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Chronological Observation of Normal and Regenerated Meniscus in Rabbits
{(Morphological and Histological studies)

Yong-Koo Kang, In-Young Ok, Jung-Man Kim, In Kim, Myung-Sang Moon, M.D.

Department of Orthopaedic Surgery Cathollc Medical College, Seoul, Korea

After extensive studies of the regenerated meniscus, most of authors believe that newly replaced
menlscus completely consisted of fibrous connective tissue instead of forming fibrocartilaginous tissue.
This experiment was planned to investigate the chronological effect on the normal menisci and replaced
one which formed after meniscectomy In rabbits knees.

Total meniscectomy was performed on the medial menisci of both knee joints of the 40 young
rabbits (S weeks old), weighting from 300 to 400 gm and 40 adult rabbits weighting from 1800
to 2200gm. In both groups, meniscal specimens were obtalned from medial area of both knee joints 3,5,
12,24 and 48 weeks following meniscectomy respectively. Medical menisci of normal 5,12,24 and 48
weeks old rabbits were used as control. Each specimen was exaniined grossly and histologically. Serial
histological sections were cut at 6um and stalned with hematoxylin and eosin for the histological ex-
amination and Safranin-0 fast green iron hematoxy!lin for the histochemical examination.

The result obtained were as follows:

1. Macroscopically all regenerated meniscl were less shiny and smaller than normal. Its margin was
blunt shaped and completely connected with synovial membrane.

2. The meniscus, at 5 weeks after birth was composed with fibroblast and fibrocyte without cartilage
cells. At 12 weeks after birth, in 2 out of 4 menisci fibrocytes were transformed with round oval
shaped cells with lacunae and they looked immature cartilage cells and lightly stained with Safranin-0.

3. In young experimental rabbits, cartilage cells were found in one out of 14 regenerated meniscl at 12
weeks after meniscectomy while in mature rabbits cartilage cells were found in 2 out of 13 regenerated
menisci at 24 weeks after meniscectomy and newly formed 3 menisci were strongly stained with
Safranin-0. Mean rate of cartilage transformation of regenerated meniscl was 10.6% In young rabbits
and 8.1% In adult rabbits without much difference in incidence of transformation rate. Cartlla;erious
transformation in the small area of regenerated meniscus was found in 10% of cases.

It Is summarized from the result that regenerated meniscl firstly composed with fibrous tissue,
but later on regenerated meniscus partly transforms into cartliage cells but not entirely.
It is speculated that this cartilaginous transformation Is due to adaptive metaplasia.
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Table 1. Material, Rabbits Control, Young, Ad-
ult, 5 weeks(Wt : 300~ 400gm, 1800~

2200gm)
Week
&: 3 5 12 24 48 Total
Group
Control( Aft- 2 2 2 2 8
er birth)

Young(Post- 8 8 8 8 8 40
op.)

Adult(Post- 8 8 8 8 8 40
op.)
Total

16 18 18 18 18 88

o2 FAxe 8 44 F 7] fi5ld Rosenberg
(1971)7} 7144 A3 o] Safranin-0& F44 4
ofo 2 33 fast green& o¥lgd 4 (counter stain)
Aeko 2 #lg] 0w hematoxylin &2 # 4 (nuclear
stain)¥& #4cl.

olel mhef M4 Ao JFAES FRSA H
o o Fs Y8 glycosaminoglycan & Safranin-
0%} 734 gsle e e 28] A Y(orange red)
€ JEhd m, 44222 fast greendl A Anl 44
sl §E4(bluish green)¥& JYehie A4d 4
po] AR ozut FA=Y A+A v dFA2S
2y 88 AFA TN SYEE A AT R
GAEFAMNY B29AAL Folst A § BAEIA et

