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Morphometric Study of the irradiation Effect on the Cartilage Formation in
the Rat Mandibular Condyle

Jeong-Hwa Kim, Min-Suk Heo, Sam-Sun Lee, Soon-Chul Choi

Department of Oral and Maxillofacial Radiology & Dental Research Institute,
College of Dentistry, Seoul National University

Purpose: This study was undertaken to quantitatively estimate the degree of the damage and
recovery of the irradiated rat condylar cartilage using the Image Analyzer.

Materials and Methods: Experimental animals were 16 male rats of the Sprague-Dawley strain
at the age of 20 day irradiated with the dose of 10 Gy in their head and neck region. Four rats
were sacrificed at the each of the following time intervals - 1, 4, 7 and 14 days, respectively. The
same number of control group animals were sacrificed at the each age of 21, 24, 27 and 34 days,
respectively. The specimens were stained with 0.5% toluidine blue and examined with light
microscope.

The condylar cartilage was divided into 4 zones: fibrous zone, proliferating zone, upper
hypertrophic zone, and lower hypertrophic zone. And then, the proliferating zone was subdivided
into 2 layers - upper and lower layer, and upper and lower hypertrophic zone were subdivided into
three layers, respectively - upper, middle and lower layer. With the aid of Image Analyzer,
morphometric analysis was performed. The thickness, the numerical density of cells, the cell area
density, the extracellular matrix area density, the mean area of single cell, the mean area of
extracellular matrix per single cell were measured and analysed.

Results® In the experimental group, the thickness of the fibrous zone was slightly increased and
that of the proliferating zone and the upper and the lower hypertrophic zone was markedly
decreased. With time, the thickness of the fibrous zone was gradually increased and that of the
proliferating zone and the upper and the lower hypertrophic zone was steadily in the decreased
state. The numerical density of cells of the proliferating zone was increased on post-irradiated 1
day, but decreased after post-irradiated 4 day, and that of the upper hypertrophic zone was
decreased. The numerical density of cells of the lower hypertrophic zone was decreased in the early
stage and then was decreased or not significantly different from that of the control group with
time. In the experimental group, the cell area density of the fibrous zone and the proliferating zone
was decreased in the early stage and then gradually increased or not significantly different from
that of the control group with time. The cell area density of the upper and the lower hypertrophic
zone was varied with time. The extracellular matrix area density value were totally opposite to the
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cell area density values. The mean area of single cell of the fibrous zone and the proliferating zone
was decreased on post-irradiated 1 day, and increased after post—irradiated 4 day. The mean area
of single cell of the upper hypertrophic zone was varied with each layer and time. In the
experimental group. the mean area of extracellular matrix per single cell of the fibrous zone was
not significantly different with control group, and that of the proliferating zone was decreased on
post-irradiated 1 day, and increased after post-irradiated 4 day. The mean area of extracellular
matrix per single cell of the lower hypertrophic zone was increased in the early stage, and that of
upper hypertrophic zone was varied with each layer and time.

Conclusion: The condylar cartilages of rats were affected by irradiation, but the changes were
varied with each layer and time. By morphometric analysis, the changes of the cells of the
condylar cartilage of irradiated rat could be calculated quantitatively.(J Korean Oral Maxillofac
Radiol 1999:29:87-103)

Key words : condylar cartilage, irradiation, morphometric analysis, Image Analyzer
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Table 1. Thickness of each zone (um) (n=24, respectively)

(mean £ S.D.)
Zone
F P UH LH
Group

C1 30.89 + 6.85 73.36 £ 20.59 259.00 £ 56.01  181.71 + 66.06
C2 33.27 £ 6.17 63.52 + 12.15 364.77 £ 7266  289.11 + 87.72
C3 33.20 + 4.76 63.86 = 12.09 32629 £ 4194 27516 + 42.17
C4 3415+ 487 62.87 + 16.14 20495 + 8916  263.68 = 98.21
E1 3141 £ 5.31 50.69* £ 9.89 27230 £ 5190 194.29 + 44.35
E2 37.36* £ 6.73 41.74* + 887 14391* + 2486 168.55* £ 29.97
E3 39.67* + 949 54.30* +14.29 127.26* + 31.73 183.99* + 22.10
E4 4357 +£5.30 37.03* £17.30 132.11* £ 3045 198.78* + 53.37

Cl : 21-dayold rat, C2 : 24-day-old rat, C3 : 27-day-old rat C4 : 34-day-old rat, E1 : rat of post-
irradiated 1 day, E2 : rat of post-irradiated 4 days, E3 : rat of post-irradiated 7 days, E4 : rat of post-
irradiated 14 days, F : fibrous zone, P : proliferating zone, UH : upper hypertrophic zone, LH : lower

hypertrophic zone
* : significant difference to control group by t-test(p<0.05)
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Fig. 1 The ratio of the thickness of experimental group to control group
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Table 2. Numerical density of cells(celt number/1000ua?) (n=24, respectively)

