




First published as Gebitsontwikkeling bij de mens, in Dutch in 2010 by Bohn
Stafleu van Loghum in Houten, The Netherlands.

© 2013 Quintessence Publishing Co, Inc
Quintessence Publishing Co Inc

4350 Chandler Drive
Hanover Park, IL 60133
www.quintpub.com

All rights reserved. This book or any part thereof may not be reproduced, stored in
a retrieval system, or transmitted in any form or by any means, electronic, mechanical,
photocopying, or otherwise, without prior written permission of the publisher.

Editor: Bryn Grisham
Design/Production: Angelina Sanchez

eBook ISBN 978-0-86715-524-2

http://www.quintpub.com


Table of Contents
List of Video Clips
About the Author
Preface
Acknowledgments
Author’s Note on Terminology

1 Formation of Teeth
2 Jaw Growth During Formation and Eruption of Deciduous Teeth
3 The First Transitional Period: Transition of Incisors and Emergence of First Permanent

Molars
4 Intertransitional Period
5 The Second Transitional Period: Transition of Canines and Deciduous Molars/Premolars

and Emergence of Second Permanent Molars
6 Changes in the Molar Region
7 The Adult Dentition
8 General Aspects of the Development of the Dentition
9 Growth and Development of the Facial Complex: Interactions Among the Dentition,

Skeleton, and Function
10 Abnormalities of the Dental Arches
11 Class II, Division 1 Malocclusions
12 Class II, Division 2 Malocclusions
13 Class III Malocclusions
14 Open Bites and Nonocclusions
15 Asymmetries, Transverse Deviations, and Forced Bites
16 Premature Loss of Deciduous Teeth
17 Statistical Data



List of Video Clips
Clip
Title
Duration (min:sec)
1
Tooth Development
3:53
2
Formation of Mandibular Molar Crown
0:58
3
Formation of Mandibular Incisor
0:19
4
Formation of Mandibular Canine
0:19
5
Formation of Mandibular Molar
0:24
6
Formation of Mandibular Incisor, Canine and Molar
0:22
7
Eruption and Transition of Central Incisors with Surrounding Soft Tissues
0:20
8
Transition of Mandibular Incisors with Moderate Space
0:19
9
Transition of Maxillary Incisors with Moderate Space
0:12
10
Transition of Mandibular and Maxillary Incisors with Moderate Space
0:20
11
Transition of Mandibular Incisors with Excess of Space



0:21
12
Transition of Maxillary Incisors with Excess of Space
0:18
13
Transition of Mandibular Incisors with Shortage of Space
0:20
14
Transition of Maxillary Incisors with Shortage of Space
0:21
15
Changes of Maxillary Permanent Incisors After Extraction of Deciduous Canines in

Anterior Crowding
0:30
16
Transition of Canines and Premolars with Excess of Space
0:15
17
Transition of Canines and Premolars with Moderate Space
0:16
18
Transition of Canines and Premolars with Shortage of Space
0:17
19
Eruption of Second Permanent Molars
0:15
20
Eruption of Third Permanent Molars
0:18
21
Movements of First Permanent Molars
0:20
22
Rail Mechanism
0:17
23
Resorption of Deciduous Molar Associated with Eruption of Premolar



0:14
24
Eruption Rate and Reduction of Eruption by Force Application
1:43
25
Rotating Overview of Developing Dentition
1:39
26
Cone-Funnel Mechanism
0:49
27
Normal Tooth Mobility
0:19
28
Excessive Tooth Mobility Caused by Periodontal Breakdown
0:17
29
Radiographic Movie of Swallowing
0:13
30
Eruption and Transition of Central Incisors in Severe Class II/1 with Anterior Soft

Tissues and Lip-interposition
0:21
31
Lateral View of Development of Severe Class II/1 Malocclusion
0:51
32
Various Stages Between Normal Occlusion and Severe Class II/1 Malocclusion
0:15
33
Tipping of Central Incisors with Anterior Soft Tissues
0:15
34
Over-eruption and Tipping of Central Incisors in Class II/2
0:15
35
Frontal View of Development of Class II/2 Type A



0:19
36
Lateral View of Development of Class II/2 Type B
0:48
37
Frontal View of Development of Class II/2 Type B
0:19
38
Lateral View of Tipping of Incisors in Class II/2 Type B
0:17
39
Lateral View of Development of Class I Malocclusion with Symptoms of Class II/2

Type A
0:57
40
Lateral View of Development of Class II/2 Type C
0:52
41
Eruption and Transition of Central Incisors in Class III with Anterior Soft Tissues
0:20
42
Lateral View of Development of Severe Class III Malocclusion
0:34
43
Lateral View of Development of Mild Class III Malocclusion
0:34
44
Various Stages Between Mild and Severe Class III Malocclusions
0:21
45
Over-eruption and Tipping of Central Incisors in Class III
0:14
46
Anterior Forced Bite in Mild Class III Malocclusion
0:17
47
Assessing Maximal Distal Movement in Anterior Forced Bite



0:22
48
Diagnosing Anterior Forced Bite Component in Mild Class III Malocclusion
0:14
49
Assessing Tongue Position at Rest
1:00
50
Space Creation by Erupting Mandibular Second Premolar
0:16
 
 
 
 
Information on the Source of the Video Clips
 



Dr Frans P.G.M. van der Linden

About the Author
Dr Frans P.G.M. van der Linden received his dental and orthodontic education at

the University of Groningen, the Netherlands. In addition he studied orthodontics at
the University of Vienna, Austria, and the University of Washington, in Seattle,
Washington. From 1962 until 1995 he held the position of Professor and Chairman of
Orthodontics at the Radboud University Nijmegen, the Netherlands. In 1969-1970 he
served as the Netherlands Visiting Professor at The University of Michigan, in Ann
Arbor, Michigan. In 1975 he became the first European to be certified by the American
Board of Orthodontics.

Dr Van der Linden has a strong interest in education. He received a grant from the
European Union to develop the curriculum with the chairpersons from 15 countries for
a 3-year full-time postgraduate course in orthodontics; in 1992, this so-called Erasmus
Programme became the international standard in the education of specialists in
orthodontics.

Dr Van der Linden is particularly interested in incorporating basic and clinical
research results in the theory and practice of orthodontics. He is an internationally



recognized lecturer and has published more than 180 papers and a number of books.
His main contribution is a series of six textbooks on orthodontics and dentofacial
orthopedics. In addition, a practice-oriented book, Orthodontic Concepts and
Strategies, appeared in 2004. Furthermore, Dr Van der Linden has been Editor-in-Chief
and main author of the Dynamics of Orthodontics, an international multimedia project
that presents the basic aspects of the field of orthodontics in six languages.

Dr Van der Linden’s long-lasting activities in research and teaching have been
widely recognized, even outside the fields of dentistry and orthodontics. He is the first
dentist to be elected, in 1992, to the Royal Netherlands Academy of Arts and Sciences,
founded in1808 and consisting of 220 prominent scientists from all fields of arts and
sciences. Moreover, in 1993 he received the Professor Lammers Prize from the Faculty
of Medical Sciences at the Radboud University Nijmegen for his outstanding
contributions in education and teaching. In addition, he received the 1998 Louis Ada
Jarabak Memorial International Orthodontic Teachers and Research Award from the
American Association of Orthodontists Foundation.



Preface
Learning about the development of the dentition is an essential part of the

education of dentists, orthodontists, pedodontists, and dental hygienists, nurses, and
assistants. To be able to determine if development is deviant, one has to be familiar
with the variations that lead to an optimal result. Indeed, normal development must be
learned before deviations can be understood.

In a dental practice, one is often confronted with the complex aspects of the
development of the dentition. These aspects are easier to understand when insight is
gained into how certain processes work and why. Such an insight facilitates
comprehension of the large diversity typically found in the development of the
dentition. In addition, knowledge of interactions between the growth of the face and
functions of the orofacial region is essential for understanding the development of the
dentition.

This book deals with tooth formation, development of the deciduous dentition, the
transition, the changeover to the permanent dentition, and the aging of the dentition.
Much emphasis is paid to the relationship and reciprocal influence of the development
of the dentition with the growth of the face and with functional factors. Subsequently,
the development of orthodontic malocclusions is presented, followed by the effects of
untimely loss of deciduous teeth.

For the composition of this book, the work Development of the Dentition—
published in 1979 in Dutch, in 1983 in English, and subsequently in other languages—
served as a model. The information that has become available since its publication is
incorporated in this volume. However, new information in this field is scarce. For the
last few decades, growth studies involving invasive methods such as radiographs are
not allowed. At the same time, analysis of the development of the dentition on skulls
has diminished as the export of skeletal material from the Asian countries that
previously provided it has been banned. Nevertheless, the picture of the normal and
deviating development of the dentition has become quite clear and rather complete.
Furthermore, the development of the dentition has not changed over the years and will
not do so in the future.

The need for a new edition arose partly from the desire to update the presentation
of the information. Two-dimensional illustrations do not adequately represent the
spatial conditions or the relationships among the permanent teeth and their
predecessors. Furthermore, the relationship between the size of the teeth and the
dimension of the surrounding bony structures is not clear, nor are the differences
between the maxilla and mandible. To facilitate three-dimensional understanding, digital



illustrations have been included, derived from the six-DVD series Dynamics of
Orthodontics, which was produced by Quintessence under chief editorship of the
author. Also derived from this DVD series, 50 animated video clips have been
incorporated into this ebook, to illustrate the development of the dentition. In addition
to many line drawings, a large number of photographs of skeletal material are
incorporated from the volume Development of the Human Dentition: An Atlas (Harper
& Row, 1976), co-authored by the author and Herman S. Duterloo.
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Author’s Note on Terminology
There is large variation in the way teeth are defined. Many authors do not

systematically use the same sequence in specifying teeth. In addition, some make use
of popular scientific, nonvaluable terms, such as upper instead of maxillary. The terms
upper and lower should only be used for indicating lips, not teeth. Teeth are placed in
a jaw, and thus, the jaw should be specified first. The second differentiation regards the
s ide, left or right. Third comes the number of the tooth. Finally, deciduous and
permanent should be directly connected with the tooth involved.

So, teeth should be indicated in a standard way that follows a systematic sequence
of relevance:

1. Jaw: Maxillary/mandibular
2. Side: Left/right
3. Tooth number: First/second or central/lateral
4. Deciduous/permanent
5. Tooth

Indeed, preference is given to using the correct anatomical descriptions. Therefore,
not upper o r lower, but maxillary and mandibular. Not cuspid but canine (cuspid is
also used for having a cusp). Not bicuspid but premolar (some premolars have 3
cusps). Not wisdom tooth, but third molar. Not primary but deciduous (there are no
secondary teeth). Deciduous or permanent should be placed directly in front of the
tooth type because that belongs together and is the most essential specification.

Some examples of the correct tooth terminology used in this book include, maxillary
right central permanent incisor, mandibular left deciduous canine, maxillary right
second deciduous molar, and mandibular left first permanent molar.



CHAPTER 1
Formation of Teeth
Initial Stages of Formation

Teeth arise from the interaction of two germ layers, the ectoderm and the mesoderm.
The ectodermal tissue provides the enamel, the mesodermal tissue the dentin.

The first local changes leading to the formation of teeth occur in the 6th week after
conception. At that time, the oral cavity is formed and covered with a two-layer
epithelium with still-undifferentiated mesenchyme underneath. Between the two layers
lies the basal membrane, which facilitates the communication between the two types of
tissue.

At the location of the future dental arches, the epithelium thickens, and the dental
lamina develops. At every location where a tooth has to appear, the ectoderm of the
dental lamina bulges into the mesenchyme. The initial shape of the crown is formed by
local differences in mitotic activity (differential proliferation) of the epithelium and
mesenchymal tissue. The basal membrane is situated at the future enamel-dentin
border. The mesenchymal cells at the inner side of the basal membrane differentiate into
odontoblasts; the epithelial cells on the outer side differentiate into ameloblasts. These
cells deposit dentin and enamel on the basal membrane and form the crown.
Subsequently, the odontoblasts build up the dentin of the root. At the external side of
the root, cementum is deposited by cementoblasts, which are differentiated from
mesenchymal cells (Fig 1-1).



Fig 1-1 The formation of a deciduous incisor. (a) In the 6th week after conception,
the oral epithelium thickens by differential proliferation at the location where the dental
arches will arise. The dental lamina is formed. (b) At every location where a tooth has
to be formed, the ectodermal tissue bulges into the mesenchymal tissue of the dental
lamina, resulting in a tooth bud. (c) Extended growth of the epithelium of the tooth bud
by differential proliferation results in a cap. (d) The cap will partially enclose a cell-
dense mass of mesenchymal cells. (e) At the inner lining of the epithelial cap, the cells
become cylindrically shaped. These are the preameloblasts, the precursors of the cells
that later will deposit enamel onto the basal membrane. (f) The external surface of the
cap continues to consist of cuboidal cells. Within the cap tissue, the stellate reticulum,
a loose structure of mesenchymal cells, is formed. The cells at the periphery of the cell-
dense mesenchymal mass become arranged along the basal membrane and differentiate
into preodontoblasts. These are the precursors of the cells that will deposit dentin at
the basal membrane.



Fig 1-1 (cont) (g) The remaining part of the dental papilla differentiates into the
pulp. The mesenchymal cells around the cap form the dental follicle, which later will
lead to the formation of the periodontal ligament. (h and i) The total structure has
attained a bell form. (j and k) A separate cell layer, the stratum intermedium, arises
between the preameloblasts and the stellate reticulum. (l) At the edge of the cap, where
the external layer becomes the inner lining, a cervical loop is formed. (m) Prior to the
deposition of enamel and dentin, the basal membrane together with the preameloblast
and preodontoblast layers have attained the form of the future crown. (n) Then the



crown stage starts.

Fig 1-1 (cont) (o and p) The preodontoblasts differentiate into odontoblasts that
deposit the first dentin at the basal membrane. (q) Shortly thereafter, the
preameloblasts differentiate into ameloblasts and begin to deposit enamel at the already
formed dentin. The dentin is deposited in the direction of the basal membrane. During
that process, the odontoblasts migrate in the direction of the pulp, leaving
odontoblastic processes behind in the dentinal tubules. The ameloblasts deposit
enamel also in the direction of the basal membrane but do not leave processes behind.
(r) The enamel deposition continues until the crown is completely formed. (s) After the
crown is finished, root formation starts. The tissue of the cervical loop proliferates
further in an apical direction and forms the epithelial stocking that is called the Hertwig
root sheath. (t) Pulpal cells become arranged at the inner side of the Hertwig root
sheath and differentiate into preodontoblasts and subsequently into odontoblasts,
which will deposit the dentin of the root. With the outgrowth of the Hertwig root
sheath, gaps appear in its cervical part. Mesenchymal cells of the tooth follicle migrate
through these openings to the root surface. Thereafter they differentiate into



precement-oblasts and further into cementoblasts, which deposit cementum against the
dentin of the root. See video clip 1. (Printed from Van der Linden et al with permission.)

Clip 1: Tooth Development

Morphogenesis of Teeth
The morphogenesis of incisors, canines, and molars is essentially the same. Only

the timing and form vary.2
Forming molars gradually increase in size by interstitial growth of the inner enamel

epithelium. Mineralization starts at one future cusp tip (Fig 1-2). In a genetically
determined sequence, ameloblasts and odontoblasts differentiate at other future cusp
tips, followed by mineralization. Areas that are not yet mineralized can still increase in
size. After the mineralizing fields have become connected (ie, coalescence), the
distance between the cusp tips involved cannot increase further. Enamel deposition
continues in the valleys between the cusp tips and at the circumference of the crown.
After the entire circumference of the occlusal part of the crown is mineralized, only
deposition of enamel at the circumference of the crown contributes to the increase in
the mesiodistal and buccolingual dimensions (Figs 1-3 and 1-4).

Fig 1-2 Development of the mandibular left first deciduous molar, subdivided in
morphodifferential stages. From the first macroscopic indication of the formation of the
molar, growth and morphodifferentiation occur (stage I). Mineralization at the first point
starts at stage V, at the second point at stage X. Between stages V and X, the size of



the future tooth crown increases substantially. The distances between the cusp tips
continue to enlarge. From stage IX onward, individual differences in
morphodifferentiation occur, resulting in variations in the morphology of the completed
crowns. (Reprinted from Kraus and Jordan2 with permission.)



Fig 1-3 Changes in the morphology and the start and extension of the
mineralization of a mandibular left second deciduous molar. All stages are presented at
the same size, which obscures increases in dimensions (although they are comparable
with those of the first deciduous molar in Fig 1-2). Mineralization of the second
deciduous molar starts at stage X. In comparison with the first deciduous molar,
morphodifferentiation has progressed considerably prior to the formation of predentin
and enamel. At stage XV, the first coalescence takes place. At stage XVI, the mesial
marginal ridge is established. At stage XVII, the distances between the distolingual,
mesiolingual, and distobuccal cusp tips can still increase. At stage XVIII, the
coalescence has progressed to the extent that the distances between the cusp tips
cannot enlarge anymore. At stage XIX, the coalescence is established around the
entire circumference of the occlusal part of the crown. At stage XX, the occlusal
surface is fully mineralized. After stage XVIII, the circumference of the crown can
increase only by apposition of enamel at its circumference. d, distal; bucc, buccal; occl,
occlusal; ling, lingual; m, mesial. (Reprinted from Kraus and Jordan2 with permission.)



Fig 1-4 Formation of a mandibular first permanent molar observed from different
directions . (a and b) Mineralization starts at the mesiobuccal cusp, followed
successively by the other cusps. In the meantime, the slopes between the cusps
become less steep. (c and d) Enamel is also deposited at the circumference of the
crown, resulting in a slight increase in the mesiodistal and buccolingual dimensions.
See video clip 2. (Printed from Van der Linden et al3 with permission.)

Clip 2: Formation of Mandibular Molar Crown
The mineralization of incisors starts almost simultaneously at three locations and

spreads horizontally. The mineralization of molars starts at the future cusp tips, one
after the other with some time in between, and spreads under a sharp angle with the
occlusal surface. Consequently, compared with molars, incisors establish more of their
mesiodistal crown dimension at a relatively early stage. Subsequently, they only
become wider by approximal enamel deposition.

Mineralization of canines starts at a single point. Their morphodifferentiation and
mineralization lag behind that of the incisors and molars. The mineralization of canines
spreads under an angle of about 45 degrees with the long axis of the future tooth. The
increase in mesiodistal crown width occurs more slowly in canines than in incisors. Due
to the differences in crown formation, the mesial and distal demarcations of deciduous
molars and canines are reached at about the same time, week 28 after conception; in
incisors, this occurs in week 20 (Fig 1-5).



Fig 1-5 Formation of three permanent teeth. (a and b) The mineralization of an
incisor (1) starts at the middle of the incisal edge and shortly thereafter at two other
locations more to the distal and mesial (the future mamelons). (c and d) The
mineralization spreads parallel with the incisor edge, soon resulting in coalescence. (e
and f) In that way, a substantial part of the mesiodistal crown dimension is realized
early. (g and h) After the crown is completed, the root is formed. (a and b) The
mineralization of a canine (2) starts at one point and spreads under an oblique angle. (c
and d) A large part of its mesiodistal crown dimension is realized early. (e and f) A
canine reaches the stage at which the width increase becomes limited to approximal
enamel deposition later than an incisor does. The root formation starts. (g and h) The
pulp cavity becomes smaller by dentin deposition at the pulp chamber and the inner
surface of the root. (a and b) The mineralization of a molar (3) starts at the mesiobuccal
cusp and some time later at the other cusps. (c and d) The occlusal dimension of the
crown increases until overall coalescence is attained. (e and f) The slopes between the
cusps become flattened by enamel deposition. The circumference of the crown
increases somewhat. (g and h) In multirooted teeth, the bi- or trifurcation appears. See
video clips 3 to 6. (Printed from Van der Linden et al3 with permission.)

Clip 3: Formation of Mandibular Incisor
Clip 4: Formation of Mandibular Canine



Clip 5: Formation of Mandibular Molar
Clip 6: Formation of Mandibular Incisor, Canine and Molar

The increases in mesiodistal crown dimensions of a maxillary central incisor,
maxillary canine, and mandibular first molar of the deciduous dentition are illustrated
and compared numerically in Fig 1-6. Development of the incisor is clearly ahead of that
of the two other teeth.



Fig 1-6 Comparison of the enlargement of three deciduous teeth expressed in
millimeters and percentages of the final width. The mineralization of the maxillary incisor
starts in the 16th week after conception and is somewhat earlier than that in the
mandibular first molar. The mesiodistal dimension of the incisor tooth bud is at that
time 3.5 mm, which is 54% of its ultimate size. The corresponding values for the molar
are 2.8 mm and 34.5%. In week 20, the formation of the incisor has proceeded to the
extent that increase in crown width can only be realized by approximal enamel
deposition. The canine starts to mineralize in week 20. Regarding the mesiodistal
dimensions, the values reached in week 20 for the incisor, canine, and molar,
respectively, are 4.5 mm and 69%, 2.6 mm and 42%, and 4.3 mm and 53%. In week 24, the
mineralization starts in the molar at the second point. In week 28, the first coalescence
is attained, and the canine has extended to the mesial and distal sides. From that
moment on, increase of its crown width is realized only by approximal enamel
deposition. PC, postconception; D, distal; M, mesial; IC, initial calcification; C,



coalescence. (Data from Kraus and Jordan2 and Van der Linden et al.4)
The mineralization of the mandibular deciduous teeth in five specimens at

increasing developmental stages is presented in Fig 1-7. This figure also shows the
relative sizes of the forming teeth within one specimen.



Fig 1-7 Mineralization of mandibular deciduous teeth. This illustration is based on
five specimens at successive levels of development. The central incisor (i1) is the first
tooth that starts to mineralize, followed by the mesiobuccal cusp of the first molar (m1).
Subsequently, mineralization begins in the lateral incisor (i2), the canine (c), and the
second molar (m2). All five teeth are mineralizing prior to the appearance of the second
mineralization point in the first molar. The differences in size of the tooth buds in the
separate series go back to the differential increase of dimensions in the five teeth. In
assessing the five series, one must realize that differences in the ultimate size of
corresponding teeth would have come about if their development had not stopped.
These differences are not related to the level of development but based on the fact that
some children have larger teeth than others. (Reprinted from Kraus and Jordan2 with
permission.)

Basic Properties of Teeth
Teeth have some typical properties. They are composed of the hardest tissues of

the body. That applies particularly to the enamel. In comparison with other tissues,
enamel and dentin are formed very slowly. For example, the mineralization of the first
permanent molar starts before birth. When it emerges at 6 years of age, its root is not



yet completely formed.
Deciduous teeth are formed more quickly than permanent teeth. The first deciduous

tooth emerges at 6 months of age, the first permanent one at 6 years. A deciduous
incisor has only slightly more than 1 year for its formation, while a permanent incisor
has almost 7 years (see chapter 17 for details).

In accordance with the differences in time of their formation, deciduous ands
permanent teeth differ in composition and particularly in the density of enamel. The
mineralization level of deciduous teeth is lower than that of permanent ones.5 They
have a whiter color (hence the name milk teeth), while permanent teeth have darker and
yellower crowns. Because of the lower mineralization level, deciduous crowns are more
susceptible to wear than are permanent ones. Deciduous molars lose their sharp cusp
tips early.

In contrast to other tissues of the body, teeth cannot repair naturally. The parts of
enamel and dentin lost by trauma or decay cannot be replaced. Enamel no longer can be
deposited after the crown is completely formed. However, secondary dentin formation
can continue on the pulpal side.

Tooth Positions During Development
Insight into the differences in the development of incisors, canines, and molars and

of the deciduous and permanent teeth is essential for the understanding of the complex
process of the development of the dentition. It is otherwise difficult to comprehend that
deciduous and permanent incisors are formed in overlapping positions and that
deciduous molars are formed one behind the other, without spatial limitations. On the
other hand, second and third permanent molars are formed in a region where not
enough space exists prior to the completion of jaw growth for them to be arranged one
behind the other; therefore, they overlap.
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CHAPTER 2
Jaw Growth During Formation and

Eruption of Deciduous Teeth
Growth of the Body

The form and proportions of the body of a newborn are attuned to the functioning
of the systems that are of vital importance. The head, with the neurocranium housing
the central nervous system, and the trunk, containing the cardiovascular system and
the respiratory and digestive tracts, dominate the other parts of the body. The arms and
legs are small; the neck is short. The child grows and learns quickly during the first
years of life. The brain operates as that of a scientist and absorbs and digests a
tremendous amount of information.1 The body develops further so it can function on a
broader scale. The child learns to walk and speak and acquires many other skills. In the
meantime, body proportions alter, which continues at a decreasing rate until adulthood
is reached.

In general, the body grows gradually. There is extensive growth during the first
years and a growth spurt during the juvenile and adolescent years (Fig 2-1). During
puberty, the physical and mental development occurs more in spurts than evenly.
Successively, various parts of the body experience a growth spurt, starting with the
extremities, with the separate parts of the extremities also experiencing individual
growth spurts. For example, the sequence of the short periods of rapid growth for the
leg is: the foot, then the lower leg, and finally the upper leg. After the fast growth of the
extremities, the hip and chest width increase rapidly, followed by the shoulder width
(boys) and finally the rump length and chest depth.3,4 Last, the mandible experiences a
growth spurt, in boys more than in girls.5,6



Fig 2-1 Alterations in body proportions and in velocity of growth from the 5th
month postconception (pc) until adulthood. (a and b) The head of the newborn
constitutes about one-quarter of the total body length, the trunk almost half of it.
These values are, respectively, at 6 years 16% and 42%, at 12 years 14% and 40%, and
in the adult 12% and 33%.2 (c) The increase in the total body length (stature) shows
rapid growth in the first year, somewhat less in the second year, and an acceleration
during adolescence. (d) Boys have a later-occurring adolescent growth spurt and a
larger and longer-lasting one than girls.3

Growth of the Head
Alterations in proportions occur in the head also. In the newborn, the

splanchnocranium comprises only a small part of the total head, while the
neurocranium, more than any other part of the body, has already realized a substantial
portion of its ultimate size. In the first years, the neurocranium grows considerably, and
at 6 years of age 90% of the ultimate size is reached. The proportion between the sizes
of neuro- and splanchnocranium starts to alter shortly after birth. The
splanchnocranium exceeds the neurocranium in growth (Fig 2-2). In the neonatus, the
parts of the head that contain the brain and eyes are larger in relation to the structures
situated inferior to them than they are at a later stage (Fig 2-3). In a 7-month-old fetus,
the neurocranium and eye sockets have attained more of their adult dimensions than
the maxilla and mandible. The piriform aperture is still situated mainly between the eyes
and the nasal floor that is close to the inferior border of the eye sockets. The



morphology of the maxilla and mandible is determined greatly by the tooth buds (Figs
2-4 and 2-5).

Fig 2-2 Proportional change of the skull. (a) In a newborn, the neurocranium is
large in comparison with the splanchnocranium. (b) In an adult, the splanchnocranium
has become much larger, and the neurocranium does not dominate anymore.

Fig 2-3 Proportional change of the head. In these illustrations, the brain and the
eyes are colored orange. (a) From birth until adulthood, the face grows more than the
rest of the head. Images show actual proportions. (b) Head of the newborn enlarged to
adult dimensions.



Fig 2-4 Skull of a 7-month-old fetus. (a and b) The neurocranium and the eye
sockets constitute a large part of the skull. The jaws are developed little. (c and d) The
mandible has a diminutive ramus and a small ridge at the lower border with a broad
portion above that contains the tooth buds.



Fig 2-5 Skull of a newborn. The bony structures below the eye sockets have
undergone little development. (a and b) The floor of the piriform aperture is slightly
inferior to the lower ridge of the eye sockets. There is also little vertical development of
the jaws. The mandible still exists in two halves, left and right, with the symphysis in
between. (c and d) The morphology of the toothbearing parts of the jaws reflects the
location, size, and shape of the tooth buds. In this stage, the jaws do not make contact
during swallowing and closing; the tongue lies in between. 7

As is the case for the body as a whole, the proportions of the neonatal head are
based on the functions of vital importance directly after birth—breathing and food
consumption. Consequently, within the splanchocranium itself, proportional changes
occur also. A nursing child has to be able to breathe and swallow simultaneously, to
which the anatomy and physiology is adapted. Erupted teeth are undesirable at that
stage because they are a hindrance in breastfeeding. Very rarely (less than 1 in 1,000
births), small mandibular anterior teeth are present at birth, called natal teeth. They can
also emerge in the following month, in which case they are called neonatal teeth. If
these teeth damage the tongue of the child or the feeding breast, removal can be
considered. This measure has no negative effects on the development of the
dentition.8,9

Figure 2-6a shows the reconstruction of the face of a fetus of 9 weeks in which
various structures are specified by color. The formation of the splanchnocranium starts
early. In week 12 after conception, part of the splanchnocranium is already calcified,
and rapid formation of cartilage structures, which later will be transformed into bone,
takes place. In contrast to bone, cartilage has the potential for interstitial growth and
hence can increase in size rapidly (Fig 2-6b). After calcification has occurred, bone can



only increase by apposition at surfaces.

Fig 2-6 Model and specimen showing prenatal facial development. (a) Three-
dimensional reconstruction of the face of a 9-week-old fetus, based on a series of
histologic slides. (Illustration by R. R. Radlanski.) (b) In a 22-week-old fetus, bone is
colored red and cartilage blue. The bone is more spongeous in the maxilla than in the
mandible. (Printed from Van der Linden et al10 with permission.)

Growth of the Jaws
As previously indicated, the jaws of the newborn are small in comparison with the

rest of the head. In addition, the mandible is posteriorly positioned in relation to the
maxilla. In the first months after birth, the parts of the jaws that contain the tooth buds
grow considerably.

Furthermore, during the first year after birth, the mandible attains a more anterior
position than the maxilla. The sagittal relation of the jaws approaches the situation of
the complete deciduous dentition.11–15 More space is available for the formation of the
deciduous molars than for the deciduous incisors. The jaws are narrower in the anterior
than the posterior regions (Fig 2-7). The deciduous incisors and canines are not formed
in the orientation in which they will erupt because the spatial conditions do not allow it.

Fig 2-7 The mandible of a 20-week-old fetus. The mandible is narrow in the region
where the incisors are formed (a) and broad where the molars develop (b). (Printed
from Van der Linden et al10 with permission.)



During the prenatal period and also some time after birth, the anterior teeth are
rotated or overlapping.16 Figure 2-8 shows tracings of radiographs of the jaws of six
specimens with increasing levels of development. The arrangement of the anterior teeth
is not the same in these six specimens. Variations exist in that respect as indicated in
Fig 2-9. Prior to birth, the size of the anterior parts of the jaws does not increase much
or any more than the sum of the widths of the crowns they contain.16,19

It is assumed that the rotated and overlapping arrangement of the anterior
deciduous teeth does not change before birth because the space needed for this does
not become available. This will occur in the first 6 months after birth (Fig 2-10).



Fig 2-8 Tracings of radiographs of six sets of jaws of fetuses at increasing stages
of development. The numbers in the drawings indicate the crown-rump length of the
fetus in millimeters (mm) and the estimated age, expressed in weeks (w).17 The tracings
provide insight into the increase in size of the jaws as a whole and of the parts that
contain the teeth. In all six specimens, the anterior teeth are rotated or overlap each
other. The arrangement of the incisors varies among the jaws. Overlapping of first and
second deciduous molars is not seen and does not occur.18 When evaluating the
drawings, one must keep in mind that if these six fetuses had survived, the individuals
would have developed teeth and jaws of different sizes. One child will attain larger
teeth and jaws than another. Hence, comparison of the dimensions in this figure has
some limitations. (Reprinted from Van der Linden et al16 with permission.)



Fig 2-9 Position of teeth prior to birth. A radiographic investigation of the
dissected jaws of 28 fetuses revealed for both jaws four patterns of arrangement of
deciduous incisors. In all specimens, the maxillary central incisors were oriented
perpendicular to the median plane. The frequency of occurrence of the different
patterns is indicated in the figure. (Reprinted from Van der Linden et al16 with
permission.)



Fig 2-10 Occlusal overview of the relationship between jaw growth and tooth
development. (a) Twenty weeks after conception, the jaws are small. The maxillary
central deciduous incisors and the four mandibular deciduous incisors have started
their mineralization. (b) The jaws become wider by bone formation in the median
regions. (c and d) Growth to the posterior provides room for the gradually increasing
and locally mineralizing molars. (e) The growth in the median regions is insufficient for
an improvement in the position of the deciduous incisors. (f) In the newborn, the
crowns of all deciduous teeth are completely or partially mineralized.

The median suture in the maxilla and the symphysis in the mandible provide the
largest contribution to the early transverse development of the jaws. In the mandible,
the effect is of short duration and terminates with the ossification of the symphysis,
which happens 6 months after birth. However, the maxillary median suture continues to
contribute to the transverse growth of the maxilla until the development of the dentition
is completed.20 After the deciduous molars have reached occlusion, the transverse
growth of the maxilla is adjusted based on the width of the mandible. Indeed,
development in the width of the maxilla depends on the shape and size of the
mandibular dental arch. The growth potential of the median suture in the maxilla is
realized only to a limited extent after the mandibular symphysis is ossified.



The size of the jaws increases to the extent that the deciduous incisors can attain a
good position prior to emergence.21 Indeed, irregular arrangement of deciduous teeth
is rare. Sometimes an incomplete correction of a rotated incisor is seen even when
sufficient space is available.

The development of the dentition from birth until the complete deciduous dentition
stage is presented in Figs 2-11 and 2-12. After emergence, the eruption of deciduous
teeth lasts about 6 months, with a rapid period of eruption in the first 3 months.22 For
times of emergence, tooth dimensions, and stages of root development, see chapter 17.

Fig 2-11  Overview of the dentition and jaws from birth to 3 years of age. (a) At
birth, the jaws are still small. (b) In the anterior regions, the tooth buds are rotated or
overlap each other. (c) Sufficient space is available for the forming deciduous molars.
(d) From birth to 6 months of age, the jaws grow considerably in the median regions.
Prior to emergence, sufficient room becomes available for the deciduous incisors to
migrate mesially and attain a good position.



Fig 2-11 (cont) (e) The mandibular symphysis ossifies prior to the eruption of the
mandibular central deciduous incisors. Subsequently, no more transverse growth can
occur in the median region of the mandible. The median suture in the maxilla maintains
its growth potential until adulthood. (f) Both jaws continue to grow posteriorly,
resulting in space for distal migration of the gradually developing deciduous molars.
The jaws continue to increase in width by bone apposition at the surfaces. (g)
Subsequent to the incisors, the first deciduous molars emerge, and occlusion becomes
established. Some time later the deciduous canines appear. (h) In the meantime, the
growth of the jaws to the posterior provides space for the second deciduous molars,
which emerge about 1 year after the first ones. Further growth to the posterior provides
space for the first permanent molars. The permanent incisors overlap each other and
will not improve in position prior to emergence. The premolars have sufficient space
within the jaws.



Fig 2-12 Jaw growth and emergence of deciduous teeth. (a) At birth, the jaws are
relatively small. The deciduous incisors are rotated or overlap each other. The
deciduous molars are arranged in the jaw, one after the other, with space in between.
(b) In the first 6 months after birth, the jaws grow considerably. After calcification of
the symphysis, the mandibular central deciduous incisors emerge. (c) A few months
later, the maxillary central incisors emerge. (d) At around 1 year of age, the lateral
deciduous incisors emerge, usually first in the maxilla.



Fig 2-12 (cont) (e) Growth to the posterior provides space for the eruption of the
deciduous molars. The first deciduous molars emerge around 16 months of age. (f) The
deciduous canines emerge around 20 months. After the teeth are fully erupted, they
change little in position and in intra-arch relationships. However, the mandibular teeth
will gradually attain a slightly more anterior position in relation to the maxillary teeth
because of the more forward growth of the mandible compared with the maxilla. (g)
Between 24 and 30 months of age, the second deciduous molars are the final deciduous
teeth to emerge. (h) In the overview of the complete deciduous dentition, their
successors and the permanent first molars are drawn.

In Figs 2-13 to 2-15, the spatial orientation of the teeth is demonstrated in an 8-
monthold skull. For that purpose, first the buccal alveolar bone is removed, then the
anterior deciduous teeth, and finally the permanent teeth. In Figs 2-16 to 2-19, the same
procedure is followed in a 6-year-old skull. In addition, the teeth are shown according
to the original arrangement, seen from different directions.

The vertical changes in the jaws are related to the lengthening of permanent teeth,
the resorption of the roots of deciduous teeth, and the increase in height of the facial
skeleton. The relationship among the crowns of the permanent incisors and the roots of
the deciduous incisors varies and depends on the conditions in the anterior parts of
the jaws.



Fig 2-13 Skull at 8 months of age. (a and b) In comparison with the neurocranium,
the toothbearing parts of the jaws are larger than in the prenatal and perinatal period.
The ridge at the middle of the mandibular border is narrow. (c) The developing
dentition completely fills the space between the eye sockets and nasal floor superiorly
and the mandibular base inferiorly. The developing parts of the maxillary central
deciduous incisors are located close to the nasal floor. (d) The occlusal surfaces of the
not-yet-emerged mandibular deciduous teeth are oriented as a concave plane. The
roots of the first deciduous molars are already partly formed. The crowns of the second
deciduous molars are completely formed; those of the first permanent molars are half
formed. The latter still have sharp cusp tips. (e) The incisal edges of the four maxillary
deciduous incisors are at the same level with only the central emerged. The mandibular
molars are located at a wider arch, ie, more buccally, than the maxillary molars. (f) The
root formation of the lateral incisors lags behind that of the central incisors. The
crowns of the mandibular molars are inclined lingually.



Fig 2-14 After removal of the deciduous incisors and canines. (a) In the maxilla, the
crowns of the central permanent incisors diverge. (b) Only a small part of the
permanent canine crowns has formed. (c and d) In the mandible, the lateral permanent
incisors are positioned to the lingual of the central incisors. The latter are at some
distance apart. (e and f) After removal of the central permanent incisors, the position of
the laterals becomes more visible.



