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Abstract

Purpose The aim of the present study was to morphometri-
cally analyze the mandibular canal through the mandibular
ramus by cone beam computed tomography (CBCT) and to
relate the findings to performing sagittal split ramus
osteotomy.

Methods CBCT of 200 patients were analyzed. Five parame-
ters were measured at the axial scan, from the mandibular
foramen to 21 mm below it (3-mm intervals). The canal was
classified according to the position within the bone marrow
space. Variations were evaluated according to age, sex, side,
and number of mandibular teeth.

Results/conclusions The following measurements increased
gradually towards the most inferior level of measurement:
the total thickness of the mandibular ramus through the center
of the mandibular canal, the width of the bone marrow space
(both buccal and lingual), and the narrowest width from the
mandibular canal inner cortical to the mandibular ramus ex-
ternal cortical. The inner diameter of the mandibular canal
slightly decreased to the same direction. Concerning the man-
dibular canal position within the bone marrow space, the per-
centage of the separate type increased towards the most infe-
rior level of measurement, and the contact and fusion types
decreased. Age, number of teeth, and sex had no significant
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influence on the total thickness of the mandibular ramus and
on the narrowest width from the mandibular canal inner cor-
tical to the mandibular ramus external cortical.
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Introduction

The sagittal split ramus osteotomy (SSRO) is one the most
widely used orthognathic surgical procedure to correct jaw
deformity. Due to the position and course of the mandibular
canal, the inferior alveolar nerve (IAN) is at great risk of injury
during SSRO [1]. It is suggested that the causes of neurosen-
sory disturbance may involve traction on the IAN inside the
ramus of the mandible during surgery, injury to the nerve
when the ramus of the mandible is split or when the screw
holes are drilled, and compression of the nerve by rigid fixa-
tion [2]. The incidence of immediate postoperative sensory
impairment ranges from 49 to 100 % [3-5]. Some studies
showed that neurosensory disturbance in the lower lip and
mental skin may remain in 15 % [4] and 22.6 % [6] of the
patients 1 year after surgery or even 39-66 % after 2 years
[7-9]. Since this is an elective operation, the very real disabil-
ities caused by damage to the IAN cannot be ignored [10].
Anatomic studies of the mandibular canal involving human
cadaver mandibles have been performed [11, 12]. More re-
cently, a few studies have examined the position and course
of the mandibular canal in patients [1, 2], using computed
tomographic (CT) images. Yamamoto et al. [2] described the
contact made between the mandibular canal and the external
cortical bone, while Tsuji et al. [1] investigated the position
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and course of the mandibular canal through the mandibular
ramus.

Precise knowledge of the location of reference points in the
oral and maxillofacial area provides important data in local
anesthesia and in maxillofacial operations [13—-18].
Knowledge of the anatomic location and course of the man-
dibular canal is imperative in order to reduce injuries to the
inferior alveolar nerve during SSRO [1]. The aim of the pres-
ent study was to evaluate the anatomical variability of the
mandibular canal and its correlation with sex, age, and number
of mandibular teeth using cone beam computed tomography
(CBCT) scans, moreover, to relate the findings to the perfor-
mance of SSRO.

Materials and methods

The present retrospective analysis included scans of a total
of 200 patients of the database of Slice Diagnostico
Volumétrico por Imagem, in Belo Horizonte, Brazil.
Only CBCT examinations from patients who accepted to
participate were included in the study. The CBCT exami-
nations with the presence of technical artifacts that hin-
dered the evaluation of the mandibular foramen and canal
were excluded.

CBCT scanning was performed with an i-CAT CBCT sys-
tem (Imaging Sciences International, Hatfield, PA, USA). The
scans were acquired using the i-CAT 3D imaging system (i-
CAT Vision Software, Imaging Sciences International,
Hatfield, PA, USA) and included the entire mandible. The
following CBCT scan parameters were used for all patients:
a tube voltage of 110 kV, 1 to 20 mA, emission of x-rays over
an interval of 40 s, and an effective dose of 136 uSV.

As the data were obtained bilaterally, 400 mandibular fo-
ramina and canals were analyzed. Axial sections of 0.6-mm
thickness were obtained. In each patient, CBCT axial scans at
3-mm intervals were obtained beginning at the lowest point of
the mandibular foramen to 21 mm below it (Fig. 1).

