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Abstract

The importance of radiography in determining prognosis after dental implantation has been
strongly urged in recent years. In this study, we examine the relationship between the fine shadow
in radiograph images and the actual inner structure of the mandible by comparing a radiograph
with computer graphic three dimensional reconstruction imagery (CG 3-D) created from serial
two-dimensional tissue images.

Initially, we used Particle Induced X-ray Emission analysis to distinguish bone mineral
characteristics of each sample tissue. Our results indicate that while the specific bone mineral
values differed between mandible samples, no difference was observed in values between buccal
and lingual cortical bone and cancellous bone in individual samples. Since no differences in bone
mineral deposition was found across the mandible, it was presumed that there is a close
relationship between the bucco-lingual thickness of the mandible and radiographic density, rather
than between the thickness of individual bone regions and image density.

When we compared CG 3 D images to the radiographs, we found that the nutrient canal in the
lingual side of the cortical bone produced radiolucency in the radiograph while few nutrient canal
resulted in increased radiopacity. The ratio of the nutrient canal in the lingual cortical bone
correlated well with the radiographic density of the radiograph, especially in regions of
radiopacity.

Clinically, the fine shadow on mandibular radiographs has been attributed to the nutrient canal
structure in the cortical bone on the lingual side. We think that it does not reflect differences in
structure between the buccal cortical bone, cancellous bone, and the lingual cortical bone. From
this study, it is clear that diagnosis should be made after multiple types of examination in addition
to radiography.

Key words : 3D reconstruction image, radiography, inner structure of mandible, cortical bone,
cancelous bone '

Comparative study on the inner structure of the mandible between the radiography and the 3-
D reconstruction images. —radiography and CG 3 -D image—
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Table 1. Sex, age and cause of death of cadavers
from which Samples 1-7 were obtained.

sex age cause of death
sample 1 male 91 stomach cancer
sample 2 male 72  prostatic cancer

sample 3 female 84 pneumonia

sample4 male 91 pneumonia

sample5 female 79 bronchial asthma
sample 6 female 84 respiratory insufficiency

sample 7 female 84 chronic bronchitis

2. BIERAE

EEHER X D RIAE & E— AR L Bl L
fotk, BEESAIEDMTL, THREZNOHL, &
Siz, TEEBZERE TN L TRt L 7.

1) = v 7 AEREF

Ty VT 4P — [RF P AXA—-5—B®
CRE®EF 1 m25BM)] 2EHEHET v 7 2
M7ave RETS5 9774 VAIKESA
) kB E, WHRERRACTERICKREL
AR OERE 7 4 v AEICHET B K 5 IKRE
Lo BEIE @ 60kV, EER & 100ms, FREFEER]
D 1sec, BBHTEREE : 35emic Tz v 7 AT
BEOA A A FLE L EE AlE & 0 AL
1o 74 WADBBIE, I=HAF—T IR
® (z=nkAath) BEHET, #E20°C, 6
SRTV, EBERI=AT7 49 272® (324
HASH) 1 TI0 T - 72 (Fig. 1), $T
OFERD SNy Ry — (FEEZEM, HEO0.9mn)
WWTA M A FLOFHELOEIE 1m& %75 2 m
Dx oy 7 AFARARICETRES H R
(ATERWT) Z1ERK L7 RIS 1 i h i3 Particle
Induced X-ray Emission Analysis (LLF,
PIXE S3¥r L8894 HIC, %5 2 miER 3EHBEN
GBI O 1o Ok AU fERRIC AV
72o BAD 2 mER FEYIVIF (BRI BE,
AR EE—RHET v 7 AR, BB L1, £
D%, T v 7 AREEEBRFEE L= MtE 7
Fy b~w FBIZF % 4 (CanoScan 600, F+¥
s rvED AR VWTI v Ea— % (Power
Macintosh G3 MT300, Apple Computer,
Inc) CRBEEE150dpi TAHL, BHEMEEY 7



Iy e -y SRR X B BIE 39

Sample 1

Fig. 1. Radiography of the mandible.

Sample 2

Sample 3

Routine radiographs of Samples 1 to 3 are shown. The arrow indicates the mental foramen. A
wedge filter, which is a 1 mm aluminum gradation, is on the base of each radiograph.
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Fig. 2. Value of the PIXE analysis

Diagrams indicate the levels of calcium, phosphorus and magnesium found in each part of the
mandible from Sample 1 to 3.
a : alveolar part of the mandible
b : body of the mandible
Y/ buccal side of the cortical bone
i cancellous bone

lingual side of the cortical bone
Comparison between the alveolar part and the body of mandible. The ratio of bone minerals is
consistent on the buccal and lingual cortical bone, and cancellous in each sample, however their
levels are different between the three samples.
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Fig. 3. The thickness of each part of the mandible. (

sample2

Lower upper

sample3

20mm)

Graphs show the thickness of the buccal and lingual cortical bone, and cancellous bone on the

alveolar part and the body of mandible.
buccal side of the cortical bone
L cancellous bone

lingual side of the cortical bone
1] total thickness of madible

between the CG 3-D
reconstruction image of the trabeculae in
the cancellous bone and the radiograph
of the mandible.

The trabeculae in the alveolar region is
denser than in the body of mandible. The

Fig. 4. Comparison

board-like and stick-like trabeculae
oriented in various directions are seen. A
few stick-like trabeculae, which support
the mandibular canal radially, were in
the body of mandible. The CG 3-D
reconstruction image of the trabeculae in
the cancellous bone is not consistent with
the shadow on the radiography.
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Rotation images of the CG 3 -D reconstruction of nutrient canal in the cortical bone.

a : Buccal side of the cortical bone

0" : The architecture of the nutrient canal can be observed from the buccal side, the same
direction of the X-ray incidence.

