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Quantitative Assessment of Bone Mineral Content

in Dental Radiogram

Takenori Noikura

Department of Dental Radiology
Kagoshima University Dental School
8-35-1 Sakuragaoka, Kagoshima 890-8544, Japan

Abstract:

Aluminum Equivalent (AL equivalent) image system was developed to measure the
bone mineral content in mandible using conventional dental radiography, intraoral digi-
tal dental radiography and panoramic radiography by one shot dual energy subtraction
method. Z-score was used as evaluation of bone changes, because of variation of normal
mandibular bone of AL equivalent values by age, gender and region.

For clinical application, Z-score was taken to evaluate of periapical bone changes
after root canal treatment, bone changes in the around of implant, bone changes in eld-
erly subjects, and bone changes of end stage of renal diseases. Furthermore, for applica-
tion of animal experiments, AL-equivalent values were used to evaluate the effect of
microgravity to the vertebral growth in growing rats, and effects on the bone mineral

content by himdlimb suspension in rats.

Key words:

Aluminum equivalent image, panoramic energy subtraction,
mandible bone changes, the effect of microgravity to vertebral bone

I. Preface

Various kinds of devices such as QCT and
DEXA have been developed to measure bone min-
eral content for medical examination and treat-
ment"?’. However, it is quite difficult to adapt
these devices to the jawbone. Therefore, dental
radiogram was used to measure the bone mineral
content in the jawbone. It is well known that
aluminum (Al) or copper (Cu) step can be
radiographed simultaneously and converted to Al
or Cu equivalent value for quantitative analysis,
which was used for densitometric measurement by

optical density scanning**’. However, these calcu-
lations were time consumption and not practical
for clinical application.

We developed a computer-processing system®
to convert equivalent image using aluminum as a
reference for intraoral dental radiography,
intraoral digital radiography and panoramic
radiography. As the equivalent value is indicated
by X-ray attenuation according to aluminum
thickness, it provides a value corresponding to the
quantity of bone mineral content. Furthermore,
the precision of aluminum equivalent value
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obtained allows longitudinal comparison, that is, it
was able to demonstrate not the absolutely quan-
tity of bone mineral content, but relative changes.

For clinical applications, mandibular bone
changes were examined in the periapical regions,
around implants, in elderly subjects, and in renal
osteodystrophy in which was suggested in elucida-
tion on bone metabolism of VDs.
experiments, this method was used to examine the

In an animal

effect of a 14 days space-flight on the vertebrae of
a rat. In further animal experiments, changes in
bone mineral content of rat femur following
suspension.

II. Fundamental study for bone mineral content

of mandible
A. System of AL Equivalent system

The aluminum equivalent imaging system
consists of dental film, TV-camera, Computer proc-
essing system and display. Data was input using a
TV system and digitized to 8 bit density. The alu-
minum equivalent value was calculated by a cubic
conversion curve to the gray level of the wedge.
Equivalent image was newly presented as the den-
sity axis using the aluminum equivalent value, and
displayed as either a black and white, or color
image (Fig.1).

fﬂ Film

TV Camera
(Hamamatsu C-1000)

|

Image Memory
(Nippon Avionics Image-S )

Personal Computer
(NEC PC-9801M2)

Frame Buffer
(Sapience Superframe)

Black & White,
or Color Display

Fig. 1 Block Diagram of Al Equivalent System

B. Indicator and aluminum wedge

An aluminum wedge for reference was at-
tached to the indicator, and radiographed together
on the dental film. The shape of reference was de-
signed for easy input of the data into the computer

using a wedge instead of a step. The thickness of
the aluminum wedge varied from 0 mm to 16mm,
and set with an indicator, that was radiographed
on the dental film (Fig.2).

Fig.2 Indicator with aluminum wedge

C. Intraoral dental radiography

Dental radiogram was used to obtain alumi-
num equivalent image. As a reference, aluminum
was adopted because it shows an attenuation coef-
ficient similar to that of bone. Film was processed
as film to the usual in an automatic developing ma-
chine (Fig.3-1).

Fig. 3-1 Dental Radiogram

A TV system (C1000, Hamamatsu Photonics)
was used for inputting of images. The TV system
is capable of high-speed input of plane data, but is
still inferior to a laser or drum scanner in noise and
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dynamic range. Therefore, digitalization is per-
formed at a resolution of 8 bits after reducing the
image noise and light source fluctuation to 1/16
(theoretical value) by 256-time digital integration
and averaging for maximum use of the film den-
sity and luminance values (Image-> Nippon Avi-
onics Co., Ltd.). The
converted to aluminum equivalent values by pre-
paring a cubic or quadratic polynomial conversion
curve based on the data of a reference material
(aluminum)

brightness data were

and are displayed as aluminum
equivalent images using a color scale with a frame
buffer (Super Frame, Sapience). This aluminum
equivalent value is line integral of X-ray attenua-
tion in the entire distance from the X-ray tube to
the film converted to the length of aluminum. The
range of conversion corresponds to a 0-16mm
range of aluminum thickness. What is important
here is that the values obtained are equivalents of
aluminum X mm with a dimension of square den-

sity (Fig.3-2).

%Hﬁ W ?lm m,_ji:lﬁg.!nam

256.8

=100 B0 160 160168

163 168 155 154 1
167 164(168)164 1562
168 163 157 166

0. Thmmeq.
{ 0,83meq,] 160
163 166 165 180 150

Fig. 3-2 Al-Equivalent Image

1. Precision and accuracy
Equivalent values were obtained using steps of
aluminum thickness from 2 mm to 16mm. Accu-
racy and precision were 5.6% and 3.8% respec-
tively in this system,
2. Conversion of Al-Eq value to CaCO; (mg/em?)
Conversion of aluminum equivalent values to
calcium carbonate values for comparison with the
results of other bone mineral measurement meth-
ods was evaluated. Urethane containing CaCQ; at

known concentrations was used as CaCO; phan-
toms for the bone mineral measurement (Kyoto
Kagaku, UCA model). Aluminum equivalent val-
ues of 9 blocks containing CaCO, at 461.2mg/cm”®
to 939 mg/cm” were determined, and a conversion
curve of aluminum equivalent values to CaCO; val-
ues in mg/cm® was prepared. The dimension used
in this conversion was the square density (g/cm?)
obtained by multiplying the aluminum density
value by the specific gravity of aluminum (2.7g/
cm?®) or by multiplying the CaCO: density by the
thickness of the phantom block (1cm). Since the
aluminum equivalent values of the CaCO; phan-
toms included those of urethane, X-ray attenuation
by urethane was assumed to be equal to that by
soft tissue, and the conversion curve was consid-
ered to be one for the bone-soft tissue complex.
The two parameters were linearly correlated, and
the aluminum equivalent value of urethane, corre-
sponding to the matrix of bony tissue, is expressed
as the intercept on the Y axis (X=0).

