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Involvement in Morphological Changes of the Articular Cartilage
of Rat Temporomandibular Joint Induced by Experimental Malocclusion

Masaie YAMAMOTO

The Second Depertment of Oval and Maxillofacial Surgery
Faculty of Dentistry, Kyushu University 71, Fukuoka 812

The effect of malocclusion induced by increase in unilateral occlusal vertical dimension on
the articular cartilage of rat mandibular condyle was histologically and immunohistologically
examined.

WKA rats (8 weeks) were divided into three group A : untreated (control) rats, group B : rats
forced to mouth open just for 20 min, and group C: rats given malocclusion by putting the 1 mm
diameter wire on the right upper molar contineously. After treatment, each rat was sacrified
periodically up to 9 weeks, and the morphological changes of condylar cartilage (articular,
embryonic and transitional zones of cartilage layer) were histologically investigated. The
thickness of articular cartilage in all groups was decreased in a time-dependent manner (up to 9
weeks after treatment). In group C rats, whose articular cartilage was thinnest in three groups,
the reduced thickness of cartilage in the non-treated side (the left side) was same as that in the
treated side which was presented with excessive molar contact. But, its occurrence in the treated
side was seen 2 weeks earlier than that in the non-treated side.

Even in group B rats which were only forced to open the mouth for 20 min without setting
of permanent malocclusion, the thickness of condylar cartilage was decreased more than that of
group A rats. When the condylar cartilages of all three groups were immunohistologically
examined with anti-interleukin-1 (IL-1) antibody in order to investigate the pathophysiological
involvement of IL-1, which is well-known catabolic factor to cartilage, some chondrocytes in
articular cartilage were positively stained. The ratio of IL-1 positive cells increased time-
dependently. IL-1-producing cells in group B and the non-treated side of group C reached to the
maximal ratio at the same time when the condylar cartilage markedly decreased in thickness.
However, the ratio of IL-1-positive chondrocytes in the treated side of group C was maximal four
weeks after the decrease of cartilage thickness. In respect with the size of cells in cartilage, the
occurrence of decreased thickness in condylar cartilage corresponded to that of the reduction of
cellular size, especially in the embryonic zone of group C. These results described above suggest
that malocclusion, unilateral immature occlusion, can induce the thinning of condylar cartilage
which may result from the reducing size of articular chondrocyes (differenciated chondrocytes)
and the accampaning decreased cartilage matrix. This change of cartilage may be caused by IL
-1 that articular chodrocyte seemed to produce. In addition, non-treated side of temporo-
mandibular joint in unilateral malocclusion and excessed openning of mouth should be paid
attention to regarding to the cartilage changes in temporomandibular joint, which may cause
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arthrosis or arthritis.
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THBIETRE W REBRH, BRIV T RER LS
RIE, REBEOTHANZ LI ORBEL ZDRED
R THDBN, 20T b FEHHE I ERS RS
Bz L L 2REEBEOFRTAMEL o BREREL T
DEZRFERDO—DLENT VBN, BEEFE LW &
HRES THEHEERBIC DL I REERRIZL TS
B & S BFSE X 1940 4E Breitner® 2 £ 2 9 v 2 FH W
ERBOBRP L SNTEBY, SHETHS { D5
BINTWE, Zholckdk, 2y bRV LEAN
T EBR TR HIEEM I ERNR SR 2 BRI TH
HOREEICHEBER T X Y REBEZE OB HilE
BOBDBH 5D LD gD | iz T
EHEOERBA NIz E W HRE, HEREE 5 B
ST 2 BICRENRELSA SN & v iREW
RETH B, ndOFEHV - EREYOHE,
i GBElk), REE, REREONEGOHEREKEY
B2 Thh, i, WILbBEENEETHIRE
ROz X D Z D & 5 B BALBEL 2D eV D5
BRIZE TIEE -S> TWik,

i, B, WEZ X OWEEBBES IV ETY >~
221 Interleukin-1 (IL-1) % Tumor necrosis fac-
tor (TNF) %2 ¥ D% A b A A >~ OGN RE I, iT
FEOEETIZEOESICLY, BETHABEZE (Y
avEFrh) OHMEOEY A A4 YAKRERA
FHREW R D, FEEEMEE Y72 in vitro DERR
FERNLHERE SN T 5202019 23, BEEAEIERIC 2

