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I. Introduction

It is essential to examine bone size and
morphology for pre-operative planning of implant
placement®. The selection of implant size is
dependent on available bone height, width and
the location of mandibular canal. Furthermore,
information of regarding bone morphology may
restrict implant insertion angle. Recently, progress
has been made in bone grafting techniques, and
flapless implant surgery, a precise prehension
of bone size and morphology results in a better
surgical approach’ 9.

A number of researchers have precisely
measured the size of the mandible using radiologic
technique. Lindh et a/% measured the mandible
height and identified the location of the mandibular
canal with panoramic radiography and conventional
tomography, comparatively. They have concluded
that the tomography technique gave a more
accurate value than panoramic radiography
techniques. Bolin et al/?. in 1996 compared two
radiological techniques (panoramic radiography
and conventional tomography) and described the
correlation between them widely ranged from 0.36
to 0.91. Although clinically panoramic radiography
is the most widely available and frequently used
for preoperative examination?, it is inevitable to
avoid image distortions and instable magnifications
that give less accurate information. On the other
hand, conventional tomography is more accurate
than panoramic radiography, but it is difficult to
adjust the topographic objective planes, which
results in a difference in actual and measurement
size®. Tal et al'® concluded that CT had the
unique advantage for measuring the precise size
and shape of bone when compared to panoramic
radiography. Quirynen et @/, and Tepper et
al'?) measured the size of the mandible using CT,

but these measurements were limited to the only
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interforaminal region.

Dental implant treatments are applied not only
in the anterior regions, but more frequently in the
posterior regions. Therefore, it is important to know
the standard mandible size and morphology. The
aim of this study is to measure the bone size in the
five sections between 6 mm anterior and 18 mm
posterior from the mental foramen, and determine
the locations of the mandibular canal and the
standard mandible morphology using available CT

images.
I. Material and Methods

Patients : Eighty Japanese patients (male/
female, 52/28 ; age range, 10~77 years ; mean age,
49 years) were included in this study. The eighty
patients visited at Dental hospital of Tokyo Medical
and Dental University from June 2005 to February
2006. This study aimed to estimate the standard
size, morphological shape and location mandibular
canal of mandible. Patients with mandible side
containing either tumor or cyst were excluded from
this study. In total, one hundred and thirty eight
sides of mandibles were examined.

Imaging:Computed tomography (CT) examination
was performed using a Somatom plus S scanner
(Siemens Medical Systems, Erlangen, Germany)
, which operated at the 120 kV and 85-110mA with
a Imm beam thickness and a table speed of 2mm/

sec. One millimeter of reconstructed axial images

MF: mental foramen

were obtained parallel to the inferior border of
mandibles and these images were applied to Dental
CT® reformatting imaging software. Two millimeter
increment of cross-sectional images was obtained.
These images were printed on films by a Fuji Dry
imager (Fujifilm, Tokyo, Japan).

Measurement procedure : The height and width
of mandible were measured at the five sections
as followings. The cross-sectional image which a
mental foramen was recognized was defined as
the measurement section 2, and the image of 6
mm anterior to the section 2 as the measurement
section 1. On the contrary, the image of 6-, 12- and
18-mm posterior to section 2 was defined as the
measurement section 3, 4, and 5, respectively as
shown in Figure 1(A). In each section, the height
was determined as the vertical line from the
inferior border to the alveolar crest of mandible.
The widths (total width, cortical and cancellous
bone width) of A, B, C, and D was measured at
four respective different height; 510,15, and 20 mm
distances as horizontal line from the inferior border
of the mandible toward the alveolar crest as shown
in Figure 1(B). The morphological shapes of the
mandibles were classified into three types using the
cross-sectional images as follows ; type A is round
in the buccal side and concavity in the lingual side,
type B concavity in the buccal and round in the
lingual, and type C round shape in the both sides.

