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Fig. 1. Schematic illustration of a plane(dotted line) of
the middle portion of distal root of the mandi-
bular first molar tooth in rat.
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(b)

Fig. 2. Momhometric parameters at the cross section of
the alveolar bone (frontal view). (a) total area, (b)
bone area, (¢) inner perimeter(dotted line) and
outer perimeter(solid line).
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Table 1. Mean Values of Bone Momhometric Parameters on Each Groups in Mandibular Body of Rats

Days 3 7 14 21
Parameters & Group
Total Area 1 1529 £ 054* | 1645 + 043" | 1553 * 007 | 1643 = 022°
(mm?) 2 1536 + 0.73° | 1449 * 038 ° | 1456 £ 1.09*° | 1517 + 046 °
3 1484 * 1.09*° | 1457 = 1.13° | 1503 = 031° | 155 + 021*°
4 1455 + 084* | 1345 = 076 ° [1380 = 018" | 1335 = 095 °©
Bone Area 1 6.66 = 0.68° 762 £ 0.36° 662 + 0.32° 761 = 0.25°
(mm®) 2 6.74 £ 065 663 £ 044 ° | 681 * 024 742 + 0.28°
3 491 £ 017° | 451 =009 | 501 = 020° | 459 £ 014 °
4 379 £ 020 °| 268 = 017 | 35 + 040 °| 386 * 034 °©
Outer Perimeter 1 1585 * 007* | 1799 + 072 | 1604 = 047 | 1716 * 093°
(mm) 2 1539 + 014* | 1519 = 006° | 1521 £ 009° | 1615 + 025 °
3 1542 + 097* | 1575 = 097 ° [ 1565 * 020" | 1640 + 054 °
4 1565 + 010° | 1552 £ 084° | 1473 £ 026° | 1585 + 009 °
Inner Perimeter 1 2612 = 1.08° | 3075 * 022 | 2525 + 135 | 2533 * 1.99°
(mm) 2 2253 = 046° |2970 = 091* | 2706 £ 1.23* | 2801 * 157
3 3379 £ 005° 3535 £ 204> | 3843 = 293 °| 3889 £ 09 °©
4 3271 * 147° [ 3149 + 157° | 3261 = 063° [3563 + 1.32°
Perimeter 1 4197 = 115 | 4875 + 054° | 4129 + 177° | 4249 * 251°
(mm) 2 3792 £ 053* | 4489 + 088" | 4227 + 123* |[4415 + 1.32°
3 4921 + 093° | 5110 * 156" | 5408 + 308 | 5529 + 088 °©
4 4836 = 149° | 4701 + 240° | 4734 £ 048° | 5148 + 131 ©
Mean Bone Width 1 0159 = 0.02*° | 01% *+ 001° | 0160 + 001* | 0.180 * 0.01°
(mm) 2 0178 £ 0.02*° | 0148 + 001° | 0161 * 001* | 0168 * 001 °
3 0099 + 0.00° [ 0088 + 000" | 0093 + 000° | 008 * 000 °
4 0079 = 001 ° | 0057 £ 001 © | 0075 = 001 °| 0075 £ 001 °

Values are mean * S..Ducan's Grouping

Same letter are not significantly different at a=0.05

Group 1: non-irradiated rats with the normal diet
Group 2: irradiated rats with the normal diet

Group 3: non-irradiated rats with the low calcium diet
Group 4: irradiated rats with the low calcium diet
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Table 3. Mean Values of Calcium Content on Each Groups in Mandibular Body of Rats (%/gm)

Grouss Days 3 7 14 21
1 22.134 + 0515° 23958 * 1.459° 23.094 + 0.496° 23.883 + 0.838°
2 22735 * 0.212° 22550 + 0.810° 22348 + (.185° 22680 + 0532 °
3 19.783 + 1028 ° | 19376 + 0841 ° | 18720 + 1.043° | 18390 * 0598 °©
4 19.342 = 0767 ° | 18948 + 0651 ° | 18300 + 1175 ° | 18010 + 0504 ©

Values are mean £ S

D Duncan’s Grouping

Same letter are not significantly different at a=0.05

Table 2. Mean Values of Bone Mineral Density on Each Groups in Mandibular Body of Rats (gm/cm?