NeEYA bA4 OBERDLTIRAN IR T RN,

R HREE 25| S B ITREERORR L L
TREEELCIZHDOBEVERES LT
2292929 8 S[AEEITT v FAREERE LTS
LI E D ERNREREZEL S, THEHEREIHRI
BU BHEERNZEE T A M h A > OHIAR R,
SR B e LR B 2 R R 87 DT
75,

MEBLUHE

EBREIYNC 134 8k (260 g+20g) WKA HEZ
v b 64EEAW, ERWRGEFE 2RI E¥I
®, 7 v Mz — 7 VIR A BKBE:# pentobarbital
sodium (4> 7% —1®, 40mg/kg) 2HEL, B

R CHOx ¥, AHLEEAEHC 1mm OKEELE
BME L. ThCIEFRE, v F > 70,
P U RTA BNV — =R ROk 3 ERk
TEZ 1mm OFffiE%E 7 v PEAEKEmICESE L 2,
BB, REE L2532 /FERMIL 20 S TH—L
Jo. TNEREELHEL, 20EDT Yy FEAWA4AE
FTOEITN—TWH T, BEE LW X ZHBRHESE
W23 378 7 HE RO T35 O KB YIEI 217>
7z, 5, 20 FHEOFEHRFO O & %2175 78 % 5]
Frgh OB L L, 2080 T v M A, BRI 7
=BT, ki, ZOMECTRORE M2 T
WL DEMEREL 24E0Z v bERW, 463
DD5 I N—=TIMAKBRHERO2 Y ba—vEE
6 IN—TWHI. Ty NIZEERZ V7R BER
ffL CE-2 R FAWTEHE L2, &8, XERBIC L 25
BIEi~NDOEEEMETT 5720, &FL b LBERBTH
HERHEEL /2.

EERBEB®B LD 1, 3, 5, 7, 9BRIC T —T VEKEE
T £ b EB#HFL, &S ¥R v X > phosphate
buffer solution (PBS) ZEEHRE LEEHI 2 HH L
fo. BB, WBECIXAER 8 EET b b EERBHEE
WHE T 2RO Z v b 2FERICERL, 0:BEHOE
KLz, ZO®IRIEBIC2%/NFZ 7 2 VAT VT E
F %7 periodate lysine paraformaldehyde (PLP)
BEEHKIZ T 6 KRB EE 21TV, 0%y 2—20—
A&7 phosphate buffer-saline (PBS) T 4 B,
5%y 2 —27u—AEF PBS T 4K/, 20%y =
— 70 —A&%H PBS 2T 6 B OEEHDOBKIEDE,
TISSUE-TEK® (Miles, USA) @H L, 72725z
AT AA=T " b ITHEL Tz,

B L 2 F S H % Reichert-Jung # & 2800
Frigocut % A\ AZERTE T 4~6 um THYIL, T
SERRATRES S HERE € & ToBE s & 1000 wm B DI
5 Z1TVy, Takeuchi 532 OFEHKE LA b L
FrTEY =4S (SAB) #iZ & D EHst
EREEFBIROHECTHEL 2. SABEIZOWT
i, =FVvAHELEX 774> SAB-PO (R) BX
U'SAB-PO (M) ¥ v r 2w, HEBETE (4~6
um), EE, PBS X THEE T 0 v+ v JIERZ{TH
rabbit anti-mouse IL -1- ¢ polyclonal antibodies

(500 f&#%), hamster anti-murine TNF (a & 8)
monoclonal antibody (500 f5##) (V¥ hd Gen-
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* ZOBERIIEREIFTo TRy,

EHE oA RE S THn 5,
AT 4732 = VIEERIRORESREE N TR,

zyme, Cosmo Bio., Tokyo) %#%&% 1&kfifkE LT 4
‘Covernight C TKIR& B, AHT 473> ra—
MTF=F VA #B10% 7 €y bIEFILE, =F1v 4
#HE10%~ 7 AEFMEEZ AV, ROTES F AE
2 RPUEORIRIG (10 min i), ~vA 35—
CEHA NV N T EY Y OBRMKRG (5 min £15)
%, AECREBHEEICTHRAL, A1 ¥P—~T  F
TR E R T o 72, BB, SEIORE TIISKE
Mo > blagRgEE sz b ox [L-1 B e
LTAhAv L (BEEL).