Fig 2-15 After removal of the anterior permanent teeth. (a to d) The morphology of
the surrounding bone and the local thickness of the lingual walls vary, conforming to
the size and position of the teeth they contain.



Fig 2-16 Skull at 6 years of age. (a) All deciduous teeth and the first permanent
molars have emerged. In the preceding years, facial height had increased considerably.
A solid broad mandibular border has developed. The nasal floor is now situated inferior
to the lower margin of the eye sockets. (b) In this specimen, the deciduous incisors are
labially inclined. Normally the deciduous incisors are in an upright position,
perpendicular to the occlusal plane. (c) Also in this skull, the space between the nasal
floor and the mandibular base is completely filled with teeth. (d) The space available for
the permanent canines and premolars is more limited in the maxilla than in the mandible.



Fig 2-16 (cont)(e) The root ends of the central and lateral deciduous incisors are
slightly resorbed. The distoincisal corners of the central permanent incisors are
situated close to the roots of the lateral deciduous incisors. (f) In the mandible, spaces
are present between the deciduous incisors. The crowns of the permanent anterior
teeth, except the maxillary central incisors, are close together. (g) The resorption
pattern of the deciduous incisors reflects the contours of the crowns of their
successors. Also, parts of the roots of adjacent deciduous teeth can resorb, as seen
here at the maxillary lateral incisors. (h) In the mandible, the crowns of the permanent
incisors are less labially inclined than in the maxilla. The bone at the cervical regions of
the deciduous teeth is also resorbed.



Fig 2-17 After removal of the deciduous incisors and canines. (a to f) The position
of the permanent incisors and canines is now more visible. It is obvious that the incisal
margins of the maxillary lateral incisors are positioned more occlusally than those of the
central incisors.



Fig 2-18 After removal of the anterior permanent teeth. (a to d) The structure and
morphology of the alveolar bone that surrounds the teeth on the lingual side is now
visible, as is the relationship between the nasal floor and the bone that surrounds the
permanent teeth on the superior side. The difference in height level of the bone at the
incisal margins of the mandibular permanent incisors demonstrates that the central
incisors are positioned more to the occlusal than are the lateral incisors.



Fig 2-19 The teeth arranged as they were situated in the skull. (a and b) The height
difference between the incisal margins of the central and lateral permanent incisors is
obvious in both the maxillary and mandibular teeth. The proximity of the distoincisal
corners of the maxillary central permanent incisors to the roots of the lateral deciduous
incisors is clear. The mandibular permanent incisors diverge occlusally. The crowns of
the maxillary permanent incisors, canines, and premolars are close together. That is not
the case for the distally diverging maxillary central incisors. In both jaws, the permanent
canines and premolars are located slightly more distally than their predecessors. In the
maxilla, the permanent second molars are buccally inclined and distally angulated; in
the mandible, they are lingually inclined and mesially angulated. The frontal view is
shown from above (c) and below (d) and the lateral view from above (e) and below (f).



Fig 2-19 (cont) (g and h) The apical view shows the various stages of
development of the permanent teeth, their arrangement in the dental arch, and
symmetry in locations. The forming parts of the teeth are situated on a smaller arch in
the maxilla (g) than in the mandible (h). The lingual view is shown from above (i) and
below (j).



Fig 2-19 (cont) The lingual lateral view is shown from above (k) and below (l). (m)
The posterior view shows the occlusion and the relationship between the deciduous
and permanent teeth at the lingual side. (n) For elucidation, a drawing is provided. In
the maxilla, the four deciduous incisors (1) are positioned in a tranverse direction nearly
perpendicular to the occlusal plane. The lateral permanent incisors (2) are closer to the
occlusal plane than the centrals. The premolars (3) are located above their
predecessors. The first permanent molars (4) are oriented perpendicular to the occlusal
plane. The second permanent molars (5) are distally angulated and buccally inclined. In
the mandible, the deciduous incisors (6) are also oriented perpendicular to the occlusal
plane. The central permanent incisors are closer to the occlusal plane than the lateral
incisors. The roots of the lateral permanent incisors (7) are shorter than those of the
centrals; later they would have become longer. The partially formed premolar crowns
(8) are located under their predecessors. The first and second permanent molars (9) are
lingually inclined, with the second molars also mesially angulated. The transverse
relation between the opposing permanent molars (10) is normal.

The relationship among the crowns of the permanent incisors and the roots of the
deciduous teeth alters only little or not at all prior to the start of eruption of the
permanent central incisors. The vertical orientation of the forming parts of the maxillary
anterior permanent teeth exhibits a uniform pattern. The forming parts of the canines
are by far the most superiorly located. Those of the lateral incisors are situated most
inferiorly. Those of the central incisors are about halfway between those of the lateral
incisors and canines.

The size, shape, and structure of the mandible vary. That applies also to the



mandibular border, the chin prominence, and the space available for teeth. Regarding
the last aspect, the location where the formation of the permanent canines starts (which
is the eventual location of their apices) is essential.

Apical Area of the Jaw
The relationships involved become clearer when they are considered in terms of the

concept of the apical area as introduced by the author in 1979 and described as
follows:

The apical area in an infant is comprised of the region that contains the forming
parts of the deciduous and permanent teeth. In the deciduous dentition, the apical
area is constituted of the region in which the apices of the deciduous teeth and the
forming parts of the permanent teeth are located. In the mixed dentition, the apical
area consists of the region where the roots of the deciduous and permanent teeth
and the forming parts of the nonerupted permanent teeth can be located. In the
adult state, the apical area is the region where the apices of the fully formed teeth
normally can be located.23

In both jaws, the apical area can be subdivided into anterior, middle, and posterior
sections. The anterior section contains the region between the mesial sides of the
forming parts of the permanent canines and that of their apices after complete eruption.
The middle section lies between the boundary of the anterior section and the mesial
side of the forming part of the first permanent molars and after complete eruption
slightly anterior to their mesial apices. The posterior section lies behind the middle
section and extends to the posterior side of the maxillary tuberosity and that of the
lingual tuberosity in the mandible.23 Note that the apical area differs from the apical
base introduced by Axel Lundström in 1925 and defined as “the part of the jaw that
includes the apices of the teeth.”24 The concept of the apical area is further explained
and illustrated in chapter 9.

Situation in the mandible
In the mandible, the anterior section of the apical area is bound laterally by the

canines and anteroposteriorly by the lingual and labial cortical walls. Early in the
development of the dentition, a large amount of tooth material is packed together in
that region. As previously indicated, prior to the transition, the roots of deciduous
teeth and the forming permanent teeth are arranged in a specific way. The crowns of
the permanent teeth are positioned in a manner that optimizes the available space.
Depending on the size of that space, the degree to which the permanent lateral incisors
are overlapped by the central incisors varies from one-quarter to one-third of the width



of the incisal margins of the lateral incisors. The amount that the canines overlap the
lateral incisors varies more; they may not overlap at all.

Rotation of permanent teeth prior to emergence is not always a sign of lack of
space. Sometimes they are formed in a rotated position and erupt that way. Left and
right differences in position among incisors and canines are not uncommon. That also
applies to the anteroposterior position, rotation, and degree of overlap. In that respect,
the variation is greater in the maxilla than in the mandible.

As previously indicated, the arrangement of the mandibular permanent incisors
prior to emergence varies depending on the relationship between the available and
needed space. This point is illustrated in Fig 2-20, which shows large, medium, and
small anterior sections of apical areas. The anterior section of the apical area is
considered large when the distance between the permanent canines is relatively great
in comparison to the mesiodistal dimensions of the permanent incisors. Such a
condition leads to a good transition. In general, the presence of many and large
diastemata in the deciduous dentition is a favorable feature; few and small diastemata,
or particularly total absence of them, is an unfavorable sign. However, this rule does
not always apply. The correlation between the sum of the mesiodistal dimensions of
the deciduous incisors and that of their successors is rather small26 (see chapter 17,
Table 17-11). Small crown widths of deciduous incisors do not always correspond with
small successors and vice versa. This limitation must be kept in mind when the space
needed for the permanent incisors is estimated.



Fig 2-20 Arrangement of the mandibular anterior teeth prior to the transition in
relation to the size of the anterior section of the apical area. The first specimen has a
large anterior section of the apical area. (a and b) There are many and large diastemata.
The permanent canines are slightly lingually inclined and mesially angulated. There is
space between the central permanent incisors. The crown tips of the permanent canines
are situated distally to the apices of their predecessors. (c and d) Drawings based on a
and b, with the dotted lines in c indicating the sectional planes in d. There is some
space between the central permanent incisors and the roots of the adjacent lateral
deciduous incisors. The same applies to the lateral permanent incisors and the
deciduous canines. At the level to the incisal margins (p), the lateral incisors are
positioned lingually to the central incisors. At the level of the cementoenamel junctions
(q), the lateral incisors are located only slightly more lingually than the central incisors,
on the left side somewhat more than on the right side.



Fig 2-20 (cont) The second specimen has a medium anterior section of the apical
area. (e and f) There are few and only small diastemata. The permanent canines are
lingually inclined and mesially angulated. The crowns of the central incisors and
permanent canines overlap the crowns of the lateral permanent incisors. The crown tips
of the permanent canines are located close to the roots of their predecessors. (g) The
distoincisal corners of the lateral permanent incisors are close to the roots of the
deciduous canines. The permanent incisor is more mesially angulated and overlaps the
lateral permanent incisor more on the left than on the right side. (h) At the level of the
incisal margins (p), the permanent incisors and deciduous teeth are close together. At
the level of the cementoenamel junctions (q), the available space is barely larger than
needed.



Fig 2-20 (cont) The third specimen has a small anterior section of the apical area. (i
and j) There are only a few small diastemata. The permanent canines are excessively
lingually inclined and mesially angulated. Their crowns overlap those of the lateral
permanent incisors. The crown tips of the permanent canines are close to the apices of
their predecessors. (k) The crowns of the central permanent incisors are close to the
roots of the lateral deciduous incisors. (l) At the level of the incisal margins (p), the
crowns of the permanent teeth and the roots of the deciduous teeth are close together.
The distoincisal corners of the lateral permanent incisors are situated lingually to the
roots of the deciduous canines. At the level of the cementoenamel junctions (q), the
lateral incisors are located lingually to the central incisors and are overlapped by the
canine crowns. (Reprinted from Bakker et al25 with permission.)

Situation in the maxilla
In the maxilla, the relationship between the available and needed space within the

anterior section of the apical area also varies considerably. A large anterior section of
the apical area corresponds to much space and large diastemata in the deciduous
dentition. Few and tiny diastemata indicate a small anterior section of the apical area
(Fig 2-21). For maxillary anterior teeth, it also holds true that the correlation between the
sum of the mesiodistal crown dimensions of the deciduous incisors and that of the
permanent incisors is rather small26 (see chapter 17, Table 17-11).



Fig 2-21 Arrangement of the maxillary anterior teeth prior to the transition in
relation to the size of the anterior section of the apical area. The first specimen has a
large anterior section of the apical area. (a and b) There are large diastemata between
the deciduous teeth. The piriform aperture is broad, and the distance between the
crowns of the permanent canines is large. The central permanent incisors are far apart.
They overlap the lateral incisors only slightly. (c and d) Drawings based on a and b,
with the dotted lines in c indicating the sectional planes in d. The distoincisal corners
of the central permanent incisors are not close to the roots of the lateral deciduous
incisors. At the level of the incisal margins (q), spatial conditions are favorable, and the
lateral permanent incisors are situated palatally to the central permanent incisors. At
the level of the cementoenamel junctions (p), the lateral incisors also are located
palatally to the central incisors.



Fig 2-21 (cont) The second specimen has a medium anterior section of the apical
area. (e and f) The diastemata between the deciduous teeth are small. The width of the
piriform aperture and the distance between the permanent canine crowns are limited.
The central permanent incisors are some distance apart. The permanent caninses
overlap the lateral incisors only slightly. (g) The distoincisal corners of the central
permanent incisors are close to the roots of the adjacent lateral deciduous incisors. (h)
At the level of the incisal margins (q), the crowns of the permanent incisors and the
roots of the deciduous incisors are close together. At the level of the cementoenamel
junctions of the permanent incisors (q), the teeth overlap each other.



Fig 2-21 (cont) The third specimen has a small anterior part of the apical area. (i
and j) There are no diastemata between the deciduous incisors. The width of the
piriform aperture and distance between the permanent canine crowns is small. The
distally angulated and mesiopalatally rotated central permanent incisors are close to the
nasal floor and median suture. The central permanent incisors overlap approximately
half of the width of the lateral incisors. (k) The distoincisal corners of the central
permanent incisor overlap the roots of the lateral deciduous incisors. (l) At the level of
the incisal margins (q), the mesioincisal corners of the central permanent incisors are
situated palatally. Their distoincisal corners overlap the roots of the lateral deciduous
incisors labially. At the level of the cementoenamel junctions (p), the permanent
incisors are close together. (Reprinted from Bakker et al27 with permission.)

Emergence of Teeth into Occlusion
I n Fig 2-22, the growth of the jaws and the emergence of deciduous teeth are

demonstrated on dental casts obtained monthly from birth until 19 months of age. The
measurements carried out on the casts demonstrate that the jaws mainly grow during
the first 6 months and little thereafter (Fig 2-23).



Fig 2-22 Maxillary and mandibular plaster casts of a girl from the day of birth until
19 months of age. The mandible did not grow enough for emergence of the central
deciduous incisors in good alignment. They are slightly rotated, which can be traced
back to their initial positions within the jaw. In the maxilla, the lateral deciduous incisors
are located slightly too palatally. After emergence, the position of the teeth has not
improved. (Reprinted from Van der Linden15 with permission.)



Fig 2-23 Velocity curves of recordings on the monthly collected plaster casts of the
girl shown in Fig 2-22. The curves are based on the measurements indicated on the
right: the mandibular canine width (a), the labiolingual dimension of the alveolar
process in the mandibular median region (b), and the corresponding values in the
maxilla (c and d).15

Figure 2-24 presents the jaws of five skulls from birth until the complete deciduous
dentition stage. These images show the changes occurring in the dentoalveolar bony
structures and also the establishment and consolidation of the occlusion in the
posterior region.



Fig 2-24 Jaws of five skulls to illustrate the development of the deciduous
dentition. (a and b) In the newborn, the morphology of the jaws is determined
predominantly by the tooth buds. (c and d) This is even more true at 6 months of age.
(e and f) Erupting teeth build up their own alveolar process. (g and h) After emergence
of the first deciduous molars, occlusion is reached for the first time. Through the cone-



funnel mechanism, an optimal intercuspation is attained. (i and j) An optimal
intercuspation will also be achieved with the second deciduous molars. (Reprinted from
Van der Linden and Duterloo7 with permission.)

When erupting deciduous and permanent molars as well as premolars attain
occlusal contact, they are guided to optimal intercuspation by the cone-funnel
mechanism. It seldom happens that antagonists erupt in such a way that no
displacement is needed to arrive at good intercuspation. The cone-funnel mechanism
acts for the first time when the opposing first deciduous molars touch each other. The
eruption movements are guided subsequently by the slope of the central fossa of the
mandibular molar. The large palatal cusp of the maxillary first deciduous molar will end
up in the bottom of the fossa of the mandibular first molar.28 The adjustment of the
eruption direction occurs more in the maxilla than in the mandible; the morphology of
the mandible is less suited for the purpose (Fig 2-25).

Fig 2-25 The cone-funnel mechanism. (a) No displacement is needed when
opposing teeth erupt precisely in the right direction, which seldom occurs. (b) The
cone tip will fall within the funnel. (c) Displacement of the maxillary molar and, to a
lesser degree, the mandibular molar. (d) Final intercuspation.

At 2½ years of age, the deciduous second molars usually have reached full
occlusion and the deciduous dentition is complete (Fig 2-26). Between 2½ and 5 years
of age, the position of the deciduous teeth and their occlusion alters little.30



Fig 2-26 Complete deciduous dentition. (a and b) Both dental arches have a half-
round form. The mandibular dental arch is situated slightly inside the maxillary arch.
There are diastemata in the anterior region. (c) The opposing incisors have no contact
in habitual occlusion. The vertical overjet varies between 0 and 2 mm.29,30 In the
anterior region, the deciduous teeth are oriented perpendicular to the occlusal plane (an
imaginary surface that passes through the occlusion of the teeth31) in the mesiodistal
and labiolingual directions. (d) The same applies to the deciduous molars. The
mandibular teeth occlude slightly mesially to the corresponding maxillary teeth. The
forming parts of the permanent teeth are at the same level with the exception of the
canines.
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CHAPTER 3
The First Transitional Period:

Transition of Incisors and Emergence of
First Permanent Molars

Emergence of the First Permanent
Molars

Prior to the transition of the incisors, usually at 6 years of age, the first permanent
molars emerge: first in the mandible, then in the maxilla. In the preceding years,
adequate room was available in the jaws for their development. Continuing posterior
growth provided sufficient space for them in the dental arch. They erupt almost
perpendicular to the occlusal plane, as the deciduous molars did before them. After
their emergence, there is often a surplus of space in the dental arch. Diastemata distal
to the second deciduous molars can remain for some time.

The occlusion of the first permanent molars depends on their position in the jaws,
the relationship between the mandible and maxilla, and the mesiodistal crown
dimensions of the teeth, particularly the mandibular second deciduous molar (Figs 3-1
and 3-2). The width of that tooth varies more than that of any other deciduous tooth. If
the mandibular second deciduous molar has a mesiodistal crown dimension that is
approximately the same as that of the corresponding maxillary tooth, the terminal plane
of the deciduous dentition will have a mesial step. With such a mesial step, the first
permanent molars can immediately attain optimal interdigitation (see Figs 3-1a, 3-1b,
and 3-2d). However, in most cases the mandibular second deciduous molar is a few
millimeters wider than the maxillary second deciduous molar. This results in a flush
terminal plane (see Figs 3-1c, 3-1d, 3-2a, and 3-2b). A good mesiodistal occlusion and
optimal intercuspation of the first permanent molars cannot occur until the deciduous
molars are replaced by the narrower premolars, which have the same crown width. The
mandibular first permanent molar then migrates more mesially than the maxillary first
molar.



Fig 3-1 Effect of mesiodistal dimensions of second deciduous molars on the
occlusion of the first permanent molars. (a) In situations of opposing second
deciduous molars with equal mesiodistal crown dimensions, the terminal plane of the
deciduous dentition has a mesial step. (b) After emergence, the first permanent molars
can arrive at optimal intercuspation immediately. (c) However, in most cases the
mandibular second deciduous molar is broader than the opposing maxillary tooth,1 and
as a result the terminal plane is flush. (d) Consequently, the first permanent molars
erupt with inadequate intercuspation because the cusps are right on top of each other
mesiodistally (ie, end-to-end occlusion). However, they do attain an acceptable
buccolingual occlusion by means of the cone-funnel mechanism. The maxillary molar is
positioned slightly more to the buccal than the opposing mandibular tooth.



Fig 3-2 Variations in the terminal plane of the deciduous dentition. (a and b) The
occlusion of the first permanent molars after their emergence depends on the course of
the terminal plane (purple line). A large mandibular second deciduous molar results in
end-to-end occlusion of the first permanent molars. (c) A small mandibular second
deciduous molar is correlated with a terminal plane with a small mesial step and
corresponding suboptimal occlusion of the first permanent molars. (d) In a situation of
opposing second deciduous molars with the same mesiodistal crown dimensions, the
first permanent molars can immediately attain optimal intercuspation.

Transition of the Incisors
The replacement of deciduous teeth occurs in two phases. In the first transitional

period, the incisors are replaced. In the second transitional period, following an
interphase of about 1.5 years (the intertransitional period), the deciduous canines and
molars are replaced. Marked differences exist between the two transitional periods,
mainly due to differences in spatial conditions between the anterior and posterior
regions.

Influence of spatial conditions and perioral
soft tissues

The crowns of the permanent incisors and canines are broader than those of their
predecessors; this difference is greater in the maxilla than in the mandible. Prior to
emergence, the tooth buds are located in the region where later their smaller roots will



be situated. For the permanent incisors and canines, the circumference of that region is
smaller than the arch segment where their incisal margins will be located (Fig 3-3).
Again, this difference is greater in the maxilla than in the mandible. In addition, the
anterior area is smaller in relation to the sum of the mesiodistal crown dimensions of the
six anterior teeth in the maxilla than in the mandible.2



Fig 3-3 Arrangement of maxillary teeth within the surrounding bony structures,
some time after the start of eruption of the maxillary central permanent incisors. (a to d)
Initially, the permanent incisors are arranged within the jaws in such a way that the
available space is used maximally. The median suture does not permit proximity of the
central permanent incisors. However, their mesial aspects are parallel and close to the
median suture, which makes optimal use of the available space. Consequently, these
teeth are distally angulated, erupt in a divergent way, and emerge with a central
diastema.

Unlike the deciduous incisors, the permanent incisors erupt in the direction in
which they are formed.3,4 Maxillary lateral permanent incisors emerge more labially than
the central incisors. After emergence, their labial inclination is reduced through
pressure exerted by the lips. In the mandible, the lateral permanent incisors emerge
slightly lingual to the dental arch. Subsequently, they migrate labially into alignment
with the adjacent teeth through pressure exerted by the tongue. Indeed, the tongue,
lips, and cheeks play a major role in the positioning of the teeth. However, local space
conditions in the dental arch have the most dominant effect.

The transition of the incisors lasts almost 3 years, measured from the first
associated changes in the deciduous dental arch until the complete eruption of all
permanent incisors. The loss of the central deciduous incisors and eruption of their
successors is illustrated in Fig 3-4. The second deciduous molars and the first
permanent molars are also shown. The changes in relation to the tongue and lips from
the complete deciduous dentition stage until adulthood are presented in Fig 3-5.



Fig 3-4 Changes in the incisor and molar regions from the complete deciduous
dentition stage to adulthood. (a) The deciduous incisors are oriented perpendicular to
the occlusal plane. The permanent incisors are located lingually to their predecessors
and are labially inclined. (b) First the mandibular first permanent molar emerges, then
the mandibular central incisor. The maxillary central permanent incisor emerges some
weeks after the loss of its predecessor. (c) In the meantime, the maxillary first
permanent molar has emerged. (d) The incisors continue to erupt until contact is
reached. (e) The lower lip touches the incisal margin of the maxillary central incisor and
covers 1 to 3 mm of its labial surface. (f) Continuing jaw growth and increase of the
pressure exerted by the perioral musculature result in a more upright position of the
incisors in the adult.



Fig 3-5 Transition of the central incisors in relation to the surrounding soft tissues.
(a) The upper lip covers the maxillary deciduous incisors, and the lower lip covers the
mandibular incisors as well as a small portion of the maxillary incisors. (b) After
emergence, the mandibular permanent incisors contact the lower lip. The incisal
margins of the mandibular permanent incisors attain a more labial position than those of
the predecessors. (c) This phenomenon occurs to an even greater degree in the maxilla.
(d) Prior to and following emergence, the maxillary permanent incisors are more labially
inclined than the mandibular incisors. (e) The pressure exerted by the lips leads to a
reduction of the labial inclination. The lower lip supports the maxillary incisors
vertically together with the mandibular incisors. The roots are completed after
emergence in the oral cavity. (f) The skeleton as well as the soft tissues and the nose
continue to grow, resulting in a straighter profile and further uprighting of the incisors,
more in the maxilla than in the mandible. See video clip 7. (Printed from Van der Linden
et al5 with permission.)

Clip 7: Eruption and Transition of Central Incisors with Surrounding Soft Tissues



Transition of the incisors in a medium
anterior section of the apical area

The most common mode of transition of incisors (ie, in a medium anterior section of
the apical area) is illustrated in Fig 3-6. The mandibular central deciduous incisors are
the first to be lost. Some weeks later their successors emerge, and the overlapping of
the lateral incisors reduces. The proximity of the distoincisal corners of the maxillary
central permanent incisors to the mesial aspects of the roots of the lateral deciduous
incisors causes the latter to migrate distally. This leads to a reduction of the diastemata
mesial to the maxillary deciduous canines and to more space for the central permanent
incisors. With their further eruption, the deciduous canines migrate distally and
buccally.



Fig 3-6 The most common mode of transition of incisors. (a) At 5 years of age, the
eruption of the permanent incisors has not yet started. (b and c) First the mandibular
central deciduous incisors are lost, followed 1 year later by the maxillary central
incisors. The distal displacement of the maxillary lateral deciduous incisors is
associated with the eruption of the central permanent incisors, which starts a few
months earlier. In the mandible, the eruption of the central permanent incisors is not
accompanied by migration of deciduous teeth. (d) Shortly before the mandibular lateral
permanent incisors emerge, the adjacent deciduous canines move to the distal and
buccal. (e) The initially more palatally positioned maxillary lateral permanent incisors
erupt in a more labial direction than the central incisors. When their crowns come close
to those of the central incisors, the central diastema reduces.6,7 However, that
reduction also occurs if this proximity is not reached, as often happens.8,9 With the



eruption of the lateral incisors, more room becomes available for the roots, allowing
those of the central incisors to move distally. Their mesiodistal angulation alters, and
the crowns move toward each other. (f) The maxillary lateral permanent incisors are the
last to reach the level of the occlusal plane. There are diastemata in the maxillary
anterior region and quite often also in the mandibular region. The roots of the lateral
incisors are near the crowns of the permanent canines.

In the mandible, the distoincisal corners of the erupting lateral permanent incisors
are in close proximity to the roots of the deciduous canines, which move distally and
buccally. Due to the fact that the distal displacement of the deciduous canines occurs
in both jaws at about the same time, the increase in intercanine distance usually
happens simultaneously.10–15

In both jaws, the lateral permanent incisors emerge about 1 year after the central
permanent incisors. The mandibular lateral incisors emerge at about the same time as
the maxillary central incisors. Following its emergence, it takes about 8 months for a
crown of a maxillary central permanent incisor to become fully exposed.16 (For times of
emergence and other statistical data, see chapter 17.)

The modes of transition described above occur when some extra space is needed
for adequate eruption and arrangement in the dental arch (ie, a medium anterior section
of the apical area). This development is illustrated for the mandible in Fig 3-7, for the
maxilla in Fig 3-8, and for both jaws in Fig 3-9.



Fig 3-7 Transition of the mandibular incisors in a medium anterior section of the
apical area. (a) As indicated, the central permanent incisors are initially located more
occlusally than the lateral incisors. They are in close proximity. The roots of the
deciduous incisors resorb primarily on the lingual aspect. (b) The central deciduous
incisors are lost, and their successors erupt further. (c) They are not in close proximity
to the lateral deciduous incisors; as a result, these are not displaced, nor are the
deciduous canines. (d) The eruption of the lateral permanent incisors is accompanied
by distal and buccal displacement of the deciduous canines. (e) As the lateral
permanent incisors reach the occlusal level, no or only small diastemata are present
among the anterior teeth. The apices of the lateral incisors are situated more lingually
than those of the central incisors. This corresponds with their positions at formation. (f
) The lateral incisors are slightly more labially inclined than the central incisors. After
emergence, their crowns are moved labially through pressure exerted by the tongue,
making them well aligned in the dental arch. See video clip 8. (Printed from Van der
Linden et al5 with permission.)



Clip 8: Transition of Mandibular Incisors with Moderate Space



Fig 3-8 Transition of the maxillary incisors in a medium anterior section of the apical
area. (a) The incisal edges of the maxillary central permanent incisors are more
superiorly located than those of the lateral incisors. (b) The central incisors erupt and
pass the lateral incisors. The roots of their predecessors resorb gradually. This
breakdown corresponds in speed, amount, and shape with the displacement and
morphology of the approaching successors. The deciduous incisors resorb from the
palatal aspect, resulting in a thin and sharp labial end. At the time the deciduous
incisors are shed, their roots are almost completely resorbed. (c) The central permanent
incisor moves occlusally alongside the lateral deciduous incisors, which migrate
distally. When the lateral deciduous incisor approaches the deciduous canine, the
latter will also migrate distally and buccally. Through these migrations, sufficient space
becomes available for the emergence of the central permanent incisors. (d)
Subsequently, the lateral incisors descend, for which sufficient room has become
available. In erupting, they do not contact the central incisors. (e) In accordance with
the positions at initial formation, the apices of the fully erupted lateral permanent



incisors are located more palatally and also more occlusally than those of the central
incisors. (f) The permanent incisors are distally angulated, and there is a large central
diastema. See chapter video clip 9. (Printedfrom Van der Linden et al5 with permission.)

Clip 9: Transition of Maxillary Incisors with Moderate Space

Fig 3-9 Transition of mandibular and maxillary incisors in medium anterior sections
of the apical area in both jaws. (a) The permanent incisors are initially the closest to the
occlusal plane in the mandible but not in the maxilla. Indeed, the narrowest permanent
incisors are formed the closest to the occlusal plane. With this arrangement, the
available space within the jaws is used optimally. (b) The transition in the mandible
precedes the one in the maxilla. After the mandibular central permanent incisors have
emerged, the adjacent lateral incisors start to erupt, along with the maxillary central
permanent incisors. (c) They approach the deciduous teeth located distal to them. (d)
Subsequently, the teeth distal to the mandibular lateral incisors and maxillary central
permanent incisors migrate distobuccally, which happens in the same period in both



jaws. (e) The transition of the incisors is completed as the maxillary lateral permanent
incisors reach the occlusal level. After 1.5 or more years, the mandibular deciduous
canines exfoliate, and the permanent ones emerge. (f) The maxillary canines are the last
of the anterior teeth to be replaced. Until then, the central diastema in the maxilla does
not close, and the four maxillary incisors remain distally angulated. In the mandible,
where the central permanent incisors can reach contact shortly after emergence, the
angulation of the incisors changes only slightly after emergence of the permanent
canines. See video clip 10. (Printed from Van der Linden et al5 with permission.)

Clip 10: Transition of Mandibular and Maxillary Incisors with Moderate Space

Asymmetric transition of the incisors
Corresponding left and right incisors do not always emerge at or even near the

same time. There is usually a marked difference if a deciduous incisor (in most cases a
maxillary central incisor) has experienced trauma. Its successor usually emerges
considerably later than its counterpart, but sometimes earlier. The displacement of the
maxillary lateral deciduous incisor and canine then does not occur on both sides at the
same time because their displacement is related to the eruption of the central permanent
incisor in the involved quadrant. Such an asymmetric transition is demonstrated in Fig
3-10.



Fig 3-10 Asymmetric transition of maxillary incisors. This series of dental casts,
from a girl with a Class II, division 1 malocclusion, covers the period from 2 years 2
months to 7 years 6 months of age and shows the changes during the transition of the
maxillary incisors. She had sucked her thumb until the emergence of the maxillary
central permanent incisors and had an anterior open bite for many years. At the age of
4 years, the crown of the maxillary left central deciduous incisor was fractured by
trauma, and the tooth migrated distally and became discolored. (a and b) At the age of
2 years 2 months, large diastemata were present in the maxillary dental arch, and the
tooth positioning on the left side was similar to the positioning on the right side. (c and
d) Three years later, little had changed on the right side. On the left side, where the
trauma had occurred, both deciduous incisors had migrated, and the diastemata had
closed. (e and f) At the age of 6 years 1 month, the left central deciduous incisor was
exfoliated; the right one had moved distally and was in contact with the lateral
deciduous incisor. (g and h) Three months later, the situation had not changed.



Fig 3-10 (cont) (i and j) After 2 more months had passed, the left central
permanent incisor had emerged. The right central deciduous incisor was lost in the
process of impression taking and saved for incorporation in the plaster cast. The
diastemata distal to the right lateral deciduous incisor and canine had decreased only
slightly or not at all. (k and l) One month later, these diastemata were closed, and the
involved teeth had moved distally. (m and n) One month later, the right central
permanent incisor emerged with sufficient space, 2 months after its predecessor was
shed. (o and p) In the ensuing month, the right central permanent incisor erupted



further, and the space increased slightly because of the buccal movement of the
deciduous canine. (q and r) At the age of 6 years 10 months, the incisal edge of the
right central permanent incisor, 3 months after emergence, had almost reached the level
of the incisal edge of the left central incisor.



Fig 3-10 (cont) (s to x) In the 8 months following, few changes took place. The
central diastema and the angulation of the incisors stayed more or less the same. This
series demonstrates that the gain in space needed for the larger permanent incisors,
realized by the displacement of adjacent deciduous teeth, is a unilateral phenomenon
related to the time of emergence of the largest of the two permanent incisors on one
side. (Reprinted from Van der Linden17 with permission.)



Transition of the incisors in a large
anterior section of the apical area

In situations with excess space, the transition takes place without displacement of
deciduous teeth. If there is a severe shortage of space, adjacent deciduous teeth resorb
and are lost prematurely. In both situations, the intercanine distance does not increase
during the transition of the incisors.12,18–20

Indeed, in cases with excess space in the jaws, migration of deciduous teeth is not
needed to provide extra room for the emergence of the maxillary central permanent
incisors and mandibular lateral incisors. This mode of transition is illustrated for the
mandibular incisors in Fig 3-11 and for the maxillary incisors in Fig 3-12.

Fig 3-11  Transition of the mandibular incisors in a large anterior section of the
apical area. (a to d) There is so much room that the permanent incisors can erupt
without displacement of the deciduous canines. (e and f ) After all permanent incisors
have completed their eruption, multiple diastemata remain among the anterior teeth. See



video clip 11. (Printed from Van der Linden et al 5 with permission.)
Clip 11: Transition of Mandibular Incisors with Excess of Space



Fig 3-12 Transition of the maxillary incisors in a large anterior section of the apical
area. (a to c) With excess space, the erupting central permanent incisors will not come
in close proximity with the roots of the lateral deciduous incisors, which will not move
distally. (d to f ) In turn, the deciduous canines also will not be moved distally. See
video clip 12. (Printed from Van der Linden et al5 with permission.)

Clip 12: Transition of Maxillary Incisors with Excess of Space

Transition of the incisors in a small
anterior section of the apical area

In situations with a severe shortage of space in the mandible, the eruption and
emergence of the central permanent incisor is preceded not only by loss of its
predecessor but also by premature loss of the adjacent lateral deciduous incisor. With
the eruption of the lateral permanent incisor, the deciduous canine exfoliates.
Subsequently, the four permanent incisors can become well aligned. However, the
space remaining in the dental arch for the permanent canine is too small (Fig 3-13).



Fig 3-13 Transition of the mandibular incisors in a small anterior section of the
apical area. Note that in this figure, as in the preceding ones, the transitional process is
presented symmetrically. However, that is often not the case, particularly in the
mandible, where the teeth can cross the median plane prior to emergence. It happens
quite often that a deciduous canine is lost prematurely only on one side, and the
process described below occurs unilaterally. (a) The absence of diastemata in the
anterior region of the complete deciduous dentition is a sign of lack of space. Within
the jaw, the permanent teeth overlap each other extensively. (b) With the eruption of
the central permanent incisors, the roots of their predecessors as well as those of the
adjacent lateral deciduous incisors become resorbed. (c) The central deciduous
incisors exfoliate first. Shortly thereafter, the lateral incisors exfoliate. (d) Insufficient
space remains for the lateral permanent incisors. When they move occlusally, the roots
of the deciduous canines resorb prematurely. (e) They exfoliate prior to the emergence
of the lateral permanent incisors. (f) This provides space for them to attain a better
position in the dental arch. This happens at the cost of the space that remains for the



permanent canines. They will later erupt in a buccal position. See video clip 13. (Printed
from Van der Linden et al5 with permission.)

Clip 13: Transition of Mandibular Incisors with Shortage of Space
In situations with a severe shortage of space in the maxilla, the eruption of the

maxillary central incisor usually results in premature resorption and loss of the adjacent
lateral deciduous incisor. The extra space that would otherwise become available with
the distal and buccal displacement of the deciduous canine is not gained. The lateral
permanent incisor will then erupt palatally (Fig 3-14). This can occur on both sides but
also on one side only, in which case the other incisors and the midline of the dental
arch will migrate to the side of the loss. However, the roots cannot move through the
median suture, which blocks further migration. In the mandible, not only the crowns but
also the roots can pass the median plane. Hence, an asymmetric transition occurs more
frequently with one-sided premature loss of a deciduous tooth in the mandible than in
the maxilla.

Fig 3-14 Transition of the maxillary incisors in a small section of the apical area. (a)



In a deciduous dental arch with no or only small diastemata in the anterior region, not
enough room is available in the jaws for adequate transition of the incisors. (b) The
width of the piriform aperture is small, as is the distance between the forming parts of
the canines. The incisal margins of the central permanent incisors are in close proximity
with the roots of the central and lateral deciduous incisors. First, the central deciduous
incisors exfoliate. (c) Soon thereafter, the lateral deciduous incisors exfoliate.
Subsequently, the central permanent incisors descend further, without distal and
buccal displacement of the deciduous canines. Hence, additional space is not created
in the dental arch. (d) After the central permanent incisors have emerged, the lateral
incisors start to descend. However, they cannot move labially and emerge palatally to
the central permanent incisors and deciduous canines. (e) They may end up in
negative overjet with the mandibular incisors. (f) Severe shortage of space in the dental
arch results. This is due to initial shortage of space and the lack of displacement of the
deciduous canines. Both aspects can be traced back to a discrepancy between the size
of the anterior maxilla and the mesiodistal dimensions of the permanent teeth. See video
clip 14. (Printed from Van der Linden et al5 with permission.)

Clip 14: Transition of Maxillary Incisors with Shortage of Space
In situations with a severe shortage of space in the maxilla, not only lateral

deciduous incisors can be lost prematurely but also deciduous canines (see Fig 16-2).
The transition process is comparable to the one illustrated for the mandibular incisors
in Fig 3-13. See video clip 15.

