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The Pediatric Mandible: I. A Primer on
Growth and Development
James M. Smartt, Jr., M.A., David W. Low, M.D., and Scott P. Bartlett, M.D.
Philadelphia, Pa.

Learning Objectives: After studying this article, the participant should be able to: 1. Describe embryonic and fetal
mandibular development. 2. Summarize the aggregate changes in mandibular form from birth to puberty. 3. Describe
the eruption and maturation of the deciduous and permanent mandibular dentition.

Background: In this, the first of two articles
addressing the surgical management of pe-
diatric mandibular fractures, the authors
provide a detailed discussion of mandibu-
lar development and anatomy during the
fetal period, infancy, and childhood.
Methods: A review of the pertinent litera-
ture was performed. The changing structure
of the developing mandible is discussed, with
particular attention to surgically relevant an-
atomical structures.
Results: Throughout development, key an-
atomical structures with relevance to surgi-
cal therapy change markedly in position.
The mandible undergoes significant
change in its bony structure and the com-
position of its surrounding soft tissues. The
mandible’s bony structure becomes more
robust, with an increasingly acute gonial
angle and enlargement of the ramus and
body. Furthermore, the mandible provides
the bony structure from which tooth buds
erupt as the deciduous and permanent den-
tition—a process that generates significant
growth of the alveolar process. As a conse-
quence, the distance between the develop-
ing dentition and the inferior mandibular
border increases. While the canal of the
inferior alveolar nerve undergoes signifi-
cant superior displacement, the mental fo-

ramen becomes positioned more posteri-
orly over time. In addition, the ligamentous
and muscular attachments that surround
the temporomandibular joint become in-
creasingly robust. Throughout childhood
and adolescence, the blood supply of the
mandibular body changes little, with the
buccal periosteal plexus and inferior dental
artery making significant contributions.
Conclusions: Mandibular growth provides
the basis for normal occlusal relations and
the generation of increasingly large masti-
catory force. Although the exact mecha-
nisms of bone remodeling during mandib-
ular development remain unclear, the
process likely receives contributions from
primary growth centers and the response to
local alterations in biomechanical force
produced by surrounding soft-tissue struc-
tures. A working knowledge of the chang-
ing mandibular anatomy is a prerequisite
for effective clinical management of trau-
matic injury. (Plast. Reconstr. Surg. 116:
14e, 2005.)

The pediatric mandible is a dynamic struc-
ture whose anatomy is best understood at in-
terval stages relevant to surgical therapy. How-
ever, a few developmental patterns are worthy
of discussion, as they assist in understanding
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the aggregate changes that occur during man-
dibular growth.

Viewed from a functional perspective, man-
dibular development provides the basis for
normal occlusal relationships and the produc-
tion of significant masticatory force. Through
increases in the size of the ramus, body, and
alveolar process and the eruption of teeth, the
growth of the mandible occurs in parallel with
that of the nasomaxillary complex and denti-
tion. Through this reciprocal growth, proper
occlusion is achieved. The growing mandible is
also a housing for tooth buds that will ulti-
mately develop into the permanent dentition.
At birth, the mandible is composed of relatively
thin cortices with tooth buds that occupy the
majority of the body’s volume (Fig. 1, above). As
development continues and masticatory loads
become increasingly large, the composition of
the mandible and its surrounding soft tissues
changes. The mandible itself becomes com-
posed of thicker cortical bone, while the in-
creasingly large muscles of the masticatory
complex and pharynx replace the substantial
surrounding layers of adipose tissue. Further-
more, tooth buds occupy a much smaller per-
centage of mandibular volume. These changes
produce not only a more robust structure bet-
ter adapted to increased masticatory loads but
also different fracture patterns as well.

