion by using growth modification, leading to orthopaedic treatment. This approach 
aims to correct the skeletal discrepancy or at least improve it sufficiently to allow treat-
ment with orthodontic camouflage in the future and avoid orthognathic surgery. This 
orthopaedic approach has been attempted using a variety of approaches, including func-
tional appliances, chin cup therapy, protraction facemask and bone- anchored appli-
ances. The evidence to support each of these approaches will be briefly discussed.

 Functional Appliances

Functional appliances have been used to try and modify the skeletal pattern by 
enhancing the growth of the maxilla and restricting or redirecting the growth of the 
mandible. Examples include Fränkel functional regulator III appliance (FR III) and 
reverse twin-block appliance.

The FR III (see Fig. 10.2) has maxillary vestibular shields in the depth of the 
sulcus. These shields are placed away from the maxilla to stretch the periosteum and 
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encourage anterior development of the maxilla. The lower part of the appliance 
attempts to restrict mandibular growth or redirect it posteriorly. Research would 
suggest that it can improve the occlusal relationships, but this is principally due to 
dentoalveolar changes, proclining upper incisors and retroclining the lowers inci-
sors [7]. The FR III can be challenging for patients to wear and subject to breakage, 
and as the changes are principally dentoalveolar, there may be simpler ways to cor-
rect the malocclusion by orthodontic camouflage.

The reverse twin-block (see Fig. 10.3) is a modification of the traditional twin- 
block, which was originally designed for treatment of Class II. In the reverse twin- 
block, the blocks are positioned so that there are posterior forces on the mandible 
and anterior forces on the maxilla. Once again the effects appear to be dentoalveo-
lar, rather than skeletal [8].

It would appear therefore that functional appliances can successfully correct a 
Class III malocclusion, but this is principally by dentoalveolar changes, with mini-
mal or no effects on the underlying skeletal pattern.

 Chin Cup

Chin cup therapy is orthopaedic treatment aimed at modifying the growth of the 
mandible. The patient is asked to wear the chin cup for over 14 h a day, with forces 
of 300–500 g directly through the condyle or just behind it. It would appear that it 

Fig. 10.2 Fränkel 
functional regulator III 
appliance (FR III)
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may redirect the mandible growth vertically, causing a backward rotation of the 
mandible [9], but often these changes are not maintained in the long term and the 
normal growth pattern re-establishes itself [10]. This is the principal appliance 
aimed at the correction of Class III malocclusions that are the result of prognathic 
mandible. However, as it seems to work by causing a backward rotation of the man-
dible, with disappointing long-term results, then patients who present in the mixed 
dentition with marked mandibular prognathism, particularly if associated with 
increased vertical proportions, are often best treated later with surgery, when their 
growth is complete.

 Protraction Facemask

Protraction facemask, sometimes referred to as reverse headgear, applies a forwards 
and downwards force to the maxilla and has been shown to be successful in correct-
ing reverse overjets in the developing dentition [11]. The appliance is composed of 
two components: an external framework that fits on the face and an internal attach-
ment to the maxillary dentition (see Fig. 10.4). The two components are connected 
by elastics providing forces of 300–500 g per side in a forward and slightly down-
ward vector. The external framework is made up of two pads (one that sits on the 
forehead and one that sits on the chin), which provide anchorage. There is also a 
middle bar for the connection of the elastics to the intra-oral attachment to the max-
illary dentition.

Fig. 10.3 Reverse 
twin-block
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Fig. 10.4 Protraction facemask case. (a) Age 8.5 years pretreatment facial view. (b) Age 8.5 years 
pretreatment intra-oral view. (c) Facial view of protraction facemask during treatment. (d) Intra- 
oral view during treatment of bonded RME with hooks for attachment of elastics. (e) Facial view 
at end of 6 months of treatment. (f) Intra-oral view after 6 months of treatment. (g) Age 11, facial 
view 2 years after treatment. (h) Age 11, intra-oral view 2 years after treatment

a

c

b

d

e
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There are various designs of attachment to the maxillary dentition, including 
removable, banded and acrylic-bonded versions. They all incorporate some sort of 
hooks positioned above the roots of the first deciduous molar (the centre of rotation 
of the maxilla), for attachments of the elastics. The elastic forces are typically 300–
500 g per side and need to be worn 12–14 h per day. The total treatment time is 
usually 6–9 months.