Clip 15: Changes of Maxillary Permanent Incisors After Extraction of Deciduous Canines in
Anterior Crowding



Anatomical Considerations in the First
Transitional Period

Transition of the incisors
Every deciduous incisor and canine has a small opening at the lingual side of the

alveolar bone. This is the oral side of the gubernacular canal that runs to the crypt of
the successor. Initially, the gubernacular canal contains the gubernacular cord, which
consists of epithelium of the dental lamina. The epithelium gets lost, and a connective
tissue strand remains but successively disintegrates further.21,22 The oral opening of
the gubernacular canal enlarges gradually with the eruption of the permanent tooth.
The gubernacular canal probably has a function in guiding the eruption of incisors and
canines to the openings at the alveolar bone, where emergence will take place. Indeed,
permanent incisors and canines emerge through the alveolar bone at the location of the
oral opening of the gubernacular canal, which is lingual to the location of their
predecessors (Fig 3-15).



Fig 3-15 Gubernacular canals and the eruption and emergence of the maxillary
permanent incisors. (a to h) The gradually increasing openings in the alveolar bone,
located palatal to the deciduous incisors and canines, are the ends of the gubernacular
canals, which run between the crypts of the permanent teeth and the palatal bone
surface. These canals contain the gubernacular cord, a connective tissue strand that
connects the tooth follicle with the lamina propria of the gingiva.23 They are present in
both jaws where permanent teeth will replace deciduous teeth and also at the
permanent molars. The gubernacular canals become wider through the resorption that
precedes eruption. The permanent teeth pass the bone surface through the gradually
enlarging openings at the end of the gubernacular canals.



Fig 3-15 (cont) (i to n) Various situations after the emergence of permanent
incisors.

The loss of deciduous teeth is caused by resorption of their roots and the
surrounding bone. Both processes start early. At 4 years of age, part of the roots of the
mandibular and maxillary central deciduous incisors is already resorbed, as is the bone
at the cervical margin. When a deciduous tooth is shed, the bone that surrounds the
root is lost. With the eruption of the successor, the alveolar process is built up again as
the erupting tooth constructs its own alveolar process by osteogenic activity of the
periodontal ligament.24

Some weeks pass between the loss of a deciduous incisor and the emergence of its
successor. During that interval, the gingival defect caused by the loss of the tooth is
repaired, and a new opening in the gingiva is created. In the meantime, the alveolar
process is built up.

One or two months between the time of emergence of corresponding left and right
incisors is not uncommon. Such asymmetry occurs more in the maxilla than in the
mandible.

Permanent teeth start to erupt shortly after root formation has begun and emerge in
the oral cavity when three-quarters of the root length is complete.25,26

Emergence of the first permanent molars



The posterior morphology and extension of the maxilla and mandible allow
sufficient space to become available for the first permanent molars (Figs 3-16 and 3-17).
As indicated previously, these teeth are initially mesiodistally oriented perpendicular to
the occlusal plane (Fig 3-18).



Fig 3-16 Emergence of mandibular first permanent molars, demonstrated in four
right jaw fragments. (a) Initially, the crown of the first permanent molar is situated in
the mandible directly mesial to the obtuse lateral angle. (b) The opening of the
gubernacular canal enlarges gradually. (c) Sufficient bone is resorbed for the
emergence of the crown. (d) During the eruption following emergence, alveolar bone is
built up in the cervical region.



Fig 3-17 Emergence of maxillary first permanent molars, demonstrated in four right
jaw fragments. (a) Initially, the gubernacular opening is small. (b) With progressing
eruption, the size of the opening increases. (c) Sufficient bone is resorbed for the
emergence of the crown. (d) Subsequently, the alveolar bone in the cervical region is
built up.

The first permanent molars are the largest teeth and provide important support to
the occlusion. The large distopalatal cusp of the maxillary first molar has to coincide
with the central fossa of the mandibular first molar. Angle has called the maxillary first
permanent molar the “key to occlusion.”27



Fig 3-18 Eruption and position of first permanent molars. (a) Prior to emergence,
there is sufficient room for the first permanent molars in both jaws. (b) With eruption,
they become more upright. (c and d) After reaching occlusal contact, they are guided
by the cone-funnel mechanism. (e) With narrow mandibular second deciduous molars,
they can immediately reach maximal intercuspation. (f) Their angulation does not alter
prior to the emergence of the second permanent molars.

The posterior extension of the tooth-bearing parts of the jaws that precedes the
emergence of molars is reflected in so-called molar fields behind the last tooth in the
posterior region.28 These molar fields are visible and palpable in the mouth, most
clearly in the maxilla where the morphology of the tuber is easy to assess. It is more
difficult to specify the posterior border of the alveolar process in the mandible. Molar
fields develop prior to the emergence of deciduous and permanent molars. They can be
too small for the second or third permanent molars if the preceding posterior jaw
extension has been insufficient. This topic is discussed in detail in chapter 6.
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CHAPTER 4
Intertransitional Period
Arrangement of the Dentition

During the intertransitional period, the dental arches consist of the permanent
incisors, deciduous canines, deciduous molars, and first permanent molars (Fig 4-1). In
the maxilla, the incisors are labially inclined. In addition to the central diastema, there
are frequently other diastemata in the maxillary anterior region. Initially, there is often
some space between the second deciduous molars and the first permanent molars. In
the mandible, the incisors are less labially inclined than in the maxilla with fewer
diastemata. The incisal edges of the four mandibular incisors are at the same level. In
the maxilla, the edges of the central incisors are slightly more occlusal than the lateral
ones. The overjet is greater than in the deciduous dentition and also greater than when
the permanent dentition is complete and jaw growth concluded.1 In both jaws, the
crowns of the not-yet-emerged permanent canines limit space for the roots of the
incisors. The initially lingually positioned mandibular lateral incisors have moved
labially and are aligned in the dental arch. Rotations of mandibular incisors are partially
or fully corrected through pressure of the tongue and lips, provided that space was
available.

Fig 4-1 The dentition in the intertransitional period. (a) The maxillary teeth are



arranged in an arch. There is a diastema between the central incisors. These teeth are
sometimes in contact with the lateral ones, but in most cases they are not. There are
often diastemata distal to the lateral incisors. (b) The four maxillary incisors occlude
with the six mandibular anterior teeth. The roots of the lateral incisors converge
apically, to a greater extent in the maxilla than in the mandible. (c) The mandibular teeth
are also arranged in an arch. There are few diastemata, except distal to the deciduous
canines, in which the maxillary deciduous canines fit. (d) There is less room for the
permanent canines and premolars in the maxilla than in the mandible. The second
permanent molars are located posteriorly to the first permanent molars. Their occlusal
surfaces are oriented distobuccally in the maxilla and mesiolingually in the mandible.

Effects of Wear
The sharp cusp tips of the deciduous canines have disappeared. Occlusal and

approximal surfaces are worn off. Contact points are flattened and mesiodistal crown
dimensions are reduced. Except when the first permanent molars are in full
intercuspation, the occlusion is less fixed than shortly after the deciduous molars
started to occlude and also less than in the later phase when opposing premolars
interlock. The slightly anterior movement of the mandibular teeth in relation to the
maxillary teeth, associated with the differential anterior growth of the jaws, is not
hindered by the occlusion. In modern times, attrition of teeth is limited. However, under
primitive living conditions requiring intensive chewing, tooth wear was excessive,
particularly when the food contained abrasive material such as sand. Hunter supposed
in 1771 that deciduous molars have wider crowns than their successors because
otherwise insufficient room would remain in the dental arch for the premolars.2

Changes in Tooth Positions
The mesiodistal angulation of the incisors depends on the position of the

permanent canine crowns and their proximity to the roots of the lateral incisors. With
the emergence of the permanent canines, space becomes available in the jaw for the
distal movement of the roots of the lateral and central incisors. Initially, the incisors
diverge—more in the maxilla than in the mandible. After emergence of the permanent
canines, the angulation of the maxillary incisors alters more than that of the mandibular
incisors.

During the intertransitional period, the root formation of the emerged and not-
yetemerged permanent teeth continues. The space for the elongation is created by
vertical growth of the jaws and an increase in height of the alveolar processes.

As mentioned previously, resorption of the roots of the deciduous teeth is



preceded by the occlusal movement of their successors. Also, the bone that surrounds
the roots of the deciduous molars is broken down. The resorption pattern of the
deciduous canines is similar to that of the deciduous incisors.

Characteristic for the intertransitional period is the dominance of the permanent
incisors in the face, particularly the maxillary central incisors. Their crown dimensions
are intended to fit harmoniously in the larger adult face. In a comparable way, the size
of the deciduous incisors is more appropriate to the dimensions of the face of an infant
than that of a 6-year-old.

The fact that the permanent incisors are not in the correct position prior to
emergence, as deciduous incisors are, is related to the phenomenon that these teeth are
formed in a region that is not intended for the temporary housing of their crowns but to
provide the space needed for their roots in the future. This explains the typical
arrangement of the permanent incisors following their emergence, particularly in the
maxilla. This condition, called the “ugly duckling” stage by Broadbent, is temporary
and not deviant.3

Arrangement of Teeth at the Beginning
of the Intertransitional Period

A skull at 8 years, representing the beginning stage of the intertransitional period,
is shown in Fig 4-2. The buccal alveolar bone is removed, allowing insight into the
arrangement of the not-yet-emerged permanent teeth and their relationship with the
deciduous teeth. In Fig 4-3, various perspectives of the teeth as they were positioned
within the jaws are shown.



Fig 4-2 Skull at 8 years, at the beginning of the intertransitional period. (a) The
permanent incisors, particularly the maxillary central ones, are large in comparison with
the rest of the skull. (b) In this specimen, the incisors in both jaws are more labially
inclined than normal. The flush terminal plane of the deciduous dentition hinders
optimal intercuspation of the first permanent molars. (c) After removal of the buccal
alveolar wall, it becomes clear that the maxillary permanent canines are located high,
adjacent to the piriform aperture. (d) In the maxilla, only limited room is available for the
developing permanent canines and premolars. There is adequate room for those in the
mandible.



Fig 4-2 (cont) (e) The forming parts of the maxillary central permanent incisors are
near the nasal floor. The roots of the laterals are close to the crowns of the permanent
canines. Consequently, they are distally angulated. (f) There are no diastemata
between the mandibular incisors, and their roots converge apically because of the
proximity of the permanent canine crowns. (g) The maxillary central permanent incisors
have completed their eruption, but the lateral incisors have not. (h) In the maxilla, the
crowns of the permanent canine and first premolar overlap each other vertically. In the
mandible, they are situated next to each other and parallel, with sufficient space in
between.

As mentioned in the previous chapter, there is a large variation in the spatial
relationship between the crown of the permanent canine and the root of its
predecessor. In addition, the relationship between premolars and their predecessors
varies, more in the mesiodistal than in the linguobuccal direction.



Fig 4-3 The teeth arranged as they were positioned in the jaws. (a) The permanent
canines are formed at a significant distance from the occlusal plane. (b) The crowns of
the premolars are situated apical to the roots of their predecessors. There is little
difference in the formation stages of the permanent canines and first premolars. In the
maxilla, the crown of the second permanent molar is distally angulated and buccally
inclined; in the mandible, it is mesially angulated and lingually inclined. The second
permanent molars are close to the roots of the first molars. (c and d) The dentition is
shown frontally from above and from below. (e and f) The same perspectives are
shown from a three-quarter lateral view. (g and h) The pictures taken from the apical



view show the individual variations in root development of the permanent teeth and the
strong resemblance between left and right sides in location, shape, and stage of
formation. In both jaws, the forming parts of the permanent canines are more lingually
located than those of the premolars. In the maxilla, the arch is widest at the permanent
first molars, in the mandible at the second.



Fig 4-3 (cont) (i to l) The dentition is shown from additional angles. (m) Posterior
view. (n) A drawing clarifies the elements shown in the posterior view. The roots of the
maxillary central permanent incisors (1) converge slightly. The lateral incisors (2) have
not completed their eruption. The forming parts of the maxillary permanent canines (3)
are located far superiorly. The roots of the mandibular incisors (4) converge. The
forming parts of the mandibular permanent canines (5) are the farthest away from the
occlusal plane. The mandibular first permanent molars (6) are lingually inclined. The
second molars (7) are mesially angulated and lingually inclined. The mesiopalatal cusps
of the maxillary first permanent molars (8) occlude in the central fossae of their
antagonists.

Variations in the Middle Section of the
Apical Area

Like the anterior section of the apical area (see chapters 2 and 3), the middle section
of the apical area in the maxilla and mandible may be categorized as large, medium, or



small.

Situation in the mandible
I n Fig 4-4, the variations in size of the middle section of the apical area in the

mandible and the associated arrangement of the permanent teeth are demonstrated on
preparations of three skulls. In a large middle section of the apical area, the permanent
canine is located in a good position. The differences in mesiodistal crown dimensions
among deciduous teeth and their successors are also favorable, and there is enough
room for them in the jaw. In a medium middle section, the condition is critical, in a small
one unfavorable.

Fig 4-4 Arrangement of the mandibular teeth in the intertransitional period in
relation to the size of the middle section of the apical area. (a) The first specimen, with
a large middle section, has a large mandibular second deciduous molar crown. Its
successor is at a significant distance from the mesial root of the first permanent molar.
(b) The mandibular permanent canine is slightly mesially angulated and located close
to the first premolar. It is situated below the apex of its predecessor and distal to the
root of the lateral incisor. There is a 3-mm space between the crowns of the premolars.
(c and d) Drawings based on a and b, with the dotted lines in c indicating the sectional
plane in d. (c) The permanent canine does not overlap the root of the lateral incisor. (d)
There is excess space between the lateral incisor and the first permanent molar for the



crowns of the permanent canine and premolars. There is some distance between the
canine and lateral incisor (shading).

Fig 4-4 (cont)(e) In the second specimen, with a medium middle section, the crown
of the mandibular second deciduous molar is only slightly wider than that of its
successor, which is situated close to the first permanent molar. (f) The permanent
canine is mesially angulated. There is a 1-mm space between the crowns of the
premolars. The first premolar is near the permanent canine, the crown of which overlaps
the lateral incisor. (g) The cusp tip of the permanent canine crown is situated mesial to
the apex of its predecessor. (h) The space mesial to the roots of the first permanent
molar is just sufficient. The distance between the permanent canine and the lateral
incisor (shading) is critical.



Fig 4-4 (cont) (i) In the third specimen, with a small middle section, there is little
space between the second premolar and the root of the first permanent molar. (j) The
canine has a marked mesial position and angulation. The difference in crown width of
the corresponding deciduous and permanent teeth is unfavorable. The crowns of the
unerupted permanent teeth are close together. The distal aspects of the crown of the
permanent canine and of the root of its predecessor are aligned nearly vertically. (k)
The permanent canine overlaps more than half the root of the lateral incisor, and there
is no space for it to move distally. (l) The space available in the dental arch is too small
for the premolars and permanent canine. The distance between the permanent canine
and the lateral incisor is small (shaded), which indicates an unfavorable situation.
(Reprinted from Wassenberg et al4 with permission.)

Situation in the maxilla
The relationship in size between the middle and the anterior section of the apical

area in the maxilla depends on the width and anteroposterior location of the piriform
aperture and the associated position of the permanent canines. The middle section
exhibits a significant interindividual size variation. These differences are especially
evident in the positions of the canine and first premolar. The sagittal and transverse



position of these teeth varies more in the maxilla than in the mandible. The variation in
size of the middle section of the apical area in the maxilla and the associated
arrangement of the permanent teeth is demonstrated on preparations of three skulls in
Fig 4-5.



Fig 4-5 Arrangement of the maxillary teeth in the intertransitional period related to
the size of the middle section of the apical area. (a) The first specimen, with a large
middle section, has favorable spatial conditions. The second deciduous molar has a
wider crown than its successor. (b) The permanent canine is mesially angulated and
located more superiorly and palatally than the premolars, which are situated at about
the same level. The crown tip of the permanent canine is located palatal and slightly
mesial to the apex of its predecessor. The canine is close to the first premolar. (c and d)
Drawings based on a and b, with the dotted lines in c indicating the sectional plane in
d. (c) There is some distance between the root of the first permanent molar and the
second premolar crown. The first premolar is slightly mesially angulated. The second
premolar is oriented perpendicularly to the occlusal plane. (d) The distance between
the first premolar and the lateral incisor is relatively large. The canine crown overlaps
both adjacent teeth slightly.



Fig 4-5 (cont) (e) In the second specimen, with a medium middle section, the
situation in the maxilla is critical. The premolar crowns are close together. The
mesiodistal crown dimensions of the deciduous canine and molars are small in relation
to those of their successors. (f) The permanent canine is situated palatal and superior
to the first premolar and vertically overlaps a large part of it. Both teeth are mesially
angulated, particularly the canine. Furthermore, the first premolar is mesiopalatally
rotated and extends buccally. (g) The crowns of the premolars and canine are in
different vertical positions and overlap each other. The distance between the first
permanent molar and the lateral incisor is small. (h) The distance between the mesial
aspect of the first premolar and the distal aspect of the lateral incisor is also small.



Fig 4-5 (cont) (i) In the third specimen, with a small middle section, the maxillary
lateral deciduous incisor has been lost prematurely, and its successor has not emerged.
There is little room between the mesial root of the first permanent molar and the second
premolar crown. (j) The permanent canine crown is situated far superiorly and
considerably mesially angulated. The first premolar is located close to the second
premolar and buccal of the canine, which overlaps the first premolar vertically. The
canine is distobuccally rotated and overlaps the lateral incisor to a large extent. The
first and second premolar crowns are located only partially between the roots of their
predecessors. (k) The conditions are unfavorable, and after transition there would
have been a marked shortage of space in the dental arch for the three erupting teeth. (l)
The space between the first premolar and the lateral incisor is very small. (Reprinted
from Wassenberg et al5 with permission.)

Arrangement of Teeth Late in the
Intertransitional Period

Figures 4-6 and 4-7 show a skull at 10 years in the late phase of the intertransitional
period. For its presentation, the same approach is used as for the skull at 8 years (see
Figs 4-2 and 4-3). The crucial difference is between the sum of the mesiodistal crown
dimensions of the deciduous canine and the two deciduous molars and that of their
successors. The correlation between these two sums is not high.6 Among the



corresponding individual teeth, the correlation is moderate for deciduous molars and
premolars and low for canines.7 Hence, a marked difference can exist among the
mesiodistal crown dimensions of deciduous canines and molars and their successors,
particularly between canines. The differences in crown sizes of corresponding teeth,
together with the sequence of emergence, play an important role in the second
transitional period.



Fig 4-6 Skull at 10 years, the end of the intertransitional period. (a) The incisors are
labially inclined in both arches but more so in the maxilla than in the mandible. (b) The
first permanent molars are in end-to-end occlusion. (c) After removal of the buccal
alveolar wall, the lateral view shows the not-yet-emerged canines and premolars. (d)
With these teeth removed, the contour of the surrounding bone structures reflects their
locations. (e and f) Frontal views are shown from above and from below.



Fig 4-6 (cont) (g and h) The same perspectives are shown from a three-quarter
lateral view. (i) Close-up lateral view with canines and premolars still present in the
jaws . (j) Same view as i, after the removal of the canines and premolars. (k) The
furcations of the deciduous molars are near the cervical borders, and the roots diverge
markedly. This allows the premolars to be close to the crowns of their predecessors,
which are maintained for a long period of time because the outer walls of the roots of
deciduous molars resorb late. (l) The openings of the gubernacular canals are visible in
the crypts of the mandibular premolars.



Fig 4-7 The teeth arranged as positioned in the jaws. (a) The maxillary right
permanent canine is less buccally located than the left canine. Its mesial incisal margin
is slightly palatal to the root of the lateral incisor. Also in the mandible, there is a slight
asymmetry in the location of the permanent canines and in the resorption pattern of the
roots of their predecessors. (b) In both jaws, the crowns of the permanent canines and
premolars are not far from the occlusal plane. The second and third permanent molars
are oriented at the typical angulation and inclination. (c and d) Frontal views are shown
from above and from below. (e and f) The same perspectives are shown from a three-
quarter lateral view. (g and h) The apical views show the differences in root formation
stages and the symmetry in root arrangement of the teeth with the exception of the
maxillary and mandibular canines.



Fig 4-7 (cont) (i to l) The dentition is shown from various lingual views. (m)
Posterior view. (n) A drawing clarifies the elements shown in the posterior view. The
maxillary central incisors (1) are oriented almost perpendicular to the occlusal plane.
The mesial incisal margin of the maxillary permanent canine (2) is located slightly palatal
to the root of the lateral incisor on the right side and buccal to it on the left side. The
maxillary premolars (3) are located directly above their predecessors. The maxillary
second permanent molars (4) are distally angulated and buccally inclined. The crowns
of the maxillary third molars (5) are partly formed. The roots of the mandibular incisors
(6) converge. The mandibular permanent canines (7) are slightly buccally inclined. The
mandibular premolars (8) are located directly below their predecessors. The roots of the
mandibular second permanent molars (9) are partly formed. Their crowns are mesially
angulated and lingually inclined. The mandibular third molar crowns (10) are partly
formed, mesially angulated, and lingually inclined.

Concluding Remarks
During the intertransitional period, no or only few changes are seen in the dental



arches. However, many changes occur within the jaws. Preparations are made for the
second transition. Roots of deciduous teeth and the surrounding bone resorb,
including the bone at the cervical margins. The crowns of the third molars start to
mineralize, earlier in the maxilla than in the mandible. At about the same time, furcations
are formed in the adjacent second permanent molars. The roots of the teeth still to
emerge elongate.
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CHAPTER 5
The Second Transitional Period:

Transition of Canines and Deciduous
Molars/Premolars and Emergence of
Second Permanent Molars

Emergence Sequence
The second transitional period lasts 1 to 1.5 years. At about 10 years of age, 2 years

after the emergence of the maxillary lateral permanent incisors, the first tooth, usually a
mandibular deciduous canine, is shed. In contrast to the predictable emergence
sequence of the permanent incisors, a large variation exists in the sequence of
emergence of permanent canines and premolars. The spatial conditions in the anterior
region allow only one eruption sequence for incisors. There is more space for the not-
yet-emerged permanent teeth in the buccal region, and they can be arranged with space
in between. However, the maxillary permanent canine is often situated close to and
above the first premolar, in which case the premolar emerges first. The distal corner of
the canine lies next to the first premolar at the junction of its crown and root. The
maxillary first premolar has a corresponding concavity at its mesial side. The second
premolar has no such concavity and not two roots but only one; otherwise, the crowns
of the premolars are alike in shape and size.

The most common sequence of emergence in the mandible is: canine, first premolar,
second premolar; in the maxilla: first premolar, second premolar, canine 1 (Fig 5-1). In
both jaws, the first two mentioned teeth quite often emerge at the same time or shortly
after one another. In the mandible, all possible variations in sequence of emergence can
occur. In the maxilla, the first premolar generally precedes the canine. For the frequency
of various sequences of emergence3–6 and also for times of emergence7,8 and other
statistical data, see chapter 17.



Fig 5-1 Transition in the buccal region and emergence of the second permanent
molars. (a) In the maxilla, the first premolar is the closest to the occlusal plane; the
canine is the farthest away. In the mandible, the permanent canine is also initially
farther away from the occlusal plane than the first premolar (see chapter 3, Fig 3-1). In
contrast to the situation in the maxilla, there is some space between these two teeth.
Usually there is—although not in this drawing—a flush terminal plane of the
deciduous dentition.2 In the maxilla, the canine and first premolar are slightly mesially
inclined. (b) Some weeks after the loss of the mandibular deciduous canine, its
successor emerges with sufficient space in the dental arch and passes the first premolar
while erupting. In the maxilla, the erupting first premolar has come free of the canine
crown. (c) In both jaws, the first premolars emerge with sufficient room. (d)
Subsequently, the second premolars emerge with excess space in the dental arch. ((e)
In the maxilla, the deciduous canine is the last tooth to be lost, and its successor will
erupt a few weeks later. The diastemata present, including the central one, provide extra
space for the large permanent canine crown. (f) After occlusion has been established,



the mandibular second permanent molar is mesially angulated and lingually inclined;
the maxillary second molar is distally angulated and buccally inclined.

There is a large variation in the age at which permanent teeth emerge. There is a
range of 3 years for the incisors and 6 years for the canines and premolars. Sequences
and times of emergence can differ between the left and right sides. Furthermore, the
transition in the mandible precedes that in the maxilla. Generally, the second permanent
molars erupt when all deciduous teeth, with the exception of the mandibular second
deciduous molar, have been replaced (Fig 5-2).

Fig 5-2 Variations in patterns of transition. (a) The mandibular permanent canine
and the maxillary first premolar have emerged, but the second permanent molars are not
yet emerged. The terminal plane of the deciduous dentition has a mesial step. The first
permanent molars occlude optimally. (b) The second permanent molars have emerged.
The terminal plane has a small mesial step. The occlusion of the permanent molars is
not optimal. (c) Simultaneous emergence of the mandibular permanent canine and first
premolar and both maxillary premolars. The second permanent molars have not emerged
yet. The wide mandibular second deciduous molar interferes with optimal occlusion of
the first permanent molars. (d) The second permanent molars occlude prior to the
conclusion of the transition. After loss of the mandibular second deciduous molar, the
occlusion of the permanent molars can improve.

Leeway Space
Deciduous molars have mesiodistally larger crowns than do their successors. The

reverse holds true for canines. Permanent canines are broader than their predecessors,



particularly in the maxilla, and more in boys than in girls. The extra space needed for
their replacement is usually available because of the presence of diastemata.

Premolars are located between and below (in the mandible) or above (in the maxilla)
the roots of the deciduous molars. After emergence, the mandibular premolars are
oriented nearly perpendicular to the occlusal plane. The maxillary premolars are slightly
buccally inclined, and the first premolar is mesially angulated. The difference in
inclination between first premolars and incisors is greater in the maxilla than in the
mandible because the maxillary incisors are much more labially inclined than are the
mandibular incisors (see chapter 7, Figs 7-3 and 7-4).

In this context, the term leeway space, introduced by Nance in 1947, should be
mentioned.9 Leeway space refers to the difference between the combined widths of the
deciduous canine and first and second molars and that of their successors. According
to Nance, the average difference for a maxillary quadrant is 1.0 mm and for a mandibular
quadrant 1.7 mm (see chapter 17, Fig 17-10). However, there is a large range for these
values. The leeway space offers, together with the remaining diastemata, the extra
space needed for good alignment of the canines and premolars in the dental arch. With
excess space, the first permanent molars can move mesially, especially in the mandible,
resulting in improved intercuspation.

Size of the Middle Section of the Apical
Area

The sequence of emergence is related to the size of the middle section of the apical
area. If it is large, all sequences of emergence can occur (Fig 5-3). However, the
mandibular second premolar almost always emerges last in accordance with its late
formation. In a medium middle section of the apical area, the three teeth cannot erupt
simultaneously, but there is adequate space for the alignment of the teeth (Fig 5-4). In
the mandible, the canine emerges first; in the maxilla, it is the first premolar.



Fig 5-3 Transition in large middle sections of the apical areas. (a) In both the
maxilla and the mandible, the canine and premolars can emerge at the same time. (b)
Usually the mandibular canine comes first, followed by the maxillary first premolar. (c)
Slightly later, the mandibular first premolar emerges. (d) After all premolars and canines
have emerged, some extra space remains. (e) The space gradually disappears. (f) In the
meantime, the second permanent molars have attained occlusion, and the roots of the
incisors have moved distally. See video clip 16.

Clip 16: Transition of Canines and Premolars with Excess of Space



Fig 5-4 Transition in medium middle sections of the apical areas. (a) There is
enough room in the mandible, where the permanent canine emerges first. (b) That is not
the case in the maxilla. (c) The maxillary first premolar emerges first. (d) Subsequently,
the mandibular first premolar emerges. In the maxilla, the second premolar often
precedes the canine. (e) After conclusion of the transition, little space remains in the
dental arch. (f) Ultimately, there is good dental alignment in both the mandible and the
maxilla. See video clip 17.

Clip 17: Transition of Canines and Premolars with Moderate Space
In a small middle section of the apical area, the shortage of space especially affects

the maxilla (Fig 5-5). The canine ultimately is in a buccal position, outside the dental
arch. The same phenomenon can occur in the mandible, with the permanent canine
overlapping the lateral incisor.



Fig 5-5 Transition in small middle sections of the apical areas. (a) The maxillary first
premolar can emerge without hindrance. (b) The mandibular canine, however, overlaps
the lateral incisor labially after emergence. (c) In the maxilla, the second premolar
emerges well. (d) However, the canine ends up in a buccal position outside the dental
arch. (e) In the mandible, the second premolar also emerges well. (f) If the maxillary first
premolar moves distally after premature loss of the second deciduous molar, the canine
can erupt well, and the second premolar ends up palatally positioned. If the mandibular
second deciduous molar is lost prematurely, and subsequently the space is reduced
severely, the second premolar emerges lingually. It can even become impacted if the
first permanent molar migrates excessively to the mesial. If the maxillary lateral incisor
emerges palatally, it can end up in negative overjet. See video clip 18.

Clip 18: Transition of Canines and Premolars with Shortage of Space
The relative size of opposing sections of the apical areas quite often differs. For

example, a small maxillary anterior section can be combined with a large mandibular
anterior section. The same applies to middle sections. In addition, the relative size of
the anterior and middle sections may vary within the same jaw. For example, a small



maxillary anterior section can be combined with a medium middle section and vice
versa.

Emergence of Second Permanent
Molars

The emergence of the second permanent molars can occur during or after the
conclusion of the transition. The maxillary second molar usually emerges some months
to half a year later than the mandibular second molar.

Many factors play a role in the transition in the buccal region and in the emergence
of the second permanent molars.10–17 In Figs 5-6 to 5-9, insight into this topic is
provided through the exposure of the dentition in the jaws of four skulls at increasing
levels of development.

Fig 5-6 Exposed dentition in a skull at 10 years. (a and b) In this specimen, the
maxillary permanent canine crowns are close to the roots of the lateral incisors. (c and
d) In both arches, the root formation of the canines is ahead of that of the premolars. (e



and f) Before the mandibular canines can emerge, remnants of alveolar bone occlusal to
them must be resorbed. This is not necessary, however, for the emergence of the
premolars.

Fig 5-7 Exposed dentition in a skull at 10.5 years. (a and b) In this specimen, the
maxillary first premolars and the mandibular canines and first premolars have already
emerged. (c and d) The maxillary permanent canines are located palatal to the
deciduous canines, the roots of which are resorbed only slightly. (e) The mandibular
incisors converge apically. (f) The apices of the second deciduous molars also show
little resorption, although their successors have already begun to erupt.



Fig 5-8 Exposed dentition in a skull at 11 years. (a and b) In this specimen, the
maxillary left permanent canine is more palatally located than the right canine. (c and d)
The maxillary right first premolar is almost fully emerged, although its root is only
halfway formed. Indeed, in this specimen, the roots of all completely formed teeth are
short in comparison with the crown heights. (e and f) There is no central diastema in
the maxilla, which is unusual when the permanent canines have descended halfway.



Fig 5-9 Exposed dentition in a skull at 11.5 years. (a and b) In this specimen, the
maxillary canines have emerged, and the incisors are mesially angulated. There is no
central diastema. (c and d) The canines and first premolars are not yet occluding. (e
and f) The roots of the first permanent molars are completely formed. The distobuccally
oriented maxillary right second molar crown is positioned close to the apices of the first
molar. The mandibular right second molar is oriented linguomesially.



Relationship Between Erupting
Permanent Teeth and Their Predecessors

As mentioned before, erupting permanent teeth closely approach their
predecessors. Not only their roots resorb but also the surrounding bone, beginning at
the cervical margins. A premolar moves into the crown of its predecessor, which
becomes positioned like a hat on the premolar crown, the buccal part of which is often
visible. Hence, there is no time interval between the loss of a deciduous molar and the
emergence of its successor, as is the case for incisors and canines. Indeed, the
gubernacular canals of premolars end in the alveolar sockets, not at the alveolar
process to the lingual of their predecessors, as do those of incisors and canines.

Seen from the occlusal, the cusp tip of an erupting permanent canine is situated
lingual to the buccal side of the root of its predecessor. Its buccal surface is more
buccally located and can be seen and palpated at the gingiva as a bulge. This is more
exaggerated in the maxilla than in the mandible.

Correlations in Timing of Emergence of
Permanent Teeth

The times of emergence of the permanent molars are more closely related to those
of the deciduous teeth than to those of the other permanent teeth. Indeed, the
permanent molars are in that respect more synchronous with the deciduous teeth than
with the other permanent teeth. Furthermore, the mode of formation of the permanent
molars is similar to that of the deciduous molars, and the shape of the crowns of the
first permanent molars corresponds strongly with that of the second deciduous molars
in both the maxilla and the mandible.18

It generally holds true that early emergence of deciduous teeth coincides with an
early transition and vice versa. However, the correlation between these two is less than
the one between the times of emergence of deciduous teeth and permanent molars, as
mentioned above.18 The emergence time of second permanent molars depends partly
on the available space. Space restrictions are correlated with slower eruption and later
emergence of all teeth.

The correlations among skeletal age, dental age, and sexual maturity age are
limited.19–21 However, skeletal age is more related to chronologic age than dental age.
That also applies for sexual maturity age. Overall, girls are more advanced than boys in



development of the dentition.22 In the second transitional period, the difference is 6
months.7 However, boys enter puberty 2 years later than girls. Consequently, girls
usually experience the adolescent growth spurt during the second transitional period,
while boys undergo the adolescent growth spurt after the transition is concluded.
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CHAPTER 6
Changes in the Molar Region

The region where the permanent molars are formed and emerge increases gradually
in size. The posterior growth of the alveolar process is limited to 1 to 2 mm a year.1,2

The mineralization of the third molars starts 6 years after that of the second molars.
There is also a 6-year period between times of emergence of the three permanent
molars.

Available Space for Molar Development
and Orientation of Tooth Buds

There is a large difference between the maxilla and the mandible regarding the space
available for the development of the molars and the orientation of the forming molars.

The mandibular ramus provides space for the second and third molars to begin their
formation. Initially, they are located superior to the level of the occlusal plane and
partially overlap each other. Through vertical growth of the mandibular body and the
alveolar process, they attain an inferior position in relation to the other mandibular
teeth. Furthermore, the roots of the forming mandibular second and third molars are
positioned posterior to their crowns. This mesial angulation gradually decreases (Fig 6-
1).



Fig 6-1 Relationship between mandibular growth and development of permanent
molars. The mandibular second and third molars are formed in the part of the jaw where
the corpus intersects with the ramus. (a and b) At 6 years of age, when the first
permanent molar has reached the occlusal plane, the forming second molar is located at
the slight lateral bend of the mandible. The second molar is then mesially angulated and
distobuccally rotated. The third molar starts its formation in the ramus. (c and d) By the
time the second permanent molar has reached the occlusal plane, its angulation and
rotation are reduced. The distal part of the crown has moved to the lingual and is
located mesial to the lateral bend of the mandible. (e and f) The eruption and change in
position of the third molars occurs in a comparable way 6 years later. In the meantime,
the mandible has grown sufficiently to the posterior to house the third molar without
distobuccal rotation.

In the maxilla, the second and third molars are formed in the limited region of the
maxillary tuberosity. They cannot be arranged horizontally as forming deciduous
molars are. Rather, they are stacked in a posterosuperior direction and overlap each



other vertically. They are formed at a distal angulation, and their roots are close
together2 (Fig 6-2).



Fig 6-2 Relationship between maxillary growth and development of permanent
molars. (a and b) The formation of the second and third molars precedes the growth of
the jaws. In contrast to that in the mandible, the region in the maxilla where the second
and third molars are formed is limited in size. There is sufficient space for the first
permanent molars, which, mesiodistally, emerge perpendicular to the occlusal plane.
The crown of the second molar is located at the most apical aspect of the roots of the
first molar and is distally angulated, which minimizes the amount of space it occupies.
The third molar is formed in a superior location in the tuberosity. (c and d) The second
molar has emerged in a distobuccal direction. Its angulation has already changed
slightly. The third molar is positioned close to the most apical part of the roots of the
second molar, which blocks their distal movement. (e and f) When the third molar has
descended, space becomes available for the distal movement of the roots of the second
molar. Finally, the maxillary third molar becomes mesially angulated.

The change in position of the buds of the permanent molars is related to the speed
of their formation and the amount of jaw growth. The mandible enlarges about twice as



much to the posterior as does the maxilla, which is displaced by sutural growth to the
anterior in the meantime. Through reconstruction of the bone of their crypts, the buds
migrate to the posterior in the mandible and to the anterior in the maxilla.3–5

In accordance with the limited space, the maxillary second molars emerge in a
distobuccal direction. When they reach occlusion, they are still distally angulated.
More space has to be created by growth of the maxillary tuberosity to the posterior
before their roots can move distally. After the crowns of the third molars have
descended, they can upright and ultimately develop a mesial angulation. Indeed, the
position and angulation of the maxillary second and third permanent molars depend on
the amount of growth of the maxilla and the presence or absence of third molars.

It often occurs that the growth of the jaws to the posterior is insufficient for
adequate emergence of third molars. Mandibular molars can remain impacted without
necessarily causing any problems. However, if they are partially emerged and only the
mesio-occlusal aspect of the crown is visible, an infection can develop between the
unexposed portion of the crown and the covering gingiva, leading to a swollen cheek.
Surgical intervention is then needed. Maxillary third molars are less frequently
impacted. With shortage of space, they emerge distobuccally. Extracting them is a
simple procedure.

The change in position of erupting mandibular third molars varies. In addition to
spatial conditions, differences in speed of formation between the mesial and distal
roots might play a role.6

Size of the Posterior Section of the
Apical Area

The size of the posterior section of the apical area is the decisive parameter in the
eruption and emergence of permanent molars. This aspect is illustrated for the mandible
in Fig 6-3 and for the maxilla in Fig 6-4.