To identify the location of the mandibular canal,

B

fig. 1 Schematic diagram of the measurement sites (a) and a cross-sectional image (b)
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table. 1 Patients Characteristics and Measurements table. 3-A  Mandible sized of males
#1 BH #£3-A BEHoOTHSHA X
Age (year) Total s Sides Mesauremce.nts Section 1 2 3 4 o
Mele Temale Hights _ Widths Hight 316%37 309+34 205+33 28732 28039
14~19 2 0 2 3 15 60 (mm) ’ ’ ' ’ ’ ’ ’ ’ ’ ’
20~29 9 7 2 13 65 260 A 118+15 112+x14 109+13 109+13 11.3+12
30~39 13 10 3 21 105 420 Width | B 123+17 12317 129+18 130=19 136=18
40~49 13 7 6 21 105 420 (mm) C 119+17 125+16 14018 15218 16121
50~59 17 12 5 34 170 680 D 11721 121x23 134+29 145%+29 156+28
60~69 20 10 10 37 185 740
70~79 6 6 0 9 45 180 table. 3-B  Mandible sizes of‘ females
Total 80 52 28 138 690 2760 #3-B KUOTIHEAY A X

table. 2 Mandible sizes of all patients
#£2 THHEOVAX

Section 1 2 3 4 5
E;%ﬁ; 310438 303+35 288+36 281%35 27.6+37
A 11316 108=15 10513 10513 110=13
Width | B 11618 117+17 123+19 126+18 13118
(mm) | o 15416 12116 136+18 148+18 158=19
D 113+19 118+22 128+29 140+32 153+28

the distance from the alveolar crest to the superior
border of mandibular canal were measured at the
five sections described above.

Statistical Analysis @ All data were represented
as means and standard deviations (s. d.). The
statistical difference was tested by the Student ¢
test or the chi square test. P value less than 0.05

was considered to be significant.
II. Results

Table 1 shows the patients distribution regarding
age and gender. The age ranged from 10 to
77 years. Table 2 represents the measurement
numbers of the right and the left sides of mandible,
the age group, and the numbers for the heights and
widths. In total, we measured 138 sides of mandibles
and 690 heights and 2760 widths.

1. Size of mandible
The height and the width of mandible were

shown in Table 3. The means and standard

o |

Section 1 2 3 4 5

Hight
(mm)

298+37 291+33 275*38 271+38 268*34

A 10311 99+13 9711 99+11 105=14
Width | B 104%12 106+12 11113 117=13 123+13
(mm) | c 108+14 114+15 128+15 142+15 151=15
D 105+14 1L1+18 118+25 129%33 147+26

deviations of the heights ranged from 27.6+3.7
to 31.0+38 mm, and the widths from 105%1.3 to
15819 mm. The bone height was at the greatest
in section 1 and gradually decreases from section
1 to 5 (Figure 2 A). The mandibular heights and
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fig. 2 Mandible size of all patients : a heights and b
widths
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fig. 3 Mandible size by sex : a height of 52 male and 28
female patients, b widths of 52 male, ¢ widths of
28 female patients

B3 HHICEZ THEON A X a 52 A0H M L28
ANOBZHEDOTHEDOEE, b R2ADBREO T
FOW, ¢ 28 ANOLMED FHHE O

widths for male and female were presented in Table
3A and B, respectively. Mandibular heights for male
and female ranged from 280+39 to 31.6+3.7 mm
and from 268=*34 to 29.8+3.7 mm, respectively.
While mandibular widths ranged from 109=+1.3 to
16.1£2.1 mm and from 9.7+1.1 to 15115 mm,
respectively. Mandibular heights for male were
significantly greater than those in female except
for section 5 (Figure 3 A). Mandibular widths in

section 1 reveals almost the same value irrespective
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fig. 4 Cross-sectional CT images representing the
mandible shapes (types A, B, C)
M4 THBOBELRTHITCTESR (¥4 7A. B, C)

of the measurement heights, but there was a
tendency for the width to increase depends on the
heights gradually from the section 2 to 5 (Figure
2 B). Although it was not significant, the values of
mandibular widths in male were greater than that
those in female (Figure 3 B and C).
2. Morphological shape of mandible