At each axial scan, the following parameters were mea-
sured (Fig. 2): (a) total thickness of the mandibular ramus
through the center of the mandibular canal; (b) inner di-
ameter of the mandibular canal, narrowest portion of the
bone marrow space between the mandibular canal outer
cortical and both the (c) lateral and (d) medial cortical
bone of the ramus; and (e) narrowest width from the
mandibular canal inner cortical to the mandibular ramus
external cortical.

Moreover, the mandibular canal was also morphologically
classified into three types, according to the position within the
bone marrow space and the relation with the inner surface of
the buccal cortical bone (Fig. 3): (1) separate type with the
bone marrow space visible, (2) contact type with the outer
surface of the canal and inner surface of the buccal cortical
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Fig. 1 Diagram showing the location of the sections through the
mandible obtained at 3-mm intervals from a base plane passing through
the lowest point of the mandibular foramen to 21 mm below it
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Fig. 2 Axial scan diagram showing measurements. («) Thickness of the
mandible ramus passing through the center of mandibular canal; () inner
diameter of the mandibular canal, width of the bone marrow space at the
(c) buccal and (d) lingual sides; and the (e) narrowest width from the
mandibular canal inner cortical to the mandibular ramus external cortical
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Fig. 3 Computed tomography axial scan examples showing the
classification of the position of the mandibular canal within the bone: a
separate type, bone marrow space evident; b contact type, outer surface
of the canal and inner surface of buccal cortical bone in contact; and ¢
fusion type, outer cortical plate of the canal not evident

bone in contact, and (3) fission type with the outer cortical
plate of the canal not evident.

The mean, standard deviation, minimum, and maxi-
mum for each of the measurements were assessed.
Variations were evaluated according to gender and side
(the predictor variables). The primary outcome variables
were the morphometric measurements. The other vari-
able was the patients’ age. Kolmogorov—Smirnov test
was performed to evaluate the normal distribution.
Levene test evaluated homoscedasticity. Paired ¢ test
and Wilcoxon test, when indicated, were performed to
compare each of the morphometric variables between
the left and right sides of the mandible. The performed
tests for independent groups (sex) were Student’s ¢ test
or Mann—Whitney test, depending on the normality.
Pearson correlation and linear regression were per-
formed to verify the relationship between the patients’
age and the number of mandibular teeth and the follow-
ing morphometric variables: total thickness of the man-
dibular ramus through the center of the mandibular ca-
nal and narrowest width from the mandibular canal in-
ner cortical to the mandibular ramus external cortical.
Spearman correlation was performed to check the rela-
tionship between the sex and the same two morphomet-
ric variables mentioned above. The degree of statistical
significance was considered p < 0.05. All data were
statistically analyzed using the Statistical Package for
the Social Sciences (SPSS) version 20 software (SPSS
Inc., Chicago, IL, USA).

The study was approved by the local Ethics Committee.
The patients were contacted through a telephone call, and a
signed informed and written consent form was obtained
from each patient approving the use of their scans. The
patients were not identifiable in any way, and a decoding
list linking patient names and numbers was used and stored

by the principal investigator, which was destroyed after
completion of the study.

Results

The individuals (100 men, 100 women) had a mean age of
44.0 years (SD 15.3, range 13.3-88.0), at the time of the exam
(men 45.0 = 14.1, range 13.3-74.5; women 43.0 + 16.5, range
16.4-88.0). The mean number of mandibular teeth was
12.30 +2.98 (range 0—16). Only 24 patients had less than nine
teeth, of which four were completely edentulous.

Age of the patients was normally distributed in the male
group (p = 0.602), but not in the female group (p = 0.010;
Kolmogorov—Smirnov test). Thus, there were no statistically
significant differences in the study variables concerning sex
(the same number of males and females) and age (p = 0.065;
Mann—Whitney test), which suggested that the final differ-
ences between the groups were not influenced by the initial
characteristics, thus allowing the results to be compared.

Total thickness of the mandibular ramus
through the center of the mandibular canal

The mean total thickness of the mandibular ramus through the
center of the mandibular canal increased gradually towards the
most inferior level of measurement (Table 1). There were no
statistically significant differences between left and right sides
at all levels. When the thickness of the mandible was com-
pared between men and women, there was a statistically sig-
nificant difference only at level =21 mm, at both right
(»p =0.011) and left (p = 0.009) sides.