{mean £ S.D.)
Zre| p  p;  pp UMl UH2 UH3 LHI LH2 LH3
Group

cl | 1474 1199 1085 641 405 351 813 303 290
+502 +419 £400 +239 +092 +085 +068 +059 + 069

c2 | 1301 1255 1192 547 313 307 263 230 234
+403 +342 £280 +194 057 £052 +042 +040 + 053

c3 | 1272 1363 1214 651 416 38 264 256 231
+423 +392 316 +170 +077 +051 +031 +053 +045

c4 | 1133 1138 942 543 330 289 238 218 200
+928] +£264 +267 +130 +074 +065 +056 +049 + 060

Bl | 1400 1504° 1308 694 343 307° 265° 237 211°
+506 +365 +335 +193 +094 +050 058 +050 +037

B2 | 1052° 820° 732 435 341 301 267 260° 234
+497 +216 +218 +122 +055 +053 +053 +054 +047

B3 | 1086 935 773" 530° 336° 324* 246 269 285
+363 £186 +140 +157 +098 +064 +054 +069 +047

B4 | 1268 855 841 514 334 270 232 232 215
+303 +157 +191 +112 +068 +050 +057 +045 +055

P1 : upper layer of proliferating zene, P2 © lower layer of proliferating zone, UH1 : upper layer of upper
hypertrophic zone, UH2 : middle layer of upper hypertrophic zone, UH3  lower layer of upper hypertrophic
zone, LH1 : upper layer of lower hypertrophic zone, LH2 : middle layer of lower hypertrophic zone, LH3 :

lower layer of lower hypertrophic zone
*  significant difference to control group by t-test(p(0.05)
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Fig. 2 The ratio of the numerical density of experimental group to control group
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Table 3. Cell area density (4m?/1000em?) (n=24, respectively)
(mean + S.D.)

Zone| Pl P2 UHI UH2 UH3 LHl  LH2  LH3
Group
C1 | 28049 31090 30324 20697 30505 347.39 44829 50014 48664

+130.86 £5878 +48.69 +£51.07 £7397 £8668 7607 £7531 =*£9225
c2 19354 28744 31303 20492 31182 41671 53296 54876  569.27
+81.17 +£4278 4736 +49.64 4701 *£5883 *£56.78 538 7670
C3 185.70 26230 280.87 27865 32004 381.72 48680 54935 49244
+6200 £4375 +4926 5439 4794 3929 *£6723 7044 =+ 8381
4 24164 28834 29820 28231 331.20 44034 49777 51857 473.18
+4697 +£5462 +5301 +4354 +689 5650 *£9810 *+121.93 *12212
El 184.69* 270.74* 271.84* 236.44* 30365 394.85" 51590* 55540* 537.72°
+5936 +4071 +3425 +£4665 5193 7277 7944 7118 7214
E2 271.92* 27030 25947" 28157 291.82 36491' 460.18* 504.18" 48852
+8845 +5431 +56.58 £5149 £8821 £91.20 +£10149 +8955 =7548
E3 263.82* 298.33" 29515 29213 297.13" 37542 48084 509.28* 44373
+8272 +4891 +5997 +£80.19 +£8965 +10324 £6546 +91.64 =+61.29
E4 24290 28273 28577 34504* 401.16* 42374 51454 51963 470.23
+104.39 £5369 5118 £61.31 *=6878 8051 +6982 7999 =+8193

* . significant difference to control group by t-test(p(0.05)
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Fig. 3 The ratio of the cell area density of experimental group to control group
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Table 4. Extracellular matrix area density (4m?/1000um?) (n=24, respecitively)
(mean £S.D.)

Zone| g P1 P2  UHI UH2 UH3 LHI 1H2 LH3
Group
Cl | 71951 68910 69676 70304 69495 65261 55L71 499.86  513.02