4 G
1. Roiy 23

A4 QY44 AL gAtaie] el A (cleav-
age)ol Qow Rokg iAol g2 duch ¥
7§ 7 (wedge) Rofolw A wl-§ &ustm 4
#-2 pearl whiteolglrh & A48 HYHL F4
WYY dFAE gl Aol gAtsl Usso] 9
gom Bokg ¢F A7jel aAAglol AF F¥e] T2
ool 2 sl lon asle A4 YA o Fuch 2
onl §% 4837 slodx As & WA gokel Ed
o $¥EE A4 dInuch @ FYsidod F4I
Eol4 A4% W se] 4 el A4H A nc} o
susdod $F Ade] AgT & FYET o
obzi eh(AAL 1).
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‘GROSS APPEARANCE OF NORMAL (L1} AND REGENERATED { Ri) MEMISCUS
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Fig. 1. Gross appearance of normal(Lt) and regenerated(Rt) meniscus.
All regenerated menisci were less shiny and smaller than normal,

Its margin was blunt shape.

%), 1230 1474(87.5%), 24 o]l & 14 (87.5%)
48 Foll = 14 A (87.5%) 7 A Ao, 4<4rE Fol
Ae EF 35, AAL 160 Y4 9FF 1044
(61.3%)7F A4S 5Fell& 124 (75.0%),12F0 =
13 74 (81.1%), 24 Foll = 137 (81.1%), 48 3ol &= 13
AN (BL.1%)o 4 A A= glch, 2F Abo]ol & A4 gl 2
of ¥ ol gledth(E2).

Table 2. Rate of morphological regenerated
meniscus among 16 menisci .

eeks
\(‘\ 3 5 12 24 48
Grou

Young 11 13 14 14 14  67/80
(68.7%)(81. 198(87.5% X(87.5%)(87.5%)(83.7%)

Adult 10 12 13 13 13 61/80
(61.3%)(75.090 (81. 9a(8L1% ¥ 81.1%) (76.5%)

Total
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A ¥xs]e] 3lx Oclle 4= stk 45 123
Tol & Y4 ¥ FARY WA N9 Ax g ¢
Aol ggter & Widie HJhANEEHolg o F4
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A st Al ez EIs e AH(AA 2).
B. 48%

1. feted

EF 35T A= AL WFY ARk X( spin-
dle fibrot.ast)2 F4H v]44¢ 4f23ol9lon
Safranin-C & g4=14 ¥sket. €F 53 FolHE
HE2EY 45 55 F0c Ao . fibroblast®4]
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Faion F2 4fxFoe T4 Yo %3
FEacte o 449 4R2Aelglen 94 Safran-
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DEVELOPMEMTAL  HISTOLOGY OF NORMAL RABBITS

MEDIAL - TMEYISCUS

Fig.2. Histochemical findings of normal meniscus.
At 5 weeks after birth, it consisted of fibroblast and fibrocyte.

It was not stained with Safranin-O.

At 12 weeks after birth, immature cartilage cell was firstly appeared in focal
area and was lightly stained with Safranin-O.

At 48 weeks after birth, except the periphery of meniscus mature cartilage ce-
lls were distributed in whole area and were strongly stained with Safranin-O.

€ MAY A48 GURF 4dlelA oA Y45 o
FA X7 dhY e J Yol Xy oz Jelyga Safr-
anin-0 g4 12 FFA web FabA] 435k ek,
EF BFFTAAE 4AMY AYR WY DSF 200 F
W3l 458 dF4 25 Jebyta Safranin-OdlE 7
T A4 Jdehdiel A4 gYpeld 4 e d
FAEZe A4 JYUT dFNAGE g BgHew o
Ebsteh(E 3, 444 3).
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A2™ Safranin-Ool & 445 Gskch, 4% 243
TAAE 134 AL YUY F 2414 o4 4g
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CHRONOLOGICAL WISTOLOSICAL CHANGE OF ' ASQEMERATED roume, RABSITS  NEMML. MARSSGRS

CHRONOLOGICAL MISTOLOGICAL CHANGE Ufllttr.auimlln YOUNG RABBITS

Min.-u MENISCUS

Fig. 3. Histochemical findings of regenerated meniscus in young rabbits.
At post-op. 3 weeks, it consisted of fibroblast and immature fibrocyte.