oo Days 3 7 14 21
1 00704 * 0.0177° | 00746 = 00127* | 0.0734 + 00371* | 00900 * 0.0168°
2 0.0510 £ 0.0311* | 0.0411 £ 0.0053 > | 0.0492 + 0.0228** | 0.0550 * 0.0158 °
3 0.0480 * 0.0325° | 0.0400 * 0.0040 ° | 0.0380 * 0.0079 ™ | 0.0353 * 0.0015 "
4 00435 £ 0.0177*° | 00240 £ 00056 ° | 00162 = 0.0029 ° | 0.0153 * 00044 °©

Values are mean * S.D.Puncan’s Grouring

Same letter are not significantly different at a=0.05
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Table 4. Difference with Following Experimental Days in Each Groups by Duncan’s Multiple Range Test

days Group 1| Group 2| Group 3| Group 4
3 a a a a
7 b a. a b
Total Area 14 a a a b
21 b a b b
3 a a a a
Bone Area 7 a a a b
14 a a a a
21 a b a a
3 a a a a
Quter Perimeter 7 b a a a
14 a a a a
Bone 21 a a a a
Morphometric
3 a a a a
Parameters
Inner Perimete 7 b b a a
n r 14 a b b a
21 a b b b
3 a a a a
. 7 b b a a
Perimeter 14 a b b a
21 a b b b
3 a a a a
Mean Bone 7 a b ab b
Width 14 a a a a
21 b a b a
3 a a a a
. . 7 a a a,b b
Bone Mineral Density 14 a a a b c
21 b b b C
3 a a a a
. 7 b a a b
Bone Calcium Content 14 ab a b b
21 b a b b
Same letter are not significantly different at a= 0.05
widthel 4, #147¢] total area®t inner perimeter gm/cm’ 1At
oA 24z} Ag7|el g AZR 9 FAFHA
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Fig. 10. The Bone Mineral Density of Each Groups.

2o 3HE 279 FUEE Al 8§},
A47e] FAEE AT vsly 247 A 7
AHE 43S BY9tHTable 24 & Fig. 10).

2) A48 79

ATy STUE 007469 ¥lslg A3FE
0.04002.24, 183 A279 FIX 0.04119]
vt A4S 00240024 ztzd B¢ 747t
AN B ALTEH AT, AT AdTEe T
z} vl 23 A2 A4 FRET) B

=, A3ZH AdTFANE Ad 349 FHX
o vlate HAIAQA A7 AN THTable 24 &
Fig. 10).

3 A¥ 149

A1z A3F FE = 0.07349) 0.0380, 2
23 AT A4 o] SYEE 004929 0.0162
24 72 FARHo g {odstA FLHAT
£ AT A2E, A3 A4S 22 b2
3 AlE A3T Hgte A2TH A4
U7t #FAFHUAEH, ATF A4dAE
Ay 3Y vatg 2EE SAHXY A2t §
Aoz AARH U Table 24 & Fig. 10).

4) 28 214

Al FLE 00900 HFe A3TL
00353224, 281 A2¥e L= 0.05500
H)3le AL 00153024 A3TH} A4T9
U=V} A" A4S Bid 2 AleH
AT, ATH AT FAAANMNE AT

237

Calclum (%/gm)

Days

Fig. 11. The Bone Calcium Content of Each Groups.
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- ABSTRACT -

THE EFFECT OF LOW DIETARY CALCIUM AND IRRADIATION
ON MANDIBLE IN RATS

Sun—Ki Lee - Sang-Rae Lee

Department of Oral and Maxillofacial Radiology, School of Dentistry,
Kyung Hee University

This study was performed to investigate the morphological and structural changes of bone tissues and
the effects of irradiation on the mandibular bodies of rats which were fed low calcium diets.