Inner diameter of the mandibular canal

The mean inner diameter of the mandibular canal showed a
tendency to decrease as the canal followed its path towards the
most inferior level of measurement (Table 2). There was a
statistically significant difference between the mean values
at the most superior and the most inferior levels of measure-
ment (not shown in Table 2—most superior right side
2.74 £ 0.51, most inferior right side 2.42 + 0.6, p < 0.001;
most superior left side 2.65 + 0.62, most inferior left side
2.22 £ 0.58; p < 0.001; paired-samples 7 test). In almost all
levels, there was a statistically significant difference of the
mean values between men and women, at both right and left
sides.

Width of the bone marrow space at the buccal and lingual
sides

The mean width of the bone marrow space showed a tendency
to increase as the canal followed its path towards the most
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Table 1  Total thickness of the mandible through the center of the mandibular canal
Position Right side Left side Men + women sides
Men Women p value®  Men Women pvalue® n p value®
mm n Mean+ SD  n Mean + SD n Mean + SD  n Mean + SD
Base plane 100 6.68 + 1.21 100 6.56+1.20  0.480 100 6.73+1.08 100 6.58+1.07 0.344 200 0.529
-3 100 6.81+130 100 6.61 +1.18  0.257 100 6.84+1.17 100 6.68+1.19 0.332 200 0.338
-6 100 7.03+140 100 6.84+1.24 0325 99 7.09+125 100 696+ 129 0482 199 0.094
-9 100 743+150 99 747+138  0.837 98 7.62+129 100 7.55+135 0.712 197 0.067
-12 100 827+158 97 844+152 0439 99 845+149 94 859+154 0531 193 0.070
-15 97 9.12+149 93 951+1.60 0.085 93  920+1.68 92 943+152 0335 181 0.809
-18 96 1001 +1.54 83 10.01 +1.54 0.978 87 10.00+1.67 80 998+ 1.57 0.931 161 0.760
-21 80 1071 +142 65 10.06+1.64 0.011 77 1066 £ 1.67 63 992+ 157 0.009 122 0.814

SD standard deviation

# Comparison between mean values of men and women, same side (Student’s # test)

® Comparison between mean values of all right and left sides (paired-samples ¢ test)

inferior level of measurement, at both buccal (Table 3) and
lingual (Table 4) sides. In most of the levels, there was no
statistically significant difference of the mean values between
men and women, at both right and left sides, and also when
both sides were compared.

Narrowest width from the mandibular canal inner cortical
to the mandibular ramus external cortical

The mean narrowest width from the mandibular canal inner
cortical to the mandibular ramus external cortical increased
gradually towards the most inferior level of measurement
(Table 5). There were no statistically significant difference
between men and women, at both right and left sides. When

the narrowest width from the mandibular canal inner cortical
to the mandibular ramus external cortical was compared be-
tween left and right sides, there was a statistically significant
difference only at levels =9 mm (p = 0.024) and —12 mm
(p=0.034).

Morphological classification of the mandibular canal
position within the bone marrow space

The mandibular canal was morphologically classified into
three types according to its position in the relation with the
inner surface of the buccal cortical bone (Fig. 3): (1) separate,
(2) contact, and (3) fusion types. In both sides, the percentage
of the separate type increased towards the most inferior level

Table 2  Inner diameter of the mandibular canal
Position Right side Left side Men + women sides
Men Women p value®  Men Women pvalue®  n p value®
mm n Mean = SD n Mean + SD n Mean £ SD n Mean + SD
Base plane 100 2.77+£0.50 100 2.64 £ 0.52 0.068 100 2.64+£0.62 100 2.50=+0.52 0.089 200 0.001
-3 100 2.67+0.54 100 2.55+0.53 0.098 100 2.67+£0.54 100 242 +047 0.001 200 0.113
-6 100 2.72+£0.55 100 2.48 +0.46 0.001 99 2.65+054 100 2.40+0.50 0.001 199 0.063
-9 100 2.70+0.57 99 254 +£0.56 0.044 98 2.67+0.63 100 2.39+0.61 0.002 197 0.025
-12 100 2.73+£0.60 97 240+048 <0.001 99 272+064 94 234+£0.57 <0.001 193 0.598
-15 97 2.63+056 93 235+£045 <0.001 93 2.67+052 92 223+£049 <0.001 181 0412
-18 96 257+059 83 224+£0.52 <0.001 87 241+0.63 80 2.16+0.56 0.008 161 0.023
21 80 262+0.63 65 2.17+048 <0.001 77 236+061 63 2.04+049 0.001 122 0.001