B. Intraoral digital dental radiography

Recent intraoral digital dental radiography®”,
in which CCD and photostimulable fluorescent ma-
terials are used, has enabled immediate imaging
unlike conventional film radiography, facilitated
image transfer and storage by digitalization, and
reduced the exposure, and its clinical application is
attempted because of these merits. However, the
thickness of the sensor, a narrow imaging area, and
an inferior spatial resolution compared with dental
films are its disadvantages. Particularly, because
the pixel value of digital images is often linearly
related to the dose, the images give the impressions
that they have a narrow dynamic range and look
different from conventional X-ray images, which
we have been accustomed to. Also, the variation in
the tone among models of the apparatus may lead
to confusion in future. The aluminum equivalent
method provides visually satisfactory digital X-ray
images and equalizes the tone among different ap-
paratuses or film images. In the intraoral digital ra-
diographic system Dixel (MCR-1000, Morita Corp.,
Kyoto) used in this study, the sensor is a CCD
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(charge-coupled device), and the X-ray generator
is MAX-F1 (Morita Corp., Kyoto) at a tube voltage
of 60 kV, a tube current of 10 mA, and a total filtra-
tion of Al 1.5 mm and is synchronized with the elec-
tronic shutter of CCD. The pixel number of the
CCD is 400 x 600, the size of a single pixel is 48 x
48 pm, and the number of tones is 256 (8 bit).
Image files are stored in magnet-optical discs. An
image file consists of a header and a data portion.
Data of the circumstances of radiography (patient
information, date, time) are recorded in the text
format in the header, and image data are recorded
in the 1 byte/pixel binary format in the data por-
tion. Image files were converted to the BMP for-
mat (standard image format) by Visual BASIC
(Microsoft Corp.,, USA) of Windows using a per-
sonal computer (PC9821, NEC), these images were
displayed, and the pixel values were determined.
For equivalent imaging, an Al-wedge (0-16 mm

Fig.4-2 Al Equivalent Image by Dixel radiography

thick) was attached as a reference to the indicator
with a sensor (Fig.4-1, 2).

C. Panoramic radiography using energy subtrac-
tion method

Measurement of bone mineral content by
one-shot dual energy subtraction of panoramic
radiography was performed. For separating the
bone mineral content from soft tissue on pano-
ramic images, a one-shot dual energy subtraction
method®* ' was emploved by using computed
radiography (CR-7000) and CR-workstation. The
tube voltage was 80K Vp with Sm-filter. Cu-filter of
0.4mm thickness was set between the first and the
second imaging plate (IP). As references, aluminum
cylinders (3-12mm) and aluminum wedge (2-18mm)
which was theoretically created corresponding to
tomographic image layer were put in water phan-
tom, and set on chin-rest. The subtraction images
were evaluated by CaCO; with urethane (standard
Phantom), and compared with aluminum equiva-
lent images of dental films. Aluminum equivalents
of the CaCO; blocks as references in water
radiographed on plane image were corresponded to
panoramic subtraction images. Aluminum equiva-
lents of CaCO; phantoms were separated form ure-
thane as soft tissue by panoramic subtraction
images. On the patient, panoramic subtraction im-
ages showed lower than dental aluminum equiva-
lent images because of soft tissue, which were
estimated about 20-30% content of soft tissue (Fig.
o-1,,2, :3, 4).

e Zmm

o ALYI*E Aamm
AL]E Ninm
ALJE
AL J*

1thm
1 2mm

Fig.5-1 Phantom for Energy Subtraction
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Fig. 5-2 Subtraction Bone Image by Panoramic Radiography

Fig. 5-3 Subtraction Soft Tissue Image by Panoramic Radiography

y =.871x + 1.958, r2 = .82

o 2 4 L B. 10 2 14
panorama bone image

Fig. 5-4 Comparison AL-Eq value between Energy subtraction image and Dental image

D. Evaluation of bone changes by aluminum regions by a range that does not exceed half the

equivalent images root length to avoid influence.
1. Data sampling area and aluminum equivalent The mean and SD of aluminum equivalent val-
values of normal mandibular bone ues in normal alveolar septum of mandibular pre-
Data sampling area was located at each alveo- molar and molar regions (Fig.6-1, 2).

lar septum of the mandibular premolar and molar
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Fig. 6-2 The Mean and SD of Aluminum Equivalent Values in Alveolar Septum of
Mandibular premolar and molar regions in Normal subjects.

2. Evaluation of bone changes by Z-score

Because Al equivalent value of normal mandibular
bone changes by age, gender and region, bone
changes were evaluated by normalization to the Z-
score in the normal group. Z-score is calculated fol-
lowing a numerical formula. As the fundamental
criterion for evaluation of bone changes, Z-score is
based on =2 SD,

Sample Al-Eq — Ave. AL-Eq (normal)
SD of Ave. AL-Eq (normal)

Z-score =

III. Clinical application
A. Periapical bone changes after root canal treat-
ment

Periapical bone changes are usually observed
as normal, radiolucent or radiopaque areas on ra-
diograms. Here, differences between such macro-
scopic findings and equivalent image were
compared. Furthermore, those relations to the con-
dition of root canal fillings were examined.
Periapical bone changes on radiograms were com-
pared to analysis of Z-score of aluminum equiva-
lent images. There were 1370 teeth used for
evaluation. Bone changes of the root apices were
divided into 3 groups by radiographic findings as
normal, radiolucent or radiopaque. Al equivalent
values were obtained from a sampling area at each
root apex and evaluated by the Z-score from a nor-
mal root apex (Fig.7-1). Findings were divided
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Fig.7-1 Periapical Bone Changes after root canal treatment