In order to carry out this experiment, 160 seven-week old Sprague-Dawley strain rats weighing about 150
gm were selected and equally divided into one normal diet group of 80 rats and one low calcium diet group
with the remainder. These groups were then subdivided into two groups, 40 were assigned rats for each
subdivided group, exposed to radiation. The Group 1 was composed of forty non-irradiated rats with normal
diet, Group 2 of forty irradiated rats with normal diet, Group 3 forty non-irradiated rats with low calcium diet,
and Group 4 forty irradiated rats with low calcium diet. The two irradiation groups received a single dose of
20 Gy on the jaw area only and irradiated with a cobalt-60 teletherapy unit. The rats with normal and low
calcium diet groups were serially terminated by ten on the 3rd, the 7th, the 14th, and the 2lst day after
irradiation. After termination, both sides of the dead rats mandible were removed and fixed with 10% neutral
formalin. The bone density of mandibular body was measured by use of bone mineral densitometer(Model
DPX-alpha, Lunar Corp., U.S.A.). Triga Mark I nuclear reactor in Korea Atomic Research Institute was used
for neutron activation and then calcium contents of mandibular body were measured by using a 4096
multichannel analyzer (EG and G ORTEC 919 MCA, U.S.A.). Also the mandibular body was radiographed with
a soft X-ray apparatus(Hitex Co., Ltd., Japan). Thereafter, the obtained microradiograms were observed by a
light microscope and were used for the morphometric analysis using a image analyzer(Leco 2001 System, Leco
Co., Canada). The morphometric analysis was performed for parameters such as the total area, the bone area,
the inner and outer perimeters of the bone.

The obtained results were as follows:

1. In the morphometric analysis, total area and outer perimeter of the mandibular bodies of Group 3 were
a little smaller than that of Group 1. The mean bone width and bone area were much smaller than that
of Group 1 and the inner perimeter of Group 3 was much longer than that of Group 1. The total area and
outer perimeter of Group 2 and Group 4 showed little difference. The mean bone width and bone area of
Group 4 were smaller than that of Group 2 and the inner perimeter of Group 4 was longer than that of
Group 2.

2. The remarkable decreases of the number and thickness of trabeculae and also the resorption of endosteal
surface of cortical bone could be seen in the microradiogram of Group 3, Group 4 since the 3rd day of
experiment. On the 21st day of experiment, the above findings could be more clearly seen in Group 4 than in
Group 3.
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3. The bone mineral density of Group 3 was lesser than that of Group 1 and the bone mineral density of
Group 4 was lesser than that of Group 2 on the 7th, 14th, 21st days. The irradiation caused the bone mineral
density to be decreased regardless of diet. In the case of Groups with low calcium diet, the bone mineral
density was much decreased on the 21st day than on the 3rd day of experiment.

4. The calcium content in mandible of Group 3 was smaller than that of Group 1 throughout the experiment.
Group 4 showed the least amount of calcium content. The irradiation caused the calcium content to be decreased
regardless of diet. In the case of Groups with low calcium diet, the calcium content was much decreased on
the 21st day than on the 3rd day of experiment.

In conclusion, the present study demonstrated that morphological changs and decrease of bone mass due to
resorption of bone by low calcium diet, and that the resorption of bone could be found in the spongeous bone
and endosteal surface of cortical bone,

So the problem of resorption of bone must be considered when the old and the postmenopausal women are
taken radiotherapy because the irradiation seems to be accelerated the resorption of osteoporotic bone.
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EXPLANATION OF FIGURES

Fig. 3. Microradiograms of the mandibular body of non-irradiated rats with the normal diet(a), irradiated rats with
the normal diet(b), non-irradiated rats with the low calcium diet(c), and irradiated rats with the low calcium
diet(d) on the 3rd day(x13).

Fig. 4. Microradiograms of the mandibular body of non-irradiated rats with the normal diet(a), irradiated rats with
the normal diet(b), non-irradiated rats with the low calcium diet(c), and irradiated rats with the low calcium
dietd on the 7th day(x13).

Fig. 5. Microradiograms of the mandibular body of non-irradiated rats with the normal diet(a), irradiated rats with
the normal diet(b), non-irradiated rats with the low calcium diet(c), and irradiated rats with the low calcium
diet(d) on the 14th day(x13).

Fig. 6. Microradiograms of the mandibular body of non-irradiated rats with the normal diet(a), irradiated rats with

the nomal diet(b), non-irradiated rats with the low calcium diet(c), and irradiated rats with the low calcium
diet(d) on the 21st day(x13).
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