To achieve these functional goals, the man-
dible must undergo significant postnatal
change in its bony structure. At any point in
time, the dominant vectors of mandibular
growth are a function of temporospatial spe-
cific sites of bone deposition and resorption.
Although the mechanisms that underlie bone
remodeling are not fully understood, it is
widely accepted that the process receives con-
tributions from primary growth centers and a
series of local responses to biomechanical
force through a “functional matrix” of sur-
rounding soft tissues.1–5 As such, while the pres-
ence of a particular mandibular subunit and its
surrounding tissues is genetically determined,
the development of that subunit, and its sub-
sequent maintenance, is a function of the local
mechanical strains to which it is subjected. This
process of bone remodeling is most strikingly
exemplified through the growth of the con-
dyles and ramus. Traditionally, the growth of a
significant portion of the body and ramus has
been attributed to the presence of a growth
center within the condylar cartilage. As the
growth plate within the cartilage undergoes

endochondral ossification and grows in a supe-
rior and posterior direction, the mandible is
displaced anteriorly and inferiorly through
what Enlow and Harris have referred to as
“area relocation.”5 In turn, the growing condy-
lar neck is remodeled to contribute to the pos-
terior portion of the ramus in a process eluci-
dated more than two centuries ago by Hunter6

and further refined by Brodie.7 The primary
importance of the condylar cartilage has been
suggested by numerous clinical reports docu-
menting the deleterious effect of condylar in-
juries on craniofacial growth.8–10 After these
injuries, subgroups of patients invariably expe-
rience growth disturbances, ankylosis, and mal-
occlusion. However, experimental studies have

FIG. 1. The developing mandible at select ages through-
out growth. (Above) The human mandible at birth. Note the
obtuse gonial angle, presence of tooth buds, thin cortices,
low-set mental foramen between the deciduous cuspid and
the first molar, and small condyles. (Second row) The mandible
at 2.5 years of age. Note the increasingly acute mandibular
angle, eruption of the deciduous dentition, and the presence
of tooth buds set low in the parasymphysial region. (Third row)
The mandible at 6 years of age. Note the increasing predom-
inance of tooth buds, enlargement of the alveolar process,
and increased condylar height. (Below) The mandible at 12
years of age. Note the absence of tooth buds with the excep-
tion of the second and third molars, increased height of the
ramus, and increased distance between the tooth buds and
the inferior mandibular border.
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demonstrated that after bilateral condylectomy
in a variety of animal models, the mandibular
body grows to nearly its normal size and with
proper occlusion.11–14 Clinical reports in hu-
mans have documented the significant remod-
eling capacity of the mandible following con-
dylar injury.15,16 Furthermore, studies utilizing
a rat model suggest that decreased masticatory
strains can result in hypoplasia of the mandib-
ular condyle.17 These and other studies suggest
that, for the majority of the mandibular struc-
tures, growth of the soft-tissue components of
the oral cavity and pharynx provides the impe-
tus for growth through their stimulation of
periosteal and endosteal bone deposition.18 Ul-
timately, it is likely that mandibular remodel-
ing is a complex process characterized by a
diverse set of mechanisms. Furthermore, the
sites of bone remodeling change markedly dur-
ing the course of development, serving differ-
ent functional purposes at each stage.5

EMBRYOLOGY AND PRENATAL DEVELOPMENT

The mandible, a first pharyngeal arch deriv-
ative, originates from neural crest cells that
travel ventrally to take their position within the
mandibular and maxillary prominences during
the fourth week after conception. After forma-

tion of the mandibular division of the trigem-
inal nerve, interactions between the mandibu-
lar ectomesenchyme and the mandibular arch
epithelium result in the formation of an osteo-
genic membrane between days 36 and 38 of
development (Fig. 2).19 Meckel’s cartilage, the
initial nonossifying template for early mandib-
ular growth, forms between 41 and 45 days
after conception.20,21 At the sixth week of life, a
single ossification center for each half of the
mandible forms lateral to Meckel’s cartilage at
the bifurcation of the inferior alveolar nerve
and artery into its mental and incisive branch-
es.22 From this center, ossification proceeds
ventrally to the body and dorsally to contribute
to the mandibular ramus. Furthermore, bone
deposition begins to proceed superiorly
around the neurovascular bundles to provide a
bony framework for the developing teeth.19

The primitive temporomandibular joint be-
gins to organize during the seventh and eighth
weeks of development, with condensation of a
presumptive condyle and articular discs. At 9
weeks of development, following the initiation
of muscle movements by the masticatory appa-
ratus, cavitation of the inferior joint occurs.
This process results in the formation of a rec-
ognizable joint capsule at the eleventh week.23