SD standard deviation

# Comparison between mean values of men and women, same side (Student’s # test)

® Comparison between mean values of all right and left sides (paired-samples  test)
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Table 3  Width of the bone marrow space at the buccal side

Position Right side Left side Men + women sides
Men Women pvalue®  Men Women pvalue®  n p value®
mm n Mean = SD n Mean + SD n Mean £ SD n Mean + SD
Base plane 100 0.61 £0.90 100 0.56 + 0.81 0.662 100 053+0.73 100 0.55+0.74 0.853 200 0.383
-3 100 051 +0.88 100 042+0.72 0.442 100 043 +0.69 100 043 +0.71 0.971 200 0412
-6 100 048 +£091 100 0.46+0.73 0.866 99  041+0.66 100 042+0.74 0.892 199 0.284
-9 100 052+083 99 048 +0.73 0.763 98 046+0.68 100 046=+0.74 1.000 197 0.390
-12 100 069+1.02 97 0.71 +£0.95 0.892 99  0.59+082 94 0.74+0.84 0.214 193 0.536
-15 97 099+129 93 120+1.17 0.254 93 096+1.05 92 1.18+1.08 0.167 181 0.810
-18 96 1.56+1.65 83 159+134 0.870 87 153+128 80 1.62+144 0.641 161 0.904
21 80 197+138 65 1.82+1.51 0.526 77  194+138 63 178 £1.30 0.468 122 0.580

SD standard deviation

# Comparison between mean values of men and women, same side (Student’s # test)

® Comparison between mean values of all right and left sides (paired-samples ¢ test)

of measurement, and the contact and fusion types decreased
(Figs. 4a, 4b).

Correlation analyses (age, number of mandibular teeth,
sex vs. morphometric variables)

The relationship between age and the total thickness of the
mandibular ramus through the center of the mandibular canal
was shown to be very weak for both sides and all levels, with
the Pearson correlation coefficient varying from 0.017 to
0.196.

The relationship between age and the narrowest width from
the mandibular canal inner cortical to the mandibular ramus
external cortical was shown to be very weak or weak for both

Table 4  Width of the bone marrow space at the lingual side

sides and all levels, with the Pearson correlation coefficient
varying from 0.011 to 0.251.

The relationship between the number of mandibular teeth
and the total thickness of the mandibular ramus through the
center of the mandibular canal was shown to be very weak for
both sides and all levels, with the Pearson correlation coeffi-
cient varying from 0.014 to 0.168.

The relationship between the number of mandibular teeth
and the narrowest width from the mandibular canal inner cor-
tical to the mandibular ramus external cortical was shown to
be very weak for both sides and all levels, with the Pearson
correlation coefficient varying from 0.001 to 0.120.

The relationship between sex and the total thickness of the
mandibular ramus through the center of the mandibular canal

Position Right side Left side Men + women sides
Men Women p value®  Men Women pvalue®  n p value®
mm n Mean = SD n Mean + SD n Mean £ SD n Mean + SD
Base plane 100 0.01 £0.07 100 0.01 £0.05 0.857 100  0.03+£022 100 0.00 £ 0.00 0.125 200 0.366
-3 100 0.05+0.19 100 0.03+0.14 0.415 100 0.02+0.12 100 0.05+0.20 0.181 200 0.620
-6 100 0.07+0.23 100 0.07+£0.21 0.910 99  0.06+021 100 0.10+0.32 0.329 199 0.503
-9 100 0.12+044 99 0.15+0.36 0.568 98 0.14+040 100 0.24 £0.46 0.131 197 0.043
-12 100 0.18+043 97 035+0.54 0.014 99 026+046 94 039+0.70 0.047 193 0412
-15 97 029+051 93 048+0.75 0.039 93 025+049 92 045+0.70 0.025 181 0.587
-18 9% 038+059 83 044+0.71 0.557 87 033+057 80 0.40+0.60 0411 161 0.684
21 80 037+0.53 65 034+054 0.720 77 048 +1.01 63 035+0.52 0.346 122 0.285