Fig 6-3 Variations in the size of the posterior section of the mandibular apical area
in adults. (a and b) In a large posterior section, the third molar has adequate space to
emerge well. There may even be excess space distally. At the level of the cervical
borders, the teeth are positioned at the same height (p). The apices are at equal
distances apart (q). (c and d) In a medium posterior section, the third molar is tipped
mesially and partly emerged. Its crown is distobuccally rotated, and the apex of the
distal root is situated in the laterally deviating region of the jaw (q). (e and f) In a small
posterior section, the third molar is impacted. There is not enough room for it to
emerge. Its mesio-occlusal margin is situated close to the cervical border of the second
molar. At the level of the cervical margins, there is little room (p). Both apices of the
third molar are located in the laterally deviating region of the jaw (q).



Fig 6-4 Variations in size of the posterior section of the maxillary apical area shortly
before the emergence of the third molar. (a and b) In a large posterior section, more
than sufficient room is available for the third molar, which has already become
somewhat upright prior to emergence. At the level of the cervical margins, there is
adequate space (p). At the level of the apices, sufficient room is available for the roots
to become separated (q). (c and d) In a medium posterior section, the mesio-occlusal
margin of the third molar is positioned close to the cervical border of the second molar
(p). Adequate room is available for the roots of the second and third molars (q). (e and
f) In a small posterior section, the crown of the third molar is markedly distally
angulated and buccally inclined and can penetrate the distal bony surface of the
tuberosity. At the level of the cervical margins, the molars are close together (p). The
apices of the second molar and the forming part of the third molar are more mesially and
palatally located than they are in favorable spatial conditions (q).

In both the maxilla and the mandible, the size of the posterior sections of the apical
areas quite often does not correspond with that of the anterior and middle sections.



That also applies, although less frequently, to opposing posterior sections. It is also
important to note that the posterior sections are the only areas that continue to
increase in size, although the amount of extension varies. The size of the posterior
section of the apical area can increase markedly in one individual and only marginally in
another. The position and orientation of the molars will vary accordingly.

Eruption and Emergence of Molars
Specific aspects of the eruption and emergence of second and third permanent

molars can be observed in skeletal material at increasing levels of development (Figs 6-
5 and 6-6) and longitudinally collected dental casts and radiographs of growing
individuals7 (Figs 6-7 to 6-9). The changes in the molar region prior to and during the
emergence of first, second, and third molars are clarified with virtual illustrations (Figs
6-10 to 6-12).



Fig 6-5 Emergence of mandibular second permanent molars, demonstrated in eight
right jaw segments. (a) Initially, the second molar is located in the part of the jaw
posterior to the obtuse lateral bend. (b to d) The gubernacular opening enlarges
gradually.



Fig 6-5 (cont) (e and f) Through growth of the mandible to the posterior, the
second molar becomes positioned mesial to the obtuse lateral bend. (g) Bone
resorption creates space for the emergence of the crown. (h) As the crown erupts
further, new bone is built up at the cervical border.



Fig 6-6 Emergence of maxillary second permanent molars, demonstrated in eight
right jaw segments. (a) Initially, the crown of the second molar is located superiorly in
the jaw. The tuberosity needs to extend to the posterior. (b to d) The gubernacular
opening increases and the tuber enlarges.



Fig 6-6 (cont) (e to g) Prior to emergence, bone is resorbed widely. (h) During the
eruption after emergence, the alveolar process is built up, and the cervical border
becomes surrounded by bone.



Fig 6-7 Sections of plaster casts collected from one individual. (a) At 10 years 6
months of age, the second deciduous molars are still present. Shortly before, the
mesiobuccal cusp of the maxillary second permanent molar had emerged. (b) At the age
of 11 years 6 months, all second premolars had emerged. The crown of the maxillary
second permanent molar has emerged almost completely. However, it has not yet
reached the occlusal level. The mesial margin of the mandibular second permanent
molar has become visible. That tooth is distobuccally rotated. The distal part of the
crown is still located in the laterally deviating part of the mandible.



Fig 6-7 (cont) (c) At the age of 12 years, the slight buccal position of the maxillary
second permanent molar has been neutralized. The distobuccal rotation of the fully
emerged mandibular second permanent molar has mostly disappeared. (d) At the age of
22 years, growth to the posterior had resulted in large posterior sections of the apical
areas. The third molars could emerge well and attain proper positions in the dental arch.
(Reprinted from Schols and Van der Linden7 with permission.)



Fig 6-8 Corresponding sections of panoramic radiographs of the person whose
casts are shown in Fig 6-7. (a) At the age of 10 years 6 months, the crown of the
maxillary second molar is positioned close to the roots of the first molar and distally
angulated. There is some space between the mandibular first molar and the mesially
angulated second molar. (b) At 11 years 6 months, the second molars have penetrated
the occlusal bony surfaces. The distal part of the mandibular second molar is situated
in the laterally deviating part of the alveolar process. (c) At 12 years, the second molars
occlude completely. The third molars have not yet started to erupt. (d) At 22 years, all
third molars have emerged completely. The maxillary third molar is mesially angulated.
(Reprinted from Schols and Van der Linden7 with permission.)



Fig 6-9 Tracings of two of the panoramic radiographs in Fig 6-8. (a) At 12 years of
age (see Fig 6-8c), the size of the maxillary tuberosities is limited, and the maxillary third
molars are positioned superior to the second molars. The mandibular third molars are
located in the ramus. (b) At 22 years of age (see Fig 6-8d), all molars, except the
maxillary left third molar, occlude and are mesially angulated. In the maxilla, the
development on the left side is delayed compared with that of the right side. The
maxillary left third molar has to erupt further, and the roots of the first and second
molars have not yet moved distally. The final position and angulation of the molars is
realized after all of them have reached occlusion. (Reprinted from Schols and Van der
Linden7 with permission.)



Fig 6-10 Eruption and positioning of second molars. (a) Prior to emergence, the
mandibular second molar is mesially angulated, and the maxillary second molar is
distally angulated. (b) The mandibular second molar erupts in a mesial direction, and
the maxillary second molar erupts in a distobuccal direction. (c to d) With sufficient
space, the second molars can erupt and emerge unhindered. (e and f) The angulation of
the maxillary second molar cannot change as long as the forming third molar is close to
its roots. See video clip 19. (Printed from Van der Linden et al8 with permission.)

Clip 19: Eruption of Second Permanent Molars



Fig 6-11 Eruption and positioning of third molars. (a) The mandibular third molar is
mesially angulated, and the maxillary third molar is distally angulated. (b and c) With
the eruption of the maxillary third molar, space becomes available for the distal
movement of the roots of the second molar. (d to f) With adequate posterior growth,
large posterior sections of the apical area develop. As a result, third molars can emerge
unhindered and in good occlusion, and the roots of the maxillary molars can move
distally. See video clip 20. (Printed from Van der Linden et al8 with permission.)

Clip 20: Eruption of Third Permanent Molars



Fig 6-12 Normal development of the molar region. (a to c) When the deciduous
molars are replaced by their narrower successors, extra space becomes available in the
dental arch. (d to f) The resulting diastemata are closed by mesial migration of the
permanent molars. Subsequently, occlusion of the first permanent molars improves, and
their angulation changes. In the maxilla, the mesial angulation increases further if the
roots can move distally when the adjacent molar has descended. See video clip 21.
(Printed from Van der Linden et al8 with permission.)

Clip 21: Movements of First Permanent Molars

Comparison of Anterior and Posterior
Eruption

The alteration in angulation of the maxillary second and third molars has some
similarity with the alteration in angulation of the maxillary incisors. The latter are also
formed in a spatially limited situation. As explained earlier, the roots of the lateral and
central incisors cannot move distally prior to the emergence of the permanent canine



and until its narrower root is positioned where the bulky crown initially was situated. In
addition, the angulation is altered by the mesial migration of the incisor crowns and the
closure of the central diastema. A similar phenomenon occurs in the molar region if the
extra space that becomes available with the replacement of the deciduous molars is
depleted by the mesial migration of the molars. However, there are also clear differences
between the posterior and anterior regions. The three molars erupt in intervals of 6
years while the jaws continue to grow posteriorly. In the anterior region, the lateral
incisors emerge 1 year after the central incisors, and jaw growth is negligible.
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CHAPTER 7
The Adult Dentition

This chapter deals with the complete permanent dentition. As way of introduction,
some aspects of development are mentioned, although most of them have been
covered in the previous chapters in another context. Finally, the worn dentition of an
elderly individual is shown.

Tooth Positions
After all permanent teeth except the third molars have emerged at 12 or 13 years of

age, alterations in tooth positions still take place. The roots of the permanent incisors,
particularly the maxillary incisors, move distally. After emergence of the third molars,
the roots of the maxillary permanent molars spread throughout the available space. If
the third molars are absent, this probably occurs earlier. The roots of the second molars
move distally, and their angulation alters. Ultimately, all maxillary molars are mesially
angulated. The distal margins of the maxillary first molars become positioned more
occlusally than the adjacent mesial margins of the second molars.1 All maxillary teeth
except the second premolars are mesially angulated. The maxillary posterior teeth are
inclined slightly buccally; the incisors are inclined labially. Mesiodistally, the
mandibular premolars are oriented perpendicular to the occlusal plane. The lateral
incisors, canines, and molars are mesially angulated. The molars are inclined lingually;
the incisors and canines are inclined labially. The premolars are the turning point
between the two inclinations (Figs 7-1 to 7-4).



Fig 7-1 Permanent dentition. (a) The maxillary teeth are arranged in an arch without
diastemata. They occlude slightly outside of the mandibular ones. There is a small
overjet. (b) The mandibular teeth are in contact with each other and form an arch on
which the maxillary teeth fit. All mandibular teeth have occlusal contact with two
maxillary teeth, with the exception of the mandibular central incisors. (c and d) The
roots of the maxillary lateral incisors are directed distally, as are those of the central
incisors, although to a slightly lesser degree. The roots of the mandibular lateral
incisors are slightly distally angulated. The premolars intercuspate like gears.



Fig 7-2 Ideal permanent dentition. (a to d) In this case, all criteria of an ideal
position and occlusion of teeth are met, including the course of the gingival line. The
texture and color of the gingiva and the height of the smile line are also optimal. As a
result of the availability of sophisticated orthodontic appliances, an ideal arrangement
can be reached in many cases.

Fig 7-3 Inclination of permanent teeth. The maxillary incisors and canines are more
labially inclined than the mandibular incisors and canines. The lateral incisors are more
labially inclined than the central incisors, particularly in the maxilla. In the maxilla, the
premolars are buccally inclined. In the mandible, their buccolingual orientation is
perpendicular to the occlusal plane. The maxillary molars are buccally inclined; the
mandibular molars are lingually inclined. Note that the occlusal contacts in this
illustration deviate from reality. The distal sides of the teeth are drawn, not cross
sections of the points where opposing teeth meet.

Fig 7-4 Angulation of permanent teeth and the relationship between their length
and the level where their formation started (shaded). All teeth are mesially angulated,
except both mandibular premolars and the maxillary second premolar. These teeth are
oriented perpendicular to the occlusal plane. In both the maxilla and the mandible, the
canines are formed at the farthest distance from the occlusal plane and are ultimately



the longest teeth. In the maxilla, the lateral incisor, which is formed closer than the
central incisor to the occlusal plane, is the shortest maxillary incisor. In the mandible,
the situation is reversed.

Factors Affecting the Arrangement of
the Teeth

In every population, a large diversity exists in the position and occlusion of
permanent teeth. The angulation and inclination of teeth vary considerably, even in
normal occlusion2 (see chapter 17, Table 17-30). The same also applies to the shape
and relationship of the jaws and to the influence of functional factors. The position of
the apices depends on the morphology of the jaws, the spatial conditions within the
jaws, and their sagittal and transverse relationships. The position of the crowns and
their inclinations are further determined by the occlusion and the pressures exerted by
the tongue, lips, and cheeks. In that regard, the dimensions and volume of the soft
tissues are of importance, but their position in unstrained conditions is even more
essential. Furthermore, the shape and size of the crowns, the tooth-supporting tissues,
and the forces generated by the functioning dentition affect the position of the
individual teeth. In this context, habits such as thumb sucking, chewing of tobacco and
coca leaves, bruxism, and tooth grinding must be considered. In addition, many factors
alter slightly with age, including the morphology of the jaws and the craniofacial
skeleton and also the tone, texture, and form of the soft tissue. Most of the aspects
mentioned above are clarified further in chapter 9.

Criteria for an Ideal Dentition
Indeed, the arrangement of the teeth depends on many factors, and an ideal

occlusion is quite rare. In most cases, there are some minor shortcomings. A variety of
malocclusions, from mild to severe, are found in every population (see chapters 10 to
15). The criteria for an ideal dentition are not limited to specific norms for tooth
positions and occlusion but also include requirements for the course of the gingival
line. In the maxilla, the clinical crowns of the lateral incisors should be shorter than
those of the central incisors, which in turn should be shorter than the canine crowns.
The course of the gingival line corresponds with these differences in clinical crown
heights, ie, it is lower at the lateral incisors than at the central incisors and again higher
at the canines. In these aspects, symmetry is important.

In the mandibular anterior region, the height of the clinical crowns increases from
central incisor to lateral incisor to canine. The course of the gingival line follows



accordingly. The incisal edges of the four incisors are at the same level; the canine tips
are slightly more superior. In the maxilla, the incisal edges of the central incisors and
the canine tips are at the same level. The incisal edges of the lateral incisors are slightly
more superior (see Figs 7-1 and 7-2).

As mentioned previously, with the exception of the third molars, the ultimate
lengths of the teeth and the position of their apices are related to the locations at which
their forming parts were situated initially (see Fig 7-4).

Comparison of Young Adult and
Elderly Dentitions

I n Fig 7-5, the skull of a young adult is shown before and after removal of the
vestibular alveolar bone, and in Fig 7-6, the teeth are shown separately, arranged as
they were located in the jaws. The same has been done with a skull of an elderly
individual (Figs 7-7 and 7-8). In both skulls, there is a noticeable difference in the
thickness of the cortex between the two jaws.3 The cortex is thin in the maxilla. Such
fragility is not problematic there because the forces evoked by chewing and biting are
transferred to and received by the more superiorly located bones. In that regard, the
mandible functions as a solitary unit and has a strong construction. The thick cortex of
the mandible serves not only to receive the chewing and biting forces but also is
essential in reducing vulnerability to trauma. Furthermore, the mandible serves as the
starting point of part of the swallowing musculature, in which the hyoid bone acts as
an intermediary.4,5

The skull from the elderly individual shows signs of long-lasting, intensive
functioning, such as attrition and mesial migration (see Figs 7-7 and 7-8). Today, such
severe attrition is rare in the Western hemisphere, where food is processed and
contains few grinding substances. However, the dentition does change with age,
particularly when used intensively.



Fig 7-5 Skull of a young adult. (a) There is adequate occlusion and positioning of
teeth, although the midlines of the dental arches do not coincide. The mandible is less
broad than the neurocranium. The alveolar processes have grown more in a vertical
direction than is needed to contain the teeth. (b) There is good occlusion in the
posterior regions. The third molars are emerged, except the mandibular right one, which
is missing. (c) The inclination of the anterior teeth is adjusted to the size of the apical
areas and the dimensions of the crowns. (d) The roots of the maxillary canines are
positioned more labially than those of the incisors and premolars. The maxillary and
mandibular first and second molars are mesially angulated, as is the maxillary right third
molar.



Fig 7-5 (cont) (e) The roots are completely formed and distributed evenly
throughout the available space in the anterior region. The alveolar bone at the cervical
margins follows the contours of the cementoenamel junctions. (f) The mandible has a
thick cortex; the maxilla has a thin cortex. (g) The occlusal surfaces show some
attrition; the approximal contacts are slightly worn. (h) In the posterior regions, the
roots are also evenly distributed throughout the available space.



Fig 7-6 Teeth arranged separately as they were positioned in the jaws. (a and b)
The apices have sharp pointed ends, and some have deviations at their tips. It is
assumed that these deviations are caused by alterations in tooth position after
emergence, without displacement of the forming parts. (c and d) Frontal views are
shown from above and from below. (e and f) The same perspectives are shown from a
three-quarter lateral view. (g and h) The apical views show the symmetry in
arrangement of the teeth.



Fig 7-6 (cont) (i and j) The convergence of the maxillary roots and the divergence
of the mandibular molar roots are clear. (k and l) The convergence of the maxillary
roots and the divergence of the mandibular molar roots are clear. (m) Posterior view.
(n) A drawing clarifies the elements shown in the posterior view. The roots of the
maxillary central incisors (1) are positioned quite parallel. The roots of the maxillary
canines (2) are longer than those of all other teeth. Of the maxillary premolars (3), the
first is slightly mesially angulated, while the second is positioned perpendicular to the
occlusal plane. The maxillary molars (4) are buccally inclined—the second more than
the first and the third the most. Looking at the roots of the mandibular incisors (5), one
can see that those of the central incisors are parallel to each other and shorter than
those of the lateral incisors. The mandibular premolars (6) are perpendicular to the
occlusal plane. The mandibular molars (7) are progressively more lingually inclined,
from the first to the third molar. The roots of the mandibular left third molar (8) are
partly formed; the right one is missing.



Fig 7-7 Skull of an aged individual. (a) This specimen shows marked attrition and
breakdown of the cervical alveolar bone. The maxilla is narrow at the roots of the
canines, leading to their marked buccal inclination. (b) The piriform aperture is
posteriorly located; the maxillary incisors are excessively labially inclined. (c) The
mandibular dentition is located mesially in relation to the maxillary one. Partly due to
the attrition of the occlusal surfaces, resulting in loss of their contour, the mandibular
posterior teeth are positioned more buccally in relation to the opposing maxillary teeth.
(d) The pattern of wear, the course and shape of the occlusal plane, and the anterior
open bite conform to the description by Murphy.6,7 The mandibular and maxillary
incisors do not overlap. Their incisal edges are in an end-to-end relationship. The
cusps of the premolars and molars are worn. Marginal ridges have disappeared. The
adjacent occlusal surfaces are at the same level. The interproximal contacts are flat and
reach to the occlusal surface. The mesiodistal crown dimensions have decreased.



Fig 7-7 (cont) (e) The incisor crowns are short. (f) The posterior teeth are in a
slight mesioclusion. (g) The inclination of the maxillary incisors and canines is related
to the posteriorly located and narrow piriform aperture. (h) Cervical alveolar bone has
been lost in the mandibular anterior region. (i) The secondary cementum deposition at
the apices of the maxillary canines and lateral incisors has not masked the deviations of
the root tips. (j) The relative buccal position of mandibular molars is combined with
occlusal contact without intercuspation.



Fig 7-8 (a) Teeth arranged separately as they were positioned within the jaws.
There is a small midline deviation. (b) The crowns of the premolars and molars are
rather short. (c and d) Frontal views are shown from above and from below. (e and f)
The same perspectives are shown from a three-quarter lateral view.



Fig 7-8 (cont) (g and h) The apical views show the convergence of the maxillary
teeth and the divergence of the mandibular posterior teeth. (i and j) Secondary
cementum deposition has resulted in large, round apices, more so in the maxilla than in
the mandible. (k and l) In the transverse direction, the molars are just opposite each
other. (m) Posterior view. (n) A drawing clarifies the elements shown in the posterior
view. There is a small open bite and an end-to-end relationship of the incisors (1). The
apex of the maxillary right canine (2) deviates, as do the apices of some other teeth. The
roots of the maxillary canines (3) converge. The maxillary third molars (4) are buccally
inclined and have deviating root tips. The mandibular canines (5) are nearly parallel to
each other. The mandibular molars (6) are lingually inclined. The right third molars (7)



have typical attrition patterns. The transverse occlusal relationship (8) differs from that
of an adult without excessive tooth wear.

Tooth Wear
In normal use, teeth wear at the occlusal and approximal surfaces at a faster rate in

the deciduous than in the permanent dentition (Figs 7-9 and 7-10).
In the description of tooth wear, three terms are used. Natural wear of the dentition

is called attrition. This covers the loss of tooth material by repeated physiologic and
parafunctional occlusal contact between teeth. Attrition leads to reduction of cusp
heights and to flat and smooth occlusal, mesial, and distal surfaces.

The term abrasion covers the reduction of tooth material through nonphysiologic
mechanical wear. A common form of abrasion is the V-shaped notches found at the
buccal aspect of crown-root junctions caused by incorrect and excessive manual tooth
brushing. Wear caused by extensive chewing on certain substances, such as tobacco,
and biting on pencils and pens is covered by the term abrasion, as is the loss of tooth
material due to pipe smoking. In addition, abrasion may occur through excessive
consumption of carbonated drinks and orange juice or frequent vomiting, which can
partially or totally dissolve the enamel on the lingual side of the teeth, resulting in
smooth, shiny surfaces.

The third term used in relation to tooth wear is bruxism, the diurnal or noctural
parafunctional activity that includes clenching, bracing, gnashing, and grinding of
teeth.8 Bruxism is a common cause of excessive tooth wear in modern society.

Fig 7-9 Jaws with dentition in the intertransitional stage. (a and b) Deciduous teeth
are not as hard as permanent teeth and wear more quickly, including approximally.



Fig 7-10 Jaws with an intensively used dentition. (a to d) In a dentition that has
been heavily used for a long time, as was needed in primitive living conditions, much
occlusal attrition has taken place, and the dental arches have become shorter through
approximal attrition. Contact among the teeth is maintained by mesial migration of the
posterior teeth.

Concluding Remarks
As previously indicated, the ideal occlusion, as defined in dentistry, is not

encountered often. An ideal occlusion is a concept created and accepted by dentists
and orthodontists that serves as the goal for realizing an optimal esthetic and
functional result with orthodontic and esthetic treatment. This goal can often be
reached by adequate orthodontic and esthetic treatment in young patients. An ideal
occlusion is considered youthful, healthy, and attractive. The size, form, and relation of
the jaws and the configuration and structure of the face sometimes limit the realization
of the ideal goal.
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CHAPTER 8
General Aspects of the Development of

the Dentition
This chapter begins with an overview of the changes in the dental arches and

occlusion from birth until adulthood. Subsequently, eruption, emergence, and migration
of teeth are clarified. Some aspects presented in previous chapters are discussed again
in a broader context.

Changes in Arch Width
The increase in size of the parts of the jaws that contain the teeth prior to

emergence and thereafter takes place in sagittal, vertical, and transverse directions. Jaw
growth does not occur at a constant rate and differs by region. From birth until 6
months of age, the jaws grow considerably, particularly in the median regions.1,2

Subsequently, there is only a limited increase in the transverse direction.
Consequently, the dental arch width, as measured between left and right deciduous
canines and second molars, enlarges only slightly.3–5 This limited increase in arch
width applies not only to the deciduous dentition but also to later stages of
development6 (see chapter 17).

The changes in arch width are partially related to the transition. For example, the
distance between the deciduous canines increases as part of the process of the
replacement of incisors. With the replacement of the canines, the intercanine distance
enlarges slightly as the permanent canines become positioned more buccally than their
predecessors, more so in the maxilla than in the mandible.

The distances between corresponding left and right deciduous molars and
premolars and also between permanent molars increase gradually. This slight increase
occurs more in the anterior part of the dental arch than in the posterior part, and also
more in the maxilla than in the mandible. The increase in jaw height associated with
facial growth contributes to the widening of the dental arch. With adequate transverse
intercuspation, the mesialization of the mandibular dental arch that accompanies the
anterior growth of the jaws leads to an increase in the width of the maxillary dental arch
(called the rail mechanism; see video clip 22). The increase in intercanine width,
associated with the transition of the incisors, can be considered as superimposed on
the overall widening of the dental arches. The changes in the dental arches are
illustrated in Figs 8-1 to 8-4.



Clip 22: Rail Mechanism



Fig 8-1 Changes in the parts of the jaws that contain the deciduous teeth, from
birth (dark lines, a and b; light lines, c and d) to complete emergence (light lines, a
and b; dark lines, c and d). In this period, the jaws grow considerably and space
develops for the anterior teeth. The jaws grow posteriorly. The increase in width takes
place mainly in the first 6 months after birth, prior to the ossification of the mandibular
symphysis. The median suture in the maxilla remains open, allowing further growth in
the median plane, a potential that no longer exists in the mandible.



Fig 8-2 Changes in the dental arches from the complete deciduous dentition (dark
lines, a and b; light lines, c and d) to the intertransitional stage (light lines, a and b;
dark lines, c and d). The permanent incisors are more anteriorly located than their
predecessors. The intercanine distances increase. There is also a small increase in the
distance between the corresponding left and right deciduous molars. The first
permanent molars are added to the dental arch. The diastemata in the posterior regions
decrease, and the distal surfaces of the second deciduous molars move mesially.



Fig 8-3 Changes in the dental arches from the intertransitional stage (dark lines, a
and b; light lines, c and d) to the complete permanent dentition (except third molars)
(light lines, a and b; dark lines, c and d). The permanent canines and premolars attain
a more buccal position than their predecessors. The first permanent molars, particularly
in the mandible, migrate mesially. This migration is facilitated by the differences in
mesiodistal crown dimensions between the premolars and their predecessors and by
the closure of diastemata. The second permanent molars are added to the dental arch.

Fig 8-4 Changes from the deciduous dentition (dark lines, a and b; light lines, c



and d) to the complete permanent dentition (except third molars) (light lines, a and b;
dark lines, c and d). The anterior parts of the dental arches show only a small increase
in size. The widening of the posterior regions is greater in the maxilla than in the
mandible. This difference is related to the mesial advancement of the mandibular arch in
relation to the maxillary arch (ie, the rail mechanism). The extension with the first and
second permanent molars results in lengthening of the dental arches to the posterior.

Changes to the Occlusal Plane
The deciduous dentition has a flat occlusal plane. There is no or only a slight

overbite. After the transition, the permanent incisors erupt more than their
predecessors. This results in an overbite (ie, overlap in height of the maxillary incisors
over the mandibular incisors). For an adult dentition, an overlap of one-third of the
clinical crown height (ie, the part of the crown that is visible in the mouth) of the
mandibular central incisors is considered normal. The overbite is somewhat greater in
the intertransitional period, as is the associated overjet.7–9 In the second transitional
period and particularly during adolescence, the labial inclination of mandibular and
maxillary incisors decreases, and the overbite and overjet (ie, distance between the
anterior side of the incisal margin of the maxillary central incisor and the labial surface
of the mandibular central incisor) reduce10–13 (see video clip 7).

After the permanent incisors are fully erupted, the occlusal plane is no longer flat;
the curve of Spee is formed. The curve of Spee is the imaginary curve that is formed by
the buccal cusps and incisal edges of the teeth in one arch. In the mandible, this curve
is slightly concave, with the incisors more occlusally positioned than the other teeth. In
the maxilla, the curve is slightly convex. The curve of Spee arises with the emergence of
the mandibular permanent incisors and first molars, increases with the emergence of the
second molars, and stabilizes in the permanent dentition.8

Achieving Final Molar Occlusion
The posterior position of the mandible in relation to the maxilla, present in the

newborn, disappears largely during the first year of life as the mandible grows more
anteriorly than the maxilla. This difference in anterior growth continues in a small
measure until adulthood. The mandibular teeth gradually attain a slightly more anterior
position in relation to the maxillary ones, which contributes to an improvement of the
first molar occlusion. With a flush terminal plane, the largest improvement takes place
after the mandibular second deciduous molars are exfoliated and the first permanent
molars migrate to the mesial. The third factor involved in attaining the final molar



occlusion is the mesial closure of the diastemata in the mandibular dental arch,
particularly the diastema between the deciduous canine and the first deciduous molar,
in which the maxillary deciduous canine fits.14

Alterations over the Life Span
After the permanent dentition is complete, small changes in tooth position,

occlusion, and arch width dimensions continue to take place. Well-aligned mandibular
anterior teeth may become irregular; existing irregularities may worsen.15–17 In general,
the dentition shows slight alterations during the total life span. That is not surprising,
as the potential to adapt to alterations in the skeleton and in functional conditions is
always present. However, with increasing age, the changes become smaller.18–20

Eruption and Emergence
At a certain developmental stage, forming teeth begin to move occlusally. In that

process, a distinction is made between eruption and emergence. Eruption refers to the
movement of teeth toward the occlusal plane, from their initial location in the jaws to
their functional position in the mouth. The term emergence applies to the piercing of
the surface and may be distinguished as the penetration of either the alveolar occlusal
bone or the gingiva.

The eruption process is divided into two phases: prior to emergence and thereafter.
The potential for eruption and displacement of teeth remains throughout an
individual’s lifetime, as long as the periodontium stays intact. In addition, fully
occluding teeth continue to erupt when facial height increases,21 and eruption occurs
to compensate for the attrition of occlusal surfaces in adults.22 However, when a bony
connection develops between the root and the alveolar socket (ie, ankylosis), eruption
can no longer occur.

A tooth germ develops inside a follicle. The increase in length of a developing
tooth occurs mainly by dentin deposition in an apical direction. The contribution of
enamel deposition in an occlusal direction is limited. The root end, where growth mainly
occurs, migrates initially in an apical direction, while the coronal part moves occlusally.
Because both displacements occur at about the same speed, the tooth germ itself
remains in the same place. At that point, bone resorption occurs at the apical as well as
at the occlusal side. When active eruption starts, the tooth bud starts to move
occlusally. The rate of apical lengthening of the root stays more or less the same during
the whole period of its formation and is slower than the rate at which the tooth bud
moves occlusally. Consequently, bone is deposited at the apical side to fill up the



otherwise growing open space. Indeed, the start of active eruption coincides with the
reversal from bone resorption to bone apposition at the apical side—the first reversal
point. When the tooth has reached its functional position, active eruption stops.
Because the root is not completed yet, the end of the forming root again moves
apically, with corresponding bone resorption—the second reversal point. As the root
formation is concluded and facial growth is still going on, the associated passive
eruption is accompanied by bone apposition near the apex—the third reversal point.

Permanent teeth erupt in the direction in which they are formed.23 After emergence,
they become affected by functional factors such as the pressure of the lips, cheeks,
and tongue and contact with antagonists, which alter the direction of their eruption.
The eruption direction of deciduous molars, premolars, and permanent molars is guided
by the cone-funnel mechanism when occlusal contact is reached.

Unlike premolars and molars, incisors and canines are not fixed three-dimensionally
by the occlusion. Their eruption is slowed down by the contact established between
the antagonists and through the soft tissues on which they rest. In that way, the lower
lip contributes to the slowing down and stopping of the eruption of maxillary incisors.

The eruption direction after emergence also depends on the space available in the
dental arch. With a shortage of space, an erupting incisor or canine will deviate to the
lingual or labial. On the other hand, the situation can improve spontaneously if extra
space is created. Extraction of a deciduous canine can provide space for a lateral incisor
that otherwise could not emerge within the dental arch. Prior to emergence, it may be
evident that the shortage of space is so severe that the permanent canine and two
premolars cannot be adequately arranged next to each other in the dental arch. In such
an extreme case of space shortage, if the first premolar is removed before or after its
emergence, the adjacent teeth can attain a better position prior to emergence. The serial
extraction and simultaneous extraction procedures are based on this phenomenon.24–

26
The eruption process of deciduous teeth differs from that of permanent teeth that

replace deciduous teeth. In the newborn, the forming deciduous teeth are only partially
covered occlusally by bone. During emergence, they become exposed. The same
happens in permanent molars, where the overlying occlusal bone has to be resorbed. In
this way, permanent molars are more similar to deciduous teeth than to permanent teeth
that replace deciduous teeth (Fig 8-5).



Fig 8-5 Eruption and emergence of a mandibular deciduous incisor (a to c) and a
permanent molar (d to f). (a) During the emergence of a deciduous incisor, the
epithelium that covers the tooth bud contacts the oral epithelium. (b) The two
epithelium layers fuse. (c) Together they form the attached gingiva and sulcus. The
mesenchyme stays intact the entire time. The same process applies to the emergence of
deciduous and permanent molars: (d) A permanent molar before emergence. (e) The
situation after penetration of the occlusal alveolar bone. (f) After penetration of the
gingiva.

The eruption of premolars is preceded by resorption of the roots of corresponding
deciduous molars and the bone between and around their roots. Because premolars
have smaller crowns than their predecessors, little bone has to be resorbed for their
emergence. However, permanent incisors and canines have larger crowns than their
predecessors and emerge lingual to them. In comparison with the eruption of premolars,
more bone has to be resorbed, which makes the transition process last longer. Hence,
there is an interval of several weeks between the loss of deciduous incisors and
canines and the emergence of their successors.

The active eruption of permanent teeth starts shortly after the formation of the
roots has begun. It is 2 to 3 years before a tooth penetrates the occlusal surface of the
alveolar process. At that stage, about two-thirds of the root is formed. About 6 months
later, an opening is created in the gingiva, and the tooth emerges without the
occurrence of bleeding because the epithelium that covers the tooth bud occlusally



fuses with the oral epithelium without disturbing the integrity of the mesenchyme. At
that stage, about three-quarters of the root is formed.27–29

After emergence, the eruption initially proceeds quickly. An erupting maxillary
central permanent incisor will have 50% of its crown exposed after 4 months and 80%
after 8 months.30–32 The eruption process prior to emergence differs from that which
occurs after (Fig 8-6), as is explained in more detail later in this chapter.

Fig 8-6 Differences in the pre- and postemergence eruption. Prior to emergence, a
tooth bud is situated within a follicle. (a) Preceding the eruption, bone resorption
occurs at the occlusal side. (b) In the meantime, the roots elongate. (c) Bone
deposition takes place below the apices. (d) Before emergence, there are no periodontal
fibers. Following emergence, they will be formed from the follicle. (e) Reconstruction of
the fibers of the periodontal ligament and the involved activities are probably the most
important factors in the postemergence eruption. (f) It is unlikely that apical bone
apposition plays a role in the eruption process. Bone resorption will occur apically
when the tooth has reached its functional position and while root formation continues.

The eruption of teeth that replace deciduous teeth is accompanied by resorption of
the cementum and dentin of their predecessors and of the surrounding alveolar bone33



(Fig 8-7). Enamel is not resorbed. A deciduous crown, together with a small remaining
part of the root, exfoliates after a stage of high mobility. This happens because in the
last phase there is no longer a fibrous connection between the remaining part of the
root and the alveolar bone. Indeed, the alveolar bone that surrounded the deciduous
tooth cervically has been resorbed. The root is then only fixed by fibers that run from
the remaining part of the root into the gingiva.34,35 If that connection is very small and
not completely circumferential, the crown can be moved by the tongue or a digit over a
large distance. A loose tooth ready to be shed is not a pleasure for the average child. In
addition, deciduous molars extrude above the occlusal plane and therefore will make
contact first when the child occludes.



Fig 8-7 Eruption, emergence, and replacement of incisors. (a) The formation of a
permanent incisor starts before its predecessor begins to erupt. (b) The formation of a
deciduous and a permanent tooth is accompanied by bone resorption. (c) When a
permanent incisor erupts, bone as well as the root of its predecessor are resorbed. (d
and e) Gradually, the permanent incisor erupts farther, and its predecessor resorbs
more. (f) The emerging and erupting incisor builds up its own alveolar process.

Deciduous incisors are smaller than their successors. The defect in the gingiva
caused by the loss of the deciduous crown is repaired, and a new opening is created
for the emergence of the successor (Fig 8-8).



Fig 8-8 Emerging and erupting maxillary central permanent incisors. The first
number in the images indicates the number of days that has passed since the preceding
photograph; the number in parentheses is the number of days that has passed since
the first photograph. The series covers a total of 27 days. (a and b) After the
deciduous tooth has been shed, the gingiva closes over the remaining opening, as
shown here on the right side. On the left side, the emerging crown causes
reconstruction of the gingiva, resulting in an opening. (c) This opening becomes
larger, freeing the complete incisal edge. On the right side, the incisal edge appears
through the thinning gingiva. (d to f) The continued eruption is accompanied by
retraction of the gingiva. (Courtesy of Dr H. S. Duterloo.)

Every tooth has at its labial/buccal and lingual aspects a zone where the gingiva
and the alveolar bone are rigidly connected: the attached gingiva (Fig 8-9). It runs at
the buccal side from the bottom of the sulcus to the mucogingival junction, where it
converts to the oral mucosa of the vestibule, which is movable because it is not
connected to the bone. The zone of attached gingiva at the labial/buccal aspect varies
in height between 2 and 4 mm and is broadest at the incisors and narrowest at the



premolars. Its height changes only slightly with age. When a tooth erupts, the attached
gingiva moves with it. The attached gingiva is less red than the oral mucosa.36–38 The
rigid connection prevents the gingiva from detaching from the teeth during chewing
and biting and reduces the risk of lesions. A comparable situation exists at the lingual
side of the mandible, where the gingiva is rigidly connected to the bone up to the point
that it converts to the movable floor of the mouth. The palatal mucosa is also rigidly
connected with the underlying bone.

Fig 8-9 Attached gingiva. (a) The gingiva is rigidly connected with the alveolar
bone over a zone of 2 to 4 mm. (b) The mucogingival junction (MGJ) is the point at
which the attached gingiva converts to the movable oral mucosa. CEJ, cementoenamel
junction.

As stated before, deciduous molars, particularly the mandibular second molar,
generally have larger crowns than their successors. Just prior to emergence, premolars
are very close to the crowns of the deciduous molars (Fig 8-10). They are sometimes
visible in the mouth with the crown of their predecessor looking like a hat on their head
(Fig 8-11). After the loss of the deciduous crown, the opening in the gingiva is not
closed. That happens only after untimely extraction.



Fig 8-10 Skull section with exposed dentition. (a) The premolars are situated apical
to and between the roots of their predecessors, which are partially resorbed. (b and d)
The eruption of premolars is accompanied by resorption of the cementum and dentin of
their predecessors as well as the surrounding alveolar bone. (c) Superimposed digital
representation of the relationship between a premolar and deciduous molar at the
beginning of resorption and eruption. (d) Note the gubernacular canal openings in the
alveolar sockets.



