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Abstract

surgery.

The morphology and quantity of bone are essential for preoperative planning of implant placement in the mandible.
The thickness of the cortical bone has a larger influence on the initial stabilization than the length of the implant fixture.
Earlier studies reported that the cancellous (CAB) and cortical (COB) thickness is the key to successful implantation.
Implant success rate might be affected by the CAB and COB thickness. The quantity of bone is an important factor for
long-term maintenance of the stability of the bone-implant interface. In the present study, we quantitatively and precisely
evaluated the CAB and COB thicknesses in five sections from 6 mm anterior to 18 mm posterior to the mental foramen.
To our knowledge, this is the first computed tomography study to report on quantitative measurement of the CAB and
COB thicknesses and morphology of the mandible in a wider area from anterior to posterior of the mental foramen.

For implant installation, careful evaluation and full knowledge of the thicknesses of CAB and COB thickness, as well
as the shape of a mandible, are necessary, providing anatomic guidelines to clinicians, which will be helpful for implant

Keywords: CAB and COB thicknesses; CT Diagnosis; Mandibular
Canal

Introduction

Determinations of morphology and quantity of bone are essential
for preoperative planning of implant placement in the mandible [1].
Generally, the cortical bone thickness is important for achieving
implant stability. To achieve a predictable clinical outcome, implant
stability is necessary for osseointegration [2]. In addition, the thickness
of the cortical bone has a larger influence on the initial stabilization
than the length of the implant fixture. Earlier studies reported that
the cancellous and cortical bone thickness is the key to successful
implantation [3,4]. Implant success rate might be affected by the CAB
and COB thickness. The quantity of bone is an important factor for
long-term maintenance of the stability of the bone-implant interface
[5-7].

Bone quantity may settle on the implant insertion angle. Recently,
advances have been made in bone grafting for sinus lift and flapless
implant surgery. In any case, successful implant operations require
precise information about bone size and morphology [8,9]. Implants
placed in cortical bone were found to require greater removal torque
and remained constant over time for cortically placed implants. The
removal torque increased over time for an implant placed in cancellous
bone. Adequate cortical engagement is necessary for nplacing dental
implants [10].

Various studies have measured precise mandible bone sizes on
radiographs. Lindh et al. concluded that CT provides significantly
more accurate values than panoramic radiography [11], and the
correlation coefficients were 0.36 to 0.91 between the two modalities
[12]. Panoramic radiography is used frequently for preoperative
diagnosis, but this method exhibits image distortion and magnification,
and it consequently provides inexact information [13]. Moreover, it is
buccolingually impossible to measure the thickness of CAB and COB
by panorama radiography or 2D radiography, but knowledge of CAB
and COB thicknesses is essential for successful implant placement.

Conventional tomography is more accurate for measuring bone
size, but the difficulty of adjusting tomographic objective planes may

cause the measured values to be inaccurate [14]. Researchers have
concluded that CT can measure the precise size and shape of bone with
a multi-thin voluntary sectional image [15,16]. Quirynen et al. [17]
and Tepper et al. [18] measured the size of the mandible as limited
to the interforaminal region using CT. Because implant treatments
are applied in the posterior regions more frequently, in our previous
study, we investigated the standard bone size and morphology over a
wider region using CT [19]. In the present study, we quantitatively and
precisely evaluated the CAB and COB thicknesses in five sections from
6 mm anterior to 18 mm posterior to the mental foramen. A previous
paper reported that buccal cortical bone thickness in the mandible was
greatest at a site distal to the first molar [20], corresponding to section
4 in this study. We found the thickest cortical bone in section 1, which
is 6 mm anterior to the mental foramen. It was speculated that the
difference between the present data and those of Zhao et al. might be
due to differences in measurement site [20].

To our knowledge, this is the first computed tomography study to
report on quantitative measurement of the CAB and COB thicknesses
and morphology of the mandible in a wider area from anterior to
posterior of the mental foramen.

Material and Methods

Patients

CT data of the mandible of 79 Japanese patients (52 males and
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27 females; age range, 19-77 years; mean age, 49 years) were used in
this study. The patients underwent CT examination at Tokyo Medical
and Dental University’s Dental Hospital from June 2005 through
February 2006. The side of the mandible containing tumors or cysts
was excluded from this examination. A total of 136 sides of mandibles
were examined (Table 1).