FIG. 2. Schematic diagram of embryological development of the prenatal mandible. Note the
location of the mandible’s primary ossification center at the bifurcation of the inferior alveolar
nerve into its incisive and mental branches. Meckel’s cartilage (striped area), the primitive
framework for mandibular growth, will undergo nearly total osseous obliteration by week 24 after
conception. Remnants at the dorsal border will transform into the sphenomandibular and
anterior malleolar ligaments. The secondary cartilages of the coronoid, condyle, mental ossicles,
and angular cartilage will all contribute to musculoskeletal structures later in development.
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Between the tenth and fourteenth weeks of
development, secondary cartilages form that
will eventually give rise to the coronoid pro-
cess, mental protuberance, and condylar head
(Fig. 2). The secondary cartilage of the coro-
noid process gives rise to additional intermem-
branous bone and contributes to formation of
the temporalis muscle. Secondary cartilages of
the mental protuberance form ossicles in the
fibrous tissue of the symphysis that will later aid
in the conversion of its syndesmosis to a synos-
tosis through endochondral ossification during
the first year of life.24 The condylar secondary
cartilage is the primitive form of the future
condyle, providing the cartilaginous material
that will provide the stimulus for endochondral
ossification of the condylar neck later in devel-
opment. During this time and subsequently
throughout development, the condylar carti-
lage takes on a stratified organization with five
principal layers: (1) articular cartilage, (2)
chondroprogenitor cells, (3) chondroblasts,
(4) nonmineralized hypertrophic chondro-
cytes, and (5) mineralized hypertrophic chon-
drocytes.25 It is this particular cellular organi-
zation that allows the joint to function as both
an articular surface and a site of bone deposi-
tion, with the first endochondral bone being
deposited during the fourteenth week after
conception. With increasing age, the articular
portion of the condylar cartilage increases in
thickness, while the sizes of the chondropro-
genitor cells and chondroblasts remain rela-
tively stable.26

After formation of the mandible’s primary
components, the structure itself grows at a rate
that is linearly related to gestational age and
fetal weight.26 At 24 weeks’ gestation, almost all
of Meckel’s cartilage is replaced by intermem-
branous bone. Dorsally, at the temporoman-
dibular joint, portions of the fibrous perichon-
drium associated with Meckel’s cartilage
transform into the sphenomandibular and
sphenomalleolar ligaments.19 Near the end of
prenatal development, the secondary cartilage
of the condyle is almost all replaced by bone,
except for the upper end, which persists into
adulthood, acting as both a growth and articu-
lar cartilage. The overall shape of the growing
fetal mandible is not unlike that which exists at
birth (Fig. 1, above). The formation of the de-
ciduous dentition is first noted at 4.5 months
after conception, with calcification of the cen-
tral and lateral incisors taking place at that
time (Table I). Growth of the condylar carti-
lage and remodeling of the mandibular woven
bone to mature trabecular bone are both pro-
cesses that to some extent depend upon the
production of mechanical strain by the fetal
masticatory apparatus.19

ANATOMY OF THE POSTNATAL

DEVELOPING MANDIBLE

The essential landmarks of mandibular anat-
omy are present at birth but differ markedly
from those of the adult (Fig. 1, above). At this
point, the mandible consists of two individual
bones connected by a cartilaginous portion not

TABLE I
Mandibular Tooth Development and Eruption: Chronology of the Deciduous and Permanent Dentition*

Tooth
First Evidence of

Calcification

Crown
Completion
(months)

Eruption
(months)

Root
Completion

(years)

Deciduous dentition
Central incisor (i1) 4.5 months† 4 6.5 1.5–2
Lateral incisor (i2) 4.5 months† 4.5 7 1.5–2
Cuspid/canine (c) 5 months† 9 16–20 2.5–3
First molar (m1) 6 months† 10–12 21–30 3
Second molar (m2) 6 months† 10–12 21–30 3

Permanent dentition
Central incisor (I1) 3–4 months 4–5 6–7 9
Lateral incisor (I2) 3–4 months 4–5 7–8 10
Cuspid/canine (C) 4–5 months 6–7 9–10 12–14
First premolar (P1) 1.75–2 years 5–6 10–12 12–13
Second premolar (P2) 1.25–2.5 years 6–7 11–12 13–14
First molar (M1) Birth 2.5–3 6–7 9–10
Second molar (M2) 2.5–3 years 7–8 12–13 14–15
Third molar (M3) 8–10 years 12–16 17–21 18–25