Root canal therapy Group

_Z-score _X-ray findings
Is<-2 radiolucent
(17.4%

-2<25<2
(58.9%)

normal
(36.2%)

100-

root canal [illing complete

incomplete poor

I'ig. 7-2 Difference of Evaluation between Z-score and
X-ray findings at Periapical Regions

into below -2, between -2 and 2, and over 2.
Lytic bone changes at the root apex were
found in 17.4% by film findings and in 5.6% by Z-
score. However, condensing osteitis was found in
46.3% on macroscopic findings, and in 35.5% by
Z-score (Fig.7-2). These differences are considered
due to a differences in the base density of the film
causing evaluations of macroscopic findings from
each other. Next, the relation to the condition of
root canal fillings was examined to determine
whether the condition of the root canal filling influ-
enced the surrounding periapical bone. Radio-
grams were divided into 3 groups consisting of the
complete root canal filling, the incomplete filling
and the poor root canal filling based on the condi-
tion of the root canal filling. The results showed
no relation to the condition of the root canal filling

Iig. 7-3 Evaluation of Bone Changes by Z-score due to
the Condition of Canal Filling

in this series. Since there are many factors that
influence bone changes such as time course after
fillings, there dose not seem to be any simple
conclusion (Fig.7-3).

B. Evaluation of bone changes of around im-
plants'

Implants have become common in dentistry
and are now often performed. It is important to
evaluate bone changes between the implant and its
peripheral bone structure, which were used by ra-
diograms. Here, bone changes caused by Biocerum
and titanium were Furthermore,
progression of bone changes due to titanium were
observed over 3 years (Fig.8-1, 2, 3). Al equivalent

examined.

value and SD over time demonstrated bone
changes due to Biocerum and titanium implants.
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Fig. 8-3 6 month after implant

Bone reaction was highest at about one year for
Biocerum, while that for titanium occurred at
about 6 months. Bone reaction seemed to occur
earlier with titanium than with Biocerum. Bone
changes around a titanium implant over 3 years
were shown as the ratio to Al equivalent value., As
the evaluation by Z-score at 3 years after implant,
the normal level was estimated to be 75%, and
sclerosing osteitis 18.7%, while bone resorption
was 6.3% (Fig.8-4).

C. Evaluation of mandibular bone changes in eld-
erly subjects
Human longevity is currently increasing and
osteoporosis in females is especially becoming
issue. Osteoporosis of the mandible was examined
by Z-score. The elderly group consisted of 17 males
and 39 females with average ages of 76.7 and 81

@ Zs>2
O -2<Zs<2
& Is<-2

Fig.8-4 Evaluation of Bone Changes with Titanium
after 3 years by Z-score

years, respectively. In the edentulous mandibular
bone, the sampling area was set at the mental fora-
men as a standard point (Fig.9-1). Approximately
319% of the female group was thought to show
osteoporosis in the mandible (Fig.9-2).

D. Evaluation of mandibular bone changes of
ESRD

End stage renal diseases (ESRD) are known to
cause bone changes not only in skeletal bone but
also in the maxilla and mandible™ '™ '". Over time,
abnormal bone formation occurred in the maxilla
during prolonged hemodialysis.
radiogram showed destructive enlargement and
mixed radiolucent and radiopague findings in the

The panoramic

maxilla and mandible. The histologic findings
demonstrated new bone formations arranged in

parallel, while, loss of cortical bone and
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SN MR emarn  wxod!
258,

Fig. 9-1 Evaluation of mandibular Bone Changes in elder subjects.

83 years old, man.

85 years old, woman.,

Male

Female

0S1eoporosi
(31%)

disappearance of trabecular bone were also ob-
served, and both condyles were destroyed. Dental
radiogram also showed the disappearance of lam-
ina dura and a ground glass appearance was indi-
cated. These finding seemed typical of secondary
hyperparathyroidism. In this study, two hundred
and ten (119males and 91females) chronic
hemodialysis patients were investigated. Patient
ages ranged from 27 to 83 years with an average of
55.2 years in males and from 26 to 81 years with
an average of 50.6 years in females. The duration
of hemodialysis treatment ranged from 0.1 to 15
(average 5.8) years. The hemodialysis patients
were divided into 3 groups by the level of serum
I-PTH; group A: hyperparathyroidism (>300pg/
ml), group B: normal (100<I-PTH<300pg/ml),
group C: hypoparathyroidism (< 100pg/ml) (Fig.

Fig. 9-2 Mandibular Bone Change in Old Age Group

10-1). Correlation among BMC and serum bio-
chemical variables was estimated in each group.
According to this classification, there were 11
(6.2%) in the hyperparathyroidism group, 26
(12.4%) in the normal group and 173 (82.4%) in
the hypoparathyroidism group (Fig.10-2). Corre-
lation between factors of bone metabolism such as
Z-score and serum biochemical factors in all
hemodialysis patients was summarized (Fig.10-3).
Then we focused in the relationship among Z-score,
I-PTH, I-BGP and 1,25(0H).D; in each 3 groups. In
the hyperparathyroidism group, there was an in-
verse correlation between Z-score and PTH (r=
-0.438) or BGP level (r=-0.274) (Fig.10-4, 5). As
PTH and BGP increased, the Z-score decreased.
However, there was no correlation between Z-score

and PTH in the hypoparathyroidism group. The
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Criteria of grouping
O A Hyperpara:
1-PTH >300pg

0O B Normal:
100 < 1-PTH < 300pg
1 A c

Hypopars :
1-PTH >100pg

Scattergram for columns: X 1Yy . X3Y3
1400 . S
E A
2 12004
10004
8004 A & G-1 hyper.
© G-2 normst
6004 v G-3 hypo.
4004
8
200 o
04

Fig. 10-1 Scattergram according to Z-score and I-PTH

Fig. 10-4 Relation between Z-score and I-PTH in the Group

Z-acore 1-PTH Scattergram for columns: X 1Yy .. X3¥3
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- . -3
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Fig.10-2 Average and SD of Z-score, I-PTH, BGP and
1,25(0H). D, in each groups