Fig 8-11  Digital representation of the replacement of a mandibular first deciduous
molar. (a to c) The resorption of the roots of the deciduous molar starts prior to the
eruption of the premolar and continues until its crown is shed. (d) Three-quarters of
the length of the root is formed as the premolar emerges in the mouth. See video clip 23.

Clip 23: Resorption of Deciduous Molar Associated with Eruption of Premolar
Eruption after emergence is not a constant process; it has a day/night rhythm. It

progresses the most quickly during the evening hours when the concentration of
growth hormone in the blood is at its highest level. The forces of eruption are small—
not more than 5 Ncm (5 g). (Note that 5 Ncm is also the magnitude of the continuous
force that displaces a free-standing tooth after 6 to 8 weeks.39) Eruption stops when a
continuous force of 5 Ncm is applied at the crown tip for 50% or more of the time. If a
continuous 5-Ncm force is applied one-quarter of the time, the eruption speed is
reduced. If such a force is applied 10% of the time, there is no effect. Forces applied for
a short time, even if they are very heavy, have no effect on eruption40,41 (Fig 8-12).

Fig 8-12 Eruption rate and effect of restricting forces. (a) The rate at which teeth



emerge in the 4 hours before midnight is about twice as high as in the 6 hours
thereafter. The average rates measured for these periods are, respectively, 19.4 and 9.8
μm per hour. From these data, it can be concluded that an active erupting premolar
moves about 0.15 mm in the occlusal direction per day. During the day, the eruption
rate is low. During meals and a short period thereafter, teeth do not erupt.40 (b and c) If
a small force, eg, 5 Ncm, is applied continuously to an erupting tooth, the eruption
stops. (d) Eruption also ceases when that force is applied half the time. (e) A force
applied 25% of the time has a limited effect on the eruption speed. (f) If the time of force
application is limited to 10%, the eruption is not affected. See video clip 24. (Printed
from Van der Linden and Proffit42 with permission.)

Clip 24: Eruption Rate and Reduction of Eruption by Force Application

Phases of eruption
The eruption process can be divided into a pre-emergence and a postemergence

phase.20 The postemergence phase can be differentiated further into a period of rapid
eruption (prefunctional spurt) and a subsequent period of slow eruption. The latter
begins when the functional position (occlusion) is reached and is related to the
increase in jaw height, which mainly takes place during the adolescent growth spurt.43

With much vertical jaw growth, the forming parts of not-yet-completed teeth do not
move in an apical direction; with little growth, they do. In addition, teeth can move in a
sagittal direction as a consequence of jaw growth. Furthermore, as already mentioned,
slow eruption compensates for the loss in height caused by occlusal attrition.22

In the pre-emergence eruption phase, different mechanisms are involved than in the
postemergence eruption phase.44 Several theories have been presented to explain the
pre-emergence eruption, such as root lengthening, hydrostatic pressure of blood and
tissue fluids, cell proliferation, and apposition of bone at the apex. However, animal
experiments have demonstrated that none of these assumptions is true. Teeth in which
the apical part of the root has been removed still erupt.45 If, with preservation of the
follicle, the tooth bud is replaced by an acrylic substitute, the latter erupts also, and the
eruption path is cleared by resorption of bone.46 Local increase or decrease of blood
pressure has no effect.47 After fixation of the tooth bud to the surrounding bone with a
metal ligature, which stops the eruption, bone still resorbs occlusally, and an eruption
path is cleared.48,49

It becomes increasingly clear that activities in and at the occlusal aspect of the



follicle and in the epithelium that covers the crown of the developing tooth lead to the
local expression of growth factors and cytokines, which trigger the differentiation,
migration, and activation of macrophages and osteoclasts. This results in degradation
of extracellular matrix as well as resorption of bone and roots of predecessors. Also, for
the apical side of the tooth bud, such local control systems resulting in bone
deposition have been described.50,51 However, none of this answers the question as
to which mechanism actually causes the displacement of a tooth to the occlusal prior to
emergence.

There is more clarity regarding postemergence eruption. During and after
emergence, the periodontal ligament develops from the follicular tissue. The mechanism
that subsequently causes further eruption is probably generated by metabolic activity
in the periodontal ligament. Its collagen fibers become oriented to resist the forces of
occlusion. With the maturation of the collagen fibers, cross-links are formed and the
fibers become shorter. This, together with the turnover of the fibers, might explain the
mechanism of postemergence eruption. The pulling force, generated by the contraction
of fibroblasts, probably plays a role as well. The mechanism is assumed to be activated
by the increase in the number of fibers and their changing orientation, as the tooth
becomes exposed to oral forces.52 The explanations given above for the mechanism of
postemergence eruption are based mainly on animal experiments.

Disturbed eruption
The rate of eruption differs not only during various phases of the process. There is

also a difference in the rate of eruption among individual teeth.53 Eruption can be
disturbed or even stopped by several factors. A maxillary first permanent molar can
erupt too far to the mesial, leading to the resorption of the distal root of the adjacent
second deciduous molar. The eruption of the permanent molar is stopped by the distal
part of the crown of the deciduous molar in which it is caught. This phenomenon is
called ectopic eruption, for which a genetic component has been demonstrated. It
occurs more often when the maxillary first permanent molar has a large crown.54

Ectopic eruption is shown to occur in Sweden in 4.3% of children and five times as
often in children with a cleft lip and/or palate.54,55 When the second deciduous molar
is shed after the remaining roots have been resorbed, the first permanent molar
continues to erupt.

Ankylosis has already been mentioned as a cause of disturbed eruption. It occurs
more often with deciduous than permanent teeth, most frequently with mandibular
second deciduous molars. The cause is probably a disturbance in the continuous



remodeling of the periodontal ligament.56,57 Also, supernumerary teeth, cysts, and
tumors can block the eruption of teeth that are not yet emerged.58 Trauma to a maxillary
central deciduous incisor can lead to marked displacement of its successor. After
canting, the tooth continues its formation at the original location. The result is a bend
in the root (ie, dilaceration). The angle of the deformation depends on the degree of
displacement. With a severe bend, eruption stops and the tooth becomes impacted. An
abnormal location of tooth formation can also cause impaction. Maxillary permanent
canines are impacted in 1.5% to 2% of the Western population.59,60 Teeth can also be
impacted because of a lack of space to erupt. This often happens with mandibular third
molars.

Some syndromes, such as cleidocranial dysostosis, are associated with multiple
impaction. A genetic disturbance of bone resorption has been suggested as a cause. 61

There is a rare condition in which the eruption of premolars and permanent molars
stops without the occurrence of ankylosis. This phenomenon is called primary failure
of eruption.62 The cause is not known; however, it is clear that a genetic factor is
involved.49,63–66

Concluding Remarks
The development of the dentition is complex and differs from that of other

structures and parts of the body. Tooth crowns are formed at their ultimate dimensions
and are stored for years before they emerge. In addition, the large crowns of the
permanent teeth are situated in the jaws together with the roots of the deciduous teeth.
This is particularly complicated in the anterior region, the size of which is designed to
ultimately contain only the roots of the permanent teeth.

For an overview of the normal development of the dentition, see video clip 25. The
presentation begins with the formation of the deciduous incisors and ends with the
completed adult dentition. It is shown in a rotating mode.

Clip 25: Rotating Overview of Developing Dentition
For additional information, please refer to the overview by Dr Sakher J. AlQahtani,

Atlas of Tooth Development and Eruption, which is available at
http://www.atlas.dentistry.qmul.ac.uk.
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CHAPTER 9
Growth and Development of the Facial

Complex: Interactions Among the
Dentition, Skeleton, and Function

This chapter begins with an explanation of interactions in the development of the
facial complex with emphasis on functional aspects. Thereafter, the growth of the facial
skeleton is presented, and the variation in growth patterns is illustrated. The
contribution to growth of bone, cartilage, and the associated remodeling of bony
surfaces is discussed. Finally, the functional factors acting in the orofacial region are
described, with indications given regarding which ones are relevant for the
development of the facial complex and which ones are not.

Interactions in the Development of the
Facial Complex

Interactions among the skeleton, dentition, and function play an essential role in
the growth and development of the facial complex. In Fig 9-1, the facial complex is
presented as a system with skeleton, dentition, and function as entities. Each is
assigned its own range of variation. For example, the range of variation of the skeleton
allows for various growth patterns. The dentition, which involves a great diversity in
tooth positions, occlusal patterns, and orthodontic deviations, is assigned the largest
range in variation. The function is dominant in the system and has the smallest range of
variation.

The skeleton has a greater influence on the dentition than vice versa, and function
has a greater influence on the skeleton and dentition than either entity has on it. The
most important components of function are the soft tissues, particularly the
musculature. They affect the growth of the bony structures, which initially determines
the position of the teeth. After emergence, the arrangement of the teeth also becomes
influenced by the musculature. The occlusion takes care of the fine-tuning of the
positions of antagonists. The process described here is based on interactions among
all three entities.



Fig 9-1 System of the facial complex. In descending order, the largest range of
variation (expressed in the distance between the inner and outer lines) is assigned to
the dentition, skeleton, and function. Each of them will develop in its own way and at
its own pace within its given range of variation. Because of this, there is a degree of
flexibility in their interactions. The thickness of the arrows indicates the intensity of the
interactions.

An example of the interaction between function and the dentition is the stabilization
of opposing posterior teeth. The ultimate positions of premolars and molars are
determined by intercuspation. By this mechanism, the posterior teeth maintain their
position, even in cases of periodontal breakdown and mobility.

Another example of interaction between function and the dentition is the
occurrence of irregularities in the mandibular anterior region after the development of
the dentition is completed. Anterior teeth do not interdigitate and are not fixed three-
dimensionally by the occlusion. The incisal edges of the mandibular incisors mostly
contact only the marginal ridges at the palatal surfaces of the maxillary incisors (Fig 9-
2). In addition, the mandibular incisors have small labiolingual dimensions and narrow
interproximal contacts.4 This combination results in an unstable equilibrium. Late
displacement of mandibular incisors, and to a lesser degree sometimes maxillary
incisors, is quite common.



Fig 9-2 Effect of marginal ridges on the occlusal contact between incisors. More
than half of the Western population has marginal ridges of varying thicknesses at the
palatal surfaces of incisors. In the Asian population, it is common to have prominent
marginal ridges (shovel-shaped teeth).1,2 (a) Marginal ridges can extend to the incisal
edge. (b) They can also stop short of the incisal edge. (c) Marginal ridges interfere
with the realization of broad occlusal contacts. (d) An irregular arrangement is usually
associated with broader occlusal contacts. Maxillary incisors may become
malpositioned due to the occlusion.3

A third example of interaction between function and the dentition is the
phenomenon that adjacent teeth stay in contact when their width reduces by
interproximal attrition. This loss of tooth material can amount to more than 6 mm per
quadrant.5,6 In the maintenance of the continuity of the dental arch, three functional
aspects play a role: the anterior component of occlusal force,7,8 the pressure of the
labial and buccal musculature, and the traction of the supra-alveolar fibers9 (Fig 9-3).



Fig 9-3 Preservation of the continuity of dental arches. (a) Teeth stay in contact
during the gradual reduction of their crown widths. This phenomenon is based partly
on forces caused by biting (anterior component of occlusal force). (b) These forces can
be resolved in vectors perpendicular to the occlusal plane and in mesial and transverse
directions. (c) This resolution corresponds to the mesial angulation of most posterior
teeth, the lingual inclination of the mandibular teeth, and the buccal inclination of the
maxillary teeth.7 (d) In addition, the vestibular musculature and the traction of the
supra-alveolar fibers contribute.9

The cone-funnel mechanism is an example of interaction among the three entities.
The size and relation of the jaws (skeleton), the initial location of the posterior teeth in
the jaws (dentition), and the alteration of the eruption direction as soon as contact is
reached (function) result in the final position of the posterior teeth (Fig 9-4).



Fig 9-4 Cone-funnel mechanism. (a and b) Opposing posterior teeth rarely erupt in
the precise position and orientation for intercuspation. Instead, they are guided into an
optimal intercuspation by the cone-funnel mechanism, which comes into play for the
first time when the first deciduous molars start to contact each other. (c and d) This
occurs every time that opposing posterior teeth reach the stage of contact. (e and f)
The maxillary teeth probably move more than the mandibular teeth. If the eruption is
hindered, as in lateral tongue interpositions, the cone-funnel mechanism does not work.
See video clip 26. (Printed from Van der Linden et al10 with permission.)

Clip 26: Cone-Funnel Mechanism
Another example of interaction among the three entities is the rail mechanism. With

more anterior growth of the mandible than the maxilla, the mandibular teeth gradually
occlude slightly more mesially, leading to some widening of the maxillary dental arch
(Fig 9-5).



Fig 9-5 Rail mechanism. With more anterior growth of the mandible than the maxilla,
intercuspation adapts the width of the maxillary dental arch to the mandibular dental
arch. In that context, the mandibular dental arch can be imagined as a rail on which the
maxillary dental arch rides. The mandibular base does not widen; the space within the
cortical walls is limited. The roots of the mandibular molars and premolars can move
only slightly to the buccal. The maxillary dental arch can still widen by bone growth at
the median suture and apposition of bone buccally at the alveolar processes. (a to d)
The rail mechanism functions only in situations with adequate transverse
intercuspation. (e and f) In lateral open bites and nonocclusions, the maxillary dental
arch does not widen. See video clip 22. (Printed from Van der Linden et al10 with
permission.)

In the context of the interactions just described, it is obvious that intercuspation
plays an essential role in the maintenance of the occlusion in the growing face.11 That
role begins when the first deciduous molars reach occlusion. When they become worn
down, the second deciduous molars take over the task. Subsequently, the first
permanent molars perform the task. Six years later, in the period of significant jaw
growth, the second permanent molars, together with the premolars, do the work.
Another 6 years later, the third molars make their contribution (Fig 9-6).



Fig 9-6 Role of intercuspation in the maintenance of occlusion, illustrated in a
situation with excessive attrition. (a) After the first deciduous molars have reached
occlusion at 16 months of age, the anteroposterior relationship between the dental
arches is confirmed every time the molars are put together. (b) When the second
deciduous molars have reached occlusion at 28 months of age, they will, together with
the remaining cusps of the first deciduous molars, fulfill that role. (c) At 8 years of age,
the first permanent molars, which emerged 2 years earlier, are only slightly worn. Their
intercuspation secures the continuation of its role. (d) At 14 years of age, the task is
taken over by the second permanent molars and premolars, which emerged about 2
years before. (e) Finally, the third molars perform the function. (f) After a number of
years, all intercuspation has faded.

The adjustment in transverse development is based on a complex interaction of the
three entities (Fig 9-7). It depends on the intercuspation in the posterior regions. A
limited number of teeth are sufficient, as is also the case in the sagittal adjustment.
However, if occlusal contact is not reached, as in lateral tongue interposition, the
inclination of the teeth and the width of the dental arches are not adapted. The tongue
is positioned low in the mouth and covers the linguo-occlusal margins of the



mandibular teeth. The cone-funnel mechanism will not work. The mandibular posterior
teeth remain perpendicularly positioned in the jaw, and the mandibular dental arch is
wide. The maxillary dental arch is too narrow.



Fig 9-7 Transverse development of the jaws and the position of the first permanent
molars . (a) The mandibular base does not change in width (1). There is little room
within the cortical walls (2) for the localization of the apices. (b) The roots of the molars
(3) are close to the buccal cortical walls. (c) The localization of the maxillary molar
crowns depends on their intercuspation (4) with the mandibular crowns. (d) The
occlusion with the maxillary molars and the pressure of the tongue and cheeks affect
the inclination of the mandibular molars. That also applies to the maxillary molars (5).
The occlusion together with the pressure of the tongue against the palate leads to
broadening of the maxilla. (e) Through growth at the median suture and bone
apposition buccally accompanied by resorption palatally (6), the maxillary apices can
move buccally. This leads to an alteration in inclination. (f) The tongue and cheeks
press against the molar crowns and alveolar processes. There are no data that indicate
that the mandibular base increases in width by bone reconstruction. However, it has
been shown that the mandibular canal displaces to the lateral by internal bone



resorption and apposition.12

In a growing face, teeth migrate within the jaws. The intercuspation ensures that
the teeth in both jaws are displaced in a coordinated way. In the absence of solid
intercuspation, opposing teeth move independently of each other, and their position
and inclination are not reciprocally adjusted. This applies to both the sagittal and
transverse directions.

When all teeth, except the third molars, have attained occlusion, the permanent
dentition is complete. However, the face still continues to grow the most during
puberty and adolescence, particularly in boys. The soft tissues are the last to mature.13

These differences in timing and rate of growth and development of the various
structures lead to specific interactions among the three entities. Through these
interactions during the outgrowth of the jaws, the incisors upright and attain a more
posterior position in the face. The pressure exerted by the lips increases.

The interaction between the skeleton and the dentition is demonstrated by means
of the apical areas, which increase in size mainly by overall vertical growth and
posterior growth at the maxillary and lingual tuberosities (Fig 9-8). Not only their size
and shape but also the spatial relationship between the two apical areas is of
importance. This relationship is the starting point for the inclination and angulation of
the teeth (Fig 9-9). The division of the apical areas into anterior, middle, and posterior
sections specified earlier is defined and illustrated in Fig 9-10.

Fig 9-8 Contours of the jaws in three developmental stages. (a) The base of the
mandible becomes broader by bone apposition at the inner and outer surfaces. (b) The
maxilla widens. The majority of the enlargement of both jaws is growth to the posterior.



Fig 9-9 Size and relationship of the apical areas. (a) Apical areas vary in size and
shape and in localization of apices. (b) Sagittal and vertical orientation of apical areas.
(c) Superposition shows the more buccal position of the apical area in the mandibular
molar region. (d) The apical area in the maxilla is shorter than that in the mandible,
which extends farther anteriorly and posteriorly. The inclination and angulation of the
teeth depend on the relation between the opposing apical areas.



Fig 9-10 Apical areas in three stages. (a and b) In a 4-year-old child, the anterior
section of the apical area (a, arrows) is the region between the mesial sides of the
forming parts of the permanent canines. The middle section (b, top and bottom right
arrows) lies between the demarcation of the anterior section and the mesial side of the
forming part of the first permanent molar. The posterior section (b, top and bottom left
arrows) lies behind the middle section and extends to the posterior side of the maxillary
tuberosity and the mandibular lingual tuberosity. (c and d) For a 10-year-old child,
basically the same demarcations apply as outlined for the 4-year-old, with modifications
for the vertical displacement of the canines and first permanent molars. (c, arrows)
Anterior section of the apical area. (d, top and bottom right arrows) Middle section of
the apical area. (d, top and bottom left arrows) Posterior section of the apical area. (e
and f) In a 21-year-old, the demarcations are slightly mesial of the roots of the canines
and of the third molars. (e, arrows) Anterior section of the apical area. (f, top and
bottom right arrows) Middle section of the apical area. (f, top and bottom left arrows)



Posterior section of the apical area.
The dentoalveolar compensatory mechanism is an important phenomenon of

interaction among the skeleton, dentition, and function (Fig 9-11). It is defined by
Solow as “a system that attempts to maintain normal interarch relations under varying
jaw relationships.”15 This mechanism works only if eruption proceeds normally and
functional conditions do not deviate. Then the occlusion and pressure of the tongue,
lips, and cheeks will lead to adequate contacts between the opposing teeth. Variations
in the anteroposterior relationship within the anterior sections of apical areas can be
adjusted by the inclination of the incisors. With a relatively receding maxillary anterior
section of the apical area, the maxillary incisors are more labially inclined, and the
interincisal angle is smaller. The inclinations of the canines, premolars, and molars vary
in a comparable way.16 The dentoalveolar compensatory mechanism functions mainly
in the permanent dentition and little in the deciduous dentition.17,18



Fig 9-11  The dentoalveolar compensatory mechanism. (a to d) Depending on the
anteroposterior relationship of the anterior sections of the apical areas, the inclination
of the incisors varies. (e to h) The apices of the maxillary canines are located laterally
and close to the piriform aperture, which can vary considerably in width, as can the
mandibular base in the canine region. The inclination of the canines adapts to the
transverse relation of the apical areas.



Fig 9-11  (cont) (i to l) The adaptation in width of the maxilla to the width of the
mandible is limited. The inclination of the molars depends on the transverse
relationship of the apical areas, which varies greatly. The dentoalveolar compensatory
mechanism is based on the reconstruction and adaptation of the alveolar processes. If
the discrepancy in position of the opposing apical areas is too large, adequate
occlusion cannot be realized. The dentoalveolar compensatory mechanism is not
effective in open bites and nonocclusions.14

Growth of the Facial Skeleton
The growth sites of the facial skeleton are illustrated in Fig 9-12. The interaction

among the three entities regarding the increase in height of the lower face is revealed in
the growth of the mandibular condyle and the eruption of the teeth with the associated
increase in height of the alveolar processes. The individual bones become larger, and
they change in shape in accordance with the functional requirements through the
combined action of the growth of cartilage and bone.



Fig 9-12 Growth sites of the facial skeleton differentiated in type and direction. (a)
The sphenooccipital synchondrosis takes care of a large part of the sagittal and vertical
growth of the upper part of the facial skeleton. (b) The condyles perform the same
function for the lower part of the facial skeleton. (c) In addition, the inferior extension
of the temporal bones and the associated downward displacement of the mandibular
fossae contribute to the increase in height of the posterior part19 (not shown in figure).
The vertical and sagittal growth of the upper part is realized largely by growth at the
sutures.20 (d) The vertical growth of the anterior part of the lower face is mainly
realized by bone apposition at the alveolar processes.21 (e) Bone apposition at the
outer surfaces of the facial bones also contributes to vertical growth of the anterior part
of the lower face. (f) Indeed, the enlargement of the facial skeleton is realized by fast-
growing cartilage and by apposition and resorption of bone at sutures and at internal
and external surfaces, accompanied by remodeling (see Fig 9-21). The size of the
colored blocks represents the assumed amount contributed by the various structures.



As explained above, functional aspects play an important role in facial growth. It is
assumed that the vertical development of the face, and especially of its lower part, is
largely determined by the interaction between internal and external functional
components. Internal functional components involve not only the intraoral structures
but also the nasal and pharyngeal structures and spaces. The external functional
components include the muscles and soft tissues outside of the facial skeleton. Not
only their volume and shape but also their activities are influential. However, it is not
the incidental muscle contractions but the situation at rest that is decisive. The large
quantity of soft tissues present anteriorly with a closed mouth will have a different
effect than the thin, weak coverage that occurs with an open mouth.

Normally, a balance exists between internal and external functional components (Fig
9-13a). However, if internal functional components dominate, facial growth is inferiorly
directed (Fig 9-13b). A restricted nasal passage, a large tongue, and hypertrophic
adenoids and tonsils can generate the need for more space. These conditions are often
combined with tongue interposition, an open mouth, increased lower facial height, a
receding chin, and labially tipped incisors. If external functional components dominate
(Figs 9-13c and 9-13d), facial growth is anteriorly directed, and the height of the lower
face increases only slightly.22,23

Fig 9-13 Variations in growth direction through functional influences. (a) When
there is an equilibrium between internal and external functional components, a
favorable growth direction and facial pattern result. (b) Dominance of internal
functional components will lead to more vertical growth. (c) If external functional
components dominate and excess room exists for internal components, the height of



the lower face will increase only slightly, and growth will be directed primarily
anteriorly. This happens in Class II, division 1 malocclusions with excess external
functional components. (d) Dominance of external functional components is also
characteristic for Class II, division 2 malocclusions and Class I malocclusions with
overerupted and palatally tipped maxillary incisors (total complete overbite).

There is a large variation in the size and shape of human heads and faces. In
newborns, the variation is less than in adults, although prior to birth different facial
patterns already exist (McNamara JA Jr and Van der Linden FPGM, unpublished data,
1970). The growth of the facial skeleton after birth varies considerably among
individuals.24,25 The diversity in postnatal development of the facial skeleton is
demonstrated with two examples in Fig 9-14.

Fig 9-14 Tracings of cephalometric radiographs of a boy and a girl in whom metal
implants were placed. The images in a and c are superimposed on the anterior cranial
base; those in b and d are superimposed on the implants. The displacements of
implants are indicated with arrows. (a) The boy has a short lower facial height; a Class
II, division 2 malocclusion; a total complete overbite; and excess external soft tissues.
The mandible has rotated forward, and the chin has moved anteriorly. (b) The growth
at the condyles was substantial and directed anteriorly. The mandibular teeth have
migrated mesially. (c) The girl has a Class II, division 1 malocclusion with an anterior
open bite, an increased lower facial height, and a shortage of external soft tissues. The
mandible rotated posteriorly and came down. The chin moved straight down. (d)



Condylar growth was to the posterior. The mandibular teeth are displaced
perpendicularly to the occlusal plane. (Reprinted from Björk26 with permission.)

Individual differences in growth at the condyle after birth result in variations in
mandibular shape and size (Fig 9-15). There is little difference in the shape of the
mandible in newborns, whose ramus is only minimally developed. The superior side of
the ramus is at the same level as that of the mandibular body.

Fig 9-15 Growth at the condyles and diversity in mandibular shape. (a) Through
local differences in mitotic activity of the chondrocytes and endochondral ossification,
the condyle can grow (red arrows) in various directions. (b) This, in combination with
external remodeling, results in a variety of mandibular shapes.

Facial growth differs between boys and girls. In boys, growth continues longer.
Their adolescent growth spurt occurs later, is greater, and lasts longer than that of
girls. They develop a larger and straighter face (Fig 9-16). The individual variation in
facial growth is great not only in direction but also in the rate over the years.29 After
adulthood is reached, a small amount of facial growth still occurs.30,31 There is also a
difference between the sexes in this phase of growth (Fig 9-17).

Fig 9-16 Growth of the facial skeleton. Girls (a) grow less than boys (b), have an
earlier and smaller adolescence growth spurt, and undergo less marked changes in
appearance such as anterior movement of the chin, straightening of the profile, and



enlargement of the nose. Nowadays, growth is completed in girls at 15 years of age or
earlier; in boys it is completed around 20 years of age. These drawings are based on the
averages of 20 normal individuals, 10 boys and 10 girls, with similar facial
configurations. Because the drawings are based on averages, the adolescent growth
spurts are smoothed and reduced (see chapter 17, Fig 17-11). The underlying data were
collected starting in 1930 and were published in 1975. Today, adolescent growth spurts
occur 1 to 2 years earlier, and growth in girls is completed at a younger age.27

(Reprinted from Broadbent et al28 with permission.)

Fig 9-17 Average changes from 20 (dashed lines) to 50 (solid lines) years of age
of 34 women (a) and 79 men (b). Facial height increases. The mandible rotates
posteriorly in women and anteriorly in men, in whom the chin moves forward. In both
sexes, the nose becomes larger, moves inferiorly, and gets sharper. The lip line
descends, the upper lip becomes longer and thinner, and the lower lip is more anteriorly
positioned. (Reprinted from Behrents32 with permission.)

Characteristics of cartilage and bone
The growth of the skeleton is realized by chondrocytes, osteoblasts, and

osteoclasts. Osteoblasts create bone. These ellipsoid-shaped surface cells have a
limited capacity for matrix deposition, about 10 μm a day, which adds up to 3.6 mm a
year.33,34 Osteoclasts are large multinuclear cells that can, especially if they are
numerous, break down a significant amount of bone in a short period of time. Bone is
calcified and cannot grow internally, whereas cartilage can. Cartilage is not vascularized
but depends on diffusion of tissue fluid.

Long bones have cartilaginous epiphyseal disks by which they can increase
substantially in length in a short period of time. This occurs through interstitial growth
of the cartilage by chondroblast proliferation and extracellular matrix production.
Subsequently, the cartilage matrix mineralizes and is replaced by bone through



endochondral ossification. This compensates for the limited capacity for bone
apposition on surfaces. The same phenomenon takes place in synchondroses and the
mandibular condyles (Figs 9-18a to 9-18c). Because cartilage growth is equally
intensive over the whole width of an epiphyseal disk and a synchondrosis, the bone
enlarges perpendicular to these structures. The situation is different in the condyles,
where the growth direction can vary because of local differences in mitotic activity of
the chondrocytes.

The limited capacity for bone apposition by osteoblasts at a surface (Fig 9-18d) can
also be compensated by increasing the surface area on which osteoblasts can lay down
bone matrix. That is the case in tapering, sharp-ended structures such as the anterior
part of the superior border of the mandibular ramus, where the osteoblasts are not
oriented perpendicularly but obliquely at the growth direction (Figs 9-18e and 9-18f ). It
can also be effectuated by sutures that overlap over a long distance such as in the
squamosal suture, between the temporal and the parietal bone, or by sutures with many
sharp extensions and notches on their contact surfaces, the so-called interdigitating
sutures (Figs 9-19a to 9-19d). Indeed, in interdigitating sutures, the bones are laying
close together over a large surface through numerous extensions and notches. The
space that otherwise should arise between the bones as the two sides of the suture
shift apart is filled up by osteoblasts arranged along the opposing surfaces. The
elongation of sharp ends occurs through bone formation by osteoblasts, which
differentiate from mesenchymal cells. The fast eruption of teeth and the building up of
alveolar processes is based on the same mechanism as the growth at sutures. That also
applies to some extent to movements of teeth within the jaws (Figs 9-19e and 9-19f ).



Fig 9-18 Modalities of fast elongation of bony structures. Epiphyseal disks in long
bones contain chondrocytes, which can proliferate quickly. They deposit interstitial
matrix, which drives the chondrocytes apart. Following hypertrophy of these cells, part
of the extracellular matrix is resorbed, and only the partitions remain. Subsequently,
bone is deposited on them. (a) This happens in an epiphyseal disk only in the direction
of the diaphysis. (b) In a synchondrosis, it occurs in the two opposite directions. (c)
At the condyles, the cartilage zone lies directly under the connective tissue layer that
covers the half-round condylar head. (d) The potential for perpendicular bone growth
at a surface is limited. (e and f) Elongation of tapering, sharp-ended structures can
occur quickly because the osteoblasts are oriented at a slight angle to the growth
direction. That is the case in the wedge-shaped structure of the mandibular ramus
anterior to the condyle. The apposition of bone (blue) is accompanied by resorption
(red); this is the process of remodeling.



Fig 9-19 Similarities of sutures and alveoli. (a) Overlapping sutures can grow
quickly if the bone ends lay against each other with a sharp angle (1). That also applies
to tapering sharp-ended structures (2) and alveoli (3). (b) Osteoblasts differentiated
from mesenchymal cells extend the tips of the bone. Osteoblasts arranged along the
opposing surfaces fill in the space that develops when the two bones move apart
lengthwise. (c) The orientation of the osteoblasts in a suture resembles that in a
periodontal ligament, although that bone is deposited only on one side. (d) Sections of
a periodontal ligament (left) and a zygomaticomaxillary suture (right) of a rhesus
monkey demonstrate histologic similarities. (Courtesy of B. J. Moffett). (e) Rapid bone
formation can also occur as fibers attached to bone are stretched. Subsequently,
spicules are created, which are obliquely oriented to the growth direction and on which
matrix is deposited. That also happens as teeth are tipped, moved bodily, or rotated. (f)
Subsequently, the bone is reorganized, and the spaces in between are filled up.

On the other hand, growth sites such as the spheno-occipital synchondrosis and
the mandibular condyle rely on the potential of rapid interstitional proliferation of
cartilage cells. The cartilage growth at the condyle differs from that in the



synchondroses, as it is found only directly underneath the articular surface of the
condyle. This enables changes in growth direction, which are not possible in
synchondroses. In addition, apposition and resorption of bone at surfaces (bone
remodeling) provides an important contribution to the growth of the facial skeleton.

Bone remodeling is described by Enlow as the process of local apposition and
resorption of bone at outer and inner surfaces through which a bone or combination of
bones can grow with preservation of shape.35 That applies, for example, to a long
bone, to the cheekbone (Fig 9-20), and to the maxilla, as well as to the facial complex as
a whole (Fig 9-21). The bone remodeling of the face differs among individuals and is
related to the variation in growth patterns.37

Fig 9-20 Remodeling of separate bones. (a and b) An epiphyseal disk of a long
bone can grow rapidly (blue). Resorption (red) takes care of the preservation of the
shape. (c and d) Translation of skeletal parts, such as the zygomatic bone, is caused by
local apposition (blue) and resorption (red). In that way, a skeletal part can move
laterally without losing its position in relation to adjacent bones, which in this case
would be the maxilla and the temporal bone.



Fig 9-21 Remodeling of the craniofacial skeleton. (a) The skull has many bones.
Between most of them are sutures where growth can take place. (b) Apposition (blue)
and resorption (red) contribute to growth and also preserve the shape of the bone. (c)
While the maxilla extends laterally by apposition of bone at the outer surface and
resorption at the inner surface, its anterior contour moves posteriorly through
resorption. (d) In the meantime, the maxilla as a whole translates to the anterior.35,36

Position of teeth
As described previously, the growth and development of the facial complex can be

considered as a system with three entities: skeleton, dentition, and function. The
influence of functional components determines to a large extent the degree and
direction of the growth of the facial skeleton. In combination with other functional
components, this determines the position of the teeth.

The incisors are the teeth with the largest diversity in position. The attaining and
maintaining of their position depend on the size, shape, and position of the tongue and
lips. An equilibrium exists as the forces exerted on the teeth and surrounding structures
are in balance and active for a long period of time38,39 (Fig 9-22). In that equilibrium,
periodontal ligaments have a special function. They provide the extra resistance
against the labial displacement of maxillary incisors that otherwise should happen
because the pressure exerted by the tongue is greater than that of the lips. In situations
of periodontal breakdown, the incisors become displaced (Fig 9-23).



Fig 9-22 Equilibrium in the anterior region. (a) Normally, the lower lip covers 2 to 3
mm of the maxillary incisors and supports them vertically. The upper lip lies against the
maxillary incisors. (b) The force of the tongue on the incisors is greater than that of the
lips—approximately 15 and 5 Ncm, respectively. The periodontal ligament provides
resistance against tooth displacement.38–40

Fig 9-23 Displacement of incisors following breakdown of the periodontal ligament.
(a) With severe loss, the maxillary incisors tip forward and elongate and the mandibular
incisors elongate. (b) With interposition of the lower lip, the displacements are greater.
See video clips 27 and 28.

Clip 27: Normal Tooth Mobility
Clip 28: Excessive Tooth Mobility Caused by Periodontal Breakdown

Effects of Orofacial Functional Factors
on the Facial Complex

In the preceding paragraphs, it is frequently stated that functional components
dominate in the growth of the face and the development of the dentition. The following
text discusses the activities in the orofacial region in general and indicates which of
them have an effect on facial growth and development of the dentition.

As mentioned before, there is a variation in the timing and rate at which the various



structures of the facial complex grow and mature, and the same also applies to the
tissues involved. For example, the lymphoid tissues of the adenoids and tonsils are
large in early childhood and decrease in size during puberty. In children, the tongue is
also large in comparison with the volume of the oral cavity. In babies, the tongue is
positioned between the jaws and in contact with the lips and cheeks. Only after the
deciduous teeth have emerged does the tongue attain a position inside the dental
arches.

The most essential and vital activity of the orofacial region is breathing. Babies
cannot breathe through the mouth. Instead, the position and movements of the trachea
and esophagus temporarily facilitate the ability to breathe and swallow simultaneously.
In children and adults, the lips are closed most of the time, and in breathing the air
passes through the nose. With physical activity and an increased need for oxygen in
the blood, breathing will also occur through the mouth.

The size of the nostrils is the restricting factor in the amount of air that can pass
through the nose.40 Excessive mouth breathing is usually the effect of a limitation in
the nasal passage, mostly due to allergies or other causes that lead to swelling of the
nasal mucosa. It can also be due to a septum deviation, sometimes caused by trauma,
or to nasal polyps. In young children, enlarged and infected adenoids and tonsils often
limit the nasal passage. Long-lasting abnormal breathing modes affect the position of
the tongue, lips, and teeth and the condition of the hard and soft tissues.

Swallowing is another highly important activity in the orofacial region. Swallowing
movements can be distinguished in three modes: the infantile, the transitional, and the
adult pattern. In an infantile swallow, the mouth is not closed off and the tongue is
positioned anteriorly between the jaws or teeth. In the transitional swallow, the mouth
is closed and the tongue brought forward. In the adult swallow, the tongue stays inside
the dental arches and the lips do not move or only slightly. The swallowing movement
is complex and can be divided into an oral phase and a pharyngeal phase41 (Fig 9-24).



Fig 9-24 In a normal adult swallow, the lips move only slightly or not at all and the
tongue stays inside the dental arches. (a and b) The movement starts with the tongue
behind the maxillary incisors and against the palate. (c and d) Subsequently, the dental
arches are occluded, and the posterior part of the tongue starts the reflective movement
that transports the bolus in the direction of the esophagus. (e and f) The oral phase is
followed by the pharyngeal phase. Surrounding and more inferiorly located structures
are also involved in the swallowing act. See video clip 29.

Clip 29: Radiographic Movie of Swallowing
It generally holds true that to affect the morphology of the facial skeleton and the

position of the teeth, a constant pressure must be exerted for at least 6 hours a day.
Only then is the equilibrium of the forces exerted on the dentition disturbed.
Consequently, swallowing does not affect tooth position and facial morphology. A
swallowing act lasts only 1 second. With a frequency of 600 to 900 swallowing
movements a day, the total time does not exceed 10 to 15 minutes,42,43 which is not
nearly enough to have any effect. Hence, a deviating swallowing mode cannot cause
an open bite or nonocclusion.44 The swallowing movement adapts to the existing



morphologic situation rather than the other way around. In an open bite or
nonocclusion, the tongue has to be brought forward and in contact with the lips to
realize the anterior sealing of the mouth, a requirement for swallowing.