One controversial area is the use of rapid maxillary expansion (RME) used at 
the same time as the protraction facemask. Often patients with a Class III skeletal 
pattern have a small maxilla in the transverse dimension as well as the anteropos-
terior dimension, so this expansion is a helpful component to the treatment. It has 
been suggested that this may loosen the circummaxillary sutures and increase the 
forward movement of the maxilla, although the results of higher quality research 
seem to suggest that the effects of the RME are minimal [12]. This principle has 
been taken further by using a technique known as Alt-RAMEC (alternating rapid 
maxillary expansion and contraction) [13]. The Alt-RAMEC protocol describes 
alternative weeks of rapid maxillary expansion and constriction, to disarticulate 
the maxilla without over-expanding. Further high-quality research into RME 
with protraction facemask is required to determine if this is an appropriate 
approach.

In a randomised controlled clinical trial comparing protraction facemask with no 
treatment, it was shown that successful correction of the reverse overjet will happen 
in 70% of patients, with an average increase in overjet of 4 mm, and a significant 
skeletal change, principally due to forward movement of the maxilla. The ANB 
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angle (relating the maxilla to the mandible) improved 2.6° compared to the control 
at the end of treatment [14]. There were no detrimental effects on the TMJ. Although 
it was successful skeletally and dentally, there were no detectable psychosocial ben-
efits for the patients who wore the protraction facemask.

These patients were followed up 6 years later to see if the favourable changes 
were maintained towards the end of growth and in particular to assess whether the 
interceptive use of a facemask in the developing dentition can help to reduce the 
need for orthognathic surgery [15]. Of the patients that wore protraction facemask, 
36% needed orthognathic surgery at the age of 15, whereas 66% of patients in the 
control required orthognathic surgery. Encouragingly 68% of patients who wore the 
protraction facemask had a positive overjet after 6 years. Interestingly, the initial 
early protraction facemask treatment improvements in the skeletal parameters were 
not maintained at 6 years follow-up. The reduction in the need for surgery may be 
as a result of rotational changes in the maxilla and mandible. It may also be due to 
the accumulation of multiple effects on the occlusion and skeletal pattern, which on 
their own are insignificant, but collectively reduce the need for orthognathic 
surgery.

So it would appear that the use of protraction facemask in the developing denti-
tion will correct the Class III malocclusion and reduce the need for orthognathic 
surgery in the future in the following types of cases:

• Child under the age of 10
• Mild-moderate Class III
• Retrusive maxilla
• Average or reduced vertical proportions

While interceptive treatment of Class III malocclusions can be beneficial in these 
particular cases, it has been suggested that because the appliances used are tooth- 
borne, they may lead to less orthopaedic change and unwanted dental changes such 
as:

• Buccal flaring of molars and extrusion lead to increase in vertical dimensions.
• Arch length decrease due to mesial migration of molars leading to crowding.

In an attempt to overcome the limitations of tooth-borne appliances in the inter-
ceptive treatment of Class III malocclusions, bone-anchored appliances have more 
recently been used.

 Bone-Anchored Appliances

As well as trying to overcome some of the unwanted dentoalveolar effects of 
tooth- borne appliances discussed above, there may also be the potential for bone-
anchored appliances to offer greater skeletal changes [16]. These appliances 
typically involve the use of Class III elastics attached between plates placed in 
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Fig. 10.5 Case demonstrating the use of bone-anchored mini-plates with Class III elastics. 
(a) Start extra-oral lateral facial view. (b) Start extra-oral three-quarter facial view. (c) Intra-oral 
view of Class III elastics attached to mini-plates that were placed 2 weeks previously. (d) Four 
months into treatment extra-oral lateral facial view. (e) Four months into treatment extra-oral 
three-quarter facial view. (f) Four months into treatment showing intra-oral improvement in occlu-
sion. Use of full-time Class III elastics is ongoing

a

c

b

the mandibular symphyseal region and the infrazygomatic crest (see Fig. 10.5). 
The success of these mini-plates is related to the surgical technique and the 
thickness and quality of the bone. Particularly in the maxilla, the bone quality is 
often not as good until the patient is at least 11 years old, so this interceptive 
technique tends to be used in slightly older patients than the tooth-borne appli-
ances. The results of initial studies into this bone-anchored approach suggest that 
it has the potential to offer greater skeletal changes, with less unwanted displace-
ment of the dentition. However, there are unpredictable variations in individual 
outcomes, and further high-quality research is needed to investigate this tech-
nique further.
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 Conclusions

1. Interceptive treatment of Class III malocclusions may be undertaken if it pre-
vents damage to the oral tissues, and/or prevents, or significantly reduces the 
amount, or severity, of future orthodontic treatment.