Zscore; I-PTH iHs-PTH: [BGP i ALP :125VD,i Ca | P

Z-score 1 i :

FPTH [-03370 I

Hs-PTH [*-0297: *0638 1 ‘

1BGP  [*-0.369: *0.503; 0788 1

ALP | -0139: *0.161 0.130¢ *0.467 1 :

1,25VD, [ -0031: -0.123 -0027 -0.007 1i i

Ca -0.008*-0.316:*-0.341 ; -0.208:*-0215; 0.160: |

P -0.118: *0.233: *0451; 0120; 0016; -0.159:-0179; 1
*P<005

Fig. 10-3 Correlation Matrix for Variables

BGP level was within normal range but did not cor-
relate with the Z-score. The serum 1, 25(0OH).D,
level was below the normal range in the
hemodialyzed group. A positive correlation was
found between Z-score and 1, 256(0OH).D; in the
hyperparathyroidism group (r=0.67, p<0.01),

Fig. 10-5 Relation between Z-score and I-BGP in the Group

50 .
45 v
=
i“’ w v
g5 W T
30 A/ v v v A G-1 hyper.
Vo ov ¢
-2 v © G-2 cont.norm.
20 V G-3 hypo.
15 v
v
v_© A4
10 av o b'o
5
[ v
5 -4 -2 0 2 4 6 8
Z score

Fig. 10-6 Relation between Z-score and 1,26VD; in the Group

(Fig.10-6), but there was no correlation in the
hypoparathyroidism group.
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IV. Application for animal experiments
A. The Effect of Microgravity to the Vertebral
Growth in Growing Rats' '*'"

The effect of 14 days spaceflight on the verte-
brae of rapidly growing rats was studied. Bone
mineral density was measured from X-ray photo-
graphs (Fig.11-1), and the hardness of the verte-
brae was measured with a Knoop microhardness
tester. Histomorphometric examination was per-
formed with a microcomputer aided system.

Twenty-five male Sprague-Dawley rats (8
week old) were used in this study. They were ran-
domly assigned to the following five groups of five
rats each: group A consisted of preflight ground
control rats that were killed 2 h before launch;
group B was made up of in-flight rats killed up to
5 h after landing; group C was the synchronous

ground control of group B; group D was 14 days
spaceflight rats which were killed 9 days after
landing; group E was synchronous ground control
of group D (One of a series of articles that de-
scribes research conducted on dedicated life sci-
ences missions flown on the US space shuttle). In
respect of bone mineral content (CaCO; mg/cm?)
by Equivalent images , there is no significant dif-
ference between flight group (B, C) and synchro-
nous group (B, D), (Fig.11-2). On project direction,
significant correlation was observed between verti-
cal and horizontal in the synchronous group(C, E),
but in the flight group (B, D) there was disap-
peared in its relationship. Max length per a
trabecule by Particle analysis showed tendency to
shortening in group B, but in the group D which
lived on the ground in 9 days after space flight,

Fig.11-1 X-ray image of vertebre

g

& o0
o]

&

3

@ 3007
~

[2]

3.

2007

1007

AR

R

AR Y]

o
A BC DE
upper -lower direction(U-L)

A

CONTROL

FLIGHT-1
SYNCHRO-1

FLIGHT-2
SYNCHRO-2

BC DE
lateral direction(LAT)

Fig. 11-2 Bone mineral content (Thoratic bone 3-10)
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Original

Convolution-Horizontal

Binary Image

Fig. 11-3 Particle Analysis of trabecular bone

CONTROL

FLIGHT-1
SYNCHRO-1

FLIGHT-2
SYNCHRO-2

*:P<0.05

ABCDE ABCDE ABCDE A BCDE |
Horizontal  Vertical Oblique-45 Oblique-135 |

Fig. 11-4 Detected max length of trabecular bone (Th8 and 9)

they were become in same group E (Fig.11-3, 4). there found irregular and thick immature cortical
It was suggested recovery. Fractal dimension bone, and decreased formation of lammellated bone
showed no difference between flight group and (Fig.11-5).

synchronous group. Hardness by Knoop test

showed also no difference between flight group

and synchronous group. In histomorphometry,
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Fig. 11-5 Pathological finding upper control rat

bottom flight rat

B. Effects on the bone mineral content by
hindlimb suspension in rats™

An experiment simulating a microgravity
condition during space flight was performed by
Professor Ohira of the National Institute of Fitness
and Sports, Kanoya by suspending the tail of rats
and relieving the hind legs from the body weight
(Fig.12-1). The bone mineral content of the femur
was measured in rats after 14-day suspension of
the hind legs, which was the same duration as the
1993 flight of the NASA space shuttle Columbia
(STS-58), and rats after 14 day suspension of hind
legs followed by 23-day normal rearing. The bone
mineral content was decreased after 14-day sus-
pension of the hind legs compared with controls,
but it tended to recover after 23-day normal life;
the results were similar to those under the
microgravity condition of space flight (Fig.12-2).

In summary, This Al-equivalent images was
able to demonstrate not the absolutely quantity of
bone mineral content, but relative changes. This

One Standard Deviation Error Bars for Columns: X 1X5

2,25
24
1.754
1.59
1.25-
14
.75
.51
.25+

oL B
CONTROL

14D-SUS

14D-CONT  23D-SUS  23D-CONT

Fig. 12-2 Bone mineral content of femur



14 Takenori Noikura

method can easily measure bone mineral content of
mandibular bone, and evaluate various kinds of
lesions. Furthermore, it is used for bone changes of
experimental animals.
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Differentiation and function of osteoblast

Masato Tamura

Department of Oral Biochemistry,
Kagoshima University Dental School,
35-1, Sakuragaoka 8-chome, Kagoshima, 890-8544, Japan

Abstract

Elucidation of molecular mechanisms controlling differentiation and function of
osteoblasts is one of the major subjects in bone biology. Differentiation of cells is con-
trolled at the level of transcription by various classes of transcription factors that have
been identified through biochemical and genetic means. I showed an expression of rat
osteocalcin gene in osteoblasts was mediated by basic helix-loop-helix (bHLH) type of
transcription factors. Our study presented evidence that the E-box sequence, OCE1, and
transcription factors interacting with this motif, are involved in osteoblast-specific
osteocalcin gene transcription. Furthermore, 1 performed degenerate PCR cloning in
order to identify cDNA clones encoding bHLH proteins expressed in osteoblasts. We got
clones which sequences in the amplified region were homologous to the mouse twist-
related HLH protein, Dermo-1. Dermo-1 mRNA was expressed in osteoblast-like cell lines,
and could be involved in the osteoblastic differentiation in a negative manner.