Chewing, another activity of the orofacial region, also has no effect on tooth
position. The forces involved are too varied and too short in duration. The same
applies to speaking, a learned activity with a large variety of movements. In speaking,
only incidental small forces are exerted at various points. Even in someone who speaks
6 hours a day, the tongue is only in contact with the teeth a fraction of that time. As a
side note, only a small correlation exists between the morphology of the dentoalveolar
structures and the quality of speech. Individuals with excellent occlusion may have
impaired speech, and those with severe malocclusion do not necessarily have speech
problems.

Habits such as digit sucking, if practiced 6 to 10 hours a day, lead to deviations in
tooth positions and in the shape and position of the maxilla. However, if these habits
are discontinued in due time, the deviations correct spontaneously, unless another
factor prevents it.

Indeed, the equilibrium in the orofacial region, particularly the position of the teeth,
depends on long-lasting factors. The position of the tongue at rest is the most
important element in this regard, directly followed by the lips and cheeks—although
the forces they exert are relatively minor. Together with the morphology of the facial
skeleton and the occlusion, they determine to a large extent the position of the teeth.

An exception to the rule that a small force can alter the position of a tooth only if it
lasts 6 to 10 hours a day39 is the guiding of the eruption direction by the cone-funnel
mechanism. That also applies to the rail mechanism. Another exception is an erupting
tooth that has to avoid an obstacle in the dental arch, ie, when there is a shortage of
space that results in tooth rotations and positions outside the dental arch. For the
guidance of the eruption direction, incidental occlusal contacts are sufficient as they
occur at every swallow and bite. That also applies to the migration of teeth in the
preservation of the relation between the dental arches in growing jaws. In the absence
of eruption, only long-lasting forces result in tooth displacements.

In Fig 9-25, the influence of the various factors described above is summarized and
expressed on a time scale. Interposition of the tongue at rest lasts longer than 17 hours
a day and hence affects tooth position and facial morphology and results in lack of
adequate occlusal contact in the involved region. The lip position plays a comparable
role; the lips are at rest more than 17 hours a day and exert a continuous pressure.



Fig 9-25 The influence of various activities on the position of teeth and on the
morphology of the facial skeleton, expressed in terms of the length of duration. The
tongue and lip position at rest is the most important factor. If the tongue lies between
opposing teeth, an open bite and/or nonocclusion will result. Other activities, with the
exception of long-lasting digit sucking, have no effect.

It is evident that a disturbance in the balanced interplay of forces, as in long-lasting
digit sucking, has an unfavorable effect on the development of the dentition and on
facial growth.45 That also applies to a lesser extent to the continuous restriction of the
nasal passage as caused by enlarged adenoids.46–49

In conclusion, in the short term, functional activities in the oral cavity adapt to
form; in the long term, functional activities affect the structural form through long-
lasting pressures on teeth and bony structures.

 

Concluding Remarks
Indeed, the development of the dentition and facial growth are complex processes.

That applies particularly to the phase of ontogenesis and to a lesser extent to the
subsequent growth and development. Within the growing face, the dentition develops
in its typical way. The teeth are the hardest structures in the body and take the longest
time to form. The permanent incisors mineralize before the deciduous ones start to
erupt. The skeletal changes are realized by proliferation of cartilage and apposition and
resorption of bone at surfaces. These changes are initiated primarily by functional
factors, which also are partly responsible for the variations encountered in facial size
and shape. The space available for the development of the two sets of teeth is confined



to the apical areas. Under favorable conditions, the development of the dentition
proceeds harmoniously and ends with satisfactory alignment and occlusion of the
permanent teeth. However, the size of the skeletal structures is often too small to allow
favorable development of the dentition, with malocclusion as a result.

Functional aspects play a major role in the development of the dentition and in
facial growth. The interactions of functional components with the skeleton and
dentition largely determine the end product. With solid intercuspation, the opposing
dental arches shift in coordination within the growing face. If such intercuspation is
missing, the opposing dental arches shift independently.
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CHAPTER 10
Abnormalities of the Dental Arches
Arch Length Discrepancy

A difference between the needed and available arch length, called arch length
discrepancy (ALD), is the most common abnormality of the dental arches. It may
manifest as either crowding or spacing. In crowding, the teeth are too large or the
dental arch is too small to allow satisfactory alignment of the teeth. In spacing, the
opposite situation exists. The terms crowding and spacing apply regardless of whether
it is the teeth or the arch (or both) that contribute to the abnormality.

Crowding
Symptoms of crowding are deviating tooth positions such as rotated and

overlapping teeth, tooth emergence inside or outside the dental arch, and impaction
due to lack of space (Fig 10-1). Crowding is rare in the deciduous dentition but quite
frequent in later phases of development. In adults, crowding in the mandibular anterior
region is not uncommon.

Crowding is distinguished into three types: primary, secondary, and tertiary. 1

Primary crowding refers to the crowding caused by the genetically determined size
discrepancy between the teeth and the jaw that contains them. Secondary crowding is
the shortage of space that can manifest after extraction of deciduous teeth through
migration of neighboring teeth into the open space. It also includes crowding caused
by deviating functional conditions. Tertiary crowding  refers to irregularities
developing in the mandibular—and sometimes slightly in the maxillary—anterior region
during early adulthood and later.



Fig 10-1 (a to f) Crowding in both dental arches. Crowding is mainly concentrated
in the anterior parts of the dental arches and in the third molar region.

Spacing
Spacing is characterized by diastemata and is usually not accompanied by

misalignment of teeth. In contrast to crowding, spacing does not occur often; when it
does, it is seen mostly in the anterior regions (Fig 10-2).

Causes of arch length discrepancy
Teeth can be large or small in relation to the size of head. When teeth are relatively

large, there will be crowding or a domination of the dentition in the face, ie, protrusion
of the incisors, or a combination of both. With relatively small teeth, there will be
spacing or retrusion of the anterior teeth, resulting in a posterior position of the lips in
relation to the nose and chin (ie, a dished-in profile), or a combination of both.



Fig 10-2 (a to f) Spacing in both dental arches. Spacing occurs most frequently in
the maxillary anterior region and to a lesser degree in the mandibular anterior region.
Diastemata between all teeth are rare.

Deviations in Number, Size, and Shape
of Teeth

There can be too few or too many teeth formed, and crown size and shape can be
abnormal. In the deciduous dentition, deviations in tooth number are rare; in the
permanent dentition, they happen quite often and more in women than in men.2 Third
molars in both jaws are the teeth most often not formed, followed by mandibular
second premolars and maxillary lateral incisors3 (Fig 10-3). Agenesis of other teeth also
may occur. In some cases, more than one tooth may be missing. The prevalence of
ageneses is presented in chapter 17, Table 17-31. Deciduous teeth without successors,
such as mandibular second molars, resorb little and can be preserved until old age.5



Fig 10-3 Agenesis of permanent teeth. (a) In the mandible, the third molar is most
frequently not formed (20%), followed by the second premolar (4.4%). (b and c) In the
maxilla, the third molar is also most frequently not formed (21%), followed by the lateral
permanent incisor (1.7%) and second premolar (1.6%).3,4 (d) Example of multiple
ageneses.

If more than six teeth are missing, it is called oligodontia; if all are missing, the term
anodontia is used. The prevalence of oligodontia is 0.14%; that of anodontia is much
lower.2,6,7 Anodontia is accompanied by a ”sunken-in” face and reduced anterior facial
height.8,9 Supernumerary teeth (Fig 10-4) can occur in any region, but especially in the
anterior maxilla, and occur more often in the permanent than in the deciduous
dentition.13,14 In some syndromes, such as cleidocranial dysostosis, multiple
supernumerary teeth are present. The most frequently appearing supernumerary tooth
is a small, cone-shaped tooth that is present in various orientations between the
maxillary central incisors (mesiodens).15 In some cases, two mesiodentes may
develop.10,11,16 A mesiodens can lead to delayed emergence and deviating positions
of central incisors and to a large central diastema.17



Fig 10-4 Supernumerary teeth. In about 1% of the population, twice as often in men
than in women, an extra tooth is formed in the median region of the maxilla.10–12 (a) A
small, cone-shaped mesiodens situated partially palatal to the maxillary left central
incisor. (b) Two mesiodentes. (c) An extra maxillary central incisor, deviating in size
and shape but emerging normally. (d) Five mandibular incisors, all normal in size and
shape.

Tooth size discrepancy
A maxillary lateral incisor crown that is too small is the most frequent deviation in

tooth size. If one or more teeth in one dental arch are too wide or too narrow without
compensation in the other arch, diastemata or crowding will result. This condition is
called tooth size discrepancy (TSD)18–21 (Fig 10-5). Deviations in crown shape usually
only cause problems in the anterior region. Maxillary lateral incisors can have tapering,
overly narrow crowns (ie, peg-shaped).



Fig 10-5 Tooth size discrepancy. (a) Relatively narrow maxillary incisors (or broad
mandibular incisors). (b) Crowding of mandibular incisors, which are too broad in
comparison with the maxillary incisors. (c) Crowded, relatively broad maxillary incisors.
(d) Diastemata due to a narrow maxillary premolar. Tooth size discrepancy occurs in
20% of the population, usually involving the incisors. It is more common to have
relatively narrow maxillary teeth (or relatively broad mandibular teeth) than vice
versa.22

Disturbed Eruption and Nonemergence
of Teeth

Disturbances in eruption such as ankylosis and primary failure of eruption can lead
to specific anomalies (Fig 10-6). Ankylosis of deciduous molars can appear at an early
stage.23 Their eruption can be delayed to the point that they become squeezed in by
adjacent teeth.24 The resorption of the roots of ankylosed deciduous teeth is not
affected. When the ankylosed region is resorbed, the tooth will erupt again unless it is
squeezed in. Permanent teeth can also become ankylosed. Little is known about what
causes ankylosis23; however, for permanent teeth, trauma has been suggested.24



Fig 10-6 Teeth with arrested eruption. (a) The mandibular second deciduous molar
is ankylosed and becomes submerged with the eruption of the adjacent teeth. (b)
Primary failure of eruption of maxillary permanent molars.

In addition, permanent teeth can be impacted or retained. Third molars are the most
frequently impacted teeth; this occurs because of shortage of space. Impacted teeth
also can be caused by formation in an abnormal position, spontaneous migration, or
displacement caused by trauma to their predecessor, which sometimes happens with
maxillary central incisors. The maxillary permanent canine is the next most frequently
impacted tooth, occurring in 1.0% to 1.5% of the Western population.15 There is a large
variation in the position and orientation of impacted canines. They usually are situated
palatally but sometimes may be buccally located. Their predecessors resorb little and
can be maintained for many years. In addition to impaction, there are other reasons that
teeth do not emerge,25,26 some of which are demonstrated in the radiographs shown in
Fig 10-7.



Fig 10-7 Radiographs of impacted and retained teeth. (a and b) Impaction of
mandibular third molars due to lack of space. (c) Impacted maxillary canines,
horizontally situated in the palate. (d) Retained mandibular right second premolar,
caused by migration of adjacent teeth after premature loss of its predecessor. (e and f)
Sometimes premolars and molars stop erupting even though they are not ankylosed, ie,
primary failure of eruption. (g) Retarded eruption, late emergence, and supernumerary
teeth in a case of cleidocranial dysostosis. (h) Odontogenic tumor blocking eruption.



In addition, deficient bone resorption and supernumerary teeth can disturb eruption.

Variations and Deviations in Tooth
Position and Occlusion

An overview of the various ways in which tooth positions may deviate is given in
Figs 10-8 and 10-9. Box 10-1 provides a list of equivalent terms used to describe
variations and deviations in tooth position and occlusion.



Fig 10-8 Variations and deviations in tooth positions and occlusion with
accompanying terms. Teeth can be positioned too far away from the occlusal plane
(infraposition) or be overerupted (supraposition). Deviations in axial orientation and
their position in relation to other teeth can be distinguished in various directions.
Various positions are presented for the maxillary right central permanent incisor and
first molar; however, the same terminology is used for the other teeth. The normal
position is drawn with a thin line, the deviating one with a thick line. b, buccal; d,
distal; l, labial; m, mesial; p, palatal.



Fig 10-9 Rotations of teeth. Drawn are the maxillary right central permanent incisor,
first premolar, and first permanent molar. The normal position is drawn with a thin line,
the deviating one with a thick line. The description of the rotations is in reference to
the normal crown positions. b, buccal; d, distal; l, labial; m, mesial; p, palatal.
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CHAPTER 11
Class II, Division 1 Malocclusion

A malocclusion is usually not a pathologic condition but rather a disharmonious
combination of variables in the dentition and face that on their own do not exceed the
normal range of variation. Individuals with a malocclusion are not sick, have no pain,
and mostly do not experience physical discomfort.1 The term malocclusion literally
indicates that the occlusion is bad.

Angle Classification of Malocclusion
In 1899, Edward H. Angle introduced a classification to create order among the

large diversity of malocclusions. The Angle classification is based on, and limited to,
the occlusion and is purely descriptive. The term occlusion refers to the relationship
between mandibular and maxillary teeth in functional contact.2 The Angle classification
only considers the sagittal aspect of the occlusion. Other aspects, such as open and
deep bites, are not included. Despite its limitations, the Angle classification is generally
accepted and used worldwide.

A normal sagittal relationship of the dental arches (ie, neutroclusion) is called Class
I. If the position of the mandibular dental arch is too posterior in relation to the
maxillary dental arch (ie, distoclusion), it is called a Class II malocclusion. If the reverse
situation exists—the mandibular dental arch is too far anterior in relation to the
maxillary dental arch (ie, mesioclusion)—it is called a Class III malocclusion. The terms
Class II and Class III do not indicate whether the abnormality lies in the mandible or
the maxilla or in both. In fact, nothing is suggested regarding the cause of the
malocclusion.

In addition, Angle categorized the Class II malocclusions as either Class II, division
1 or Class II, division 2. In Class II, division 1 malocclusions, the maxillary incisors are
inclined normally or too far labially. In Class II, division 2 malocclusions, to be
discussed in the next chapter, two or more maxillary incisors are palatally inclined. In
severe Class II, division 1 malocclusions, the lower lip is positioned between the
mandibular and maxillary incisors. In Class II, division 2 malocclusions, the lips are
closed.

Malocclusions in which the sagittal occlusion differs between the left and right
sides were named subdivisions by Angle. A Class II subdivision means that a normal
occlusion (ie, neutroclusion) exists on one side and a distoclusion on the other side.
The Class II subdivision is discussed in chapter 15 together with the Class III



subdivision. This chapter also does not cover the deviations in the dental arches that
can complicate a Class II, division 1 malocclusion. However, it is important to
understand that all of the abnormalities mentioned in chapter 10 can occur in Class II,
division 1; Class II, division 2; and Class III malocclusions.

Characteristics of Class II, Division 1
Malocclusions

It also holds true in Class II malocclusions that the mandible cannot grow further in
the transverse plane after 6 months of age, while the maxilla can. The rule that the
mandibular dental arch serves as a mold for the transverse positioning of the maxillary
posterior teeth also applies to Class II malocclusions.

For this discussion of the development of Class II, division 1 malocclusions, it is
assumed that no abnormalities were initially present in the dental arches. Rather,
deviations developed secondary to the distoclusion.

Because the mandibular dental arch position is too posterior in relation to the
maxillary dental arch, the latter will have a smaller width than normal. This results in the
permanent dentition being housed in a narrower and sometimes more tapering maxillary
dental arch. This is not a primary aspect of the Class II, division 1 malocclusion but a
secondary effect of the distoclusion.

A comparable phenomenon occurs in the anterior region. Due to the distoclusion,
the permanent incisors will not end up in normal, reciprocally supported contact. The
mandibular and maxillary incisors will continue to erupt until they are slowed down and
stopped by the occlusal contact, lip, tongue, or palate. This results in an enlarged
overjet and overbite. Furthermore, the overeruption of the mandibular anterior teeth
leads to a deepening of the curve of Spee (Figs 11-1 to 11-9). Note that many
illustrations in this chapter are based on a distoclusion of one premolar crown width;
however, most Class II, division 1 malocclusions show distoclusion of one-third to
two-thirds of a premolar crown width.



Fig 11-1 Class II, division 1 malocclusion in the deciduous dentition (compare with
Fig 2-26). (a and b) The position of the mandibular dental arch is too far posterior in
relation to the maxillary dental arch. The deciduous molars are in adequate transverse
occlusion. The mandibular dental arch has a normal width; the maxillary dental arch is
slightly too narrow. (b) The overjet is too large. (c) The overbite is small. (d) The
mandibular posterior teeth occlude too far to the distal. The terminal plane of the
deciduous dentition has a distal step.



Fig 11-2  Class II, division 1 malocclusion in the intertransitional period (compare
with Fig 4-1). (a and b) The distoclusion coincides with an abnormally large overjet, a
small and tapering maxillary dental arch, and an adequate transverse occlusion. (c) The
permanent incisors erupt until they are vertically supported. There is a large overbite.
The edges of the mandibular incisors may be in contact with the palate. (d) The
mandibular permanent molars occlude too far to the distal.



Fig 11-3  Class II, division 1 malocclusion in the permanent dentition with a
distoclusion of one premolar crown width (compare with Fig 7-1) . (a and b) The
mandibular dental arch is positioned too far to the posterior in relation to the maxillary
dental arch. There is a large overjet and an adequate transverse occlusion. The
mandibular dental arch has a normal form; the maxillary dental arch is narrow and
tapering. (c) The overbite is large, and the mandibular incisors touch the palate. (d) All
posterior teeth occlude one premolar crown width too far to the distal. They
interdigitate with a large part of their occlusal surfaces in contact.



Fig 11-4  Class II, division 1 malocclusion. (a to f) The lower lip is positioned
behind the maxillary incisors and does not support them vertically. The mandibular
incisors have erupted far, and the curve of Spee has deepened. There is an adequate
transverse occlusion. The mandibular dental arch has a normal width; the maxillary
dental arch is narrow.



Fig 11-5 Development of a Class II, division 1 malocclusion with a distoclusion of
half a premolar crown width (compare with Fig 3-4). (a) The deciduous dentition has an
enlarged overjet and a terminal plane with a distal step. The lower lip is more posteriorly
positioned than normal. (b) The mandibular central permanent incisor emerges first.
The maxillary central deciduous incisor is in vertical contact with the lower lip. The first
permanent molars emerge next in distoclusion and will make contact over a large part of
their occlusal surfaces. (c) The maxillary central permanent incisor emerges in line with
its position within the jaw. (d) It is arrested in its eruption by the lower lip, which
supports it vertically. (e) The mandibular central permanent incisor attains contact with
the cervical aspect of the maxillary central permanent incisor. (f) The amount of lip
material is greater in the adult stage than during the intertransitional and second
transitional periods. The mouth is closed at rest.



Fig 11-6  Development of the incisors in relation to the lips in a severe Class II,
division 1 malocclusion (compare with Fig 3-5). (a) In the deciduous dentition, there is
a large overjet, incompetent lips, and an open mouth. The transition proceeds normally.
(b and c) After the mandibular central deciduous incisor is lost, its successor will erupt
more labially. (d) That is also the case in the maxilla, where the position of the central
permanent incisor is affected unfavorably by the lips. (e) The lower lip becomes
positioned behind the maxillary incisors, which leads to their further labial tipping.
Consequently, the maxillary central incisors are not supported vertically by the lower
lip or by the mandibular incisors. The maxillary central and lateral incisors overerupt.
The mandibular anterior teeth also overerupt. (f) Because of the positioning of the
lower lip behind the maxillary incisors, they will not upright with the maturation of the
face. The mandibular incisors will be pushed lingually by the lower lip and become
more upright than normal. See video clip 30. Note that the tongue and palate are not
shown in these illustrations. If the tongue is positioned at rest within the dental arches,
the mandibular incisors continue to erupt until they reach the palate. If the tongue rests



on top of the mandibular incisors, vertical contact is not reached and nonocclusion
results in the anterior region. (Printed from Van der Linden et al3 with permission.)

Clip 30: Eruption and Transition of Central Incisors in Severe Class II/1 with Anterior Soft
Tissues and Lip-interposition



Fig 11-7 Transition of the canines and deciduous molars/premolars and emergence
of the second permanent molars in a Class II, division 1 malocclusion (compare with Fig
5-1). (a) In the posterior regions, all mandibular teeth occlude distal to the maxillary
teeth, and the not-yet-emerged second permanent molars are positioned accordingly.
(b) The resorption of the roots of the deciduous teeth and the eruption of their
successors proceed undisturbed. (c and d) Upon emergence, the permanent canines
and premolars will interdigitate and consolidate the distoclusion. (e) The mandibular
permanent canine occludes distal, rather than mesial, to the maxillary permanent canine.
Subsequently, the second permanent molars emerge. (f) The distal surface of the
mandibular second molar is too far distal in relation to that of the maxillary second
molar. The distoclusion shown measures one premolar crown width. In such cases,
adequate occlusion can result. The teeth fit together like gears, albeit one cusp too far
to the distal.



Fig 11-8  Overeruption of the mandibular anterior teeth. (a) Depending on the
sagittal relationship, the size of the overjet and overbite varies. (b) The mandibular
anterior teeth overerupt, and the curve of Spee deepens.



Fig 11-9  Development of a severe Class II, division 1 malocclusion. (a) The
distoclusion of the dental arches already exists in the deciduous dentition. (b and c)
The permanent incisors erupt until they meet resistance. The result is a large overjet
and overbite. (d and e) The transition of the canines and deciduous molars/premolars
is not affected by the distoclusion. After emergence, the premolars and permanent
molars are guided into distoclusion by the cone-funnel mechanism. (f) The degree of
distoclusion determines the contact between opposing teeth. The maxillary incisors are
not supported by the lower lip in a severe Class II, division 1 malocclusion and will
overerupt. See video clip 31. (Printed from Van der Linden et al3 with permission.)

Clip 31: Lateral View of Development of Severe Class II/1 Malocclusion
The width and form of the maxillary dental arch and the size of the overjet and

overbite are related to the degree of distoclusion. A small deviation leads to limited
secondary changes; a large deviation results in significant secondary changes.

In Class II, division 1 malocclusions, the sagittal and transverse occlusion in the
posterior region is reached through the cone-funnel mechanism. Thereafter, the
occlusion is reinforced every time the teeth are brought into habitual contact.



In a Class II, division 1 malocclusion without further complications, the mandibular
dental arch will look normal from the occlusal perspective. However, Class II, division 1
malocclusions also often have some of the dental arch abnormalities described in
chapter 10. In addition, the risk for trauma to the maxillary anterior teeth is higher.4

Class II, division 1 malocclusions vary from mild to severe (distoclusion of one
premolar crown width) (Fig 11-10). The development of a Class II, division 1
malocclusion, as presented in this chapter, is based on the assumption that the
distoclusion did not increase, which is usually the case.5 However, a Class II, division
1 malocclusion can also worsen or improve during further development.6



Fig 11-10  Spectrum of severity of a Class II, division 1 malocclusion, from
neutroclusion to distoclusion by one premolar crown width. (a) Normal occlusion in
the permanent dentition. (b) Slight distoclusion results in small secondary deviations.
(c and d) With increasing distoclusion, the incisors will erupt farther. The overjet and
overbite enlarge. (e and f ) The distoclusion increases and ultimately reaches one
premolar crown width. See video clip 32. (Printed from Van der Linden et al3 with
permission.)

Clip 32: Various Stages Between Normal Occlusion and Severe Class II/1 Malocclusion
 
As stated previously, Class II, division 1 malocclusions develop because the

mandibular dental arch is positioned too posterior in relation to the maxillary dental
arch. The other symptoms that characterize a Class II, division 1 malocclusion are the
result of the distoclusion (Fig 11-11). Whether a normal lip relation sprevails or the
lower lip becomes positioned behind the maxillary incisors depends on the degree of
the distoclusion.



Fig 11-11  Secondary effects of a Class II, division 1 malocclusion. (a) The
distoclusion is the primary factor. The enlarged overjet and overbite as well as the
deepened curve of Spee are secondary effects. (b) The narrow maxillary dental arch is
another secondary effect.
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CHAPTER 12
Class II, Division 2 Malocclusions
Characteristics of Class II, Division 2

Malocclusions
Class II, division 2 malocclusions are characterized by distoclusion, palatal tipping

of two or more maxillary permanent incisors, and lingual tipping of the mandibular
incisors. They are differentiated into three types (Fig 12-1). In Type A, all four maxillary
permanent incisors are tipped palatally, and the maxillary canines are well aligned in the
dental arch. In Type B, the maxillary central permanent incisors are palatally tipped, and
the lateral incisors are labially tipped. In Type C, all four maxillary permanent incisors
are tipped palatally, and the canines are buccally located, outside the dental arch.
However, the essential characteristic of Class II, division 2 malocclusions is the high
position of stomion. Stomion is the most anterior point of contact between the upper
and lower lips at rest in the midsagittal plane.1 In Class II, division 2 malocclusions,
stomion, which is normally located 1 to 3 mm superior to the incisal edges of the
maxillary central incisors, is instead at their cervical borders.



Fig 12-1 Class II, division 2 malocclusions. (a and b) Type A. With excess space in
the maxillary dental arch, all four maxillary incisors can tip palatally, and the canines
attain a correct position in the dental arch. (c and d) Type B. With limited space, the
maxillary central incisors tip palatally, and the lateral incisors tip labially. (e and f) Type
C. With marked shortage of space, the four maxillary incisors tip palatally, and the
canines emerge buccally outside the dental arch.

Class II, division 2 malocclusions differ from Class II, division 1 malocclusions not
only in terms of appearance but also because of etiology. Under highly similar
circumstances, either malocclusion can develop (Fig 12-2).



Fig 12-2 Monozygotic twins. (a and b) Class II, division 1 malocclusion. The lower
lip is situated behind the maxillary incisors. (c and d) Class II, division 2 malocclusion.
The lower lip coverage of the maxillary incisors is excessive. (b and d) The
configuration of the facial skeleton is almost identical. (Courtesy of Dr S. Ruf.)

Class II, division 2 malocclusions, and also Class I occlusions with symptoms of
Class II, division 2 malocclusions, are called total complete overbite. They are caused
by excessive coverage of the maxillary incisors by the lower lip. The risk for this is
greater with a short upper lip, a reduced lower anterior facial height, and excess external
soft tissues. The lips recede, which increases the force exerted by the lower lip on the
maxillary incisors2 (Fig 12-3). However, a total complete overbite can also develop with
thin lips if the coverage of the maxillary incisors by the lower lip is excessive.



Fig 12-3 Predisposing characteristics for the development of a Class II, division 2
malocclusion. (a and b) A short upper lip. (c) A reduced anterior lower facial height
with a horizontally orientated mandibular lower border and a small gonial angle. (d) An
excess of labial soft tissues.

Shortly after the emergence of the maxillary central permanent incisors in Class II,
division 1 malocclusions, it becomes clear to the casual observer that they are
positioned too far to the anterior, particularly if a competent lip seal is lost. The dental
characteristics of Class II, division 2 malocclusions show up rather late; initially, there
may seem to be no problems.

In the deciduous dentition phase, there is little variation in the labiopalatal
inclination of the maxillary incisors. They are oriented nearly perpendicular to the
occlusal plane because their successors are situated apical and lingual to their roots.

Initially, Class II, division 2 malocclusions develop as Class II, division 1
malocclusions. In both malocclusions, the mandibular dental arch is positioned too far
to the posterior in relation to the maxillary dental arch, ie, there is a distoclusion. The
essential difference between the two in the deciduous dentition phase is the height of
stomion, which is situated in Class II, division 2 malocclusions at the cervical border of
the maxillary central deciduous incisors (Fig 12-4). In Class II, division 1 malocclusions,
the lip line is located near the incisal edges of the maxillary deciduous incisors.
Through the high position of stomion and the force exerted by the lower lip on the
maxillary permanent incisors, two or more of them gradually tip palatally3–8 (Figs 12-5



and 12-6). When the palatally tipped maxillary central incisors start to contact the
mandibular central incisors, the latter will tip to the lingual. In a Class I malocclusion
with symptoms of a Class II, division 2 malocclusion, this happens at an earlier stage
and to a larger extent (Fig 12-7).

Fig 12-4 The height of stomion in a developing Class II, division 2 malocclusion. (a
and b) In the deciduous dentition, the lower lip covers the maxillary incisors. (c and d)
After the transition, the lower lip covers an excessive amount of the maxillary
permanent incisors.



Fig 12-5 Development of a Class II, division 2 malocclusion (compare with Figs 3-4
and 11-5). (a) Stomion is situated near the cervical border of the maxillary deciduous
incisors. The overjet is large. (b) The mandibular central permanent incisors emerge
normally. The maxillary central permanent incisors start to tip palatally prior to their
emergence.9 (c) Due to its high position, the upper lip has only a limited effect on the
erupting maxillary central incisors. (d) The latter become more and more influenced by
the lower lip, leading to progressive palatal tipping. (e) After sagittal incisal contact is
established, the pressure of the lower lip is transferred through the maxillary incisors to
the mandibular incisors, which also start to tip lingually. The lower lip covers the
maxillary incisors completely. (f) The incisors overerupt in the mandible until they
touch the palate and in the maxilla until the gingiva labial to the mandibular incisors is
reached.



Fig 12-6 Alterations of central permanent incisors in relation to the lips in a Class
II, division 2 malocclusion. (a) The mandibular incisors erupt normally. The maxillary
incisors have tipped palatally prior to emergence. (b) Thereafter, they continue to tip
palatally and overerupt. (c to f ) When contact is established, the mandibular incisors
also start to tip lingually. See video clip 33. (Printed from Van der Linden et al10 with
permission.)

Clip 33: Tipping of Central Incisors with Anterior Soft Tissues



Fig 12-7 Changes in a neutroclusion with symptoms of a Class II, division 2
malocclusion. (a) In a neutroclusion, contact between the incisors is established
earlier. (b) The mandibular incisors start to tip lingually sooner; the occurrence and
increase of crowding in the mandibular arch also happens earlier.

The difference between a normal transition and the one in a Class II, division 2
malocclusion is demonstrated in Figs 12-8 and 12-9 with longitudinally collected
cephalometric radiographs of two children.



Fig 12-8 Radiographs of normal development in the anterior region. (a) In a normal
situation, the maxillary central permanent incisors are formed within the jaw in a labially
inclined position. (b) Six months later, the maxillary central permanent incisors have
erupted further, and the bone at their labial side has become thinner. (c) Seven months
thereafter, their predecessors are still present, and the unemerged permanent incisors
have erupted further, without an alteration in angulation, while the bone at the labial
side has been resorbed. (d) Eighteen months later, the maxillary central permanent
incisors as well as the mandibular incisors have erupted completely and reached
occlusal contact. The lower lip lies against the incisal edges of the maxillary incisors
and covers only a small portion of their labial surfaces. The inclination of the maxillary
central incisors has exhibited little or no change during the whole eruption process.
The developing part of roots of the incisors have remained at the same location.
(Reprinted from Falck and Fränkel3 with permission.)



Fig 12-9 Radiographs of development in the anterior region in a Class II, division 2
malocclusion. (a) In a developing total complete overbite, an excessive amount of the
maxillary deciduous incisors is covered by the lower lip. Prior to emergence, the
maxillary permanent incisors are in a more upright position than normal. (b) Seven
months later, the maxillary permanent incisors are more labially and occlusally
positioned, and their predecessors are ready to exfoliate. (c) Six months thereafter, the
maxillary central permanent incisors have emerged, and about half their crown height is
covered by the lower lip. (d) Eighteen months later, occlusal contact has been
established, and the lower lip completely covers the crowns of the maxillary central
permanent incisors. These sections from lateral cephalometric radiographs demonstrate
that the initially somewhat steeply inclined maxillary central incisors first move labially
but tip palatally after emergence. Furthermore, in this individual, a bend developed
between the long axis of the crown and the long axis of the root—the so-called collum
angle of Andresen. (Reprinted from Falck and Fränkel3 with permission.)



The obvious difference between the two is the extent that the lower lip covers the
crowns of the maxillary deciduous and permanent incisors. In addition, there is a
marked difference in lower anterior facial height and in the amount of lip material.
Longitudinal investigations have demonstrated that, in normal development, the
inclination of erupting maxillary central incisors changes little before and after
emergence. In Class II, division 1 malocclusions, the labial inclination increases after
emergence. In Class II, division 2 malocclusions, the inclination alters when the crown
of the maxillary central permanent incisor has perforated the occlusal surface of the
bone but not the gingiva. This continues after emergence; the maxillary incisors
gradually become more palatally inclined.9

It is not clear why in some cases the forming part of the maxillary central incisors
does not become displaced while in other cases it moves labially. If the forming part
stays in place, a curved root will develop, and the alveolar process at the apical level
will not advance anteriorly (see Fig 12-9d). An angle between the crown and root is a
typical feature of some patients with a total complete overbite.

If the forming part moves labially, no curving of the root will occur, but the alveolar
process will be built out too anteriorly. In excessive displacements, the bone coverage
at the labial side of the roots can be lost (Fig 12-10). When palatally tipped maxillary
incisors contact mandibular incisors, crowding in the mandibular dental arch develops
or increases (Fig 12-11).

Fig 12-10 Changes in the alveolar processes in total complete overbites. (a and b)
In total complete overbites, mostly the crowns of the maxillary incisors become
palatally displaced, with the apices moving labially. Bone is deposited anteriorly at the
alveolar process to maintain root coverage, and the concavity at the level of the apices
disappears. (c and d) The potential to deposit bone at the labial surfaces is limited and



insufficient if the roots move far outside their normal boundaries. The labial surfaces of
the roots can become denuded of bone.

Fig 12-11  Development of mandibular crowding in total complete overbites. (a)
Initially, there is enough space in the mandibular dental arch. (b and c) That changes
when the mandibular incisors tip lingually. (d) Crowding develops. (e and f ) Canines
can be forced outside the dental arch and second premolars inside the dental arch
through pressure exerted at the anterior teeth.



Spatial Conditions in the Maxilla
The three differentiated types of Class II, division 2 malocclusions can be traced

back to differences in spatial conditions in the maxillary dental arch. With excess space,
all four incisors can tip palatally without the occurrence of crowding—Type A ( Fig 12-
12). If the space available in the dental arch is limited, palatal tipping of the central
incisors will reduce the space further. The lateral incisors will diverge labially—Type B
(Fig 12-13). Their palatal surfaces will rest on top of the lower lip, which increases their
labial inclination further (see Fig 12-13f ). The labial divergence may also occur on one
side only, with the other lateral incisor tipped palatally. In severe crowding, the
eruption of the maxillary lateral incisors coincides with the resorption and loss not only
of their predecessors but also of the adjacent deciduous canines. Then space becomes
available for the lateral incisors to tip palatally. Subsequently, not enough space
remains for the permanent canines. They emerge buccally, outside the dental arch—
Type C (Fig 12-14). If there is asymmetry in the maxillary anterior region, one canine
may emerge within and the other outside the dental arch.



Fig 12-12 Development of a Class II, division 2, Type A malocclusion: more than
sufficient space in the maxillary dental arch. (a and b) The maxillary permanent incisors
are palatally tipped, and more than half of their crown height is covered by the lower
lip. (c and d) There is sufficient space in the dental arch for the maxillary lateral incisors
even after further palatal tipping of the central incisors. The lateral incisors also are
covered by the lower lip and tip palatally. After contact is established, the mandibular
incisors begin to tip lingually. (e and f ) The maxillary lateral incisors tip farther
palatally, and their incisal edges are arranged in a straight line with those of the central
incisors. Sufficient space remains in the dental arch for the maxillary permanent canines.
The maxillary and mandibular incisors are oriented perpendicular to the occlusal plane
and do not support each other vertically.



Fig 12-13 Development of a Class II, division 2, Type B malocclusion: no or little
crowding in the maxillary dental arch. (a and b) The maxillary central incisors have
emerged and tipped palatally. (c and d) The little space that remains for the maxillary
lateral incisors is reduced further as the central incisors continue to tip palatally. The
erupting lateral incisors diverge labially. (e and f ) The lower lip becomes positioned
behind their palatal surfaces, which increases their labial tipping. The lower lip covers
the crowns of the maxillary central incisors completely. In some cases, only one lateral
incisor diverges labially, and the other one tips palatally.



Fig 12-14 Development of a Class II, division 2, Type C malocclusion: severe
crowding in the maxillary dental arch. (a and b) There is not enough space in the
maxillary dental arch for the emergence of the lateral permanent incisors. The space is
further reduced by the palatal tipping of the maxillary central incisors. (c and d) With
the eruption of the lateral permanent incisors, not only their predecessors but also the
neighboring deciduous canines are exfoliated. This provides extra space for the
emergence of the lateral incisors, which will tip palatally through the pressure exerted
by the lower lip. (e and f ) Too little space is left for the maxillary canines, which will
emerge buccally, outside the dental arch. Crowding in the maxillary dental arch is
usually associated with crowding in the mandibular dental arch, which increases as the
incisors tip lingually. If the shortage of space is concentrated on one side, only the
canine on that side will become positioned outside the dental arch.

Development of Class I Malocclusion
with Symptoms of Class II, Divison 2
Malocclusion

As explained previously, the phenomenon of a high position of the lip also occurs
in neutroclusions. The development of such a malocclusion is comparable to that of



Class II, division 2 malocclusion, albeit with normal intercuspation of premolars and
molars and a more lingual tipping of the mandibular incisors. Total complete overbites
occur in combination with other malocclusions, even with nonocclusion in the anterior
region and with a partial negative overjet (Figs 12-15 and 12-16).

Fig 12-15 (a and b) Severely palatally tipped maxillary incisors combined with
anterior nonocclusion. If in a total complete overbite the resting position of the tongue
is between the mandibular anterior teeth and the palate, vertical contact is not
achieved.

Fig 12-16 Total complete overbite combined with a partial negative overjet and a
lateral open bite. A 60-year-old man had agenesis of the maxillary right lateral incisor
and all permanent molars, a total complete overbite of the maxillary central incisors, and
negative overjet of the left lateral incisor and canine. There is an open bite of second
premolars on the right side (a and c) and all premolars on the left side (b and d). The
combination of short dental arches, total complete overbite, and reverse overjet has not
led to any functional disturbances in speech or chewing or to temporomandibular joint
complaints.