HIEEE & L CIEHEMEREE 2O O HEI
fEwvs, #1J8 (articular zone), % 2@ (embryonic

zone), % 3 [ (transitional zone), 55 4 J& (hypertro-

phic zone), % 5& (erosion zone) @ 5 [EIZ51),

Z DR 2 08 300 wm OHIFH THBEMM Z L,

A ) v 2% At 8 objectivemicrometer % F > 100 {5
BT, HOREAEICOWTIE 400 EEMSET
WUTOEBEODWTHEL (M1, BH2). 1)
BRI BT 2 THEREEORRE, 2) SWEBI ¢
DERE, 3)BWEBOIE 300 um H7: ) OMEL, 4)

s = Articular zone E1E
';.';'.:.;:':': Embryonic zone H2E
m;“’:@O@% Transitional zone 38
@y @

@ 9 Hypertrophic zone 248
® e ®p

55

Erosion zone
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1 7 v b THEEREREOHEAXK
Ar. Articular zone (1)
Em. Embryonic zone (55 2 [&)
Tr. Transitional zone (%8 3 /&)

Hy. Hypertrophic zone (& 4 &)
Er. Erosion zone (B5MR=E)

BWEB B 2MEORKE, 5) FREBICBT
% 1IL-1a BE U TNF-a & £ BHEMEOEE %518
Uiz, 28, FEFETOHERMES um TH S,

¥ 7-, % 42 (hypertrophic zone) |ZBEICHEL /-
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Embryonic zone
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WA CRMMDBEL L, BOEROHE2BET
BTEL EEZ 6N, MZT, METIRERCL VY
FEoR, THOESBETHHBHEBEFIZ AT
LESZEeMDY, FHE»SBRATEL2BRZVLOD
W& L, Fiz, YIFORAEEHTIE, EBoEh sy
D7z fales positive 2T 5 b DM H Y SEHOBREK
ONFRH»SH 4 BB L U 5 BB LT,

Mt TEEREMREOEROMEHLE IR
b 1EOTEEL Y 2ROV 25HEIL, FEKRKS
BOY > 7Nz D &fTo5 7z,

FBREEE AT Student T-test, % 7z i3 Will-
coxian signed rank test % fiv>, fEBRER 5%z THEH
FWEROBRER{To 72,

& S

1. %Eﬁ!f)%@ﬁig”x’fﬂ: (E2)

SHEERE, MEREAOES L UREGELE L bIKE
BRI 28 U TR — OB EREINIRD Sh, FEOB
TR 2 THERENOEEZ RV DO EEZ N
7z.

2, THHEEEBEOEROHE (K3)

THEROXWERE FE1BroE3EET) OF
B, SWEETIIEERFIKE (203.3+6.53 4m, SE,
n=15), £ 1:8# (205.6+4.38 um, SE, n=8), %
338% (201.1£3.90 um, SE, n=9) ¥ T&%k <,
% 5A% (194.5+2.40 pm, SE, n=10) i 13525
KL L CRER ZOE S OB ISHEE S NI,
UL, 5 7:8% (190.0£2.57 um, SE, n=6) B &
U8 958k (186.7£3.33 um, SE, n=6) £ CTIXE5

(9

500 1

400 -

) 2 4 6 8 10 (3&)
X2 ZEBREMOKEEL
TARTCOFE EBYR 2 E L CR—DKER
s H &z,

HIEHE (—a—), REFELRE (—O—), W
FrgpA O (—0—)

=}
=

ES

(um)

180 -
160
140

120

100 T T
0 2 4 6 8

1o ()

H3 THEREEOERZR E3Exz)

SBF(—A—) | EEAFRBRE L VB3 HE
#BETcEE{ELHA
BB L LER
ZZDES BB A
shie. ThPBRIRE
bixas o iz,

2 3 ERERIL T 55t

BECHLLERDES:

i,

2 3 ELBEIS T %58

HIFESB OB ICE LA

BOEPREDI,

2 5 BELER T 258

FHIFBI OB IctL LA

BOERRD Iz,
*REFGEE O LR L TEEEZD Y (p<
0.05)