2. The long-term success of interceptive treatment of Class III malocclusions 
cannot be guaranteed due to the unpredictability of future growth.

3. It is important to determine the aetiology of the Class III incisor relationship 
before deciding on any interceptive treatment. The aetiology could be dental, 
a pseudo-Class III (which is due to a displacement of the mandible caused by 
a crossbite) or skeletal.

4. Treatment is more likely to be successful if there is a definite overbite at the 
end of treatment to maintain the result, in the presence of an initial anterior 
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displacement of the mandible due to the crossbite and in patients who are 
more compliant and will wear the appliances as directed.

5. Simple anterior dental crossbites can be successfully treated with removable 
or fixed appliances in the mixed dentition.

6. Treatment with chin cup or functional appliances can correct a Class III inci-
sor relationship, but any orthopaedic changes are likely to be minimal with 
these appliances.

7. Interceptive treatment with a protraction facemask treatment can reduce the 
need for future orthognathic surgical correction, when used on patients who 
are under 10, with a mild to moderate Class III and a retrusive maxilla and 
with average or reduced vertical proportions.

8. Bone-anchored appliances may offer the potential for more skeletal changes, 
but further research is needed in this area.
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11Early Management of Posterior 
Crossbites

Jayne E. Harrison

Abstract
This chapter describes current evidence regarding early management of posterior 
crossbites. In order to understand the treatment of posterior crossbite definitions, 
aetiology, epidemiology and the implications of posterior crossbites will be sum-
marised. Current evidence suggests that there is a need for further long-term 
epidemiological studies to monitor the effects of a unilateral posterior crossbite 
(UPXB) and spontaneous correction rate as current evidence is conflicting. In 
addition, randomised controlled trials comparing competing interventions are 
justified. These should be methodologically sound, adequately powered and 
record outcomes that take into account participants’ views and experiences of the 
treatment. They should also report the proportion of cases whose UPXB is cor-
rected and in the follow-up period, remains stable until the permanent dentition 
is established. Based on current evidence, there is justification for the early orth-
odontic treatment of UPXB with mandibular shifts. There is some weak evidence 
that posterior crossbites with mandibular shifts are associated with temporoman-
dibular dysfunction and reduced bite force and that children and adolescents with 
UPXB show signs of some degree of mandibular asymmetry. Randomised con-
trolled trials suggest that treatment appears to be stable if undertaken in the 
mixed dentition. The appliance of choice appears to be the quad-helix appliance 
because the evidence suggests that treatment is quicker; they are more cost- 
effective and tolerated better than their alternatives, i.e. expansion plate or arch.
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 Definitions: Posterior Crossbite

Posterior crossbite is the term used to describe the occlusion when there is a dis-
crepancy between the transverse relationship of the maxillary and mandibular teeth. 
They can be uni- or bilateral.

Buccal crossbite
• Buccal cusps of the maxillary teeth occlude lingual to the buccal cups of the 

mandibular teeth (Fig. 11.1).

Lingual crossbite (scissor bite)
• Buccal cusps of the mandibular teeth occlude lingual to the palatal cups of the 

maxillary teeth.

 Aetiology

A posterior buccal crossbite can develop when the maxilla and/or maxillary dental 
arch width is narrower than the mandible and/or mandibular teeth. A posterior 
crossbite can occur unilaterally or bilaterally and  may develop or improve at any 
time from when the deciduous teeth erupt to when the permanent dentition becomes 
established [1–4].

It is unclear what causes posterior crossbites, but they may be due to skeletal, 
soft tissue, e.g. swallowing [5], dental or respiratory factors [6–10] or develop as the 
result of a sucking habit, e.g. digit or pacifier sucking [5, 9, 11–14], bottle-/breast-
feeding [15, 16] or swallowing pattern [5].