* Adapted from Berkovitz, B. K. B., Holland, G. R., and Moxham, B. J. Oral Anatomy, Embryology and Histology, 3rd Ed. Edinburgh: Mosby, 2002. P. 357.
† Months in utero.
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yet ossified at the symphysis menti. The body,
while large in proportion to the other parts of
the mandible, is a relatively undeveloped struc-
ture that serves primarily as a shell for the
unerupted deciduous teeth. Most noticeably,
the angle of the mandible is obtuse (175 de-
grees), the ramus is small compared with the
body, and the coronoid process is of relatively
large size, projecting above the level of the
condyle. Viewed axially, the condylar processes
are in a nearly continuous straight line with
respect to the body, with the condyles being
attached within the mandibular fossa of the
temporal bone by the capsular and temporo-
mandibular ligaments.27 At this point in devel-
opment, the temporomandibular joint is com-
paratively loose, with stability being largely
dependent on the capsule that engulfs the
joint. Furthermore, the mandibular fossa is rel-
atively flat, providing little additional structural
stability.19 While immature in their size, the
muscular attachments differ little in position
from those of the adult. In addition, the bone
is surrounded by a generous amount of adi-
pose tissue. At this point in development, the
mandible lacks much dense cortical bone and
houses the sockets of two incisors, a canine and
two deciduous molar teeth (Table I). Tooth
buds occupy a large proportion of the total
mandibular volume, nearly approximating the
inferior mandibular border (Fig. 1, above).28 A
relatively large mandibular canal runs near the
inferior aspect of the bone. Furthermore, the
mental foramen opens beneath the future site
of the deciduous canine or first molar and
points anteriorly and superiorly (Table II).2,27,29

Blood is supplied to the majority of the man-
dible via the inferior dental artery and the
periosteal plexus provided by the terminal
branches of the lingual and facial arteries.30

From birth to roughly 3 years of age, the
postnatal mandible begins to undergo the de-
pository and resorptive changes that make
room for the developing dentition and provide
the structure of its dental arch. The two seg-
ments of the mandible, once separated by car-
tilage, are joined through ossification at the
symphysis within the first year, leaving a trace
of separation that may be visible at the inferior
mandibular border (Fig. 1, second row). The
anterior portion of the body’s labial surface
undergoes bone deposition and lingual-side re-
sorption. This produces an elongation of the
mandibular body, a process that provides
length to accommodate the deciduous denti-
tion and the three additional teeth that will
develop in this part.31 After increased use of
the teeth and budding of the deciduous and
permanent dentition, the anterior portion of
the body and the alveolar process attain a
greater vertical height than the posterior sec-
tion of the body that falls behind the oblique
line (Fig. 1, second row). Remodeling at the
coronoid process further augments the growth
of the dental arches, with resorption occurring
on the buccal side and deposition on the lin-
gual side in an enlarging V pattern, as de-
scribed by Enlow.1,5 Within the first 3 years of
life, the mental foramen is located relatively
anteriorly (Table II), generally falling between
the deciduous canine and the second decidu-
ous molar.

It is worth mentioning that the first 3 years of
life witness the greatest increase in the mandi-
ble’s bicondylar width, a fact that is consistent
with the rapid rate of lateral growth of the
cranial base before the age of 3 years.32 This
increased width receives contributions from
the chondrogenic layers at the symphysis that
undergo endochondral ossification and from

TABLE II
Position of the Mental Foramen at Different Stages of Dental Maturation*

Status of Dentition

Age
Range

(Years)

Tooth Overlying Position of Mental Foramen (% status)

c-m1 (C-P1) m1 (P1) m1-m2 (P1-P2) m2 (P2) P2-M1 M1

No deciduous dentition (n � 236) 0–1 160 (67.7) 76 (32.3) 0 0 0 0
Lower deciduous dentition present (n � 250) 0.5–3 74 (29.6) 158 (63.2) 18 (7.2) 0 0 0
Permanent first molar erupted (n � 253) 3–9 20 (7.9) 155 (61.2) 73 (28.9) 5 (2.0) 0 0
Permanent first molar and other permanent

teeth erupted (n � 463) 9� 3 (0.6) 62 (13.4) 297 (64.1) 83 (17.9) 13 (2.9) 5 (1.1)