The shapes of the mandible were classified
into the three types shown in figure 4. Type A
and type C were common in section 3, 4, and 5 in

the posterior regions, and type B was popular in
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table. 4 Morphological shapes of mandibles
#4 THEOERE

Section 1 2 3 4 5

TypeA 8% 5% 20% 39% 38%
TypeB 74% 58% 17% 2% 1%
TypeC 18% 37% 63% 59% 61%

section 1 and 2 in the anterior regions (Table 4).
This result reveals, the morphological shapes of the
mandibles were not influenced by gender or side
(chi-square test, data not shown).
3. Location of mandibular canal

The distances from the alveolar crest to the
mandibular canal in each section were measured.
In section 2, not only the canal exists, but also the
mental foramen, so both distances were measured.
Figure 5 illustrates the distance from the alveolar
crest to the superior border of mental foramen was
11.7£ 3.0 mm, and the distances to the top of canal
were 150%3.0, 13529, 13.6=29, 12932 mm
in the section 2, 3, 4, 5, respectively. The inferior
alveolar canal usually extends ahead of the mental
foramen as so called “anterior loop”. In this study
the anterior loop was present about 76 sites (55%)

and the distance was 15.1 =3.2 mm.
V. Discussion

The aim of this study was to determine the
standard sizes and the common morphology of
mandible and location of the mandibular canal using
CT. Hence we measured the various parameters
on the CT images of a large sample formed by 138
mandible sides.

NV - I. Height and width

The vertical height of the mandible was the
longest in the 6 mm anterior and the shortest in the
18 mm posterior section from the mental foramen.
Bolin et al? describes the bone height was the
greatest in the second premolar region and the

least in the second molar region using panoramic

71
10
= | meantal foramen,
w - mandibular canal.
124 =
?14 3
E
316
i=t
i
B
o 18 ¢
20+
22
1 2 3 4 5
Section

fig. 5 Distance from the superior aspect of the canal
to alveolar crest (SAC). *Represents mental
foramen, **mandibular canal
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technique. Our data reveals similar results, but we
measured the wider regions of mandible, concluding
the longest height was around the canine region of
section 1 and the least in the second molar region
of the section 5. The heights were significantly
different between genders. Our results reveal
the height of males were maximally 2 mm higher
than that of females. In the anterior regions, the
mandible width represented almost the same value,
but gradually increased depends on the heights
in the posterior regions. The widths were widest
in 15 mm above at level B in the anterior regions
and the 10 mm above at level C in the posterior
regions. Generally, the shapes of alveolar crest have
a wide variation because of the atrophic changes
by periodontal diseases!¥ and/or teeth extraction®.
It is worthy to note measuring widths at the levels
from the alveolar crest origin should be avoided.
Our method of measuring at levels from the
inferior border origin produces more reproducible
results. However, we could not get any statistically
significant difference about the width values; this
means the higher diversity of the mandible width
exists than the heights

IV - . Morphological shape

In order to prevent the lingual or buccal strip
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perforation under drilling step, the implant should
be installed according to the shape of mandibles.
In our study, the morphologies of mandible were
classified into the three types (type A, B, and C).
Quirynen et al'? investigated the morphological
shape of the mandible only within the interforaminal
regions, and reported a round shape was the
most frequently observed (695%), but a lingual
concavity was rare only 2.4%. However we found
that the round shape (type C) was relatively
minor (18~37%), and the buccal concavity shape
(type B) was the most popular (58~74%) in the
section of 1 and 2. We cannot explain the reason
of this incompatibility, but it might be due to race
difference. The buccal cortical bone represents
type B is higher risk of perforation, so the implant
should be inserted toward the lingual angle. We
extended the evaluation further to the posterior
regions of mandible and found the round shape of
type C (59~63%), lingual concavity of type A (20
~39%), and the buccal concavity (1~17%) were
common in these regions. The risk of type A is
connected with a lingual cortical bone perforation.
On implant insertion, it should be inserting toward
the buccal angle. But, because there are some lateral
bone contents in posterior regions, the risk may be
lower than the anterior region. The risk of type C is
considered to be lower than the other types because
of the sufficient lateral bone in the posterior regions.
IV - . Location of mandibular canal