In Fig 12-17, the development of a Class I occlusion with symptoms of a Class II,



division 2, Type A malocclusion is shown. In Fig 12-18, a Class II, division 2, Type C
malocclusion is shown. In addition, some other aspects of the development of Class II,
division 2 malocclusions, especially Type B, are shown in video clips 33 to 38 .

Clip 34: Over-eruption and Tipping of Central Incisors in Class II/2
Clip 35: Frontal View of Development of Class II/2 Type A
Clip 36: Lateral View of Development of Class II/2 Type B
Clip 37: Frontal View of Development of Class II/2 Type B

Clip 38: Lateral View of Tipping of Incisors in Class II/2 Type B



Fig 12-17 Development of a Class I occlusion with symptoms of a Class II, division
2, Type A malocclusion. (a) There is a neutroclusion. (b) Soon after emergence of the
central permanent incisors, contact is reached in the anterior region. (c and d) With
further palatal tipping of the maxillary incisors, the mandibular incisors are pushed
lingually. (e) The transition of the canines and deciduous molars/premolars is not
affected. (f) The four maxillary incisors are in a steep position, and their incisal edges
are arranged in a straight line. The mandibular incisors are significantly lingually
inclined. The maxillary canines emerge without space problems and become well
positioned in the dental arch. See video clip 39. (Printed from Van der Linden et al10

with permission.)
Clip 39: Lateral View of Development of Class I Malocclusion with Symptoms of Class II/2

Type A



Fig 12-18 Development of a Class II, division 2, Type C malocclusion. (a to c) With
the eruption of the maxillary central incisors, not only their predecessors but also the
adjacent lateral deciduous incisors are lost. (d) Prior to the emergence of the maxillary
lateral permanent incisors, the roots of the adjacent deciduous canines are resorbed
and the crowns exfoliated. (e) Too little space remains for the maxillary permanent
canines. They emerge buccally outside the dental arch. (f) The mandibular incisors are
tipped lingually. See video clip 40. Note that in Fig 12-14, the development of a Class II,
division 2, Type C malocclusion was illustrated without premature loss of the lateral
deciduous incisors. There the lateral deciduous incisors and canines were lost
simultaneously shortly prior to the emergence of the lateral permanent incisors. Both
modes of transition occur in the development of Class II, division 2, Type C
malocclusions and in Class I malocclusions with a total complete overbite. (Printed from
Van der Linden et al10 with permission.)

Clip 40: Lateral View of Development of Class II/2 Type C
As with Class II, division 1 malocclusions, the development of Class II, division 2

malocclusions is mainly presented in severe forms. However, Class II, division 2
malocclusions also occur in less severe forms. The extent of the distoclusion and the
degree of lingual tipping of maxillary and mandibular incisors vary. The severity of a



Class II, division 2 malocclusion depends mainly on the extent to which the lower lip
overlaps the maxillary incisors. If more than one-third of the labial surface of the
maxillary central incisors is covered, they will be tipped palatally.

In addition, a total complete overbite can develop subsequent to an orthodontic
treatment that is concluded with an excessive overlap of the maxillary incisors by the
lower lip. This can happen with inadequate correction of a Class II, division 1
malocclusion with overerupted maxillary incisors (Fig 12-19).

The esthetic perception of Class II, division 2 malocclusions varies by type. Type
A, with flattened, aligned incisors and well-positioned canines, rarely causes concern.
Type B, with severely proclined lateral incisors, is experienced as unesthetic and
distracting. This also applies to the buccally positioned canines in Type C. Their mesial
surfaces are visible, and the sharp cusp tips protrude.



Fig 12-19 Development of a total complete overbite after inadequate treatment of a
Class II, division 1 malocclusion with overerupted maxillary incisors. (a and b) A boy
aged 10 years 4 months had a Class II, division 1 malocclusion with a distoclusion of
one premolar crown width. His lower lip was positioned palatal to the maxillary incisors,
which were overerupted. The mandibular incisors were tipped lingually. (c and d) After
problematic treatment for 2 years with cervical headgear, a maxillary plate, a lip bumper
in the mandible, and finally an activator, a seemingly acceptable result with a
neutroclusion was obtained. However, the maxillary incisors were too upright and the
bite too deep. Continuation of the treatment with fixed appliances was not an option. (e
and f) The treatment was not followed by a retention period. After 1 year, the maxillary
central incisors were more palatally inclined, and the overbite had increased.



Fig 12-19 (cont) (g and h) At that time, the excessive coverage of the maxillary
incisors by the lower lip was verified. (i and j) Photographs taken 2 years 6 months
later revealed that the maxillary incisors, except the right lateral incisor, had tipped more
palatally, and the overbite had increased further. Concomitantly, the mandibular
incisors had tipped lingually, and crowding had developed in the mandibular anterior
region. However, the solid intercuspation in neutroclusion was maintained. (k and l)
Three years later, at the age of 18 years 10 months, the situation had worsened.11
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CHAPTER 13
Class III Malocclusions
Characteristics of Class III

Malocclusions
In Class III malocclusions, the mandibular dental arch is positioned anterior to the

maxillary dental arch. This leads to mesioclusion and a negative overjet. In occlusion,
the edges of the mandibular incisors are anterior to the maxillary incisors. As mentioned
previously, the Angle classification does not specify if the malocclusion is caused by
an abnormality in the mandible, the maxilla, or a combination of the two.

Between 1% to 2% of the Western population and 5% to 10% of the Asian
population have a Class III malocclusion.1–3 The primary factor in Class III
malocclusions is the mesial relationship of the jaws. Secondary aspects are the
negative overjet and, in severe cases, the tipping of the maxillary incisors to the labial
and the mandibular incisors to the lingual.

The development of Class III malocclusions cannot be explained using a normal
mandibular dental arch as a starting point, as was done for the Class II, division 1
malocclusion. As described previously, in Class II, division 1 malocclusions, the
overjet and overbite enlarge gradually with the increase of the distoclusion. The form
of the mandibular dental arch, as seen from the occlusal, is unchanged or only slightly
affected. In Class III malocclusions, however, the increase in mesioclusion leads to a
reverse sagittal contact of the incisors with specific deviations in tooth positions in
both jaws.

Class III malocclusion is shown for the deciduous dentition in Fig 13-1, the
intertransitional period in Fig 13-2, and the permanent dentition in Fig 13-3. In addition,
the malocclusion is illustrated with clinical photographs in Fig 13-4. This is followed by
the presentation of the transition of the incisors and the emergence of the first
permanent molars in Fig 13-5.



Fig 13-1 Class III malocclusion in the deciduous dentition (compare with Fig 2-26).
(a and b) The mandibular dental arch is too anterior in relation to the maxillary dental
arch. The deciduous molars occlude adequately in the transverse direction. There is a
negative overjet at the incisors and canines. (c) There is a slight overbite. (d) The
occlusion of the mandibular deciduous molars with the maxillary deciduous molars is
too mesial. The terminal plane has an abnormally large mesial step.

Fig 13-2 Class III malocclusion in the intertransitional period (compare with Fig 4-



1) . (a and b) The mandibular dental arch is too anterior in relation to the maxillary
dental arch. There is a negative overjet. The positions of the individual teeth are
adapted to the occlusion, which crosses at the canine region. The mandibular incisors
overlap the maxillary incisors. (c) The edges of the maxillary incisors are in contact with
the lingual surfaces of the mandibular incisors. (d) The mandibular first permanent
molar occludes too mesially, making only slight contact with the maxillary first
permanent molar.

Fig 13-3 Class III malocclusion in the permanent dentition (compare with Fig 7-1).
(a and b) The mandibular dental arch is too anterior in relation to the maxillary dental
arch. There is a negative overjet. (c) The mandibular canines are located labial to the
maxillary lateral incisors. (d) All posterior teeth occlude one premolar crown width too
far to the mesial.



Fig 13-4 Class III malocclusion. (a) The midface recedes, the mandible dominates,
and the lower lip protrudes. (b to d) The mandibular incisors are tipped lingually and
occlude anterior to the maxillary incisors. There is mesioclusion on both sides.



Fig 13-5 Development of a Class III malocclusion (compare with Fig 3-4). (a) There
is already a negative overjet in the deciduous dentition. The position and inclination of
the permanent incisors within the jaws is normal. The lower lip is more anteriorly
located than the upper lip. (b) The mandibular central permanent incisors erupt and
emerge normally. The lower lip does not touch the maxillary central deciduous incisors.
(c) The first permanent molars have emerged in mesioclusion. The mandibular central
incisors erupt further. The maxillary central incisors erupt from the position they
occupied in the jaw. (d) The lower lip does not touch the maxillary central incisors and
does not affect their inclination. The maxillary central incisors are not vertically
supported by the lower lip. (e) Their labial incisal edges contact the lingual surface of
the mandibular incisors. (f) The prominence of the chin has increased.

In Class III malocclusions, the lower lip is clearly positioned more anteriorly than
the upper lip. Together with the dominant chin, it causes the characteristic appearance
and profile of a Class III malocclusion (Fig 13-6). The negative overjet leads to a



specific relationship between the lips and incisors and affects the sagittal and vertical
support of the incisors.



Fig 13-6 Influence of the tongue and lips on the incisors in a Class III
malocclusion. (a to d) The amount of negative overjet and the extent to which the teeth
overlap vertically depend on the sagittal occlusion and the local conditions in the
dental arches. Furthermore, the tongue and lips play an essential role. (e and f) In
extreme Class III malocclusions, the maxillary incisors are tipped labially, and the
mandibular incisors are tipped lingually. This tipping increases as the mesioclusion
advances. The maxillary and mandibular incisors support each other vertically. The
degree of vertical support and the associated amount of overbite vary. With growth to
adulthood, the typical profile that characterizes the Class III malocclusion intensifies.
The lower lip protrudes more, and the dominance of the chin increases. See video clip
41. (Printed from Van der Linden et al4 with permission.)

Clip 41: Eruption and Transition of Central Incisors in Class III with Anterior Soft Tissues
The development of the Class III malocclusion presented shows a mesioclusion of

the width of one premolar crown. However, most Class III malocclusions are not so



severe, and some are even more severe. In Class II malocclusions, the scale from a
neutroclusion to a severe malocclusion is gradual. In Class III malocclusions, on the
other hand, the transition from a normal to a negative overjet is abrupt; in between are
increasing levels of mesioclusion resulting in distinguishable degrees of anterior forced
bites.

In the deciduous dentition, there is end-to-end occlusion of the incisors or a slight
negative overjet. The negative overjet usually arises after the transition of the incisors.
The mesioclusion can increase by excessive anterior growth of the mandible,
insufficient anterior development of the maxilla, or a combination of both.

In most cases, the anterior growth of the mandible is not progressive, and as a
result, the Class III malocclusion does not become extreme (Fig 13-7). However,
sometimes mandibular growth is excessive and continues even after the adolescent
growth spurt is concluded (Figs 13-8 and 13-9). In such cases, the mesioclusion may
exceed one premolar crown width. (See video clip 42.)

Clip 42: Lateral View of Development of Severe Class III Malocclusion

Fig 13-7 Development of a mild Class III malocclusion. (a and b) After emergence,
the permanent incisors are in a negative overjet. (c and d) The transition of the canines
and deciduous molars/premolars proceeds normally, albeit in mesioclusion. (e) In a mild



Class III malocclusion, the mesioclusion is about half the width of a premolar crown. (f)
In such cases, the incisors do not tip or tip only slightly. See video clip 43. (Printed
from Van der Linden et al4 with permission.)

Clip 43: Lateral View of Development of Mild Class III Malocclusion

Fig 13-8 Increase in severity of Class III malocclusions. The range of variations in
Class III malocclusions is large, exceeding the width of a premolar crown. The greater
the mesioclusion, the more the incisors tip. See video clip 44. (Printed from Van der
Linden et al4 with permission.)

Clip 44: Various Stages Between Mild and Severe Class III Malocclusions



Fig 13-9 Tipping of incisors in Class III malocclusions. The larger the sagittal
discrepancy, the greater the labial tip of the maxillary incisors and the lingual tip of the
mandibular incisors. See video clip 45. (Printed from Van der Linden et al4 with
permission.)

Clip 45: Over-eruption and Tipping of Central Incisors in Class III
Adequate transverse contact of the posterior teeth can be present in mesioclusions

(Fig 13-10). In severe Class III malocclusions, however, the maxillary premolars and
molars may arrive in crossbite, and the mandibular dental arch will be wider than the
maxillary dental arch.



Fig 13-10 Transition of the canines and deciduous molars/premolars and
emergence of the first permanent molars in a Class III malocclusion of the width of a
premolar crown that did not progress further (compare with Fig 5-1) . (a) The
mandibular posterior teeth occlude mesial to the maxillary ones. The position of the
second permanent molars within the jaws is consistent with the mesioclusion. (b) The
resorption of the deciduous teeth and the eruption of the permanent teeth proceed
normally. (c and d) With the emergence of the premolars, the mesioclusion is
consolidated. (e) The maxillary permanent canine will occlude distal to the mandibular
first premolar. (f) The occlusal contact between the first and newly emerged second
permanent molars is limited.

The position of the individual teeth depends on the occlusal contacts. In mild Class
III malocclusions and anterior forced bites, the maxillary incisors are inclined palatally,
and the mandibular incisors are inclined labially (Fig 13-11). In severe Class III



malocclusions, the maxillary incisors are inclined labially, and the mandibular incisors
are inclined lingually. The tipping of the incisors increases with greater mesioclusion.
With this adaption in inclination, the sagittal discrepancy is partly compensated.
Severe Class III malocclusions have a typical facial appearance (Fig 13-12).

Fig 13-11 Variations in inclination of incisors in Class III malocclusions. (a) In an
anterior forced bite, the mandibular incisors can be tipped labially and the maxillary
incisors palatally. (b) In a slight mesioclusion, the inclination will be normal or deviate
only slightly. (c and d) In severe Class III malocclusions, the maxillary incisors tip
labially, and the mandibular incisors tip lingually.



Fig 13-12 Characteristics of a Class III malocclusion. (a) The increased
anteroposterior step between the upper and the lower lip and the chin dominance are
typical. (b) The first permanent molars are in mesioclusion. (c) The tongue and lips
play an essential role in the tipping of the incisors. (d) There is a negative overjet and,
as is often the case, an adequate transverse occlusion in the posterior region.

Forced Bite
The habitual occlusion is affected by the initial contact reached in centric relation.

If premature contact is made, closing will proceed with a slide in the anterior and/or
lateral direction. This phenomenon is called forced bite. Anterior forced bites occur in
moderate mesioclusion. In these cases, with the mandible in the most retruded position,
contact is made with the incisors (Fig 13-13). In spontaneous closure, premature
contact followed by a slide to habitual occlusion does not occur. Individuals with
forced bites move directly to the habitual occlusion.5



Fig 13-13 Closing in an anterior forced bite. (a) With the mandible in the most
retruded position, the central incisors are in an end-to-end position. (b and c) The
posterior teeth can occlude only after a diversion is made to the anterior. (d) The result
is a negative overjet. In spontaneous closing, patients with an anterior forced bite
avoid premature contact and move directly to the final position. See video clip 46.
(Printed from Van der Linden et al4 with permission.)

Clip 46: Anterior Forced Bite in Mild Class III Malocclusion
Mild Class III malocclusions are associated with anterior forced bites, which are

sometimes referred to as pseudo Class III malocclusions. The size of the forced bite is
measured by the difference between the most retruded position of the mandible and its
position in habitual occlusion. This is accomplished by manually moving the mandible
from habitual occlusion to its most retruded position (Fig 13-14). Forced bites are
discussed further in chapter 15. (See video clip 47.)

Clip 47: Assessing Maximal Distal Movement in Anterior Forced Bite



Fig 13-14 Assessing the extent of an anterior forced bite. (a) The negative overjet
is the result of the diverging movement. (b) With a small anterior forced bite, the
mandible can only make a slight movement to the posterior in habitual occlusion. (c) In
a moderate forced bite, the mandible can make a larger posterior movement. (d) At
most, an end-to-end occlusion can be reached. See video clip 48. (Printed from Van der
Linden et al4 with permission.

Clip 48: Diagnosing Anterior Forced Bite Component in Mild Class III Malocclusion
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CHAPTER 14
Open Bites and Nonocclusions

In dentistry, the prevailing standard is that teeth should be in maximal contact with
a solid intercuspation of the posterior teeth in habitual occlusion. However, that is not
the reality. Open bites (Fig 14-1), characterized by a lack of overlap of opposing teeth,
are not uncommon. Even more prevalent is nonocclusion (Fig 14-2), in which opposing
teeth overlap, making no or only limited contact, with no optimal occlusal contacts.

Fig 14-1 Open bite. (a to d) A large anterior open bite extending to the second
premolars in a 14-year-old girl.

Fig 14-2 Nonocclusions in daughter and mother. (a) The 13-year-old daughter has
complete nonocclusion and an open bite at the maxillary central incisors. (b) The 35-
year-old mother has nonocclusion in the anterior, premolar, and molar regions.

Causes of Open Bites and Nonocclusion
Open bites and nonocclusion are usually caused by factors that inhibit and stop



eruption and occasionally by a disturbance in the eruption mechanism, eg, ankylosis
and primary failure of eruption.

Anterior open bites are fairly common in the deciduous dentition and are mostly
caused by digit sucking or pacifier use. The size and location of the open bite depends
on the position of the objects in the mouth. If the open bite is caused exclusively by
digit sucking or pacifier use, it will disappear spontaneously when the habit is stopped
if this occurs prior to or during the transition of the incisors and if the tongue is not
positioned at rest in the open space.1–4 The induced protrusion, labial inclination, and
asymmetric position of anterior teeth will also dissipate. If the habit is stopped later,
improvements, if not full resolution of the problems, still can occur.

In adolescents and adults, tongue interposition is usually the cause of open bites
and nonocclusion. The size of the open bite or nonocclusion in the anterior region
depends on the extent to which the tongue is held between the mandibular and
maxillary anterior teeth or between the mandibular teeth and the palate. If this is limited
and the tongue is kept inside the maxillary dental arch, a nonocclusion will result.
When a significant portion of the tongue is held between the opposing anterior teeth,
then an open bite will be produced.

The tongue position is primarily genetically determined. The attainment of another
position during growth and maturation of the face can be traced back to changes in the
size and relations of the various structures involved. However, age-related, genetically
encoded alterations in tongue position also play a role. A tongue that initially appears
to be large can become less dominant with continued growth of the face. In addition,
neuromuscular aspects can change and result in another tongue position.
Unfortunately, it is difficult to predict if open bites and nonocclusions will be
maintained or disappear spontaneously.

Forms of Open Bites and Nonocclusion
The distinction between an open bite and nonocclusion is somewhat arbitrary but

based on whether or not there is vertical overlap of opposing teeth5 (Figs 14-3 to 14-5).
Open bites and nonocclusions, whether they occur in the anterior or posterior regions,
can be partial or complete and can occur unilaterally or bilaterally (Fig 14-6). The most
extreme form is the total open bite or nonocclusion, in which no teeth have optimal
vertical contact during swallowing (see Fig 14-2). The tongue is held between all
opposing teeth at rest and during swallowing.



Fig 14-3 Variations in open bites and nonocclusions. (a) The changeover where
nonocclusion becomes open bite (a2 and a3) is somewhat arbitrary. (b) Slight
nonocclusion with a small overjet (1), large nonocclusion with a large overjet (2), and
large nonocclusion with a very large overjet and overbite (3). Note the differences in
vertical overlap of the incisors.

Fig 14-4 Open bites and nonocclusions in the posterior regions. (a and b) Local
open bite at the second premolars and nonocclusion at the first premolars. The molars
intercuspate adequately. (c) Nonocclusion along the entire length of the right posterior
region. There is incomplete contact between the opposing teeth. (d) The teeth are not
adjusted in the transverse direction. In many cases of nonocclusion in the posterior
regions, the tongue lies only between the lingual cusps, while the buccal cusps touch
each other.



Fig 14-5 Anterior open bites. (a and b) An asymmetric open bite caused by digit
sucking is quite common in the deciduous dentition. An open bite caused by pacifier
use is symmetric in shape. If the habit is not stopped in due time, the permanent
incisors will have a similar position. (c and d) Open bites caused by tongue
interposition can vary in extent.



Fig 14-6 Open bites and nonocclusions. (a) Anterior open bites due to tongue
interposition are usually shaped symmetrically. (b) Open bites can also develop in the
posterior regions, unilaterally or bilaterally. (c) In the anterior region, the prevalence of
nonocclusions is much higher than that of open bites. (d) This also holds true in the
posterior regions, where in nonocclusion the buccal cusp tips usually contact each
other. (e) Open bite in the premolar and molar regions, not at the canines. (f) Total
nonocclusion.

Nonocclusions in the anterior region occurs quite often in Class II, division 1
malocclusions. It is not troublesome as long as the teeth are well aligned. Observers
and the individual with nonocclusion usually do not know that there is any
abnormality. In addition, from a functional standpoint, nonocclusion in the anterior
region is seldom a source of complaints.

Open bites and nonocclusions in the posterior region vary in size and in the
number of teeth involved. They are often associated with a narrow maxillary dental arch
and a broad mandibular dental arch. That is partly due to the absence of the cone-
funnel mechanism and the lack of adaptation of the inclination of opposing teeth. Also,



the rail mechanism does not function with tongue interposition (Fig 14-7). An overly
narrow maxillary dental arch and posterior teeth positioned on top of each other
transversely (ie, end-to-end occlusion) are caused mostly by tongue interposition.

Fig 14-7 Effects of open bites and nonocclusions on the posterior regions. (a) The
tongue interposition interferes with guidance to optimal occlusion through the cone-
funnel mechanism. (b) In addition, the rail mechanism cannot function; as a result, the
maxillary dental arch does not widen.

Incidence of Open Bites and
Nonocclusions

Open bites and nonocclusions occur in all types of malocclusions and incisor
relationships (Fig 14-8), even in total compete overbites (see chapter 12, Figs 12-15 and
12-16). They are quite common in the Netherlands but also occur in other countries.6 A
large population study in the Netherlands revealed that open bites and nonocclusions
occur less frequently in adults than in adolescents7 (Fig 14-9). Based on the results of
other investigations, the conclusion can be reached that half of the open bites and
nonocclusions in children between 8 and 15 years of age disappear spontaneously, in
adolescents one-third.9,10 These late changes are associated with the growth and
maturation of the face, which sometimes eliminates the tongue interposition.



Fig 14-8 Variations in relationships between opposing incisors. (a) In a Class I
situation (1), the incisors overlap each other with contact in the anterior region. In
nonocclusion (2), the anterior teeth overlap but do not contact each other; there is
some space between them. Only when there is no overlap (3) is the term open bite
used. (b) In a Class II, division 1 malocclusion, antagonists can be separated by a large
space while still overlapping each other (3), ie, nonocclusion. (c) The same applies to
Class II, division 2 malocclusions (2 and 3). (d) In Class III malocclusions, anterior
nonocclusion (2) seldom occurs, and open bites (3) sometimes occur.



Fig 14-9 Prevalence of open bites and nonocclusions. (a) A national epidemiologic
survey carried out in the Netherlands in the 1980s revealed that in 40% of 2,273
individuals between 15 and 70 years of age, the mandibular incisors contacted neither
the maxillary incisors nor the palate.8 (b) Of the 525 adolescents (between 15 and 20
years of age), 60% had no anterior contact. (c and d) For the posterior regions, the
prevalence of open bites and nonocclusions combined was 10% and 18%,
respectively.7

Assessing Open Bites and
Nonocclusions

Open bites in the anterior and posterior regions are easy to detect clinically;
however, nonocclusions in the posterior region are not. It is difficult to assess the
tongue position at rest unless the mouth is kept open, which often happens in
individuals with an anterior open bite but not in those with nonocclusion (Fig 14-10).
However, nonocclusions are easy to detect on dental casts. Looking at the occlusion
from every labial/buccal and palatal/lingual perspective, it can be determined if the
teeth are in optimal occlusion. If that is not the case, tongue interposition is the most
likely cause. As mentioned previously, tongue interposition is also the most likely
reason for a maxillary dental arch that is too narrow in relation to the mandibular dental
arch. Cephalometric radiographs taken in habitual occlusion offer the ability to assess if
an open bite or nonocclusion exists in the posterior regions (Fig 14-11).



Fig 14-10 Detection of open bites and nonocclusion. (a and b) In an anterior open
bite, the tongue interposition becomes visible when the lips are quickly moved apart.
Anterior nonocclusion is difficult to detect by inspection, particularly when the
distance between the mandibular and maxillary incisors is small. However, biting on a
cellophane strip or a soft piece of wax can provide evidence. (c and d) Similarly,
posterior open bites are easy to detect, but nonocclusion can be difficult to ascertain.
(e and f) Posterior tongue interpositions are difficult to detect because patients tend to
withdraw the tongue when the lips are touched. However, a tongue interposition can
usually be observed when the lips are carefully separated with two blunt instruments at
the corner of the mouth. See video clip 49.

Clip 49: Assessing Tongue Position at Rest



Fig 14-11 Open bites and nonocclusions on lateral cephalometric radiographs. (a)
Lateral cephalometric radiographs made with the patient in habitual occlusion can
provide insight into the overlapping of posterior teeth. In a symmetric situation, the
corresponding teeth will be projected on top of each other, and the enamel of the
intercuspating teeth will be visible as a light gray zone. (b) In an asymmetric lower face,
the light gray zone will not be even. However, in this case, radiopaque restorations
interfere with diagnosis. (c) Large anterior open bites can be easily seen. (d) The same
applies to posterior open bites. (e) Total nonocclusion is projected as a small, dark
strip. (f) In bilateral posterior nonocclusion in an asymmetric lower face, two small, dark
strips appear.

Individuals with an open bite and nonocclusion in the anterior region exhibit a
different type of tongue movement when swallowing than those whose incisors make
contact. They move the tongue anteriorly when swallowing to close off the space
between the opposing teeth. It is incorrect to consider this tongue movement that is
typical in swallowing (tongue thrust) as a cause of an open bite. As stated before, the



tongue movement adapts to the existing morphologic situation, not vice versa. Indeed,
the position of the tongue at rest determines to a large extent the position of the teeth.
Even if one swallows many times a day, the total time that the tongue exerts a force
during swallowing is not more than 15 to 20 minutes a day. That is far too little time to
affect the position of teeth.

Dental and Skeletal Open Bites
The open bites discussed above are caused by local factors (ie, dental open bites;

Fig 14-12). In addition, there are open bites that are associated with a deviating skeletal
configuration (ie, skeletal open bites; Fig 14-13). In dental open bites, there is no
excessive increase in the lower anterior facial height; in skeletal open bites, there is. It is
assumed that in the latter the dominance of internal over external functional
components leads to excessive vertical growth of the lower face (see chapter 9).

Fig 14-12 Dental open bite. (a and b) This 11-year-old girl has a borderline anterior
open bite/ nonocclusion. The lower face has not grown significantly in the inferior
direction. The chin recedes slightly. (c and d) There is solid intercuspation on the left
side and partial nonocclusion on the right side.



Fig 14-13 Skeletal open bite. (a and b) In this 12-year-old boy, the dominance of
the internal over the external functional components presumably has resulted in an
excessive vertical development of the lower face and a receding chin. (c and d) There is
a large open bite; the posterior teeth occlude well.
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CHAPTER 15
Asymmetries, Transverse Deviations,

and Forced Bites
Asymmetries

Asymmetry in the dentition can be caused by a difference between the left and
right sides in terms of facial skeletal configuration or position of teeth within the jaws
or by a combination of both. Small asymmetries of the skull and face, as well as
misalignment of the midlines of the dental arches, occur frequently and are rarely
troublesome.1–3 Asymmetries in facial configuration can be traced to genetic factors,
trauma, or pathologic processes. Deviating facial growth can cause and/or exacerbate
asymmetries. Asymmetries in tooth position may be caused by differences in the
location where corresponding teeth are formed, premature loss or extraction of
deciduous teeth followed by migration, or agenesis or extraction of permanent teeth.

Angle added subdivisions to his classification to account for asymmetries. A Class
II subdivision has distoclusion on one side and neutroclusion on the other side. An
analogous condition exists in a Class III subdivision, in which mesioclusion is present
on one side and neutroclusion on the other side. According to Angle, it is not possible
to have distoclusion on one side and mesioclusion on the other side.4

Asymmetries in the occlusion caused by the facial skeletal configuration are
usually caused by a deviation in the mandible (Fig 15-1). There are various types of
asymmetries caused by deviant locations of tooth formation sites6,7 (Fig 15-2).



Fig 15-1 Asymmetry in facial configuration. In most humans, the facial skeleton is
slightly asymmetric.5 Also, muscles and other soft tissues often differ between the left
and right sides. The mandible can be positioned asymmetrically because the locations
of the temporal fossae do not correspond. (a) In addition, the mandible itself can be
asymmetric. (b) Asymmetry of the face and the maxilla is usually associated with some
asymmetry of the mandible. (c) In asymmetry of the lower part of the face, both the size
and the shape of the two sides of the mandible are usually different. (d) A small
asymmetry in the face is not noticed; a large one is. The positions of the teeth adjust to
the asymmetry of the facial skeleton. The dentoalveolar compensatory mechanism
plays an essential role in this adjustment.



Fig 15-2 Asymmetry in occlusion. (a) Schematic presentation of an ideal situation.
An asymmetry in jaw size or position can lead to deviations in the occlusion, such as a
Class II, division 1 subdivision (b), a Class II, division 2 subdivision (c), or a Class III
subdivision (d). The midlines of the two dental arches also can deviate without
asymmetry of the jaws or the posterior occlusion. Such an asymmetry can result from a
deviating position of the mandibular or maxillary anterior teeth or from a combination of
both. If the molars are also positioned asymmetrically, a Class II subdivision (e) or a
Class III subdivision (f) will result. (g) The asymmetry can also be caused by an
anomaly in the mandible and result in a Class II subdivision. (h) Asymmetries in the
dental arches may simply be the result of abnormal tooth positions.

As indicated, asymmetry in the dental arches can arise secondary to or become
aggravated by premature loss of deciduous teeth (Fig 15-3) and agenesis or extraction
of permanent teeth. This occurs because teeth tend to migrate in the direction where a



tooth is missing (Fig 15-4).

Fig 15-3 Asymmetry after premature loss of deciduous teeth. Premature loss of
deciduous anterior teeth is usually a sign of crowding. (a) A maxillary lateral deciduous
incisor may resorb when the central permanent incisor erupts. (b) A deciduous canine
may resorb when the lateral permanent incisor erupts. (c) The latter occurs more often
in the mandible than in the maxilla.8 (d) Premature loss of deciduous molars—mostly
due to tooth decay—can lead to tooth migration and result in asymmetry of the
occlusion.

Fig 15-4 Asymmetry due to agenesis or extraction of a permanent tooth. (a) A
missing maxillary right lateral permanent incisor will result in tipping of the other three
incisors to the right side, but the roots will not pass the median suture. (b) However,
there is no structure in the mandible that prevents the migration of an incisor through
the median plane. (c) Agenesis of a mandibular second premolar leads to migration on
both sides. (d) Agenesis of a maxillary right lateral permanent incisor and of a



mandibular left second premolar has a cumulative effect on the deviation of the
midlines of the dental arches.

Transverse Deviations
There is a large variation in asymmetries and transverse deviations of the dentition

in children and adults. Differences between the left side and the right side in sagittal
occlusion of the posterior region (ie, subdivisions) are associated with deviations of
the midlines of the dental arches (Figs 15-5 to 15-7). Sometimes the transverse
occlusion deviates only on one side (Fig 15-8). The transverse occlusion can also
deviate on both sides, as in a telescoping bite, ie, complete maxillary buccal crossbite
(Figs 15-9 and 15-10). A complete maxillary palatal crossbite is very rare but may occur
in an extreme Class III malocclusion. Bilateral posterior maxillary palatal crossbites are
not uncommon (Fig 15-11).

Fig 15-5 Subdivisions. (a) Class II subdivisions can be caused by asymmetry in
the skeletal configuration or the position of the teeth. (b) The same applies to Class III
subdivisions.

Fig 15-6 Class II, division 1 subdivision. (a) The posterior teeth are in an adequate
transverse occlusion. On the left side is a distoclusion, on the right side a
neutroclusion. There is a large overjet and overbite. (b) The midlines of the dental
arches do not match.



Fig 15-7 Class III subdivision. (a) There is a mesioclusion on the left side and a
neutroclusion on the right side. There is a negative overjet (anterior crossbite) of the
majority of the incisors and the mandibular left canine. (b) The midlines of the dental
arches do not match.

Fig 15-8 Unilateral posterior maxillary palatal crossbite without a forced bite. (a)
The maxillary dental arch crosses the mandibular dental arch distal to the maxillary left
canine. (b) There is adequate transverse occlusion on the right side and a posterior
maxillary palatal crossbite on the left side.



Fig 15-9 (a to f) Clinical views of a Class II, division 1 malocclusion with complete
maxillary buccal crossbite, also called telescoping bite or Brodie syndrome.9 The
mandibular posterior teeth are tipped lingually; the maxillary posterior teeth are tipped
buccally. The mandibular dental arch is abnormally narrow; the maxillary dental arch is
abnormally broad.

Fig 15-10 Class II, division 1 malocclusion with complete maxillary buccal
crossbite. (a) The occlusal surfaces of the opposing posterior regions do not make



contact. All maxillary teeth are positioned buccal to the mandibular teeth. (b) The
maxillary posterior teeth are tipped buccally; the mandibular posterior teeth are tipped
lingually.

Fig 15-11 Bilateral posterior maxillary palatal crossbite. (a) The maxillary posterior
teeth interdigitate with their buccal cusps instead of their palatal cusps. (b) There is a
posterior maxillary palatal crossbite on both sides.

Forced Bites
In asymmetries in facial configuration and location and occlusion of teeth, centric

relation and habitual occlusion sometimes do not coincide. This condition is associated
with forced bites. In forced bites, closing in centric relation leads to contact at one or
more points that prevents completion of the closing movement in the initial direction.
The neuromuscular system adapts to that condition, and premature contact is avoided
in closing as the mandible moves directly into habitual occlusion.10

Forced bites occur in all stages of development of the dentition. They are
differentiated into lateral and anterior forced bites and combinations of both. In lateral
forced bites, the first contact in closing in centric relation is mostly at the canines, and
the maxillary dental arch is often too narrow in relation to the mandibular dental arch. In
habitual occlusion, a arch is often too narrow in relation to the mandibular dental arch.
In habitual occlusion, a 12 and 15-13a). The transverse occlusion can also deviate on
both sides (Fig 15-13b). In lateral forced bites, the mandible must shift to one side to
arrive in habitual occlusion (Figs 15-14 and 15-15).



Fig 15-12 (a to f) Clinical views of a lateral forced bite. A crossbite of all teeth,
except the central incisor, on the left side is combined with a lateral forced bite of 3 mm
to the left. The most retruded position of the mandible is 1 mm posterior to the habitual
occlusion. The premolars and molars are in neutroclusion, albeit in crossbite on the left
side. On the left side, solid intercuspation has led to buccal tipping of the mandibular
posterior teeth and palatal tipping of the maxillary posterior teeth.

Fig 15-13 Clinical views of a lateral forced bite. (a) The maxillary dental arch is
narrow. In closing, it is diverged to the right. There is a crossbite on the left side. (b)
Lateral forced bite with an anterior component through palatal positioning of the



maxillary lateral incisors. There is a maxillary posterior crossbite on both sides.

Fig 15-14 Clinical views of a lateral forced bite. (a) In closure in centric relation, the
maxillary central incisors make end-to-end contact with the mandibular incisors. (b) To
achieve habitual occlusion, divergence of the mandible to the right side is needed.

Fig 15-15 Lateral forced bite. (a) In closure in central relation, partial contact is
made in the posterior regions (solid lines). Habitual occlusion requires a mandibular
shift to the right (arrow), through which more extensive contact is attained at both
sides (dotted lines). At the right side is a posterior crossbite. (b) The midlines of the
two dental arches deviate accordingly.

In anterior forced bites, the first contact in closing in centric relation is at the
incisors. The habitual occlusion is more anterior. This leads to a negative overjet (Figs
15-16 and 15-17). An anterior forced bite can also come about in a Class II malocclusion
with crowding in the maxillary anterior region if a maxillary lateral deciduous incisor is
lost with the emergence of the adjacent central permanent incisor, and the maxillary
lateral permanent incisor emerges too far palatally. When the latter attains contact with
the lingual aspect of the mandibular teeth, further palatal displacement will result. The
occlusion adapts to the new situation. During closure in habitual occlusion, it appears
that there is a neutroclusion or a slight distoclusion. However, with careful, manually
guided closure in the most retruded position, the palatally positioned maxillary lateral
incisor will be touched first. A slide to the anterior is needed to reach habitual
occlusion (Figs 15-18 and 15-19). This type of forced bite is easily overlooked. An



anterior forced bite can also be caused by unfavorable contact of the posterior teeth.
Many forced bites are a combination of the anterior type and the lateral type. In

forced bites, the position of the individual teeth adapts to the deviant habitual
occlusion.

Fig 15-16 (a to d) Clinical views of an anterior forced bite (pseudo Class III
malocclusion). The mandible can be moved posteriorly into end-to-end occlusion of the
central incisors. In closure, the mandible moves directly to the anterior, without a slide
to achieve habitual occlusion.

Fig 15-17 Anterior forced bite. (a) In closure in centric relation, initial contact is
made at the incisal edges, with the central incisors in end-to-end occlusion (solid
lines). For habitual occlusion, the mandible must slide (arrow) anteriorly (dotted
lines). (b) Frontal view of contact in centric relation (solid lines) and in habitual
occlusion (dotted lines).