* Combined data from Moss, M. L. Functional analysis of human mandibular growth. J. Prosthet. Dent. 10: 1149, 1960, and Coqueugniot, H., and Minugh-Purvis,
N. Ontogenetic patterning and phylogenetic significance of mental foramen number and position in the evolution of Upper Pleistocene Homo sapiens. In J. Thompson,
G. E. Krovitz, and A. J. Nelson (Ed.), Patterns of Growth and Development in the Genus Homo. Cambridge: Cambridge University Press, 2003.

c, deciduous cuspid/canine; m1, deciduous first molar; C, permanent cuspid/canine; P1, permanent first premolar; m2, deciduous second molar; P2, permanent
second premolar; M1, permanent first molar.
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the growth of the condyles posteriorly and su-
periorly. During this developmental period,
the deciduous dentition undergoes eruption in
a mesiodistal gradient and complete formation
of all of its roots, with the deciduous cuspid
forming its root last at the age of 3.2 years
(Table I). As before, tooth buds nearly approx-
imate the inferior mandibular margin (Figs. 1,
second row, and 3, above).

At the third year of life, mandibular
growth begins along the vectors that will pre-
dominate during much of subsequent devel-

opment. While it has traditionally been
thought that major centers of growth reside
within the mandible’s lingual tuberosity and
condyles, nearly all of its surfaces undergo
some form of bone remodeling (Fig. 4).1,2,4,5

Bone deposition on the medial portion of
the developing ramus, combined with poste-
rior growth via the lingual tuberosity, serves
to further increase the size of the dental
arches. Growth of the condyles in the supe-
rior and posterior directions results in an
increased vertical length of the ramus. This

FIG. 3. Panorex radiographs of patients at 3.5, 5, and 6 years of age.
(Above) Patient at 3.5 years of age with complete deciduous dentition. (Center)
Patient at 5 years of age with stable deciduous dentition. Note the mesiodistal
maturation of the underlying permanent dentition. (Below) Patient at 6 years
of age, during eruption of the permanent incisors. Note the proximity of the
tooth buds to the inferior mandibular border, especially in the parasym-
physial region.
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newly formed ramus in turn remodels in a
complex fashion (Fig. 4), a process that is
facilitated by periosteal resorption and en-
dosteal bone deposition in much of the con-
dylar neck and ascending ramus.1,5,6 As a con-
sequence, the mandibular angle becomes
more acute (140 degrees by the fourth year),
providing increased space for the develop-
ment of the permanent dentition.27 Mean-
while, the wing-shaped outgrowths of the
coronoid processes undergo deposition on
their lingual surfaces, with simultaneous re-
sorption on the buccal side. This further pro-
vides bony mass to the dental arches and

increased vertical growth with only minor
lateral lengthening of the condyles.5 The
mandibular canal is situated just above the
level of the mylohyoid line.27 With the com-
pletion of root formation, the deciduous
dentition becomes increasingly stable from 2
to 5 years of age. Nonetheless, the tooth buds
of the permanent dentition still nearly ap-
proximate the inferior mandibular border,
especially in the parasymphysial regions
(Figs. 1, second row, 3, above and center).

At 5 or 6 years of age, the two principal parts
of the mandible (the ramus and the body) are
distinct anatomical entities whose growth oc-