R LU TEREEZED D (p<0.05)
BBEOZN L BEZ o T, BERESEREOETI,
25 1:8% (192.7+4.41 gm, SE, n=16) TIZHEERB
IREF & 2 b7e <, 5 3 8% (186.2+3.33 um, SE, n=
16) DS g 2 BERIC LB B DE 2B 12,

BEZELHEDOS bIREE A0 1 8% (191.1+
5.39 um, SE, n=8) TRt T 2 Ml ORD
TN EMEIHANERDENRD Moz, H3
HEHE (172.6+3.97 um, SE, n=8) DI xIG3 258
HERH OB L UER B BRE s n . e,
[FIFEOIEZE AT, EERBHAE 5 8B MR (157.1+
3.18 um, SE, n=8) KEEDRIIEE I Lz hK
BEMI3EEOERR >N Lo 12,

Tibb, GRS OR CIiEsE 3BE X vxt
BRCHLERECEREBOBD 2B . 21KE
Z FMACIEERS RO L FREOE 3 BB &,
FEz BAITIEE 5 BB IS 2 EflER B OBt
LERICEHEEB ORI PBRE s NI,

SRR O (— O —) -

ZEA(—0O—) :

FEE LH(—@—) -

3. THERKBEBONEIDHE (K4)
THEHEKEEOE S OB DB OE X 50
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ERETDOXBEBT 2MEBOES O 21
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a) 5 1 [E (articular zone) : XHBEECIIERRNIC %
DEZDBIHBRD &, REEBE (72.0£1.07
pm, SE, n=15), % 1 8% (70.6£2.40 um, SE,
n=8), £ 338% (66.7+1.67 yum, SE, n=9), %5
E#(65.0+1.51 um, SE, n=11), %5 78%(60.0+
1.67 um, SE, n=9), & 9% (60.0+1.67 um,
SE, n=9) LRZ AP MER R R LT, EHIRERE D
HTRERERE S VHEE LELUORE S DRI H
shiz, 7, BEE LEEOZE LATIX 758E (50.5+
2.97 um, SE, n=28) LIR&, ARG B IctLLE
BEOBSHRD shi, HEEOHELATIE 9ER
(48.3+1.46 um, SE, n=8), MEFHEROFICIEL
BREOEASED 5k,

b) % 2 B (embryonic zone) : XHHEEETIXEERBELS
BF, %5 1:8%(73.8£1.83 um, SE, n=8), % 3 ##%
(74.4%2.42 ym, SE, n=8), 5% (71.0+1.00
um, SE, n=8), #5738 (70.0+0.00 gm, SE, n=
6), % 9:8% (70.0+0.00 um, SE, n=6) tHED
RS Sk ofe, EWHERHRHAORTE, 53
B (65.1£2.01 gum, SE, n=16) » >EHEHE DE
93 (56.0+1.63 yum, SE, n=16) & THILT 23R
B LEROBRY R LI 58E (57.9+£1.57
pm, SE, n=16) R Z 0BEENEETH- 1. B
GELHOB TS SEE (50.8+1.80 xm,
SE, n=16) %%, FEEEEMAITIE 78HE (40.0+£1.87
um, SE, n=16)> 5EHIEGEHOFICHL TEED
BOPRED S0, BEHAMEEL CHAcZE
BEDER kol

c) 83 (transitional zone) : MHREETIIEHEH
2B TCZOEICEROEMEIFAD Shiehro
7e. IR B R T 1 EERBRLAR: 5 HH (63.1£0.84
um, SE, n=16) 250N 2xEE L O EED
BOBRD SN, BGE LTI, LA, 2l
i3k SEERBAZAT: 3B E L Y XL 2 saElHGE R D8
WCHL TEREOEDBED sh -2, mEkcEED
=i rolz.

4, THERESEOHERBOHE (X5)

¥ 1 BoMREIIE 1B x|l Lo 3
TRAEAZ R UIBRFHFNEROER R <, B
2@ TERHcER0EZRBE S haho I,
32 BT LM A U GHIESOHER (/iR
FROZRRZD SN olz, BIBETHEHEMM%

(pm)
9+

80 -
70 4
BIE 6
50 -

40

30

(um)

(pn)
80

704

%35 50

40 o

304

20 . .