Fig 15-18 (a to d) Clinical views of a Class II, division 1 malocclusion with anterior
and lateral forced bite. The maxillary right lateral incisor has emerged palatally. It is
impossible for the mandibular teeth to close behind that tooth. The habitual occlusion
in forced bite is 4 mm anterior and 2 mm left of centric relation. There is a crossbite on
the right side and adequate transverse occlusion on the left side. In the most retruded
position of the mandible, the incisal edges of the opposing right lateral incisors are in
end-to-end occlusion. That also applies to the posterior teeth in transverse direction.
The position of the teeth is adapted to habitual occlusion.

Fig 15-19 Anterior forced bite in a Class II, division 1 malocclusion. (a) In closure
in centric relation (solid lines), the opposing lateral incisors (2) contact each other. The
habitual occlusion (dotted lines) is more anterior (arrow), with the mandibular lateral
incisors (2) caught between the maxillary lateral incisors (2) and central incisors (1). The
molars are then in neutroclusion. (b) Initial contact of the mandibular lateral incisors in
centric relation (solid lines) and in habitual occlusion (dotted lines). As in a, the



maxillary incisors are completely dotted.
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CHAPTER 16
Premature Loss of Deciduous Teeth
Causes of Premature Loss of Deciduous

Teeth
Deciduous teeth can be lost early because of premature resorption of their roots,

trauma, or decay (caries) followed by extraction. Loss by premature resorption and
trauma happens only in the anterior region. Untimely loss due to caries and extraction
mainly affects the deciduous molars.

Premature resorption of the roots of deciduous incisors and canines is a symptom
of crowding. In addition, the distal root of maxillary second deciduous molars can
resorb prematurely if the first permanent molar erupts too far to the mesial. However,
the deciduous molar will not exfoliate, and the eruption of the permanent molar will be
blocked.1,2 Premature loss of deciduous molars can lead to migration of adjacent teeth
and to shortage of space for their successors.

Premature loss of deciduous molars due to caries happens twice as often in the
mandible as in the maxilla.3–7 Deciduous canines are somewhat resistant to decay, as
are deciduous incisors, which are present in the mouth only a relatively short period of
time. Decayed deciduous molars can lose part or all of their crowns. Complaints of pain
are often the reason for their removal. Infections are an indication for extraction,
especially because they can affect succeeding teeth. Deciduous teeth with a nonvital
pulp can cause large, purulent periapical infections. In contrast with permanent teeth,
no fibrous encapsulation of the abscess takes place in deciduous teeth. Hence,
successors can be damaged, and abnormal shapes, hypocalcifications, and caries
lesions can result.8–10

Effects of Premature Loss of Deciduous
Teeth

The effects of premature loss of deciduous teeth are predictable and can be well
estimated. The occurrence of migrations after premature loss of deciduous teeth
depends on which tooth is lost as well as on the occlusion.3,11–14 These migrations
are greater and happen more quickly in the maxilla than in the mandible.3,15,16



Furthermore, migrations in the maxilla are mainly limited to mesial movement and
rotation of the first permanent molar. In the mandible, teeth mesial to the lost tooth
have a greater tendency to move distally.15

In addition, the spatial conditions in the dental arches are important.12,17,18 In
general, premature loss of deciduous teeth in dental arches with excess space has no or
only little effect on the development of the dentition. In the absence of excess space,
complications might appear; in cases of crowding, complications are a certainty.

Tongue and buccal musculature also play an essential role,3,5 and the timing of the
loss is relevant.12,17 Loss long before the time of emergence of the successor leads to
its delayed emergence; loss shortly before emergence has an accelerating effect.19

Moreover, loss of deciduous teeth at an early age has more negative sequelae than
loss occurring later. Migrations of adjacent teeth take place mainly in the first 6 months
after the premature loss.18

It is important to emphasize that the loss of space is often limited and of little
relevance to the development of the dentition.11–14,20–22 In addition, in the mandible
some of the lost space can be regained at the end of the second transitional period.23

Premature loss of deciduous incisors and
canines

With little space in the anterior region, as in a deciduous dentition without
diastemata, deciduous incisors and canines can be lost prematurely with the emergence
of an adjacent permanent tooth (Fig 16-1). Trauma is usually the cause of premature
loss of maxillary central deciduous incisors. If they are not pushed into the jaw, which
can cause displacement and dilaceration of successors, but rather knocked out, the
only effect will be delayed emergence of their successors.24 In addition, maxillary
central deciduous incisors do not play a role in the mechanism of distal displacement of
lateral deciduous incisors and deciduous canines during the eruption and emergence of
the central permanent incisors (Fig 16-2a).

With the eruption and emergence of a maxillary central permanent incisor, the root
of the adjacent lateral deciduous incisor can resorb, and the crown can exfoliate (Fig 16-
2b). In unilateral premature loss of a maxillary lateral deciduous incisor, the deciduous
canine on that side will not displace distally and buccally during the eruption of the
central permanent incisor; in bilateral loss, this phenomenon will occur on both sides.



Fig 16-1 Premature loss of deciduous incisors and canines. (a and b) With
crowding in the maxilla, the lateral deciduous incisors can be shed prematurely during
the eruption of the central permanent incisors. (c and d) Too little space remains for the
lateral permanent incisors. (e) Their eruption can lead to premature resorption and loss
of the deciduous canines. (f) Subsequently, the lateral permanent incisors move labially
and occupy their positions in the dental arch. Too little space remains for the
permanent canines. Sometimes in such cases the deciduous canines are not lost
prematurely; instead, the lateral permanent incisors emerge palatally (see Fig 15-18). See
video clip 15.

In a comparable way, the eruption of maxillary lateral permanent incisors can lead to
premature loss of deciduous canines (Figs 16-2c and 16-2d). If this happens only on
one side, the incisors will migrate in that direction. Consequently, insufficient space
remains there for the maxillary permanent canine, which will emerge buccally. If both
deciduous canines are lost prematurely, both permanent canines will be outside the



dental arch.



Fig 16-2 Effect of premature loss of deciduous anterior teeth. (a) Trauma of
maxillary deciduous incisors can disturb the formation and eruption of their successors.
Premature loss of central deciduous incisors in most cases has no effect on the
development of the dentition. (b) In situations with severe crowding, the lateral
deciduous incisors can be lost prematurely. Consequently, the displacement of the
deciduous canines associated with the eruption of the central permanent incisors will
not take place. (c) With unilateral premature loss of a maxillary deciduous canine, the
incisors will migrate in that direction, and the midlines of the dental arches will no
longer match. (d) With premature loss of both maxillary deciduous canines, the midline
will not displace.

With asymmetry in location of formation and in eruption of permanent incisors, the
premature loss can be unilateral (Figs 16-3a and 16-3c). This occurs more often than
bilateral premature loss, particularly in the mandible (Figs 16-3b and 16-3d). Unilateral
premature loss of deciduous canines leads to alterations in the angulation of the
permanent incisors and to displacement of the midline of the dental arches (Fig 16-4).



Fig 16-3 Premature loss of mandibular lateral deciduous incisors and deciduous
canines. (a) Unilateral loss of a mandibular lateral deciduous incisor as can happen
with asymmetric positioning and eruption of mandibular central permanent incisors. (b)
Bilateral loss of mandibular lateral deciduous incisors. (c) Unilateral loss of a
mandibular deciduous canine, followed by migration of the incisors to that side and
shifting of the midline. (d) Bilateral loss of mandibular deciduous canines, usually
without deviation of the midline.



Fig 16-4 Effects of premature loss of deciduous canines on the angulation of
permanent incisors and the position of the midline. (a) Unilateral loss of a maxillary
deciduous canine results in tipping of the permanent incisors and shifting of the
midline. (b) Unilateral loss of a mandibular deciduous canine has the same results. (c)
Unilateral loss of opposing deciduous canines leads to tipping of the incisors in the
same direction in both jaws. (d) With the loss of a deciduous canine in the mandible on
one side and in the maxilla on the other side, the maxillary and mandibular permanent
incisors will tip in opposite directions.

In the mandible, premature loss of deciduous incisors has consequences for the
increase in intercanine distance. Furthermore, premature loss of mandibular deciduous
canines can result in an increase in overjet and overbite.

Premature loss of deciduous molars
Undesirable migrations may or may not result from untimely loss of deciduous

molars, and they are less likely to occur with the loss of first than second deciduous
molars.11,13 With the loss of second deciduous molars, the migration is usually limited
to mesial displacement of the first permanent molars (Figs 16-5 and 16-6). The mesial
displacement of the teeth distal to prematurely lost first deciduous molars is more
limited. The teeth mesial of them will tend to migrate distally, but to a lesser extent.



With sufficient space and a neutroclusion, problems due to premature loss of a second
deciduous molar are rare in the mandible but common in the maxilla. This difference is
due to the three aspects explained in the following paragraphs.



Fig 16-5 Premature loss of a mandibular left second deciduous molar, followed by
excessive migration of the first permanent molar. (a) In the first weeks after the
extraction, migration of the first permanent molar does not occur. (b) Its mesial surface
is oriented perpendicular to the dental arch. (c) Five months later, the first permanent
molar has migrated and tipped slightly mesially but not rotated. (d) If the occlusion
does not interfere, further migration can take place. (e) Tipping will also occur. (f) Little
space remains for the second premolar.



Fig 16-6 Premature loss of both maxillary second deciduous molars, followed by
excessive migration. (a) In the first 5 weeks after the extraction, the first permanent
molars have not moved. (b) Their mesial surfaces are oriented perpendicular to the
dental arch. (c) Six months later, the space is markedly reduced on both sides. (d) The
first permanent molars have migrated mesially and rotated around the axis through the
mesiopalatal cusp and the large palatal root. (e) Their mesial surfaces are now at an
oblique angle to the dental arch. (f) Their migration and rotation interfere with adequate
intercuspation.

First, the crown of the mandibular second deciduous molar is usually wider than
that of the maxillary second deciduous molar, and in a neutroclusion the terminal plane
is generally flush. Under these circumstances, a maxillary second deciduous molar can
overerupt after the opposing mandibular tooth is lost and block the mesial migration of
the mandibular first permanent molar (Figs 16-7 and 16-8). In premature loss of a
maxillary second deciduous molar, the antagonist cannot overerupt because it also
occludes with the maxillary first deciduous molar (Figs 16-9 and 16-10). The maxillary



first permanent molar will move mesially. This displacement is not parallel but involves
rotation around the axis through the mesiopalatal cusp and the large palatal root. If this
cusp occludes with the central fossa of the mandibular first permanent molar, the
rotation will be enhanced.

Fig 16-7 Premature loss of a mandibular second deciduous molar in a
neutroclusion. (a and b) The second deciduous molar in the mandible is wider than
that in the maxilla. The terminal plane distal of the second deciduous molars is flush or
has a small mesial step. (c and d) The maxillary second deciduous molar can overerupt
and block the mesial migration of the mandibular first permanent molar. The
development of the dentition is not affected by this premature loss.



Fig 16-8 Premature loss of a mandibular second deciduous molar in a
neutroclusion. (a) With a flush terminal plane, the mesial sides of the first permanent
molars are aligned. (b and c) After loss of the mandibular second deciduous molar, the
adjacent first permanent molar tends to migrate to the mesial. (d) However, the maxillary
second deciduous molar will overerupt and block the mesial migration.



Fig 16-9 Premature loss of a maxillary second deciduous molar in a neutroclusion.
(a and b) The second deciduous molar in the mandible has a wider crown than that in
the maxilla. It cannot overerupt because it also occludes with the maxillary first
deciduous molar. (c and d) The maxillary first permanent molar migrates mesially and
rotates around an axis through the mesiopalatal cusp and palatal root. Because of its
trapezoid shape, it will occupy more space in the dental arch after mesial rotation.



Fig 16-10 Premature loss of a maxillary second deciduous molar in a neutroclusion.
(a and b) The tooth that is lost is narrower than its antagonist, which also occludes
with the maxillary first deciduous molar. (c) The mandibular second deciduous molar
cannot overerupt. (d) The maxillary first permanent molar will migrate and rotate to the
mesial.

The second aspect relates to the potential to regain space by the eruption and
emergence of second premolars. In the maxilla, an erupting maxillary second premolar
will diverge palatally, exerting little or no distally directed force on the first permanent
molar because of the trapezoid shape of the reduced space between the first permanent
molar and the first premolar. The situation is different in the mandible because the
reduced space is more rectangular, and the mesial surface of the first permanent molar
is perpendicular to the dental arch. (See video clip 50.)

Clip 50: Space Creation by Erupting Mandibular Second Premolar
The third aspect is that the leeway space—the difference between the sum of the

mesiodistal crown dimensions of the deciduous canines and first and second
deciduous molars and that of their successors—is greater in the mandible than in the
maxilla. Therefore, more space can be lost in the mandibular dental arch before a
problem arises.

Unilateral premature loss of the mandibular first and second deciduous molars, or
premature loss of both on one side and one on the other side, leads to a displacement
of the midline of the mandibular dental arch and to an enlargement of the overjet and
overbite (Fig 16-11). In a Class III malocclusion with a negative overjet, premature loss



of maxillary deciduous molars likewise leads to an increase in the overbite and negative
overjet.

Fig 16-11 Unilateral premature loss of two mandibular right deciduous molars and
its effect on the incisors. (a and b) Situation at the time of loss of the deciduous
molars. (c and d) The mandibular incisors tip lingually, and the midline shifts to the
right side. The overjet and overbite increase.

Unilateral loss of both second deciduous molars almost always has a negative
effect on the development of the dentition (Fig 16-12). The mandibular and maxillary
first permanent molars migrate mesially unhindered. Intercuspation of the mesiopalatal
cusp of the maxillary first permanent molar in the central fossa of the corresponding
mandibular tooth does not present an obstruction to its migration because the latter
moves mesially as well.



Fig 16-12 Unilateral premature loss of both second deciduous molars in a
neutroclusion. (a and b) After the loss of two opposing second deciduous molars,
there is nothing to block mesial migration. (c and d) Both first permanent molars
migrate mesially. The migration of the maxillary molar is greater than it would be if the
premature loss had not occurred in the mandible. The mesial migration and tipping of
the mandibular first permanent molar is sometimes combined with a slight mesiolingual
rotation. Mesial migration of first permanent molars leads to accelerated emergence of
second permanent molars.

In Class II, division 1 malocclusions with premature loss of a mandibular second
deciduous molar, the opposing maxillary tooth cannot overerupt because it also
occludes with the mandibular first deciduous molar. Therefore, mesial migration of the
mandibular first permanent molar is not blocked (Figs 16-13 and 16-14). In addition, if
the lower lip is positioned behind the maxillary incisors, more pressure is exerted on the
mandibular incisors, increasing the likelihood of reduction of space from the mesial.
After loss of a maxillary second deciduous molar in a Class II, division 1 malocclusion,
mesial migration and rotation of the maxillary first permanent molar also occurs (Figs 16-
15 and 16-16; see also Fig 16-6).



Fig 16-13 Premature loss of a mandibular second deciduous molar in a Class II,
division 1 malocclusion. (a and b) The maxillary second deciduous molar occludes with
both the mandibular first and second deciduous molars. (c and d) Because the
maxillary second deciduous molar cannot overerupt, the mesial migration of the
mandibular first permanent molar is not blocked. If the lower lip is positioned between
the mandibular and maxillary incisors, the space created by the premature loss is
reduced from the mesial more than it otherwise would be.



Fig 16-14 Premature loss of a mandibular second deciduous molar in a
distoclusion. (a) With a distoclusion of one premolar crown width, the maxillary
second deciduous molar also occludes with the mandibular first deciduous molar. (b)
As a result, it will not overerupt after the loss of its antagonist. (c and d) The occlusion
of the mandibular first permanent molar does not hinder its mesial migration.



Fig 16-15 Premature loss of a maxillary second deciduous molar in a Class II,
division 1 malocclusion. (a and b) The wide mandibular second deciduous molar
cannot overerupt after loss of its maxillary antagonist. (c and d) The maxillary first
permanent molar migrates and rotates mesially. Its mesiopalatal cusp does not
intercuspate in the central fossa of the mandibular first molar; if it did, this would
provide a hindrance to mesial migration.



Fig 16-16 Premature loss of a maxillary second deciduous molar in a distoclusion.
(a) With a distoclusion of one premolar crown width, the mandibular second
deciduous molar occludes also with the maxillary first permanent molar. (b and c) It
cannot overerupt after loss of its antagonist. (d) The maxillary first permanent molar will
migrate and rotate mesially. In any case, a mandibular second deciduous molar cannot
overerupt when only one opposing deciduous tooth is lost, independent of the
occlusion; it is only possible if both maxillary deciduous molars are missing.

If in a Class II, division 1 malocclusion opposing second deciduous molars are lost,
the adjacent first permanent molars migrate mesially. Premature loss of all four
mandibular deciduous molars in a Class II, division 1 malocclusion is extremely adverse,
particularly if the lower lip is or becomes positioned behind the maxillary incisors.

In Class II, division 2 malocclusions, the teeth mesial to the premature loss have a
strong tendency to move distally. Premature loss of mandibular deciduous molars will
lead to further lingual tipping of maxillary and mandibular incisors. Premature loss of
deciduous molars and canines in both jaws is particularly adverse.

In Class III malocclusions, the maxillary, but not the mandibular, incisors tend to
move palatally with premature loss of deciduous molars (Figs 16-17 and 16-18).



Fig 16-17 Premature loss of a mandibular second deciduous molar in a Class III
malocclusion. (a and b) The maxillary first deciduous molar can overerupt. (c and d)
The mandibular first permanent molar will migrate only slightly. The overerupted
maxillary first deciduous molar blocks its mesial migration.



Fig 16-18 Premature loss of a maxillary second deciduous molar in a Class III
malocclusion. (a and b) There is no possibility of overeruption of a mandibular tooth.
(c and d) The maxillary first permanent molar migrates and rotates to the mesial.

Loss of a second deciduous molar is more harmful before the emergence of a first
permanent molar than after. A not-yet-emerged first permanent molar begins migrating
mesially within the jaw if the second deciduous molar is lacking. In addition, the second
premolar is still some distance away from the occlusal plane and does not act as an
obstacle against migration. If the second deciduous molar is lost prior to the emergence
of the second permanent molar, the first molar migrates more mesially than it would if
the second molar had already emerged.20 Furthermore, premature loss of a second
deciduous molar advances the emergence of second permanent molars.25 Box 16-1 and
Table 16-1 provide an overview of the sequelae of premature loss of second deciduous
molars.





Prevention of Migration
In situations in which a strategic tooth cannot overerupt due to the occlusion,

measures can be taken by the clinician to prevent mesial migration (Fig 16-19). The first
method is to remove the part of the crown that hinders eruption to allow overeruption
(see Fig 16-19e). Undesirable migration also can be prevented by bonding a blockade of
composite resin to the occlusal surface of the tooth opposing the lost tooth (see Fig
16-19f ). These two procedures largely eliminate the need for placing space maintainers.
Space maintainers are often placed in situations in which no negative sequelae are
expected.

Deciduous and permanent teeth that lose their occlusal support start to overerupt
shortly thereafter. Mesiodistal migration of teeth following the loss of an adjacent
tooth takes longer; in fact, it does not occur in the first 4 weeks. This difference in the
initiation of eruption and migration plays an essential role in the spontaneous blocking
of undesirable migrations after premature loss of a deciduous tooth. Likewise, it is
important that preventive techniques such as grinding away a part of an opposing
deciduous molar so it can overerupt or applying a blockade of composite are carried
out in a timely manner.



Fig 16-19 Prevention of migration. (a and b) In a neutroclusion, when a mandibular
second deciduous molar is lost prematurely, the maxillary second deciduous molar can
overerupt and block the mesial migration of the mandibular first permanent molar. (c
and d) However, when a maxillary second deciduous molar is lost prematurely, the
mandibular second deciduous molar cannot overerupt. (e) As a preventive
intervention, a portion of the mesio-occlusal surface of the mandibular second
deciduous molar can be removed to allow it to overerupt and subsequently serves as a
blockade against mesial migration of the maxillary first permanent molar. (f) A
comparable result is obtained when a blockade of resin composite is bonded on the
occlusal surface of the mandibular second deciduous molar. In deviating sagittal
occlusions, the removal of tooth material or placement of resin composite must be
carried out at different sites, but the principle remains the same. However, these
procedures will not be effective in patients with a posterior open bite or nonocclusion.
Deciduous teeth, like permanent teeth, will erupt until occlusal contacts or other factors



impede their eruption. Strategic use of this potential provides the possibility of
preventing undesirable migration.
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Chapter 17
Statistical Data

The content of this chapter serves to support the various topics covered in the
preceding chapters and to present statistical data in a compact and easily accessible
format.

The data in this chapter have been selected and compiled from results of studies
carried out mainly in Western countries. The data presentation starts with the
formation, eruption, and emergence of the deciduous teeth, followed by that of the
permanent teeth. The correlations in crown widths among individual teeth in both
dentitions and between the deciduous teeth and their successors are presented. Dental
arch dimensions, the size of the overjet and overbite, and molar occlusion are shown
from 3 to 18 years of age in tables and graphs. Information on the variation in
inclination and angulation of teeth in adults is provided. Finally, the prevalence of
agenesis and malocclusions is given.

A comparison of findings from various published studies is complicated by
differences in design, data collection, and presentation of results.1 For example, most
information on times of emergence of deciduous teeth is derived from observations in
clinics for babies and small children and from notes made by mothers.2 The data
collected in this way are more precise than those derived from annually prepared dental
casts. Dental casts have served to provide information not only on times of emergence
of permanent teeth but also on changes in dental arch dimensions and occlusion. In
some studies, only children with normal occlusion were included. In other studies, this
selection criterion was not or only moderately used.

Annually collected data on times of emergence are based on observations that
certain teeth had emerged in the preceding 12 months. Assuming a normal distribution
of times of emergence, the calculated average times of emergence should be decreased
by 6 months. However, this was not done in any of the studies that dealt with times of
emergence. As a result, the data presented in this chapter can be assumed to be 6
months higher than in reality. There is only one investigation in which data were
collected every 6 months—the Nijmegen Growth Study. Therefore, the data on times of
emergence derived from that study are 3 months too high.

The most valuable information is obtained with longitudinal growth studies,
followed by those with overlapping cohorts (mixed longitudinal). Sometimes it is more
practical to collect data only once from a very large sample (cross-sectional). The data
presented in this chapter come from all three types of studies.



Formation and Emergence of
Deciduous Teeth

The progress in formation of deciduous teeth is plotted against age in Table 17-1
and for the mandibular deciduous teeth in Fig 17-1. The average times of emergence of
deciduous teeth in five populations are presented in Table 17-2. The results of the
longitudinal studies differ only slightly from each other but deviate from those of the
cross-sectional study. From the data in Table 17-2, it could be concluded that the
average sequence of emergence is the same in all five studies. However, this
presentation disguises the large individual variation in time of emergence. In the
longitudinal study of 171 children, only 5% had the average sequence in time of
emergence.4



Fig 17-1 The eight formation stages (see Figs 17-3 and 17-4) of mandibular
deciduous teeth plotted against age.7 di1, central deciduous incisors; di2, lateral
deciduous incisors; dc, deciduous canines; dm1, first deciduous molars; dm2, second
deciduous molars.

The average times of emergence of deciduous teeth differ between boys and girls,
but the average sequence of emergence does not (Table 17-3; Fig 17-2). In accordance
with the large individual variation in time of emergence of deciduous teeth, the
standard deviation (SD) in times of emergence is high. The range in time of emergence



is the smallest for the central incisors (SD, 1.8 months), larger for the lateral incisors and
canines (SD, 2.9 months), and the largest for the second molars (SD, 4.2 months). It is
remarkable that, in contrast with the permanent teeth, deciduous teeth emerge in boys
earlier than in girls, with the exception of the first molars. Another difference between
the two dentitions is that the maxillary deciduous teeth emerge before the mandibular
ones, with the exception of the central incisor and the second molar.9,12,13

Fig 17-2 Average times of emergence of deciduous teeth in boys (black triangles)
and girls (white triangles). I, central deciduous incisors; II, lateral deciduous incisors;
III, deciduous canines; IV, first deciduous molars; V, second deciduous molars.

Formation and Emergence of
Permanent Teeth

The progress in formation of permanent teeth in relation to age is shown in Table
17-4. In addition, details are provided for the mandibular permanent teeth in Figs 17-3 to
17-5.





Fig 17-3 (a to h) Eight stages of formation of a mandibular first premolar.7,15



Fig 17-4 (a to h) Eight stages of formation of a mandibular first permanent
molar.7,15



Fig 17-5 The eight formation stages (see Figs 17-3 and 17-4) of mandibular
permanent teeth plotted against age.7 I1, central incisors; I2, lateral incisors; C,
canines; P1, first premolars; P2, second premolars; M1, first molars; M2, second molars;
M3, third molars.

The data on emergence of permanent teeth are presented similarly to those on
emergence of deciduous teeth (Figs 17-6 and 17-7 and Tables 17-5 to 17-7). Table 17-5
displays the average times of emergence of permanent teeth in girls. The data were
collected in various countries over a period of 40 years. The differences in times of
emergence are caused in part by the diversity in the methods of collecting and
reporting data and partly by regional and ethnic variability. However, they conform
largely in sequence of emergence and also in the phenomenon that mandibular
permanent teeth emerge before the maxillary ones. That also applies to the earlier
emergence in girls than in boys.



Fig 17-6 Graphic illustration of early, mean, and late times of emergence of
permanent teeth for girls (left) and boys (right). The indicated range in times of
emergence is representative of twothirds of the population. The data are based on 24
publications, together comprising 93,000 children in the United States and Europe. In
those data, which cover one century, little difference appeared in times of emergence. It
was evident that the mean times of emergence are 5 months earlier in girls than in boys.
The range of variation in times of emergence of corresponding teeth did not differ
between the two sexes. However, it did differ among various teeth, with the smallest
range for the mandibular first permanent molars, a large range for the maxillary second
premolars, and the largest range for the mandibular second premolars. However, the
latter can be affected by agenesis. I1, central incisors; I2, lateral incisors; C, canines;
P1, first premolars; P2, second premolars; M1, first molars; M2, second molars.

(Reprinted from Hurme8 with permission.)



Fig 17-7 Average times of emergence of permanent teeth in boys (black triangles)
and girls (white triangles). 1, central incisors; 2, lateral incisors; 3, canines; 4, first
premolars; 5, second premolars; 6, first molars; 7, second molars.

Table 17-6 presents means and standard deviations of times of emergence of
permanent teeth derived from the Nijmegen Growth Study.22 These data also show a
significant range in times of emergence for all teeth. Twice the standard deviation on
both sides of the average encompasses 95% of the population. That means that in
boys an emergence of maxillary central permanent incisors between 5.6 and 8.8 years of
age cannot be considered outside the norm. For maxillary permanent canines in boys,
the range is between 8.8 and 14.5 years. It has to be remarked that the data of times of
emergence of the Nijmegen Growth Study deviate only slightly from those of Hurme.8



in Fig 17-6. It provided slightly younger times of emergence, but that could be because
in the Nijmegen study, data were collected every 6 months rather than yearly.

Table 17-7 shows variations in the sequence of emergence of permanent teeth.
Striking is the large variation found in the population of 174 children; however, in
almost all children, the first permanent molar was the first tooth to emerge in both jaws
(indicated by a 1 in the 6th place). A larger variation in times of emergence was
recorded for the maxilla than for the mandible, particularly for the canines and
premolars.



The correlation in times of emergence among mandibular permanent teeth in girls is
shown in Table 17-8. The highest correlation in times of emergence is between central
and lateral incisors. It is high also between the first and second molars. The rate of
eruption after emergence is illustrated in the increase in clinical crown heights (Figs 17-
8 and 17-9). The mesiodistal crown dimensions of both dentitions are shown in Table
17-9. There are no differences between boys and girls in the width of deciduous teeth;
however, boys have wider permanent tooth crowns than girls, particularly for canines
and molars.



Fig 17-8 Average (left) and sample individual (right) increases in visible crown
height in six erupting permanent teeth. The graphs are based on longitudinal
observations of 50 children. In the first 6 months after emergence, there is a rapid
increase in clinical crown height. In the second 6 months, it tapers off. In the second
year after emergence, there is still some increase in height; in the subsequent years,
there is little increase. For each of the six individual teeth (right), the curve shown is
the one exhibiting minimum curvature in the 3 years following gingival emergence.
(Reprinted from Giles et al25 with permission.)



Fig 17-9 Generalized increase in clinical crown height. This graph is based on a
compilation of data obtained on the increase in clinical crown height of central incisors,
canines, and second premolars in both jaws. The percentage of the maximally attained
crown height during the first 24 months after emergence is plotted. The width of the
shaded area between the outer curves represents the range of time in which 80% of the
children had attained the indicated level of crown height. (Reprinted from Giles et al25



with permission.)

Correlations in Crown Widths
Correlation coefficients among crown widths of deciduous and permanent teeth are

gathered in Table 17-10, which shows that, except for the maxillary central incisors,
there is only a moderate correlation in crown width among deciduous teeth and their
successors. Small deciduous teeth can be replaced by large permanent teeth and vice
versa. In Table 17-11, correlation coefficients are displayed for crown dimensions of
corresponding groups of deciduous and permanent teeth. It reveals that the teeth
involved in the first transition differ more in combined width than those involved in the
second transition. In addition, the fer more in combined width than those involved in
the second transition. In addition, the 10.



Fig 17-10 Comparison of the average sums of mesiodistal crown widths of
corresponding deciduous and permanent teeth. The data are derived from Nance29 and
differ slightly from those in Table 17-9. According to Nance, a central perminent incisor
and a lateral permanent incisor are together wider than their predecessors by 3.0 mm in



the mandible and 3.8 mm in the maxilla. When a canine is included, the differences
become 4.4 and 4.9 mm, respectively. A first premolar and a second premolar are
together narrower than their predecessors by 3.6 mm in the mandible and 1.5 mm in the
maxilla. When a canine is included, the three teeth together are smaller than their
predecessors by 1.7 mm in the mandible and 1.0 mm in the maxilla.

Dental Arch Width, Overjet and
Overbite, and
Molar Occlusion

Changes in arch width dimensions, overjet and overbite, and occlusion can be
presented in two ways: (1) based on chronologic age and (2) according to a
developmental characteristic in the dentition, such as the time of emergence of a
mandibular central permanent incisor. The chronologically arranged data facilitates
comparison with results from other studies. The advantage of using dental
developmental parameters to arrange growth data is explained in Fig 17-11 and
demonstrated for the increase in the intercanine distance in Figs 17-12 and 17-13.

Fig 17-11 Arrangement of growth curves on a developmental parameter. (a) When
the adolescent growth spurts of five girls are plotted based on chronologic age, the
average maximum value becomes reduced and the curve smoothed (dotted line). (b)
When the growth spurts are superpositioned on the highest points of the curves, the
course of the growth spurt of the five girls is almost identical. This approach was
published by Shuttleworth30 in 1939. Moorrees et al31 introduced it for the analysis of



data on the development of the dentition. Max vel, maximum velocity. (Reprinted from
Shuttleworth30 with permission.)

Fig 17-12 Average enlargement of the intercanine distance. When the averages of
the longitudinally collected data of 84 boys were plotted on the chronologic age scale
(red curve), the increase in intercanine width was spread out over 7 years. When they
were plotted on a dental developmental age scale, based on the emergence of the
mandibular central permanent incisor (black curve), the increase was spread out over 2
years for the mandible (a) and 3 years for the maxilla (b). The average times of
emergence are indicated by arrows. I1, central incisor; I2, lateral incisor; C, canine; M1,

first molar. (Reprinted from Moorrees and Reed32 with permission.)



Fig 17-13 Superposition of the average intercanine distances for boys and girls on
dental developmental age. (a) No differences between the sexes are seen for the
mandible. (b) There is only a slight difference between the sexes for the maxilla. The
intercanine distance increases in the maxilla with the emergence of the permanent
canines, but this does not occur in the mandible. The crown of the maxillary permanent
canine is substantially bigger than that of the deciduous canine. The difference is less
marked in the mandible. In addition, the registration point of the maxillary permanent
canine, which was the crown tip, is more buccal than that of its predecessor. The
average times of emergence are indicated by arrows. (Reprinted from Moorrees and
Reed32 with permission.)

Changes in arch width, overjet and overbite, and molar occlusion are presented
numerically and graphically in Tables 17-12 to 17-29. Tables 17-12 to 17-15 are based on
data from the Nijmegen Growth Study.22 Tables 17-16 to 17-29 and the superpositions
of dental arches in Figs 17-14 and 17-15 are based on data from the University of
Michigan Elementary and Secondary School Study.26 In both studies, calculated
centers of tooth crowns, rather than cusp tips, were used for measuring arch widths.
For that purpose, dental casts were digitized three-dimensionally.33–35







































Fig 17-14 Superimposition of the deciduous dental arches, based on the centers of
the tooth crowns, arranged by the emergence of the mandibular central permanent
incisor.26



Fig 17-15 Superimposition of the dental arches of the permanent dentition, based
on the centers of the tooth crowns, arranged by chronologic age.26

Inclination and Angulation of
Permanent Teeth

The inclination and angulation of permanent teeth vary considerably, not only in
orthodontic malocclusions but also in normal occlusions (Table 17-30). Frequently, not
all teeth are formed (agenesis); in particular, third molars are often missing (Table 17-
31). The percentages in Table 17-31 are based on 8,694 panoramic radiographs of 9- to
10-year-old schoolchildren in Zürich. The mandibular second premolar was most often
not formed (4.37%), followed by the maxillary second premolar (1.72%). The maxillary



lateral incisor was also sometimes missing (1.67%), but this was a rarer occurrence for
the two mandibular incisors (0.45%). Very rarely one of the other permanent teeth was
missing, but the maxillary central incisors were never missing. In this study, the
prevalence of agenesis of third molars could not be assessed because the children were
too young. Another study has revealed that in Western Europe third molars are not
formed in about 20% of the population.38



Prevalence of Agenesis and
Malocclusions

An ideal arrangement of teeth and occlusion does not occur often. In most cases,
there is a slight to moderate deviation from the ideal situation. Studies on prevalence of
normal and abnormal occlusions and arrangement of teeth are difficult to compare
because the criteria and definitions used vary. In some studies, the occlusion was
categorized using the Angle classification. In others, the size of the overjet was used.
Nevertheless, it is clear that ethnic and regional differences exist in the prevalence of
orthodontic malocclusions.

Large surveys in the United States have provided the most data.39–41 They
showed an age difference in the prevalence of malocclusions. In about half of the
children between 8 and 11 years of age, the incisors were well aligned. After emergence
of the other permanent teeth, crowding of the mandibular incisors occurred more often.
Only 34% of the adults had well-aligned mandibular incisors. In the children, 23% had
an overjet of more than 5 mm, in the adolescents 15%, and in the adults 13%. About
half of them had a neutroclusion with abnormalities in the dental arches, 15% had a
distoclusion, and 1% had a mesioclusion with a negative overjet.41,42

Asymmetries are quite common in the United States. About 25% of the population



has a difference in molar occlusion between the left side and the right side. In about
20%, the midlines of the dental arches deviate more than 2 mm. In 12% is a noticeable
asymmetry of the face.43 Studies in northwest Europe provided a larger percentage of
Class II, division 1 malocclusions than in the United States—about 25%44–46 (Fig 17-
16). Malocclusions also occur in the deciduous dentition, but not so often and not in
such a severe form. In Brazil, 12% of children have been reported to have a unilateral
crossbite and 1% a bilateral crossbite in the deciduous dentition.47

Fig 17-16 Occlusal conditions of 940 schoolchildren selected from 30 schools (each
15th child). The sample can be considered to be representative for the city of
Groningen, The Netherlands. Class II, division 1 malocclusions are labeled as
protrusion. (Reprinted from Bijlstra44 with permission.)
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Information on the Source of the Video
Clips

The 50 animated video clips in this book were taken from the Dynamics of
Orthodontics, an interactive multimedia series that explains the theoretic basis of
orthodontics. The author served as chief editor with William R. Profitt, James A.
McNamara Jr, and Rainer R. Miethke as co-editors and Hans Panchez and Ralf J.
Radlanski as contributors. This series consists of a CD-ROM glossary and six
interactive DVD-ROMs:

Vol 1a: MultilingualGlossary of Orthodontic Terms  (CD-ROM) is a highly
regarded multilanguage CD-ROM that contains more than 4,000 definitions in six
languages (English, Spanish, French, German, Italian, and Portuguese) and is fully
interactive and searchable.
Vol 2a: Facial Growth  (DVD-ROM) provides insight into the biologic processes
of the growth of the facial complex including the ontogenesis and skeletal
development. It includes 3D animations of the embryologic development.
Vol 2b: Facial Orthopedics (DVD-ROM) explores the methods of influencing
facial growth through facial orthopedics, including explanations of their mode of
action and their long-term effects. Multiple clinical examples, including several
video clips, provide indications for the application of various facial orthopedic
therapies.
Vol 3a: Normal Development of the Dentition  (DVD-ROM) offers a systematic,
three-dimensional presentation of the development of the dentition. Functional
factors affecting this development are explained in relation to facial growth.
Vol 3b: Malocclusions and Interventions (DVD-ROM) deals with the deviations
in the development of the dentition with emphasis on the primary factors that
cause malocclusions. In addition, direction is given on when and how the most
appropriate orthodontic treatment should be applied.
Vol 4: Oral Functions (DVD-ROM) discusses the functions in the facial region
and explains their effects on facial growth and the development of the dentition.
Their influence on treatment and stability of orthodontic results are clarified.
Vol 5: Facial Growth, Dentition, and Function  (DVD-ROM) contains an
interactive computer-based training module that synthesizes the contents of the
complete series and allows users to test their understanding of key concepts.
Commentary is given on the answers to all multiple-choice questions.



For more information or to purchase the Dynamics of Orthodontics series, please
contact Quintessence Publishing, Co, Inc (www.quintpub.com/dynamofortho.php3).

http://www.quintpub.com/dynamofortho.php3
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