In the posterior regions, it is important to
determine the available bone quantity to avoid
intervention with the inferior alveolar nerve bundle
(IANB). We tried to determine the standard location
of the mandibular canal using the CT images and
the result was shown in Fig. 5. The distance from
the alveolar crest to the mandibular canal was
the longest in the section 2 (15.0+3.0mm) and
gradually decreasing toward to the section 5 (129 +
3.2mm).
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Oral implants frequently perforated to the
unidentified extent of the canal in the interforaminal
regions. Arzouman ef a/V pointed out that the
IANB may extend beyond the mental foramen as
an “anterior loop”. Solar et a/'V) reported that a safe
distance was at least 6 mm anterior to the mental
foramen for implant installation. But, we detected
fifty five percent of “anterior loop” in the section 1
that was 6 mm anterior from the mental foramen.
The distance from the alveolar crest to the “anterior
loop” was 15.1 =3.2 mm, whereas that to the mental
foramen was only 11.7+3.0 mm. The facts means
that in the medial area of mental foramen the canal
i1s radically ascending toward the mental foramen,
therefore, implant surgeons should take into account
that the interventional risk of the TANB would be
high.

V. Conclusions

Using CT cross sectional images, we estimated
the precise size and the detailed morphology of
mandible. We convince the information including
average height, width, and shape of the mandible

would be useful for dental implant surgery.
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This study aims to analyze the size and morphology of mandible and to identify the location of the

mandibular canal using computed tomography (CT) scans. CT data of eighty Japanese patients (male/

female, 52/28, age range, 10~77 years; mean age 49 years) were obtained and analyzed. The means and
standard deviation of the height and width varied from 27.6+3.7 to 31.0+3.8 mm and from 105*1.3 to

158 +1.9 mm, respectively. The means and standard deviations of cortical and cancellous bone width

ranged between 4.3%=1.0 mm to 57*14 and 53*13 mm to 10.7 28, respectively. The morphological

shapes of mandible were classified into the three types. The type C (59~63%) was the most common in

the posterior region followed by the type A (lingual concavity) (20~39%), whereas, the type B (buccal

concavity) was the most common (58~74%) in the anterior region. The distance from the alveolar

crest to the mandibular canal ranged from 12.9+3.2 to 150*3.0 mm. The “anterior loop” was observed

about 55% of total sides. In conclusion, CT cross sectional images provided the standard sizes, the

detailed morphology of mandible and the location of mandibular canal. These measurement data would

be useful for treatment and planning of dental implant surgery.
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AWFZEIE, 2 v ¥ a— —WiEsg (CT) 2o T FEEOT A AL IEE S L.
THEOMBEZILBRT LI LEZHWE LTiIbIRE L,

BONDHANDBE (BI52AF28 N, FH5IZ10A 577 F-3495%) OCTT —
TG ENE L7

THEOE S LIEOTFIMEL L O 2ITFNZFN276 +37mm#A 531.0 + 3.8mm.
105+ 1.3mm#2* 5158+ 19mmT L 720 B G L g OEOF3 L Bk FHEEITENE
N43+10mm7»* 557+ 14mm. % L C53*13mm#* 5107*28mmT L 72, FHF D
ERIE3Y A T EINTE Lz, HEHTIE Y A4 7C (5963%) Db L. HivT
A4 TA (HEHORM) (20-39%) THo7zo ZHIIX LT Wi TIE Y 4 7B (JEHMl
DM b L\ (5874%) LI FERT L. WlTH 2 O TEE~OHHEX129+
32mm7»* 5150= 123.0mmT L 72 Anterior loopld#I55%I12i8d 5T L7z,

fhame LT CTHRII THE OBRES £ X, AR B TFHEOMEDHER
PIBELFE L7 CHODMET—F1EA 75> FOBELEFTICHREEZ T,

F—TU =K 32— S EEHIE (CT). FHEOT A X TaE ORE, THE,
TYINA YT T
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