Imaging

The CT examinations were performed with a Somatom plus
S scanner (Siemens Medical Systems, Erlangen, Germany), which
operated at 120 kV and 85-110 mA with a 1-mm slice thickness and
a table speed of 2 mm/sec. After the examination, contiguous 1-mm-
thick axial CT images parallel to the inferior border of the mandibles
were reconstructed. These images were examined using Dental CT®
reformatting imaging software; with 2 mm intervals, cross-sectional
CT images were obtained. These images were printed on film with a
Fuji Dry imager (Fuji Film Medical Co. Ltd., Tokyo, Japan).

Procedure of measurement

The CAB and COB thicknesses of the mandibles were measured
at the five sections as follows: the cross-sectional image in which the
mental foramen was recognized was defined as section 2, and the image
6 mm anterior to section 2 was defined as section 1. These measurement
sections are shown in Figure la.

In each section, the distances between the inner and outer borders
of the buccal and lingual sides for cortical bone and from the inner
border of the buccal side to the inner border of the lingual side for
cancellous bone were measured. The measurement of the cancellous and
cortical bone thicknesses from the alveolar crest was avoided because
of atrophic changes due to periodontal disease [21] or tooth extraction,
[22] and it is believed this exclusion enhances the reproducibility of the
results [19].

Age Patients No Measurement Sides
Years Total Males Females Sides Heights Cancellous |Cortical
18-19 1 0 1 1 5 20 20
20-29 9 7 2 13 65 260 260
30-39 13 10 3 21 105 420 420
40-49 13 7 6 21 105 420 420
50-59 17 12 5 34 170 680 680
60-69 20 10 10 37 185 740 740
70-79 6 6 0 9 45 180 180
Total 79 52 27 136 680 2720 2720

Table 1: Patient characteristics and number of measurements.

Figure 1: Schematic diagram of the measurement sites and cross-sectional
image.
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Figure 2: Mandible size of 52 males (a) Cancellous width (b) Cortical width.

The CAB and COB thicknesses A, B, C, and D were measured
at 5, 10, 15, and 20 mm, respectively, above the inferior border of
the mandible toward the alveolar crest, as shown in Figure 1b. There
were three types of shape of the mandibles: type A (lingual concavity),
type B (buccal concavity), and type C (round shape) [19]. To identify
the location of the mandibular canal, the distance from the superior
border of the canal to the alveolar crest (SAC) was also measured, and
the distance from the inferior border of the canal to the bottom of the
mandible (IBM) and the diameter of the canal (DOC) at 5 sections were
measured. The measurements were performed by two radiologists and
each point was measured three times using a sliding caliper (Nakamura
Mfg., Tokyo, Japan).

Statistics

All data are presented as means and standard deviations (SD). The
statistical differences were tested using Student’s t-test or chi-square
test. A P value less than 0.05 indicated significance.

Results

Table 1 shows the distribution of patients according to age, sex,
number of measurement sides, and CAB and COB thicknesses of the
mandible. A total of 136 sides of mandibles, 680 heights, and 2720 CAB
and 2720 COB thicknesses were measured.

CAB and COB thicknesses of the mandible

The CAB and COB thicknesses of the mandibles are shown in Tables
2a,b, and 3a,b. The means and SD of the CAB and COB thicknesses
ranged from 5.5 + 1.3 mm to 11.1 + 2.2 mm and 4.5 + 1.0 mm to 5.3 +
0.9 mm for males, respectively. For females, the CAB ranged from 4.8
+ 1.3 mm to 10.3 + 1.5 mm and COB ranged from 3.8 + 1.0 mm to 5.2
+ 1.2 mm. The CAB thickness was the greatest in sections 2 and 5, and
the COB thickness was in sections 1 and 5 for both genders (Figure
2a,b). The CAB and COB thicknesses gradually increased from section
1 to section 5. The CAB and COB thicknesses in male patients were
significantly greater than those in female patients (Figure 3a,b).