0 2 4 6 s 1o (@)

B4 THERESBOBRE

F1E DB IRENE S O 280 7,
SRR T B B 1o R & B IR
PRI,

2 FHNEE 7 BRSSO R
CHUEEOHY 237,
FEEE LZE 9 B AR R E ST pE R
WCHLEBOBAD 2R ).

H2R  WRBEIEREGBLIVEIBEEETE
BOBA D BALNZ»S T,
SEHIRERR DR IIE S EE» B 958
HZ CEEOBD 2Fd I,

2 RANGEE 5 B LRSS R O
WHLUEBOBD 2FHD T,

FEZE FENIEE 7 B D ESEFEIR R O
B LEBOBD 2R 72,

BB NEEHIEREGLVEIAEETE
BEOBAYRA NPT,

SEIREE R I 5B X b s 3
INBE L EEORD 2R -,
2 FANEE 3 BRI ESR R O
CHLUEEDEY 2.
FEZE LHNEEE 3 BB REER RO
B LEEORD 2RIz,
IR (—A—), SRERFEOR(—O—)
Z A (—O—), FELH(—e—)
*ﬁﬂ?ﬁﬁmﬁtwﬁbfﬁﬁﬁﬁb (p<
0.05
IR I L TEEEH D (p<0.05)
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K5 THEKSSRECB T 28EME
F£1EH ERCHERFC LMo 3EEE
BEORD 23R Iz 30 EERR 28
CTHERDERAONE LD T2,
FoE  BEPNEEC CHEBEOHRICER
DEBA SN T,
E3B . BHEFE B CHEROHBCEE
DEFASNZPD T,
SRR (—A—), EERREOR(—O-)
2 FE(—O—), FELAI(—O—)

BUTRHHCHENEROEZERRD o aho T,

5. TEHEHEEBICE I3 MEBOK E OB (M
6)

18 300 um 2 BT 2 RBOWEMMOK & & 2 EE
Bl 60 B L CZ OBRAERFHILI.BBELE
1EE X v 9BE & CNEE L aFRRRE O CS
JAMEOKE 2 EBEDERRD > N THEROHERS
BEREI N, BAZELHOY S, F1BBLIUE?2
[T, #bEEFEE RO IEROERTED S
Nizdpo 708, MHlE & 1EE X 0 EkiRewRE e
CHANEECHREIROK & SOEIBA SN, B

10 (B)

X6 TEHEREEBZIIIHMEMROKES

58 18 @ R & SRHIRHETRE DR 3 SREREAM &
BUCEREOERAONE 0Tz,
R, FEEE EANIEEIRSRE ORI
HLE EB L VEROBDI 2R 7.
SHREE & SRR B L B I SRER A 2
BUTHREOZRABNEPoT,
Z Fl, FEEE EANIEmEIRRR DR
HUB BB L VEEOED 2RD T2,
% 38 1 FEEHITE 3B E Gl ORI

Eo2E

HLUERORAL 2T iz,
FE& FEICE 5 B H wshkSst R R
KHLEROED 2RI,

SR (—A—), sEdlREHEER ORE (—O—)
ZPRI(—O—), FELA(—e—)
*REIERB O L B L TEEZDH Y (p<
0.05)
WL TEEEDD (p<0.05)

WhH2HILIZEIBEBLIKRSELE GRS X
VIR R T BB KT 2 e RSB O
HUEE DM OEINSTED 5 h iz 057k EAITI
#3EE, ZLATEIESBRUEIERCEAILT
Wz, Thbb, BEEFHOE I/ 3YHO
BTN OK & S I3RS ORI LAY
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LEMICH D, FEELMOHHE AL D b R
DI EPBES NI,

Wiz, WEMEANER OSHIEE & S X UHE
MREOSMEOIMFCESE L Tws EENTWwBIL-1
DB ZRE L 1.

