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ABSTRACT: Previous studies have indicated that the relative position of the inferior alveolar canal and its mental and mandibular foramina in
adults vary with age and show sexual dimorphism. Conceivably, these purported differences could be of forensic value for determining identity of
human remains. This study was designed to determine the influence of age and sex on the relative position of inferior alveolar canal and its foramina
in cone-beam computed tomography (CBCT) studies of adults. Existing CBCT studies of the maxillofacial region from dentate adult patients selected
at random and ranging in age from 18 to 80 years (110 women and 55 men) were acquired, and the location of the inferior alveolar canal was
assessed at three points: the mandibular foramen in axial view, the inferior alveolar canal in coronal view, and the mental foramen in coronal view.
Measurements were also expressed for the mental foramen as the percentile position from the nearest superior bony crest to the inferior border; corre-
sponding position of the mandibular foramen from the anterior to the posterior border of the mandibular ramus; and for the inferior alveolar canal at
the level of first permanent molar from the nearest buccal bony surface to the lingual surface and from the superior alveolar crest to the inferior bor-
der. Regression analyses were performed on the variables with regard to the effects of age and sex. Most analyses resulted in no statistical signifi-
cance (p < 0.05). A few of the sex-specific traits demonstrated near-statistically significant effects; however, these characterizations generally resulted
in a 1% or less change per age decade. Overall, the results demonstrated that the relative location of the inferior alveolar canal and associated foram-
ina in adults remain fairly constant without regard to age and sex.
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Computed tomography (CT), as a three-dimensional radiographic
imaging technique, has been in use for several decades and has
been demonstrated to be effective for head and neck imaging, both
clinically (1) and for anthropologic ⁄ forensic studies (2). Cone-beam
computed tomography (CBCT), a more recently introduced varia-
tion of CT, has shown several advantages over the conventional
CT method, including improved data acquisition efficiency, spatial
resolution, and spatial resolution uniformity, all of which have
resulted in significantly improved three-dimensional imaging of
osseous structures (3,4).

Previous studies using a variety of anatomic methods have
indicated that the relative positions of the inferior alveolar canal
and its mental and mandibular foramina in adults vary with age
(5,6). Similarly, sexual dimorphism has been reported (7–9).
Conceivably, these purported differences could be of forensic value
for determining identity of human remains. This study was

designed to determine the influences of age and sex on the relative
position in adults of the inferior alveolar canal and its foramina in
CBCT studies of the maxillofacial region.

Materials and Methods

Existing CBCT studies of the maxillofacial region from dentate
adult patients selected at random ranging in age from 18 to
80 years, 110 women and 55 men, and acquired by the CB Mercu-
RayTM system (Hitachi Medical Systems America, Inc., Twinsburg,
OH) were used. (The great majority of the CBCT studies in this
report had originally been performed on patients from the
Memphis, Tennessee locale who were being evaluated pending
placement of metal dental implants. The fact that such patients are
much more commonly female is reflected in the sex ratio in this
study.) Length measurement ROI tool of OsiriX (http://www.osirix-
viewer.com) was used to assess the location of inferior alveolar
canal at three points: the mandibular foramen in axial view, the
inferior alveolar canal in coronal view, and the mental foramen in
the coronal view (Fig. 1). Measurements were also expressed for
the mental foramen as the percentile position from the nearest
superior bony crest to the inferior border; corresponding position of
the mandibular foramen from the anterior to the posterior border of
the mandibular ramus; and for the inferior alveolar canal at the
level of first permanent molar from the nearest buccal bony surface
to the lingual surface and from the superior alveolar crest to the
inferior border. Statistical analyses were performed to verify the

1Student, University of Tennessee Health Science Center College of
Medicine, Memphis, TN 38163.

2Department of Biologic and Diagnostic Sciences, University of Tennessee
Health Science Center College of Dentistry, Memphis, TN 38163.

3Department of Pediatric Dentstry and Community Oral Health, University
of Tennessee Health Science Center College of Dentistry, Memphis, TN
38163.

*Supported by the UT Alumni Endowment for Research through the UT
Alumni Student Research Training Program Summer Research Fellowship
Award.

Received 3 Aug. 2009; and in revised form 6 Oct. 2009; accepted 10 Oct.
2009.

J Forensic Sci, January 2011, Vol. 56, No. 1
doi: 10.1111/j.1556-4029.2010.01508.x

Available online at: interscience.wiley.com

216 � 2010 American Academy of Forensic Sciences



significance of the findings. Regression analyses were performed
on the variables considering the effect of age as the independent
variable, and separate analyses were performed considering men
and women.

Results

The sample consisted of 165 imaging studies with 110 women
and 55 men. The measurements taken at each location were as fol-
lows: the anterior and posterior positions of the mandibular fora-
men in the axial view; the superior, inferior, buccal, and lingual
positions of the inferior alveolar canal at the crest of the inter-radic-
ular bone at the mandibular first molar in the coronal view; and
the superior and inferior positions of the mental foramen in the
coronal view. The measurements were analyzed using the variables
defined in Table 1.