It was not stained with Safranin-O.

At post-op. 12 weeks, immature cartilage cell was found on focal area and was

lightly stained with Safranin-O.

At post-op. 24 weeks, mature cartilage cell was found on focal area and stro-

ngly stained with Safranin-O.

No further changes noticed in 48 weeks specimen which is not shown here.

Table 3. Rate of cartilage transformation in regenerated meniscus.

«<

Week 5 12
Group

24 48 Total

Control(after birth) 0/4 2/4 (50.0%)

4/4 (100.0%) 4/4 (100.0%) 10/20(50.0%)

Young(Post. op) 0/11 0/13 1/14(7.1%)

4/14(28.5%) 2/14(15.0%) 7/66(10.6%)

Adult(Post. op) 0/11 0/12 1/13

2/13(23.1%) 5/61(8.1%)

T AAsE 4dso AP PG o 2RE 4fo}
Az F4¢ €AY 4+ Adod 4zel Azl =
2l ol & 4 £Eo] F3 F48o yHgo] NS T
AAEE A Ae 4FHAEZE Wadd Y4 AF
o zfsleE s Reln e, 28 Age4d A
48 YRS RAAo2E A H4z W%t 2
Alg] A A g ZL Wb Aol wAY
T+ Adda stgct, AA e A4 B 4+ A= i
4 dF3 F34d Atol9 cleavage 7} QI A4 dk

2/13(15.4%)

Yol BAY Yol dgion SHE HY4L p
Y-S Y4uc gz Fo| FL MolH Wade] g
5z AN E A4Y PR 4h2Hoe F4s8m
e F4NT e g dd e 27 2AAN4 ¢
3 ot Ao g A4 A4 GRS A5G
HHotl T2 FAHD €% o9 Aol Ay A4y
PP 44 4RAE2N 02 Haldon dBAE
gAY 4 vz 2389 =g Smillie
(194)8 & SR AgolH YW 42 AAE 2 2o}
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(SHRONGLAGIGAL  MIBTOLERASAL. SAAROR. LB ATASMABMIES DU RaMITS

MEBIAL MEMISCMS

CHAGNOLOGICAL MISTOLOGIGAL GCHANGE OF REGEMERATED .ADULT RABBITS MEDIAL MENISCUS

R

Fig. 4. Histochemical findings of regenerated meniscus in adult rabbits.
At post-op. 3 weeks, it consisted of fibroblast and immature fibrocyte in who-
le area and was not stained with Safranin-O.
At post-op. 12 weeks, it consisted of mature fibrocyte continuously and was

not stained with Safranin-O. still,

At post-op. 24 weeks, immature cartilage cell was found on focal area and was

strongly stained with Safranin.O.

No further changes were tound in 48 weeks specimen which is not shown here.

of A4 A %S 2 2oko] AL YW o
3 ol ¢ fAstd 2 oRE AH R HH2H
ol 2 3te] A4 Y Holz} =] m WA kY o]
e &A gx Wi grYgelEtn skl

Kim & Moon(1979)3’¢ w4 424 AAF Y
B A4L gt AE2NH 44 Yo TEYLY
€ 3o walow g A g U4 |
FE AAY 18 F 15604 AYR HEgE ¢A
T 4 dgden 2ALANA ¢F 557N = A4
| Y e] HRAE £ FTAS ddn Y
t}. Frost2’{1979)s] & W44 & A44ol g &
AAE A4 YRS AL dF22Antos o)
A L EF 644H WA 1ol FEAoR Y}
AN 2R WY Hojelm A aldtis.