To investigate the correlation between patient age and the
variability of the mandible CAB and COB thicknesses, coefficients of
variation (CV) of these parameters were calculated. No tendency in
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Section
Type 1 2 3 4 5
(a) Male A 5.84+1.53* 551+1.32* 546+1.17* 567 +1.28 6.00+1.38*
Patients B 779+160 7.75+145 815+1.55 852+1.71* 928+1.78*
gancellous |7 334 142 778+ 145" 928+201 1003£200° 1.09+224°
Width (mm) 33+ 1. 78+1. .28 + 2. 03+2. 09+2.
D 717 £1.75* 764 £2.02* 8.89+2.40* 10.26 £2.80 11.06+285
(b) Male A 599+142* 573+ 1.07* 540+0.87* 519+ 1.04* 528+0.92
gatrit?ntls B 451+097* 457+077 477+097 452+1.20* 429+090
ortical " " "
Width (mm) (o} 456 +0.86 4.76+0.93* 4.70 £1.07* 5.14 +1.09* 5.01+1.22
D 448+0.97* 448+091 447+1.23* 427+1.09 453+1.30
Table 2: Mandible sizes of 52 male patients.
Section
Type 1 2 3 4 5
(a) Female A 5.01+1.39* 479+1.27* 489+145 520+ 1.54* 541+162*
Ea“enhs B 655+141 669+119 7.10+137 7.74+139* 833+147*
ancellous " . " .
Width (mm) C 6.80+1.25 7.16+1.44* 8.21+1.63* 9.33+1.64* 1026+148
D 6.32+1.26* 6.99+1.68* 7.86 +2.32* 8.84+2.82 10121271
(b) Female A 5.25+1.23* 510+ 1.27* 4.80 £+ 0.89* 4.70 £0.94* 5.28 +0.92
cP;atrI?mT B |3.82+1.00% 391+0.77 4.00£0.80 3.96+0.75* 399+0.83
0 |Ca % % % % %
Width (mm) C 4.04 £0.60" 4.26 + 1.08" | 4.64 £ 1.02* 4.84 +1.13* 4.87 £1.20
D 417 £0.78* 4,16 + 1.00* 3.95+0.93* 4.08+1.17 4.58+1.16*
Table 3: Mandible sizes of 27 female patients.
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Figure 3: Mandible size of 27 females (a) Cancellous width (b) Cortical width.

age-related variability in thickness could be found.

Shape of the mandible

The shape of the mandible was classified into three types, as shown
in Figure 4 (A, B, C) [23]. Lingual concavity, type B (62%-72%), was
the most common in the anterior region for males, followed by type
C (56%-58%) in the posterior region. For females, type C (25%-31%)
in the posterior region and type B (18%-30%) were the most common
types in the anterior region (Table 4a,b).

Location of the mandibular canal

The distances SAC, DOC, and IBM were measured in each section.
The results are summarized in Table 5a,b. The SAC ranged from 10.8 £
8.9 mm to 17.9 + 2.8 mm for males and 6.2 + 8.2 mm to 16.5 + 3.5 mm

for females. The SAC at the mental foramen were 13.3 + 3.0 and 12.7
+ 3.3 mm for males and females, respectively (Figure 5). The inferior
alveolar canal usually extends ahead of the mental foramen as the so-
called anterior loop. In this study, the anterior loop was present at 57
sites (63%) for males and 18 sites (39%) for females, at a mean distance
of 10.8 + 8.9 mm for males and 6.2 + 8.2 mm for females from the
mental foramen (data not shown). The DOC ranged from 1.7 £ 1.4 mm
to 2.9 + 0.6 mm for males, and from 0.9 = 1.2 mm to 3.0 + 0.7 mm for
females (Table 5).

Discussion

The objective of this study was to evaluate CAB and COB
thicknesses and morphology using CT data for implant operation
support. It is possible to estimate primary implant stability from CT
diagnosis before surgery. Hence, various variables including CAB and
COB, morphology of the mandible, and the location and diameter of
the mandibular canal were measured on 688 CT cross-sectional images
from 136 mandible sides.