Fig. 11.1 Unilateral crossbite in the mixed dentition
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 Epidemiology

The prevalence of posterior buccal crossbites varies from 2.4 to 18% of children in 
the primary dentition [14, 17–21], 8.5–15.1% in the mixed dentition [17, 22, 23] 
and 5.1–17.8% in the early permanent dentition [17, 22, 24, 25].

The prevalence has been found to be higher in white populations compared with 
children of African or Asian ethnicity [22, 26, 27]. Whilst early studies suggest that 
most (50–90%) posterior crossbites in the mixed dentition persist when the perma-
nent teeth erupt and that only in a minority of children the malocclusion self- corrects 
[4, 28], a more recent, longitudinal study in Sweden found that 24/29 (82%) of 
posterior crossbites found in children at the age of 3 years had self-corrected by the 
age of 11.5 years [17].

 Implications

 Functional Crossbite and Temporomandibular Dysfunction

If the widths of the maxillary and mandibular dentitions are not coordinated, they 
will not fit into a normal occlusion. If the size of the discrepancy between the widths 
of the maxillary and mandibular dentition is such that a premature contact in 
retruded contact position (RCP) occurs, it often (80–97%) causes a displacement of 
the mandible when closing from RCP into intercuspal position (ICP) resulting in a 
functional posterior crossbite [4, 29]. Of all the different malocclusions, a posterior 
crossbite and the displacement on closing, with which it is often associated, have 
been found by many to increase the likelihood of an individual developing a variety 
of signs and symptoms related to the temporomandibular joint (TMJ), its associated 
muscles and the internal disc [30]. However, there is considerable debate about the 
causal association between a posterior crossbite and its negative impact on the mas-
ticatory system with as many authors not finding any association. Some studies have 
reported a correlation between posterior crossbite with a displacement on closing 
and TMJ dysfunction in adulthood. However, TMJ dysfunction has many causes; 
nevertheless, studies of adolescents and adults have shown that some people with a 
crossbite may have an increased risk of developing TMJ dysfunction (TMD) and 
show more signs and symptoms of these problems [31–35]. On the other hand, 
some more recent studies have been less conclusive regarding an association 
between posterior crossbites and TMD [30, 36–38].

In their recent systematic review, Iodice et al. [30] reviewed the evidence for the 
association between posterior crossbite, masticatory muscle pain and disc displace-
ment. They undertook a thorough search of the literature from 1966 to mid-2012 
that resulted in 2919 citations of which 43 studies met their inclusion criteria and 
were included in the review. They assessed the quality of the studies on a 10-point 
scale and then divided the scores into high (9,10), medium (6–8) and low (0–5). It 
can be seen from Table 11.1 that there were equal numbers of studies in which an 
association was found between posterior crossbite and the signs and symptoms of 
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temporomandibular dysfunction (TMD) and those that did not find an association. 
They noted that those papers in which an association was found had a slightly 
lower-quality score and were older than those where no association was found; 
however, the difference in quality was not statistically significantly different for any 
of the signs or symptoms of TMD, and the rating scale they used was an unvalidated 
assessment tool.

 Growth and Development

Young children with a posterior crossbite only occasionally experience pain or have 
problems with chewing; however, there is concern that the continued mandibular 
displacement on closing could potentially have long-term effects on the growth and 
development of the teeth and jaws leading to a facial asymmetry. Systematic 
reviews, to evaluate the association between unilateral posterior crossbite (UPXB) 
and skeletal, dental and soft tissue asymmetry, have been undertaken [40, 41] but 
they both found conflicting evidence.

Talapaneni and Nuvvula [40] found 15 relevant articles, but 4 were excluded due 
to high risk of bias leaving 11 studies for evaluation of which 6 were considered to 
be of low methodological quality [42–46], 2 of medium quality [47, 48] and 3 of 
high quality [49–51]. In Iodice et al. [41], the association of UPXB with skeletal 
asymmetry, EMG activity, bite force, masticatory muscle thickness and chewing 
cycle was investigated, and 45 studies were included which were assessed for their 
methodological quality using a scoring system they had developed previously [30]. 
They found that 4 studies were of high quality (score 9, 10), 39 medium quality 
(score 6–8) and 6 of low quality (score 0–5).