SD standard deviation

# Comparison between mean values of men and women, same side (Student’s # test)

® Comparison between mean values of all right and left sides (paired-samples  test)
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Table 5 Narrowest width from the mandibular canal inner cortical to the mandibular ramus external cortical

Position Right side Left side Men + women sides
Men Women pvalue®  Men Women pvalue®  n p value®
mm n Mean = SD n Mean + SD n Mean £ SD n Mean + SD
Base plane 100 2.84+126 100 2.74+1.14 0.567 100 295+1.07 100 2.86+1.08 0.546 200 0.061
-3 100 274 +131 100 257 +1.05 0.289 100 274+1.03 100 2.69+1.04 0.706 200 0.385
-6 100 269+126 100 2.62+1.11 0.664 99 277+1.04 100 2.75+1.12 0.890 199 0.106
-9 100 278+130 99 287+1.17 0.616 98 297+1.06 100 3.00=+1.12 0.807 197 0.024
-12 100 322+140 97 341+122 0.309 99 340+121 94 357+1.17 0.309 193 0.034
-15 97 399+157 93 4.13+1.46 0.512 93 397+143 92 431+140 0.108 181 0.385
-18 96 473+1.70 83 4.74+1.46 0.937 87 474+156 80 481 +1.46 0.759 161 0.932
21 80 528+141 65 510+148 0.460 77  531+1.64 63 513+1.52 0.493 122 0.800

SD standard deviation

# Comparison between mean values of men and women, same side (Student’s # test)

® Comparison between mean values of all right and left sides (paired-samples ¢ test)

was shown to be very weak or weak for both sides and all
levels, with the Spearman correlation coefficient varying from
0.011 to 0.247.

The relationship between sex and the narrowest width from
the mandibular canal inner cortical to the mandibular ramus
external cortical was shown to be very weak for both sides and

all levels, with the Spearman correlation coefficient varying
from 0.006 to 0.125.

Discussion

The findings of the present are important to the oral and max-
illofacial surgery because knowledge of the anatomic location
and course of the mandibular canal is imperative in order to
reduce injuries to the inferior alveolar neurovascular bundle
while performing SSRO. In relation to a previous study on the
same subject [1], the present study analyzed the variations
according to age, sex, side (left/right), and number of

mandibular teeth. Moreover, the correlations between two of
the variables and age, sex, number of teeth, and side were also
analyzed.

The results of the present study showed that even though
there was no statistically significant difference of the total
thickness of the mandibular ramus through the center of the
mandibular canal between men and women, at both right and
left sides, men usually showed a significantly larger inner
diameter of the mandibular canal than women. As the differ-
ences of the inner diameter of the mandibular canal between
sexes were at the level of tenths of a millimeter, this was not
enough to significantly affect the differences in the total thick-
ness of the mandibular ramus between sexes.

There was no correlation between the predictors: number
of mandibular teeth or sex and two morphometric measure-
ments (the total thickness of the mandibular ramus through the
center of the mandibular canal and the narrowest width from
the mandibular canal inner cortical to the mandibular ramus
external cortical). A study on the morphological variation in
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dentate and edentulous mandibles [15] showed that the pres-
ence or absence of the teeth can significantly alter the man-
dibular shape and raises the intriguing possibility that
edentulism may be associated with specific shape changes in
the mandible. This study [15] also observed that the dental
status has a higher influence on the mandibular anatomy than
the difference in gender. However, of the 200 patients ana-
lyzed in the present study, only 24 patients had less than nine
teeth, of which only four were edentulous.

Although Kaji et al. [6] did not find a statistically signifi-
cant difference for neurosensory disturbance between patients
of different age ranges (<19, 20-29, >30 years), it was ob-
served by several studies that the patient’s age and injury to
the nerve during surgery were positively correlated with post-
operative neurosensory disturbance [5, 9, 19-23]. The reasons
for this might be that the healing ability decreases with in-
creasing age [24] and that more bone is usually removed ow-
ing to completely formed roots or increased bone mineraliza-
tion [25]. Even though patients undergoing SSRO are gener-
ally young individuals, we decided to not exclude older pa-
tients in order to verify whether age has some influence on the
mandibular canal position within the mandibular ramus. The
results of the present study showed that there was no correla-
tion between age and two measurements: the total thickness of
the mandibular ramus through the center of the mandibular
canal and the narrowest width from the mandibular canal inner
cortical to the mandibular ramus external cortical. It would be
pure speculation to suggest that the neurosensory disturbance
may be more strongly related to age than to the distance from
the mandibular ramus external cortical to the nerve itself be-
cause the present study only assessed CBCTs, and none of the
patients really underwent SSRO.