FIG. 4. Panorex radiographs of patients at 7, 8, and 12 years of age. (Above)
Patient at 7 years of age, in the mixed dentition stage. (Center) Patient at 8
years of age, in the mixed dentition stage. (Below) Patient at 12 years of age.
Note the increased distance between the tooth roots and the inferior man-
dibular border.
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curs in a largely independent fashion in paral-
lel to changes in the midface (Figs. 1, third row,
3, center and below, and 4, above). The growth
of the ramus is at its maximal rate, with an
increase in anteroposterior length and ante-
rior projection that parallels the growth of
the middle cranial fossa and pharynx. The verti-
cal growth of the ramus mirrors the growth of the
maxilla and eruption of the maxillary dentition.
Meanwhile, further lengthening of the dental
arches is accomplished posteriorly where the ra-
mus is remodeled to become part of the body
(Fig. 5).1,31 This change in the direction of
growth is necessary to accommodate the devel-
oping permanent molar teeth and continues well
into adolescence. Further remodeling results in a
posterior relocation of the ramus with simulta-
neous lengthening of the corpus and an increas-
ingly acute mandibular angle. Ultimately, this
process of remodeling results in the correct po-
sitioning of the mandibular corpus in relation to
the maxilla and provides the basis for proper
occlusion. It should be noted that at this point,
the bone deposition on the labial surface of the
anterior portion of the mandible has ceased and
become resorptive, especially in its more supe-
rior aspect, thus providing the characteristic con-
tours of the chin (Fig. 5).1,31 Between the ages of
4 and 8, crown formation is completed for the
majority of permanent teeth. This maturation
sets the stage for another period of dental insta-

bility that accompanies the eruption of perma-
nent teeth (Fig. 6). Again, this occurs in a mesio-
distal gradient, with the incisors and second
permanent molar erupting at 6 and 12 years,
respectively (Table I). Furthermore, the mental
foramen assumes a more posterior location and
vertical orientation, generally falling under the
first or second permanent premolar at 6 years of
age (Table II).2

Between the ages of 10 and 12 years, the
vast majority of mandibular growth relevant
to surgical therapy will be completed. The
alveolar and subdental portions of the body
are of equal depth, providing the corpus with
a more rectangular appearance (Figs. 1, be-
low, and 4, center and below). Years of the
aforementioned remodeling place the ramus
in a more vertical orientation, with an angle
measuring from 110 to 120 degrees.27 While
the majority of permanent teeth have
erupted by the age of 12, root completion of
the premolars and molars is often not com-
plete until the age of 14 (Table I). Nonethe-
less, the vast majority of teeth provide stable
structures for surgical intervention. The in-
ferior alveolar nerve passes roughly equidis-
tant from the inferior and superior border of
the mandibular corpus, having ascended
from its earlier developmental position near
the inferior mandibular border. The mental
foramen also assumes its adult position un-

FIG. 5. (Left) Schematic diagram of the aggregate changes in bony remodeling of the man-
dible during childhood. Black arrows indicate areas of bone resorption. White arrows indicate bone
deposition. Note the medial displacement of the coronoid process and the superior-posterior
growth of the condyles. (Right) Schematic diagram of bony remodeling of the chin during
childhood and adolescence. Note the resorption of the superior portion of the symphysis, near
the tooth roots (black arrow). Simultaneously, bone deposition occurs at the inferior portion of
the mandibular symphysis (white arrows). These remodeling changes produce the characteristic
contours of the human chin.
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der the first or second permanent premolar
oriented in a posterior and superior fashion
(Table II).2,29 In roughly 9 percent of adults,
there exist multiple (two or three) mental
foramina.33 The predominant blood supply
of the mandible is still supplied by the infe-
rior dental artery and inferior buccal perios-
teum, with the latter providing the vast ma-
jority of mandibular circulation into
adulthood.30 The overall size of the mandible
will increase markedly during the pubertal
growth spurt between the ages of 11 and 17,
with adolescents experiencing significant in-
creases in condylar height during this
period.34

SUMMARY

The pediatric mandible is a dynamic struc-
ture that undergoes significant changes dur-
ing development. Although the mechanisms
that underlie remodeling of the mandible
are not fully understood, the process receives
contributions from primary growth centers
and the “functional matrix” of surrounding
soft tissue. Throughout development, the lo-
cations of key anatomical structures change
markedly. Over time, tooth buds occupy an
increasingly smaller proportion of the man-
dibular volume. The mental foramen is also
positioned more superiorly and posteriorly
as development progresses. To avoid unde-
sirable surgical outcomes, management of
mandibular trauma requires knowledge of
these changes over time. The next article in
this series will discuss more specifically the
various techniques that can be used in the
treatment of pediatric mandibular fractures
at various stages of maturation.35
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