Cancellous and cortical bone thickness

For a successful implant operation, the dental surgeon must
consider not only the cortical bone thickness but also the cancellous
bone thickness to ensure a good blood supply. The well-known
implantologist Branemark classified bone quality of class 2, thick
cortical bone and a high density of cancellous bone, and class 3, thin
cortical bone and a high density of cancellous bone, as being suitable
for successful implant placement [4]. In the present study, in the

I

Type A (lingual concavity) Type B (buccal concavity)

(/C/()('

TN TN T

Type C (round shape)

Figure 4: Cross-sectional CT images representing the mandible shapes
(types A, B, and C).

Section

Type 1(%) (2(%) 3(%) 4(%) |5(%)
(a) Male patients A 4 2 13 31 30
Morphological shape B 72 62 21 3 2

C 14 26 56 56 58
(b) Female A 7 5 14 23 22
Patients B 30 18 3 0 0
Morphological shape c 1" 25 31 25 2

Table 4: Mandible shapes of 52 male and 27 female patients.
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Section
Type 1 2(MF) 2(MC) 3 4 5

(a) Male Patients SAC (mm) 10.8+89" 133£30 179428 165+ 3.0% 16.4+28° 157 £3.1%
Mandibular canal DOC (mm) 17+£14% 22106 27+06* 29106 28105 28106

distance (mm) IBM (mm) 74460 15415 10317 102+2.1 95£17 94+18

(b) Female Patients SAC (mm) 6.2+8.2" 127433 165435 15.142.9% 151427 145431
Mandibular canal DOC (mm) 09+12* 23+06 24106 28+06* 28+0.8" 30+0.7*
distance (mm) IBM (mm) 44+56" 142413 102413 96+2.1* 92424 92419

MF:mental foramen

MC; mandibular canal
b AL: anterior looj

P / ],MF P

/ e T i ——lale
: ALJ‘?/ P

Distance {mm)
©

0 1 2 3 4 5 6
Section

Figure 5: Distance from the superior border of the canal to the alveolar crest
(SAC). MF, mental foramen; MC, mandibular canal; AL, anterior loop.

anterior region (section 1), the CAB and COB thicknesses were almost
the same for males (7.0 mm and 5.1 mm, respectively). For females,
CAB thickness was 6.15 mm and COB thickness was 4.3 mm, but
the thickness increased gradually through to the posterior region for
both genders. The CAB and COB thicknesses peaked at 15 mm (11.1
+ 2.2 mm) and 5 mm (5.3 £ 0.9 mm) in the posterior region, above
the inferior border of the mandible for males (level C and level A,
respectively). For females, the CAB was greatest at level C (10.3 + 1.5
mm) and the COB thickness (5.1 + 1.2 mm) at level A.

The ratio of cortical to cancellous bone influences implant stability.
Cortical bone has a high modulus of elasticity, is stronger and more
resistant to deformation, and will bear more loads in clinical situations
than cancellous bone [24,25]. Previous studies reported that there may
be a strong relationship between cortical bone thickness and primary
implant stability [3,25-28]. In the present study, the CAB and COB
thicknesses increased gradually through the posterior region. On the
other hand, above the mental foramen at levels C and D, the CAB
thickness was slightly greater than that below the mental foramen.
Furthermore, the COB thickness was wider below the foramen. This
thickness measured from the inferior border of the mandible is more
reliable than that measured from the superior border of the mandible.
The measured CAB and COB thicknesses were significantly different
between genders or sections.

Shape of the mandibular bone

The morphology of mandible bone has also been characterized
and classified to facilitate predictable implant therapy. The cortical
thickness of bone played a greater role in initial implant stability than
the implant length [3]. A dental surgeon must know the relationship
of CAB and COB thicknesses with the shape of the mandible to select
the appropriate implant size for successful implantation. Cancellous
bone was the most common (C level/15 mm above the inferior border
of the mandible) in the posterior region, followed by cortical bone in
the anterior region (B level/10 mm above the inferior border of the
mandible) for both genders (Table 4).