The evidence from the studies identified by Talapaneni and Nuvvula [40], for the 
association of a mandibular asymmetry with a UPXB with displacement, gave con-
flicting results. Whilst three studies in young children and adolescents demonstrated 
a significant association between UPXB and mandibular asymmetry [43, 48, 49], a 
further three could not find any association [45, 46, 50].

Table 11.1 Association of posterior crossbite with signs and symptoms of TMD

Association with TMD No association with TMD

All papers High- 
quality 

(>9) 
number

All papers High- 
quality 

(>9) 
number

Number
Mean 
score

95%CI Number
Mean 
score

95%CI

Disc 
displacement

15 5.5 6.6, 4.3 2 12 5.8 6.6, 5.0 1

Masticatory 
muscle pain

9 5.6 6.7, 4.4 0 10 5.8 7.0, 4.6 1

TMD 9 5.6 6.5, 4.6 0 11 5.7 7.3, 5.0 1
Total 33 2 33 3

Data from Iodice et al. [30]
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Similarly, there were four studies where an association between UPXB and con-
dylar asymmetry in the glenoid fossa was found [42, 43, 49, 51] and two that did not 
[45, 46]. In addition, they found three studies where an association between PUXB 
and mandibular positional asymmetry related to the cranial floor was found [48–
50]. On balance, they concluded that there was weak evidence to support the view 
that children and adolescents with UPXB show signs of some degree of mandibular 
asymmetry; however, they did not think that failure to correct a UPXB in childhood 
would necessarily result in an asymmetry later in life. It should be noted that five of 
the studies reported that participants had a positional asymmetry rather than a struc-
tural asymmetry.

Similarly, Iodice et al. [41] found 19 studies that investigated the association 
between UPXB and skeletal asymmetry. Of these, none were found to be of high 
quality (score 9, 10), 16 were of medium quality (score 6–8) and 3 of low quality 
(score <5). Again, the association between UPXB and asymmetry was split: 12 
studies of medium quality, with a mean score of 6.7 and mean time since publica-
tion of 7.1 years, found a significant association [43, 44, 46, 52–60], whereas 7 
studies, with a mean score of 6.2 and mean time since publication of 9 years, did not 
find an association [34, 45, 61–65].

On balance, there appear to be slightly more studies published that report an 
association between crossbite and mandibular asymmetry than finding no associa-
tion; however, this may be a reflection of publication bias. As the overall quality of 
these studies was medium, no definitive conclusions can be drawn about the asso-
ciation of mandibular asymmetry and posterior crossbite.

 Functional Changes in the Masticatory Muscles

It is thought that because spontaneous correction of a posterior crossbite is rare, the 
long-term effects of a functional displacement lead to changes in the masticatory 
muscles [39]. This can be seen as differences in the bite force [66] and/or muscular 
activity at rest, during swallowing and/or during chewing [49, 67] of children with 
a unilateral crossbite (UPXB). The functional changes in the masticatory system 
have been evaluated using electromyographic (EMG) activity [67] as well as 
patients’ bite force [68] and masticatory performance [69].

Andrade Ada et al. [39] and Iodice et al. [41] have undertaken systematic reviews 
assessing the relationship between posterior crossbite and functional changes 
including EMG activity, bite force and the chewing cycle. Andrade Ada et al. [39] 
assessed the methodological quality and analysed data from 8 of the 494 articles 
identified by their search strategy. They assessed the quality of the studies using a 
point scale derived from tools designed for assessment of randomised controlled 
trials [70, 71]. Of these studies, one was deemed to be of high quality [67], six of 
medium quality [49, 66, 68, 72–74] and one of low quality [75]. In Iodice et al. [41], 
45 studies from the 2184 identified by the search strategy were included. They 
assessed the quality of the studies using a tool developed previously [30].
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 EMG Activity
Andrade Ada et al. [39] reported on two studies that had assessed EMG activity, at 
rest and during swallowing, chewing or clenching to assess differences in muscular 
activity between children with a posterior crossbite and control groups [49, 67]. The 
results of the studies varied with no significant difference being found at rest or 
swallowing between children with a posterior crossbite and those with a normal 
occlusion. However, significant differences were seen during chewing and clench-
ing with more activity in the anterior temporalis muscle on the crossbite side but 
reduced activity in the masseter on the crossbite side. On the other hand, Iodice 
et al. [41] reported on 11 studies that had investigated the relationship between 
crossbite and EMG activity, all of which reported a significant association [39, 67, 
76–84]. It does appear, therefore, that children with a posterior crossbite have asym-
metric EMG activity; however, it must be remembered that this is not necessarily 
pathological.