o 339 el A Eehs 4#4 odF(fibrocarti-
lage)& 279l € 4fotazggien HA o]F 4
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XEo] U7 R oHE A=A a4 it Y 9
F(true cartilage) & w#lslo] sl 57 bAoA
¥ 4 $1E WolA(transitional form) & o Fe]ela
Fgsta ek, 2ejm o[shge] Aot A3} H8
ste] 814 (metaplasia)§ Y4 o2a FHIx & 4 3l
I dEAEe HY ¢+ de AL Aol AAEL
A9 A& Heorsta 4 YL dFY 23 YA
W g o7l Ftedd Y F 5 FoAyE] Paste] £
A3 4F 5T E H4AAEoz FAs] gldov
4% 1254 A€ Jacuna § A& dBATE R 4
Ao 4F 24 Fel= Safranin-Oe ZHEA] 94
S 4T 445 dFAZE $RY &+ AgH. 4 F
48 Foll & YA dFe WS Al AAA
28 4oy dFA3e Hay Aoz v Fe] Bop o
4 922 27)d = 4HE2Aogl o AFHE F
2} de| 93lod adaptive metaplasia§ Yo AF
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AEz dgctn Y 4 Aok 2 A4
YHE o9 Adel Asisid 4RH=xAol adaptive
metaplasia § ¥42od 4FNEY Y€ + ¢ Yo
glebe s slel & 44& A% Al £ Le T
Al % 12304 WY AAE g F 1ol
A dEdxey 48 € ¥ 5 U ed 24 FE 44,
8o 26lclH QEFAZE WAL 4 A= 4%
FAEFAAL €F 24 Fo 1348 AP YUY F
264, 48 el ool AEANTE VAL ¢+ A
9 =

28 o] 4EFNAE 4T ¥E dEA4 2
b AaE g d¥eA e s ¢l gl A
A 4¥s e Holel ¢ 4 ek 2eR A
49 QU Sz 2AGH o J4 U4
AE3 F Fo] AASA £ goen® ] U (rep-
laced menisus) clg}i ¥-2& o] Elsiejeian 4
zhebe oia] QY 2 JlEel A4 gl A
¥ ¢ & AolA Y4 4F AAF oY 4%
Y4 Hisoh o B el S AL olskge o
# Zelglz 23+

AL L 48€ o A48 Y¢S  adap-
tive metaplasia & 34 {44 d¥AA4 ¢AS &
AT R4 E2YY olgse] 4ctE A&
2¢ 4 dsios o JelsbA wkek adaptive chan-
ge ¥ YorA e 2d€ AANA S s A4
2] dRHE2L JUs] 4RAERq dol sla o
FA X2 Q44 4222 A HeAe g d%
A8 solok §F A Ao}

AYToLE N Fo] 300~400gm S % st 40
stel g} M Fo]l 1800~2200gms & A%7tR 40vtel 9
%% €AY A (Y4 dFE AAYL F A48 e
YA dF QA Hee] §F 3, 57, 12,
24, 48 3ol A4 LU AN {4 43,
2343 43 (H-E94) I Safranin-O fast gre-
en-iron hematoxylin d4 ol ¢ ZANGN £3
+ P48 a 2T oEE M Fo] 300~400gm N &
freste suteld 4F 5, 125, 24 F, 4850 @

4 YUY WE YA dFE A QYT B
€ dyee Faste i e A EE g9

L34 94 489 gl 4% 5FdAE
dfrAzzaon FAse Uglon AF 12 AR
Y ooldg dBAER 48 d2o)s A3sigden,
o] o] X3 & Safranin-Odl 737 4435+ o F4
27 A dF HdYE A AN LA E 4
Al et

2. %44 Lyoe: AP UL IS U4
dFxc $UES 98 3o Ha Wdyot FB
st fdutst Waksle] gich.

3. 45 dERE FYAETAHE 125 1l
dA A4 ES} Y Al en 44 SR
Ae 24 Foll A4 266l ABHAX} B AFA
X7 e 33 AN 99 ¥y vepste

ol 48] 44 A2 voh A4 U4 dEFE -
ARel & AfAxzHolgiel HAel 4Atel w2} ad-

" aptive metaplasia ¥ 9o ANHoE JFHEXE

PslE e BN A4 HURAHE A7de] A
el wel oFAES U CY J4 AEnlE |
2l A AN dBAEe AR gkA 94
adaptive metaplasia & 4 Wizt 423,
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