Current many studies using gene deficient mice revealed how osteoblast differentia-
tion and bone remodeling are controlled through many other type of transcription fac-
tors, Cbfal and homeobox protein family. Karsenty et al. showed that Cbfal is necessary
for differentiation of mesenchymal progenitor cells to osteoblasts, and Cbfal controls
bone formation by differentiated osteoblasts. Extracellular signals including hormones,
growth factors, or cytokines as well as their intracellular mediators regulate osteoblast
function. In this paper, I reviewed new understandings of the molecular control of
osteoblast differentiation and function.

Key words: transcription factor, osteocalcin, helix-loop-helix protein, osteoblast, Cbfal
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I. BUBHIC

FiE, ARIELBEVWEBTH ) FRROGHLEL
Bled ko, EEROA VY Y 2 EE ST
ERBARO—DOMEETH S, FOMAIE, FHHRE
AlAEFEME (WbwsFHlEEST) L ERNORK
#E R THEMRE V) I 2 EEOMR, LKL,
RS 2OoNHRMNEDLHIHMELLTTELD, %
LU EN S OHIOHEEEN LD L S IR S hTw
ZheBPTAZ LI, REBBOALLTHMEICE
WA BROEBH LB BRI IOEETH S,
[BIER]) i3, BRBICITREICBIILEBER LV
EFEAROMMLE V) D, EHEICEFICBIT L4
NEROFHE TN ERCTREZ 52 AK{LE V-
REFEEOBEL SO THVWAEEbHE, ZIT
i, %&% [BFMRoBE] L LT, WEo [BF
MRaDSL) LiZHITHRLES,

RERBIZBVT, BEREOBRICIIHNKEEEL
LEEFREV I ZODOR L o - MDD, NKF
HFIETIZ, R, BFIChEREEIAHII-EHICEK
FEHTE, TOKRBPICmMEIBA LKEHARIT R
b= A%BILEFHBICBE R TEIBR S
RAEVWHIHRTHS, LTOBREERILICEH2WE
Lng, KBTI oNRIZL 5, h, BEE
1bid, —EEMRkE 2852 L2, HEROREEM
D EBICEEMBICHMEL TEXERINE LA
Thh, BEBRLPHBLLEOFIIIOHRIZ L HEK
aha,

SOERMDIZIE, BHE, TLbbErHICHETS
HALEM LTI, MoBAKORBR M AHEC
ERTEL(BATW, ZOREE LTI, AKIL
WO 5 N BOMBPBEE TlEeh o2 L,
Z 6 TR IS BV 2RO 58 - BEdHEL 2o
LI ENBTORL S, 0ERICEST, LIHIPE
IOy N BETHELLTHMTEZ L) IR
h, TET NV EBRLICCHS Ik ot FF
DB, MREEFEFICL> TEI OB O
BB s h, MBEERFTERIZE o2, LB, £<
? cDNA RBEFHIO—= TV E8hi-Ztdbdho
THEEEW) invitro DR ZAVWT, FEEICHT
5 BIEFRIABITOMENEAIITONI, LrLy
Mo, BEFORER, BOBRKL, YEFIVITE
Vo 2flEL XV OBEBOERIE, in vitro DEFFE
POBRETIDOIRBES TRV, 0EMKIZL Y, ES
MR BEFHEEA AR Z 2 FIH L /- gene target
ENERL, dEMETFETEREESEWDWS ) v

IT7I Ty ADEENCEL LR, il
BEFD/ 9777 MBI 2HHECBIEERORE
R4 EPEMPIZRoTE, THbDE in vivo D
ERVLEFESS, BFEMAROSLL BIEICHTS
BEFOBPIHERNTEDL LI ICho 7, BT,
BFOFRRBRUESZ LT, BFERERSEFHRO
M b TIZZOREBICEL T, FEFHF I ETIT-
TELHEBEROLZ THREDMRAICOWTEE LA
Vi,

0. 8FMREIE?

FEMRRIE, VbW S HREROKS LM S5
EF2LEZLNRTVD, BREHGTTIE, BEFHR
DAL BMEFARB L IFEFICLIBTEY, E—DR
Be L iAo rmk{br#IFo s, SEFHE
LRFEMBOMTRAL TV ABETFICIE, FhiiL
ERIEL L, BREEW) EAATHRLBEREET
HHRTHBIZO»PDLOLT, TOMBEGIEET
B NI EBO) LHROKREEYHET S 501ES
(B, 2T, BORIKILIZIE, SFHRIEET
535 =2 PUNDIEY 7 B S HDOBREE
BiLTwaEEZOLN, FRXATFH VY (BGP,
bone gla protein)?, A AF#* %7 F ¥, FRFF
HYF ¥ matrix gla protein (MGP)*, ¥ 71
Ja54 >y (BSP)* ZLhRMEIhi, LT, =
noEaS—FUHUEEY OV EIE, BORKIEE
SATHAH L) IEHMER BB E R, Ly
Lahs, ThETHESN TV I EFMARIFRY
WCEETARBY 7B ELTR], ARXATHHINVY
YORTHY, BB TE /v 7T VOERLSL, £
DERIIBEEEN, T, BT I2EEAHRFO
—2TC#H5 Chfal IFFMMBTHRHOLERZ LT
WwWah,