The implant should be installed according to the shape of the
mandible for preventing lingual or buccal strip perforation during

Table 5: Location of mandibular canal of 52 male and 27 female patients.

drilling. Previous papers reported that a round shape was most
frequently observed (58-74%), or that lingual concavity was observed
(2.4-39%) [17,19]. In the present study, lingual concavity, type B (62-
72%), was the most common in the anterior region for males, followed
by type C (56-58%) in the posterior region. As the buccal cortical bone
(type B) has a higher risk of perforation, implant angulation should be
toward the lingual side in such cases. For females, type C (25-31%) in
the posterior region and type B (18-30%) were the most common types
in the anterior region. The risk of perforation with type C is lower in
males than that of females with the other types because of the sufficient
lateral bone in the anterior and posterior regions. The risk of lingual
cortical bone perforation is greater with type A. Therefore, the implant
should be inserted accurately toward the buccal angle.

Location and diameter of the mandibular canal

Accurate determination of the exact location of the mandibular
canal is imperative, to avoid interfering with the neurovascular bundle
in the canal during implant placement [29,30]. The location of the
mandibular canal is found by measuring the SAC distance using
CT images, as shown in Figure 5. The SAC value was the greatest in
section 2 (17.9 £ 2.8 mm and 16.5 + 3.5 mm) and gradually decreased
toward section 5 (15.7 = 3.1 mm and 14.5 + 3.1 mm for males and
females, respectively). The SAC distance was greater in anterior and
posterior regions for males (Figure 5). These data indicate that the
SAC distance tends to decrease toward the posterior region in both
genders. Previous studies reported that the superior aspect of the
inferior alveolar canal was 16.0-17.4 mm from the alveolar crest in the
area of the 1st molar, although they did not evaluate the size by gender
[19,31]. Oral implants frequently perforate the canal to an unidentified
extent in the interforaminal region [32]. Arzouman et al. reported
that the inferior alveolar nerve bundle (IANB) may extend beyond the
mental foramen as an anterior loop [33]. Solar et al. reported that a
safe distance for implant installation is at least 6 mm anterior to the
mental foramen [23]. Previous papers reported that, in 48-55% of the
cases, an anterior loop was identified [19,34]. In this study, the anterior
loop was observed in 63% and 39% of all sides in section 1 for males
and females, respectively. The distances from the alveolar crest to
the anterior loop were 10.8 + 8.9 mm and 6.2 + 8.2 mm, whereas the
distances to the mental foramen were only 13.3 £ 3.0 mmand 12.7 £ 3.3
mm for males and females, respectively. Therefore, the surgeon should
take care during implant insertion to avoid perforation of the canal in
an anterior region in female patients as well as in males. Apostolakis et
al. came to similar conclusions, finding the presence of an anterior loop
and a safe distance of at least 6 mm (corresponding to our section 1)
from the mental foramen (corresponding to section 2) [34].

This finding indicates that, in the area around the mental foramen,
the canal ascends step by step toward the mental foramen. Therefore,
implant surgeons should take into account the high risk and inherent
dangers of interfering with the TANB. The distances of DOC and IBM
were greater in males than in females (Table 5a,b). Knowledge of the
cancellous and cortical bone thicknesses in various areas can guide
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surgeons towards an appropriate implant installation protocol in the
mandible. The purpose of this study was to evaluate the thicknesses of
cancellous and cortical bone, and to identify and measure variation in
the presence and extent of the anterior loop of the mandibular canal
in the anterior and posterior regions to provide guidelines for implant
operation support in the mandible.

Conclusion

For implant installation, careful evaluation and full knowledge of
the thicknesses of cancellous and cortical bone, as well as the shape of
a mandible, are necessary, providing anatomic guidelines to clinicians,
which will be helpful for implant surgery. CAB thickness was from 5.5
to 11.1 mm and from 4.8 to 10.3 mm, and for COB, from 4.5 to 5.3 mm
and from 3.8 to 5.2 mm, for males and females, respectively. Lingual
concavity, type B (62%-72%), was the most common in the anterior
region for males, followed by type C (56%-58%) in the posterior region.
For females, type C (25%-31%) in the posterior region and type B (18%-
30%) in the anterior region were the most common types. The SAC was
from 10.8 to 17.9 mm and 6.2 to 16.5 mm, and the DOC from 1.7 to
2.9 mm and from 0.9 to 3.0 mm for males and females, respectively.
This study is the first to involve quantitative evaluation of the CAB and
COB and the morphology of a mandible on the basis of cross-sectional
CT images.
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