Concerning the width of the bone marrow space at the
buccal and lingual sides, there was, in the great majority of
the measurement levels, no statistically significant difference
of the mean values between men and women, at both right and
left sides, and also when both sides were compared. It has
been suggested that the nearer the mandibular canal is situated
to the buccal cortical plate at the site of operation, the higher is
the danger of causing nerve lesions at operation [4]. In the
present study, the fusion type (the outer cortical plate of the
canal is not evident, with no bone marrow between the inner
surface of the buccal cortical bone and the mandibular canal)
was more commonly observed closer to the mandibular fora-
men. This detail may have clinical implications. Even if a
vertical cut is made at the safest site with careful splitting,
the inferior alveolar neurovascular bundle may still be en-
countered or impaired in individuals with fusion-type mandib-
ular canals [1]. As the mean width of the bone marrow space
of the buccal side showed a tendency to increase as the canal
followed its path towards the most inferior level of measure-
ment, there is more available space for the saw at the inferior
part of the mandibular ramus than at levels closer to the

mandibular foramen, while performing the SSRO without di-
rectly touching the IAN. Once again, as none of the patients of
the present study underwent SSRO, the higher or lesser prob-
ability to injury the IAN due to these anatomical characteris-
tics is only speculative.

Still, it would be important to discuss some possible clini-
cal implications of these anatomical characteristics of the
mandible on the SSRO surgical technique, based on previous
studies. Some studies analyzed the neurosensory disturbance
in relation to the surgical technique. In the study of Yamamoto
et al. [2], neurosensory disturbance was significantly more
likely to be present 1 year after surgery when the width of
the marrow space between the mandibular canal and the ex-
ternal cortical bone was 0.8 mm or less, and neurosensory
disturbance remained on all ten sides on which a marrow
space was absent. The authors concluded that separating the
inferior alveolar nerve from the external cortical bone without
injuring the IAN canal is difficult when a marrow space is
absent. It has been stated that SSRO does not involve surgical
risk in cases of wide and thick rami for a great majority of
cases. In cases when the preoperative radiological and CT
findings unequivocally point to thin rami, an indication of
the splitting technique is open to question. In certain instances,
another operative technique has to be used [2, 12]. Intraoral
vertical ramus osteotomy (IVRO) and the inverted L ramus
osteotomy (ILRO) are suggested to produce less neurologic
damage during surgery than SSRO [8, 26]. However, IVRO
and ILRO are more appropriate when a mandibular setback is
planned, in cases of mandibular prognathism. In case of man-
dibular advancement, the IVRO technique does not provide
osseous contact between the proximal and distal segments and
thereby increases the probability of condylar luxation caused
by the instability of the placement of the proximal segment
[27]. The SSRO allows for the apposition of the broad cancel-
lous bony surfaces [12]. Brusati et al. [10] and Simpson [28]
recommended using a thin osteotome driven to the inferior
border from a lateral cortical cut. The technique of splitting
of the mandible without inserting the osteotome into the bone
marrow space, as described by Wolford et al. [29] and Loh
[30] was also proposed. It was also suggested that the poste-
rior siting of the anterior vertical bone incision as in the orig-
inal Obwegeser technique [31] should be used to avoid devel-
opment of neurosensory disturbance. In the series of Yoshida
et al. [4], however, neurosensory disturbance which showed
no tendency to recovery was not encountered even in cases of
thin rami. Therefore, the SSRO may not be absolutely contra-
indicated, even if the narrowest width of the buccal trabecular
bone is minimal. Moreover, the overall impression of intraop-
erative nerve encounter and nerve manipulation is that nerve
manipulation does not seem to have any major influence on
nerve dysfunction after SSRO. These findings may indicate
that something apart from the intraoperative nerve encounter
may be at least partly responsible for the nerve damage [9].
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