ARFAHNY ViE, MPOREFGREO~—H—
LLTLFHEShB Y v 0 B THD, ¥ I VK
RZHY THERPSWHENEZENOGFRTA AN
SR L TWAD T Ww I TN SR
Tw/z, Karsenty 61X, TDFRFFHANI DI v
IT IR IREERLAELEIAS, LHELDEDH
BENTWRLHELTWEY, T4abbtA74
NV R BERICIELETIE R, BRSO
FUABRET A ENBELMIR o7, HHERES
CEHICRE N, B4 OFFARO TR D
BMALTWwALIEHLTYS, &HE, MGP D/ v 7
T bwoRAbHEINA, MGP OREKIZBNT
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S RFORBERIC B S HIKILTTHE R S U BRI
BORRKEHIVFBHESNTVEY, Tho0HERS,
FRAFAANY LU MGP 13, £BMIIIZE
W - BIRILZ M 2 BBLETLLEZLNDD
Thb,

I. SFMRate HLH RESHMEMEF

AR, BIEFI7O—= 2 72 ) BHETFOIEERE
HEROBHFEAITbRB L 2 kol, #LT,
ELOEERAGEFMra—= o X 3hT A, Hil
MLoBETIE, BEFREATLOLEBATESZH
Wi 2BEEET 2 EERHRFIARERELBEE TS
e, ZLOFAD LWL NI R o TS, G,
REHIAE, felfiie, MM, MAHESENIEL Sokh
REREdsRMBEIC LS 2R AT 2 HIERAIARAS, W
bW s RSCHRERMBRTH 5, HBMLICBNTIE,
—fRICET BICE- T, BRREERICHMEL 5 2 faht
RESR TV, AL, HMEeBROEVHIRiL 5
FOMBIZHILL ) 548, ESICo LB A & 7
REC 2TEROMBRIC L A SETE RVEV) XIS,
HRa LR ) 5 DL BPEREYH 5. MBEMROS
LR D G O#iHE, ThECIEEICE Ot
Zah, ROLERE, S{boRHBRE L TREME
Bk, MADSLHINOHRE %75 D EEHNETF
iCEoT, ZRPNOMEEREZRET 5 Z L AHE
ShTwb, MEFMEOFicBnTit, o/
FynN—H, GATAH, SYFFALVE, ~)y

OCES OCE4

Y R-W=T-~) v R (HLH) B &, BEris
ZEE RN A FRA D ILRRE IS U TR ik
LT EAHEINTNDY,

% Td, HLH BEEE@HE TR M5B
B ELTHEE S, FICEEHAR, gk
DERTEATHESRBH SN TE 2, BFEMR LR
AL % W — & 4 % B8 Tik MyoD, myogenin,
Myf-5, MRF-4® 4 2® HLH BEERHEA T,
myosin %> muscle creatine kinase B4 # 2
RENIIRBRT 2 BIETOES 2EEEL, BEW
BRI L T EfTE 45, 4, Zhb6D
HLH BEF % RMEEMAR IR R S 2 5 L §15 85
MR E B Z EWTE, BEHMLICBITAN
Wb (TR —#ETF] LT ENTEBY, &
FHix, BFARSMLICBVTY, To TR —iftfn
Fl L L TRETIEERERTFERET L2 BH
ELREZT->T &L

MEOE, FHEBERTHL2EF AR
ROS17/2.8 vy, v bARTFTAANY Y HBIETF
O7uE—¥—% [\ HLH #EFOFFHlas ki
BIF % ®Et LA, MyoD %o HLH B R Fi,
MBS RANICHFET A EIL, BT L o o3 A
Fay{4v—%FE LT, BEFOESRBSELKED
CANNTG &\ E-box EIREN 2 2 & 24 AR
FIOFRISHEL T, BEEELRETS, LrLle
#%6, Id (Inhibitor of differentiation) &\ basic
% R\ /2 HLH BIAFiX, MyoD ¥ »IE® HLH

OCE3 OCE2 OCE1

088 —{+—{+——+H{H1+—1 car ] pOCI0s8CAT

~43) —CHHF—  caT | POCASICAT

98— gaz ] poctescat

e —[car ] pocescar

B1 BAOREDSy bAXAFFAND BEFTIOE-2—E2BALLECATLKR—2-T 35X

B 3= 3 X 2/ B N

S OBFIIEEMGHE 0L LATOE-Y—DREERL, Ky
A3 OCEL 7% OCE 5 ¥ T E-box 77,
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o

H2 Sy bhFAFFHANLL U BIEFIOE—42-3
EO Id-1ICL3AFHR HicnRz0T v
b ATFAARLY FBETFTRE—F—FMA
L7 CAT =% —7F A3 Fhb Uiz Id-1
DA, TrFLrAgB~Y ¥ —% ROS
17/284fazdc b5 A 727 a3 v LIk,
CAT iftE% il Lz,

~ pOC198mE2CAT

BHEFEATOF A~ = %KL E-box ~D#i&H
o, MifsMEE RIS A, 22T, 205
liGEzH63 5 d-1OFFE~T ¥ —%, ROS17/2.8
MBI b5 > A7 2 b LCHERIER S 29855 1T-
A, Sy bFATFEAINYOTOE-F -
EEGHEPETSAZ 2 RWELAL (1, 2)%Y,
Fhbt, TOHFREFATFIAINLY VltETO SO
E— ¥ —OESIEMEC, HLH B o5 5 H 1 55E
MLTWwABZLERTLOTHS,

T MOF AT I H VT v EETF OES R N B
I2ik, W{2h® E-box #E B D, HFEHL I,
GRtGEEECH AL O 5IEIC OCEL, OCE2,
OCE3, OCE4, OCE5 L&}, EofHs1d-1 12
IGET Bdra, fliAe el & UM R ER %
FAWBITICE W RBE Lz, $bs, MRS
DEEOIZAMF 7 PEERL, CAT 7y t4 %
Tot - 18 FTHTOE—F—%F0LLR—%—
TiE, Id-1 2 DGt T L4255, pOCISCAT T
R Id-1 X > THHEEPET Lz &6, -198 5
5-98 DI HERET S OCEL & L < it OCE2 72
DSBS TAZEERZONE (H2), £2°C,
OCE1 % & UFIZ OCE 2 iy o 3B 2B & 28 it =
L7uE—-F—%E0L, CATTv S &frofz L
5, OCElOZERIZE s TiHHOFE L WK T 2R
L7z (K3), PlhofRis, §FHRIIBVwTHA
FFH Ny rMET ‘7’!2'—'E ¥ — @ OCE1 #fiEi