6. IL-1 BiEMmaniiedn#s (M7)
SEIOFBREBETCAYT 4 7ay b a—VTidd
BB IR N LS D7 DB L o T3 8,
WEMREORAESS IR TB ST, EBRETIE
B BRI NTWB Z Lo o Bk &L 72,
1B 3 IL-1 BHMROEE IR TI
% 338H (11.943.29 um, SE, n=4) HEFOEM
R 2RO B EBEOEM TR, BEPEEEL
T8UTREOBMRER L -, MEERAORCIE
138HE (10.8+7.59 um, SE, n=23) izxigE#E (7.42+
4.40 ym, SE, n=4) CHLRPEEERLESES
SBHE (12.540.79 ym, SE, n=4) CEEOSE ST
L, ZOHENEHE OMICIEEOERBEI LT,
1 &I EE SN, BEZELEDS b5
T3 13BE (13.9+1.84 ym, SE, n=3) X bkl
FEGIBACIEE (10.8+£7.58 um, SE, n=3) wH U#EEF
FRCEBOBMEEZRL, *OBEEREE L T
LTz, 28, #0OY— 27134 7#EE (26.3+1.83
um, SE, n=3)IcBEE Iz, FE% FEITIRE 1EE
(9.40+1.95 ym, SE, n=3) IZx{HBEE (7.42+4.40
um, SE, n=4) L, PXEEE2RL, £3IFE
(22.5+2.96 um, SE, n=2) DA%, SR&IEGRIOIRE
CHLLEBROBEEERL, BBZOE—7 3B&GE
kD RO 33EE (22.542.96 um, SE, n=
2) CHEshi:, Z0ELHOY—7E 7HE,
FELOC— I PEIFBCHD I LZELE, 5
3BICBVTHRD S NEHIRGEHOR: OMIcEE
DEBH SR,

1. TNF Bt
Z v NTEHEEEE B %2 TNF B o8
X048, 18, 38, 58, 7#H, 9BbwTE
18, 828, B3B AT 4 Tavbu—ntk
B2 b B RE S h ko 72,
TEHIRERREOR T 18, 38, 5, 78, 9Bk
BWIELE, 2@ E3BLUAFT47avh
0 — L REREBICE S  BEMIBRE s i h
-7z,

WEEE REEOZE RN 18, 338,

58, 7H, 9

B3R

=7

(%)

30

20

o (38)

o

1o ()

1%

T T T T
2 4 6 8

1o (i)

THHERERE KU 2 IL-1 B0 ss
518 WA ORI 5 B R

EIE:

HLUEREOSERESRL .

& FENES 1B & DS O
CHLBEDORERZTRL, E—27 138
THEHBERa T,

ez BANEE 3EE & D mERE O
R LEBROEEE2RLE— 27 1358
JFEEHEHEINT:,

ERARY -7 38 TEBCEEZS h,

AR OMICE LEEOZ 2D

7z,

FE LAY —27 35 3 BE B s h,
HHEIERA ORI LEEOE= 23D

7z,

FELARE -7 BT B CBER N,
SO L EEOE R Y

7z,

FHE LAY - IEIBHEER N,
BEFRSFE OB LUEREOEZ 2D

7z,
NHRRE (—A—), WHEIEGEROR(—O—)
Z PE(—O—), FELE(—e—)
ARG OB LB L TEEES D (p<
0.05)
IR CEEED Y (p<0.05)
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BEBWTELE, B2E, F3/LbALT472
v hu— v e eI R b < BRI ERE S h
ootz FEEEENX1E, 38, 58, 78, 98
KBWTELR, F2B, EIBLbAST4 72>
b o —v e gtk Ic 2 b B IEEE Sk
naoiz,

% £

THEROWRESEF K X258, FLLUTUEEE
B R & 1940 £E Brightner® I X 2 ¥ v 2 w7z
EERWRTEER A LROBEVIRYITH S, 05,
Applebaum & Levy?, Baume & Derichsweiler® 7z
EOHMENRD ZH, wiIhd THEHEROBERLcEE
LTHBY, TEHEHFOKEOELZDWTEHRESh
Tz, ik, fEFEL L UOBEARZEN R S
DWEBHRENZ BTN FEMITTHATD 3219,
kDL TIX, ERCHWLEYINHTHERIZ EERES
EROFCI THERCRIZTHEIATHS &N
T3 Furstman® 2 K iE T v b O T EHERE
[BOEEE, BN 3 55, £ 50 HLAIRE I
B—EERBELTWS, SEIOMETE, LT
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