 Bite Force
Bite force was assessed in six studies [52, 66, 68, 72, 73, 75] in which it was found 
that the maximum bite force was significant less and the number of occlusal con-
tacts significantly fewer in children with a UPXB compared with children with nor-
mal occlusions. However, the implications of this on daily life are unclear.

 Treatment

Most treatments for posterior crossbites (PXB) aim to widen the upper arch in order 
to remove any premature contacts and co-ordinate the archs to prevent functional 
displacement. Appliances have included the quad-helix appliance [85–89, 104], 
expansion arch [86], expansion plate [85, 87–90] and rapid maxillary expansion 
appliances, e.g. Hyrax [91–95, 95] and Haas [92, 94, 96, 96], whilst other treat-
ments have been directed towards treating the cause of the posterior crossbite. For 
example, for patients with breathing problems, an adenoidectomy may be advo-
cated, and for those with sucking habits, habit breakers can be considered [11]. In 
addition, removal of any occlusal interferences, causing a premature contact and 
mandibular shift, has been advocated, e.g. by grinding [4, 97] or addition of onlays 
[87]. Most treatments have been used at each stage of dental development; however, 
cooperation in the younger patients may be a problem, so treatment in the late mixed 
to early permanent dentition may be preferable.

The treatment of posterior crossbites has been the subject of several recent sys-
tematic reviews [98–101]. Zuccati et al. [101] and Agostino et al. [98] only included 
treatments that had been assessed in randomised controlled trials (RCTs), whereas 
Zhou et al. [100] included non-randomised clinical trials, and Petrén et al. [99] 
included prospective and retrospective studies with concurrent untreated controls or 
normal sample controls and controlled clinical trials comparing at least two treat-
ment strategies as well as RCTs. Although, between them, they identified several 

J.E. Harrison



191

studies, most of the studies had serious problems including lack of power due to 
small sample size, bias and methodological weaknesses including lack of blinding 
and inadequate randomisation. Nevertheless, Zhou et al. [100] and Agostino et al. 
[98] concluded that the quad-helix appliance might be more successful than remov-
able expansion plates at correcting posterior crossbites and expanding the inter- 
molar width for children in the early mixed dentition (aged 8–10 years), noting that 
the expansion plate failed in about a third of patients. In their review, Zhou et al. 
[100] concluded that slow maxillary expansion was more effective at expansion 
than rapid maxillary expansion, but Petren et al. [99] thought that there was insuf-
ficient evidence available at the time to make any firm recommendations. Details of 
studies included in these systematic reviews are listed in Table 11.2.

 Expansion Appliances

Maxillary expansion can be achieved using fixed or removable appliances, and the 
rate of expansion can be slow or rapid. Slow expansion occurs at a rate of approxi-
mately 0.5 mm/week, whereas rapid expansion takes place at 0.5 mm/day. It appears 
that once the crossbite has been corrected, the transverse relationship will be main-
tained [88].

 Fixed Appliances

Quad-Helix (Fig. 11.2)
This is fixed to the first permanent molars using molar bands that are connected by 
a framework of 0.9 mm stainless steel wire that includes four helices—two anterior 
(level with the first deciduous molars/premolars) and two posterior (distal to the first 
permanent molars) [102]. The helices are positioned at either end of the medial 
arms of the framework which are continuous across the anterior bridge. The lateral 
arms extend from the molar band to the first premolar or canine as required. The 
framework can be soldered to the molar bands (Fig. 11.2a) or inserted into a sleeve 
on the palatal surface of the bands (Fig. 11.2b). The quad-helix can be activated to 
expand equally or differentially depending on the amount of activation placed in the 
anterior and posterior helices. It is usually activated by half a tooth’s width bilater-
ally to give slow expansion.

Expansion Arch: Slow Expansion
An expansion arch is made from 1.135 mm (0.045″) round stainless steel wire that 
is bent and coordinated to the shape of the patient’s dental arch and expanded and 
then inserted into the extra-oral traction tubes on the first molar bands [86]. It is held 
away from the brackets of the fixed appliance by means of small offset bends mesial 
to the buccal tubes. Anterior support to the expansion arch can be provided by stain-
less steel ligatures to the central incisor brackets and/or distal to the canine brackets. 
It can be activated by 5 mm bilaterally to give slow expansion.