CAT activity

3 RO0S17/2.8#fAIC #5115 OCEL, OCE2$HIOEROESEMLICRIZTHE OCEL B &£ ¥ OCE2 il
@ E-box ORI 2 CANNTG 726 TGTTAC (23R & 272 pOCI9BELICAT 7% & UFIZ pOC198E2
CAT #{ERL, 6% ROSIT/28HIZ T A7y v a vk, CATHEEIELL,
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A
BMP-2 == R
285—
185—
—OP
—0c
B
Compatitor = - CCE|l - /OCEI
(molar excass) x50 X50
NuteM ekt = | SaHIOTIR
No additon  BMP.2
Froa proba

1020 85 4 5

4 C3H10T1/2#MBEICH D MR Z BMP-2
DFZFFHILL > mRNA OFBE EZHE
MO OCE1 EDFEEEME  (A) CIHIOT1/2 #
B2tz 500ng/ml @ rhBMP "CT2RG LI L 7272,
RNA #fii L, AAFH4ANY ¥ RS A5
+HE 2 F >~ mRNA ® %84 Northern Blot
IZ& o T~ (B) (A) &R rhBMP
TT2REMLEE L 72 C3HI0T1/2 #lia A & 4% fl i
ad, MRS L2 OCEl 7o —7%
Vi, FY T T A BT,

HLH B oG RE N2 EH L Twab
wa,

Wiz, N7 FT7 oy A BTy, ROS1IT/2.8 @
AN I OCET IR a2 7 » 2 1
(OCEBP &#fif7:) OfFfHEER L. TOHEIX
MHESEAIRS C3HI0T1/2 TR R & A vds, KiHrh
MR A Y PRSI Y sy B (thBMP)-2 % 3500
L3 aib s, A7 INT oot AT 4
A rF 2 mRNA % PEH T 2402 S 4l L 2242540
WciE, SAVBE s (M4), SEEERIZL
D, 2O OCEBP #°% { O EMIZFEAES 5
E12/EAT & (k587 2 o 2 B4 5209 70 HLH Bz 75

ZEERLT

KDa
97
66
45

31

21
14

5 Southwestern B#4F(C & 5 ROS17/2.8 Mila D
OCEV1#&&# /U8 ROS17/2.8 flffad
Jhiidh % SDS-PAGE L 7z, otk L
72 OCEl % & UF {2 E-box @ 4 4% i 71 =
CANNTG #* 6 TGTTAC i< i 4t & & /2
OCmEl 70 —7 % JJwity A T A % 7 4
T odze EENTHR LI/ FATOCEL 70—
TIZH LT, BRNEESYTRT.

WFThifieErd s sEionie", o ar L
AH PN LT, 20 OCEBP @4 T-itit 50KDa
fhETHh b Z Edvbi-7: ([A5), basic HLH # i
GHEATO4+ AF A ANV T oE— ¥ —a OCE
1 ~OWRIFE AL O % [ 6 (2R L7z,

Kz, e o, WA HLH MK T %
b 'd';bt&’) BEdme> HLH " [H @ basic HLH @
IR ORI * b £ I PCR 79 4 < — % it
L, RT-PCR ##% HvT ROS17/2.8 #lifa cDNA
FA4T3) =L D) DNADZYO—= 0 T EfTo72",
W oMby O— OB R e L e T
A, ¥ AD Dermo-1 vy HLH ®HFD 5 v k
FEQSEEZONL B~ ¥ %/, Northern
Blot % HvC, F#H M5k & Dermo-1 mRNA
OIFEHEOMINF B~ E 2R, w7 A4
2 MC3T3-E1 i B a8 Mg 1 o sz 2> < HIR Ak
Rk A AL A AT 5 B AT, F AT w
Dermo-1 @ mRNA OFEBUIET LA (7)., 72,
MHESEAI C3H 10T 1/2 a)l'l“x‘iL';Pl #1362 hBMP-2
AWML, HEHCSESE 5 E Dermo-1 @
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CACATG
basic HLH 2EEHABEAFOF 274 HIL S
L7O0FE—42—0O0CE1 ~OE&EEFE(

basic HLH BIEF #Hi A 7O X & Y i&,

CANNTG E£F—72kEH L AT ¥
A= —THELIEGELd 5. DNA #46
H# 2 ) < 1d 4%, basic HLH BUGE R H T
kaFu¥y4~v—%Eg+5 & CANNTG E
F—7 2B TEY, EERGHETAI LN

=X 7
Caely,

X6

mRNA ORBIMET LA (”7)%, ZheofgL,
WM s B Tidd 2 Al HILH T 50 i
T imoME I fEHT A2 L2 RTIOTH S,
Dermo-1D% =4y b L bz dE2ZRAMEN
THE6Y, 4%, TheEEHBATOY—4 v bl
(ZFEHEDPTE2NHEET-> TV A,

V. BFMRSMbEErunt KA A 2B T 2E5HE
AT

Karsenty O 7V —7E, v 9 AF AT+ AN >
A2 HT, EOF3FMNRFRaY 2 B3I S5+
AHHUd % 2 2F%E L, OSE (osteoblast-specific cis-
acting element) 1, 2 £ &}, OSE2IZHET L
G#HET & LT Chfal #FE L™, Cbfal if,
b &b b BRI i Ol S B il Sz
PEBP® 773 —=TdhhH, Yavdagnrzonfk
WS T OHh O~ T b — VifH{E T O — runt &
HEMEAH S, Runt i runt F 2 A > EFEN S

DNA #E& FAA4 X2 b 2EGHEERTFTH), ¥ 3

EA
MC3T3 C3H ROS
-El 10T1/2 17/ 2.8
day BMP-2
3 21 —_— +
. o <— 285
. s
Dermo-1 “ “"“‘ 188
GAPDH
7 BIFMMSEE Dermo-1 mRNA OFHE

MC3T3-El g4k % 3 O B & U5k
HEAZI21H BIZ RNA it L, Dermo-1
mRNA QB4 /—H> 70y ML o> TH
~fz (b—=11, 2), 500ng/ml @ rhBMP TT72
B L 7: CAHI0T1/2 8k L 0, ki
RNA #filit L, Dermo-1 mRNA O FEB %
=70y MILoTHE: (L—23,4).