180° : The architecture of the nutrient canal can be observed from the side of the cancellous bone,
opposite the direction of X-ray incidence.

90°, 270" : The architecture of the nutrient canal can be observed at right angles to direction of
X-ray incidence.

157, 135°, 225°, 315”7 : The architecture of the nutrient canal can be visualized three dimensionally.

b : Lingual side of the conical bone

0” : The architecture of the nutrient canal can be observed from the lingual side, opposite the
direction of X-ray incidence.

180° : The architecture of the nutrient canal can be observed from the side of the cancellous bone,
the same direction of X-ray incidence.

907, 270" : The architecture of the nutrient canal can be observed at right angles to direction of
X-ray incidence.

15°, 135°, 2257, 315" : The architecture of the nutrient canal can be visualized three dimensionally.

The nutrient canal, on this side, are shown by bright red and their interior by dark red. The area
between each nutrient canal is shown by gray. The bucco-lingual integration of nutrient canal at
the horizontal plane on rotation images of 90 and 270 degrees can be seen. Nutriant canals are
thin in the lateral regions of both the buccal and lingual side of the conical bone and are thick in
the medial regions of the cortical bone.
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Fig. 6. Comparison between the CG 3-D reconstruction of the nutrient canal and the radiography of

Sample 1

I : View of the buccal cortical bone and its nutrient canal at a right angle to the direction of
X-ray incidence. (the same direction of 270 degrees as in Fig. 5-a)

I : View of the buccal cortical bone and its nutrient canal at the same direction of X-ray
incidence (the same direction of 0 degrees as in Fig. 5-a)

I : Radiograph corresponding to the CG 3 -D reconstruction.

IV : View of the lingual cortical bone and its nutrient canal from the same direction of X-ray
incidence (the same direction of 180 degrees as in Fig. 5-b)

V : View of the lingual cortical bone and its nutrient canal in at a right angle to the direction of
X-ray incidence. (the same direction of 90 degrees of Fig. 5-b)

a : alveolar region of the mandible

There are many nutrient canals in the lingual cortical bone, but few in buccal cortical bone.
The nutrient canal in the lingual cortical bone is consistent with the radiolucency at the center

of the radiograph.

b : body of the mandible

The area between each nutrient canal consists of a radiopacity that is similar to a ladder at the

lower part of the radiograph.

Table 2. Correlation between the ratio of
nutrient canal in each cortical bone and
radiographic density (p>0.05. A low
correlation exists between radiolucency
on the buccal side of the cortical bone
from the body of mandible and nutrient
canal. In addition, there is a high
correlation between radiopacity on the
lingual side of the cortical bone and
nutrient canal.

region radiopacity radiolucency

buccal upper -0.286 0.046
lower -0.030 0.525

lingual upper 0.777 0.473
lower 0.916 0.760

upper : upper region of mental foramen
lower : lower region of mental foramen
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Fig. 7. Comparison between the CG 3-D reconstruction of the nutrient canal and the radiography on

Sample 2

I : View of the buccal cortical bone and the nutrient canal at a right angle to the direction of
X-ray incidence. (the same direction of 270 degrees as in Fig. 5 -a)

I : View of the buccal cortical bone and the nutrient canal from the same direction of X-ray
incidence (the same direction of 0 degrees as in Fig. 5-a)

I : Radiograph corresponding to the CG 3 -D reconstruction.

IV : View of the lingual cortical bone and the nutrient canal from the same direction of X-ray
incidence (the same direction of 180 degrees as in Fig. 5-b)

V : View of the lingual cortical bone and nutrient canal at a right angle to the direction of X-ray
incidence. (the same direction of 90 degrees as in Fig. 5-b)

a : alveolar region of the mandible

Few nutrient canals are found in the lingual cortical bone. The region of radiopacity in the
upper one fifth of the radiograph is contains very few nutrient canals that run vertically

against the direction of X-ray incidence.

b : body of the mandible

The few nutrient canals observed are thick and distribute on the lingual side.
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Fig. 8. Comparison between the CG 3-D reconstruction of the nutrient canal and the radiography on

Sample 3

I : View of the buccal cortical bone and the nutrient canal at a right angle to the direction of
X-ray incidence. (the same direction of 270 degrees as in Fig. 5-a)
II : View of the buccal cortical bone and the nutrient canal from the same direction of X-ray

I

incidence (the same direction of 0 degree as in Fig. 5-a)

I : Radiograph corresponding to the CG 3 -D reconstruction.

IV : View of the lingual cortical bone and the nutrient canal from the same direction of X-ray
incidence (the same direction of 180 degrees as in Fig. 5-b)

V : View of the lingual cortical bone and the nutrient canal at a right angle to the direction of
X-ray incidence. (the same direction of 90 degrees as in Fig. 5-b)

a : upper region of mental foramen

There are many nutrient canals at upper one third of the buceal cortical bone on the
radiograph, however this region is completely radiopaque. Nutrient canal in the lingual
cortical bone is consistent with the shadow in the radiography.

b : lower region of mental foramen

The thick nutrient canal at the center of the buccal cortical bone appeared radiopaque in the
center of the radiograph. Nutrient canal can not be found in the lingual cortical bone. This
result suggests that the radiopacity in the center of the radiograph reflects a region containing
few nutrient canal in the lingual cortical bone.
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