Regression analyses on the variables considering the effect of
age as the independent variable, and separate analyses considering

men and women are shown in Table 2. Most analyses resulted in
no statistical significance (p < 0.05). A few of the sex-specific traits
demonstrated near-statistically significant effects; however, the
effect was small and difficult to functionally characterize.

Specifically, the data that approached statistical significance were
the AMaF% for men (p = 0.084) (Fig. 2) showing a positive corre-
lation (r = 0.292), the AMaF% for women (p = 0.050) (Fig. 3)
showing a negative correlation (r = )0.227), and SIAC% for
women (p = 0.063) (Fig. 4) showing a negative correlation
(r = )0.254). For men, the AMaF% is expected to increase by
about 1% in 9 years, while for women, the AMaF% is expected to
decrease by about 1% in 12 years. Finally, for women, the SIAC%
is expected to decrease by about 1% in 14 years. These character-
izations generally resulted in a 1% or less change per age decade.

Thus, the results overall demonstrated that the relative location
of the canal and associated foramina remain fairly constant with
regard to age and sex.

Discussion

Levine et al. (5) in a U.S. CT study reported that older patients
and caucasoid patients on average have less distance between the
buccal aspect of the inferior alveolar canal and the buccal mandibu-
lar border. Similarly, Taiwanese CT studies (7,8) have indicated
that there are significant sex differences in positions of both the
mandibular and mental foramina. Cutright et al. (9) in a U.S. study
of cadaveric heads reported that the position of the mental foramen
showed a small but significant difference in location between men
and women as well as between races. And Thai studies (10,11)
have shown sex differences in the relative position of the mental
foramen in adult skulls and isolated mandibles.

By contrast, Afsar et al. (12) in Canada found in a panoramic
and cephalometric radiograph study that the relative position of the

FIG. 1—Three locations where measurements were taken for the position of inferior alveolar canal (IAC): (a) axial view with anterior and posterior mea-
surements at the level of mandibular foramen; (b) coronal view with superior, inferior, buccal, and lingual measurements at the level of first molar; (c) coro-
nal view with superior and inferior measurements at the level of mental foramen.

TABLE 1—Definitions of the variables used in analysis of the data.

Definitions of Variables

AMaF Anterior Mandibular Foramen
PMaF Posterior Mandibular Foramen
SIAC Superior Inferior Alveolar Canal
IIAC Inferior Inferior Alveolar Canal
LIAC Lingual Inferior Alveolar Canal
BIAC Buccal Inferior Alveolar Canal
SMeF Superior Mental Foramen
IMeF Inferior Mental Foramen
AMaF% AMaF ⁄ (AMaF + PMaF) · 100
SIAC% SIAC ⁄ (SIAC + IIAC) · 100
LIAC% LIAC ⁄ (LIAC + BIAC) · 100
SMeF% SMeF ⁄ (SMeF + IMeF) · 100

TABLE 2—Data from near-statistically significant regression analyses (with relevant information in bold type).

Age with AMaF% Age with SIAC% Age with LIAC% Age with SMeF%

Sample Men Women Sample Men Women Sample Men Women Sample Men Women

r )0.077 0.292 )0.227 0.169 0.012 )0.254 0.073 )0.023 0.107 0.07 )0.034 0.13
p 0.42 0.084 0.05 0.147 0.961 0.063 0.534 0.925 0.440 0.503 0.857 0.307
a* 51.36 44.322 54.084 76.028 73.57 76.818 37.436 39.65 36.593 57.714 59.127 56.913
b� )0.029

(0.036)
0.109

(0.061)
)0.086
(0.043)

)0.05
(0.034)

0.004
(0.081)

)0.071
(0.038)

0.051
(0.082)

)0.013
(0.134)

0.08
(0.103)

0.019
(0.028)

)0.009
(0.051)

0.036
(0.035)

n 112 36 75 75 20 54 75 20 54 95 30 64

Numbers in parentheses beneath the regression coefficient, b, are the ‘‘standard error’’ of the estimates.
r = correlation coefficient; *regression constant; �regression coefficient; n = sample size.
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mandibular foramen is highly variable and without age or sex cor-
relations. And Kieser et al. (13) in a microdissection study of eden-
tulous cadavers in New Zealand found no significant differences
between the sexes or with age in height and distribution of the infe-
rior alveolar nerve.

In the present study, we also found minimal differences in the
location of the inferior alveolar canal at the levels of the mandibu-
lar foramen, first permanent molar and mental foramen with respect

to age and sex. Although three relative position values, the
AMaF% for both men and women and the SIAC% for women,
demonstrated a small correlation with increasing age, the correla-
tion was so small that its characterization likely would be of
limited value in determining age of a subject in forensic investiga-
tions. Overall, our results demonstrated that the relative locations of
the canal and associated foramina remain fairly constant with
increasing age and sex.

FIG. 2—AMaF% compared to age in males.

FIG. 3—AMaF% compared to age in females.
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Thus, although the use of these values as forensic determinants
of age or sex is unlikely, with future characterization of the canal
location, a relatively consistent landmark potentially could be
defined for use by clinical practitioners, such as dentists and
surgeons.
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FIG. 4—SIAC% compared to age in females.
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