%Y a gy NTOFAEER B W THRSR, IRLimESR
DIREICHES T 59{LHFTH B, Chfal 13, FEHE
ST EF O SEIZ R o T, ST FMRE L
& U EHI I b AR EREIR S BB AME E 1,
BlEHVTIERIESMIRRIC RN E 2 57, A
HHIB TV L XL OFERAR SN, SIS
BOWTLRBLTWA™, 7, SIS 1 25
ffaiz Chfal ZighseM s 5 &, SR
Ll FREFHEN ENL Z EAgE S Y,

Cbfal @/ w2 7 bww i, HEERIET
T5, 2Oy A, THEAE EOEMAROREHT
M As, BBk - BN - SRRSO R E % <
A E IR E RREEER LT, HiEROE
ERESEEFOR Y AL FNITERELRWD, 85X
BIZLAEIENPSHIRIL L2 EaT e, B3
OGN ELRI 6 WY, in situ N4 7Y ¥
f¥—2a>rTli, FRETRERARTFTARZF R
MGP mRNA BIEEHELELLTREIAL T,
ATARYF » mRNA OFBITIFFIZEKL, 427
A AP mRNA O5EHT 583 5T
Wiy, PLEA 6, Cbfal iddEMHEgkicBuwTHE
MLl B B AE & R TG NEIH T b,
FHARS bOR LR —h - EhTWnh,
HAEFTOLEZAEERICMETALELZLNTVS
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BMP, TGF-B R ENLDEBHORIE N~ T R
TREL:LZA, ERLEDHLLDIZROD o7
EVIIHEII RV, 7, Towy AR, BEMEE
RWTHY, BEHROME - BEIILEELR A
HATHAEVH) T ERFEHL 7, Cbfal BIZFEA
FOTLIF VWAL, BOHHIRGH: X - THE
PNz Ced EIHENAIER Y A TIE, B LH
BB E VI ERI—KL, BRIFEDNLEFR
HRBTHAMEHBERTNIE (CCD) DEKE —
BLTW", Ced DERIL Chfal BEETFHERT
HHI LHH,D, CCD BHIX Chfal BIZF DT
OLREREBELTWDEY,

LLLdS, BhTHLHwL20D /90T
J by RZB VT, Cbfal ORBIZMOIEE HE
BFics- TR SN TEY, Cblal DREFHEL
WEIT 5 S 6 ENOEERBE TFOFEIEE S
5. 70, TYRICBWVT Chfal ORBIMVRSN S
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Recent findings on the relation among the chewing pattern,
the maximal biting force, the alveolar bone mineral
content and the elbow muscles’ strength

Kazuto KUROE, Shoichiro IINO, Mihoko MORITA, Gakuji ITO

Department of Orthodontics, Kagoshima University Dental School
8-35-1 Sakuragaoka, Kagoshima 890-8544, Japan

Abstract

Recent findings on the relation among the chewing pattern, the maximal biting force,
the alveolar bone mineral content and the elbow muscles strength were discussed. The
number of chewing cycle was significantly correlated to the occlusal contact area, maxi-
mal biting force and the alveolar bone mineral content. This may suggest that the number
of mechanical stimulation from the chewing accelerate the remodeling of alveolar bone,
which lead to the increase of the occlusal contact area, the maximal bite force and the
alveolar bone density. The clenching of teeth increased the isometric strength of limb
muscles via the soleus H-reflex. Using the occlusal sprint was worn in tooth crowding
subject, the clenching of teeth increased the isometric strength of elbow muscles. This
may interpret that the sprint has an effect of increasing occlusal contact area and to in-
crease the elbow H-reflex. Further investigations must be directed toward the effect of the
chewing and the tooth clenching on the physiology of oro-maxillary complex and body
muscle function.

Key words: mastication, occlusal force, cclusal contact area,
bone mineral content, muscle strength
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Study on the effect of superselective intra-arterial infusion
chemotherapy combined with radiation therapy for oral cancer.

Tetsuro Ishigami

Department of Special Care Dentistry,
Kagoshima University Dental Hospital

Abstract

Tumor blood vessels are different from the normal capilary vessels in point of the
function and anatomical form. They supply not only nutrition and oxygn but also
anticancer agents in cases of the chemotherapy. Transplanted VX2 carcinoma in the
tongue, treated by bleomycin or non-treated, were investigated ultrastructurally,
microangiographically, and injection replica scanning electron microscopically. The re-
sults obtained experimentally observed with these methods were interpreted to indicate
anticancer agent damages the tumor vascular sysytem when intravenous administration
repeated. This harmful effect seemed to be an important factor for controling tumor in
clinical practice.

Therefore, to reduce the damages for the tumor blood vessel, superselective intra-
arterial infusion chemotherapy were administrated for the oral cancer. Because only once
administration, it is taken the highly concentraion of the anticancer agent in the tumor
tissue and lesser damages for the blood vessels. In adittion, hyperfractionated radiother-
apy was combined with simultaneously.

This therapy was peroformed on 16 patients. When the irradiation dosage reached
about 10Gy, intra-arterial infusion chemotherapy was planned. Angiographic images was
obtained into the main feeding artery of the tumor via the femoral artery applied by
Seldinger’s technique at first. The formula of Calvert is clinically usefull to determin the
carboplatin dosage.
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This method had a remarkable antitumor effect and mild adverse reations. Total

responce rate was calculated as 100%.

As to the histopathological effects of 14 cases examined, Grade Ila was 3 cases, and
Grade 1Ib;4, Grade 111;2, Grade IV;5 respectively according to the pathological effects on
Oboshi-Shimosato'’s classification. Regarding the relationship between clinicopatholo-
gical malignancy and effects of this preoperative treatment, the histopathological
responce tended to diminish as the malignancy grade became higher.

Based on these histopathological findings, it showed that the efficacy of this combina-
tion therapy for the primary lesions was high. The curability of the surgical procedures
subsequent to this therapy was considered to improve the prognosis of the oral cancer.

Key words:

tumor blood vessel, effect of anticancer agents, ultrastructural changes,
superselective intra-arterial infusion chemotherapy,

clinico-pathological study
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