11 Early Management of Posterior Crossbites
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Haas
This is a tooth-tissue-borne expansion appliance that is fixed to the first permanent 
molars and first premolars using bands and includes a midline expansion screw. The 
expansion screw is connected to the bands via a framework of 0.9 mm stainless steel 
wire that is soldered to the bands and embedded in acrylic plates lying on the palate. 
The expansion screw can be activated at different rates to give slow (0.5 mm/week) 
or fast (0.5 mm/day) expansion.

HYRAX
This is a tooth-borne expansion appliance that is fixed to the first permanent molars 
and first premolars using bands and includes a midline expansion screw. The expan-
sion screw is connected to the bands via a framework of 0.9 mm stainless steel wire. 
The framework is soldered to the bands laterally and medially; it is inserted into 
mesial and distal tubes in the expansion screw. The expansion screw can be acti-
vated at different rates to give slow (0.5 mm/week) or fast (0.5 mm/day) expansion 
(Fig. 11.3).

Bonded Acrylic Splint
This expansion appliance has acrylic occlusal coverage of the teeth in the buccal 
segments in the form of ‘bite blocks’ that are connected to a midline expansion 
screw via a metal framework of 0.9 mm stainless steel and/or acrylic plates covering 
the palate. The acrylic ‘bite blocks’ free up the occlusion by removing cuspal inter-
ferences and are cemented or bonded to the teeth. It can be tooth borne or tooth- 
tissue borne depending on the extent of the palatal coverage by the acrylic. The 
expansion screw can be activated at different rates to give slow (0.5 mm/week) or 
fast (0.5 mm/day) expansion.

Minne Expander
This is similar to a tooth acrylic expander but used a spring-loaded screw (Minne 
expander). The appliance is fixed using bands on the first permanent molars and 
first premolars that are joined by buccal and palatal connectors to which the 
screw is soldered. Turning a nut that compresses the spring activates the 
appliance.

 Removable Appliances

Upper Removable Appliance
This appliance is retained using Adam’s clasps on the first permanent molars and 
first premolars or deciduous molars. These are connected by a full palatal coverage, 
split baseplate of acrylic within which a midline expansion screw is embedded. The 
expansion screw can be activated to give slow (0.5 mm/week) expansion.
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 Implications for Research

In view of the current evidence, I think there is a need for further:

• Long-term epidemiological studies to monitor the effects of a unilateral posterior 
crossbite (UPXB) and the spontaneous correction rate as the evidence is 
conflicting

• Randomised controlled trials comparing competing interventions that:
 – Are methodologically sound
 – Are adequately powered
 – Record outcomes that take into account the participants’ views and experience 

of the treatment
 – Report the proportion of cases whose UPXB was corrected and, in the follow-

 up period, remained stable
 – Follow up the children until their permanent dentition is established

a b

Fig. 11.2 (a) Fixed quad-helix. (b) Removable quad-helix

Fig. 11.3 Hyrax-type 
RME

J.E. Harrison
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 Implications for Clinical Practice

Based on the current evidence:

• I think that early orthodontic treatment of unilateral posterior crossbites with 
mandibular shifts is advised because:
 – There is some weak evidence that posterior crossbites, with mandibular shifts, 

are associated with temporomandibular dysfunction and reduced bite force 
and that children and adolescents with UPXB show signs of some degree of 
mandibular asymmetry.

 – Treatment appears to be stable if undertaken in the mixed dentition.
• I would advocate the use of a quad-helix appliance as the evidence suggests that 

treatment is quicker; they are more cost-effective and tolerated better than their 
alternatives, i.e. expansion plate or arch.

 Posterior Crossbite Treatment Sieve

Posterior Crossbite 

Unilateral  

No displacement  

Often skeletal aetiology
 eg. Mandibular

asymmetry
Correct surgically  

 
 

Displacement  
Ortho Rx

QH or expansion arch
(Expansion Plate)  

 

Bilateral  

No displacement  
Often skeletal

Transverse ± AP
Ortho (RME) ±  Surgery  

Displacement  Rare 
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