+130.86 5878 4869 +£51.07 *£7397 8668 +76.07 *£7531 =+9225
c2 80646 71256 68697 70508 688.18 58329 467.04 451.24 430.73
+81.17 4278 +4736 +4964 4701 +£5883 *5678 +53.88 =£76.70
C3 81430 73770 71913 721.35 679.96 61828 51320 450.65 507.56
+6200 +4375 4926 5439 £47%4 +£3929 +6723 *£7044 £8981
c4 75836 71166 701.80 71769 668.80 569.66 50223 48143 526.32
14697 +5462 +5301 +4354 +66.89 £56.50 +98.10 +121.93 + 12212
El 815.31* 729.26" 728.16* 763.56* 69635 605.05* 484.10" 444.70" 462.28"
+59.36 +40.71 *3425 *46656 £5193 +£7277 794 X7118 £7214
E2 72808* 72970 740.53* 71843 708.18 635.09* 539.82* 504.18" 48852*
+ 8845 +5431 5658 5149 +8321 +91.20 +10149 +£8955 7548
ES3 736.18" 701.67* 704.85 707.87 702.87* 62458 51916 490.72" 556.27
8272 +4891 +£5997 +80.19 +8965 *+103.24 £6546 9164 +6129
F4 75710 71727 71423 65496 598.84* 57626 48546 480.37 529.77
+10439 +£5369 +5118 *6131 *£6878 *£8051 =*6982 7999 =+8193

*  significant difference to control group by t-test(p<0.05)
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Fig. 4 The ratio of the extracellular matrix area density of experimental group tc control group
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Table 5. Mean area of single cell (am?/cell) (n=24, respectively)
(mean £ S.D.)

Zone| p Pl P2 UMl UH2 UH3 LH1  LH2  LH3
Group
o1 1942 2967 3282 5264 7804 10406 14823 16717 17368

+738 1275 1521 *£2063 2476 3302 +£36.79 *4063 4225
c2 14.74 25.15 28.13 56.34 10289 138.07 20246 24650 254.68
+329 £1026 +923 +£1535 +£2372 +2226 +£3225 5438 6416
s 15.31 21.32 2486 4778 7843 10095 186.18 22223 21765
+373 +£866 +£821 2536 +1303 +1490 +3057 +4867 4137
c4 23.05 26.76 33.81 5521 10352 160.35 22146 25212 25699
+84 +769 +£1038 +1876 +£2453 +4057 £7024 +£93.00 +101.19
El 13.58*  19.06" 22.06" 3592 9327 13150 201.43* 243.26" 260.78"
+284 574 605 £994 +£2357 +3021 +4289 5321 +5027
E2 31.40* 3467 3829" 69.65° 8849" 12583 179.91* 20223 21744°
+1626 +944 =*1311 £2259 +£3243 +£4305 £5692 £5823 +£57.74
ES3 26.36* 32.89* 39.25" 5961 9324 11911 20388 20861 159.92*
622 729 +1021 +£2314 3546 3733 £4707 +8571 +£3467
F4 19.22  3437* 3572 7035 12548 161.38 23245 23439 22932
+675 *£1023 1066 1972 +3528 +4029 +5489 +7391 =+5626

* ! significant difference to control group by t-test(p¢0.05)
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Fig. 5 The ratio of the mean cell area of experimental group to control group
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Table 6. Mean area of extracellular matrix per single cell (um?/cell) (n=24, respectively)

(mean = S.D.)
Zooe| g PL P2 UHl UH2 UH3 LHl LH2 LH3
Group

Cl | 5978 6516 7570 12379 18206 19927 16833 16838 19043
£366 2575 4173 £4437 +5443 16728 +4483 4483 L TL6S

C2 | TLO4 6215 6123 1348 22025 19632 17903 20097 19696
+3340 £2497 +1677 2918 5407 4374 3959 £37.06 7557

c3 | 7641 5028 6301 11996 17068 16471 19738 18610 23410
£4329 +1984 L1575 +40.37 4481 2179 £3805 +6240 *87.27

c4 | 7074 6564 8195 14058 21358 20180 22508 22964 29508
+1654 +£1598 +3033 3895 5562 4736 8291 7271 14839

E1 | 6786 5276 5946' 11864 21673 20307 19510 19733 22846
+3324 £1994 +1683 3494 5766 4584 7004 £6089 6885

E2 | 8396 9746 11379 1788" 21259 21889 21010° 19853 23223
£3057 +3598 4705 15420 4069 5720 6224 5420 8275

E3 | 7893 7848 9457 14907 22838 20101' 22286 20861 20047
+9535 1900 +2162 +6298 7801 5476 £6573 +8571 +4013

E4 | 6387 8665 8992 13414 18537 22070 22376 21403 27044

+1923 +1700 +2490 +3784 +3851 +£5274 7278 5636 + 11249

* * significant difference to control group by t-test(p<0.05)
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Fig. 6 The ratio of the mean area of extracellular matrix per single cell of experimental group to
control group
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Explanation of Figures

Fig. 7. Light microgram on the sectioned sagittal plane of the condyle of control group (x100)
F : fibrous zone, P : proliferating zone

UH : upper hypertrophic zone, LH : lower hypertrophic zone

Fig. 8. Light microgram on the sectioned sagittal plane of the condyle of experimental group (x100)
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