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Chronological Synovial Changes of the Experimentally Induced Hemarthrosis of Rabbit Knee

Myung —Sang Moon, M.D., F.A.C.S., Seung—Koo Rhee, M.D. and Soo—Keun Kim, M.D.
Department of Orthopaedic Surgery, Catholic Medical College & Center, Seoul, Korea

Little is known of the clearance mechanism of blood in the joint and it is still controversial.

In order to clarify the possible mechanism of the clearance, rabbit’s own venous blood was in-
jected into their own right knee joints of twenty-four normal adult rabbits and the opposite left
knee joints served as control. The animal were killed at 12 hours, 1, 2, 3, 4, 7, 14 and 21 days after
intra-articular injection of autologous blood.

For histological and histochemical studies, the fresh synovial tissues were obtained from infra-
patellar regions. The sections were stained by the alcian-blue (pH 2.5) for mucopolysaccharides and
methylgreen pyronin for ribonucleic acid (R.N.A.). And finally, for metachromasia the sections were
stained with toluidine blue (pH 2.5).

In hematoxylin-eosin stained preparation, the synovial cells did not show any gross alterations
in the early stages of experiment, but there was an increasing infiltreation of some inflammatory
cells into the synovial and subsynovial tissues. Many erythrocytes were found lying free between
the synovial cells, in the synovial matrix and subsynovial tissues. Any synovial change that shows
a patchy thickening of the synovium due to increase in both the size and number of synovial cells
and villous proliferation, became marked at the fourth day after experiment. On the seventh day
villous proliferation were still seen but persist in an attenuated form. These changes converted to
nearly normal from two weeks after experiment.

With methyl-green pyronin stain for R.N.A., the synovial cell showed a definite increase in num-
ber in pyroninophilic granules and in intensity of staining reaction at two days of hemarthrosis
and these findings were seen even in the third week specimens.

After 12 hours of experiment, the synovial cells and the matrix showed a quite clear positive
reaction with alcine-blue. And these changes showed a most strong positive reactions at 24 hours of
experiment. But after 24 hours the synovial cells gradually showed a decreasing tendensy in in-
tensity of staining reaction to alcian-blue. Since the fourth day of experiment the synovial and sub-
synovial tissues were closer to normal with alcian-blue.

Toluidine blue gave only faint metachromasia to the very rarely in the deeper layer of synovium.

We confirmed some of the injected erythrocytes escaped from the joint into the synovium and
were cleared from the joint, and blood cells are clears from the joint by phagocytosis of synovial
cells. It is suggested that these changes correlates with various histological and metabolic changes
of the synovial membrane following a experimental hemarthrosis.
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Table 1. Synovial changes after experimental hemarthrosis

Group Experimental
Normal
Changes 12hrs 24hrs 2D 3D 4D 7D 14D 21D
Histological Surface cell layer 1-3 1-3 1-3 3-5 3—-5 3-5 2—4 1—4 1-3
Vascularity + I S e o N R
Villi formation + + + + +4++4+++ ++ =+
Subsynovial fibrosis - * + ++ +++ - -
RBC in synovium — — + + + + - - _
Histhochemical Alcian blue (pH 2.5) + ++ +++ ++ ++ 4+ + + o+
Pyronin + +4+ ++4+ ++ 4+ A+ 44

Toluidine blue (pH 2.5) +

+ + 4+ o+ o+ 4+ o+ o+

d vy HEF g dapret Al 2A ¥
(Fig. 1-C1 & 1-C2). 2dAol ¥u} o] 27
AH A2 Bl 249 FA4e] g Ald o
u (Fig. 1-D1 & 1-D2), o]ei & wists} @r 2t
$2 HE AP 3~ 4 Aol o) o]z P}
HMEZFe] 4~6222 ¥ ¥, Fute] 2
(vill) Y& B AAYA] 5 golxy o} (Fig.
IFE& 1-F), 1% ]2y Wigles A3 dEse) |
FdAd = 259 JFAEENO] Bubalz A A
WA 2, §24 34 (villous proliferation)x 4
A =7 A aete] (Fig. 1-G1 & 1-G2), 2 FA4o& A
el 7h7ke 8at 274 vehfdek(Fig. 1-H). e
b At FREE7E sHE AVE #od 3F7)
A w7 5 9f vk (Table-1),

m, ==s3ty 4A

1). Alcian blue g4 2] A4 #ute AA A
o cpebfol osl oF3 A wkg (faintly positi-
ve)$ el i (Fig. 2-A). A3 12417 3
B g zed #9748 74 e Jehy
71 A1Abab o, 244170 ¥ ot Ee) @utr)
A3l g9stzAe b FHstn 3 okAuk
<& e g (Fig. 2-Bl & 2-B2). ey} 244
7t #5-€ Alcian blue A WSS Az 2 HEst
Z°] 4d F FEE A AL et M MY &
g daEE e e, d4e gAxE @
%o RZAE} ASAZRY ok o FyenLe
e o).

2). R.N. A ZH4g 93l Methyl -green pyronin
HAMAY Bt X E 258 fubA Zule] oy
3 dk¢& Jeb Ak (Fig. 3-A). APFeME12
A F HE A deldE A2 27}
HAS o)ukg& Ay 26 3o wsigon A
ol B 3F71A A AN Ve
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(Fig. 3-B & 3-C). Pyronin A w$%o) glo)A
T ot ¥ M E7 AE AE R o 3
FAA=E e

3). Toluidine blueQ A : A Wabx e} Yup
stzAe] ) g AEAL Aoy} RepMern, o
ga oA e W 24 2E vE: AFYos
A4 =9 ch(Fig. 4-A), A¥ 7|73 A4 b3} v)
S obF okt o] whguke el gich(shat
¥, Fig. 4-B, Table 1).

a2 s

gt zARH o2 Ay x4 (epithelial tiss-
ue) ¥ 7] A 2 (basement membrane)o| glo] B
3 #9hy @ Aloldle FxA Aot glon =
¥ wgRH o r 7kl 2 (mesenchyme) o A 7
HaA ¢fa FAFo) YAt blastemao] A ¥-3}
He Boldt Ao, auu o159 7L A4
°] I ¥F/NFE FAH gloiAE EE Ao
Y A5l o3t wisle) 3Bk Ao A o)} Bar-
land? €2 ¥ AEXF AY AZEe E3) Golgi
B33 o} w2 FX(vacuole)E E ¢33 gl ma-
crophage¢} z& zt8-& s&lnj, diw B4 EE A
AL v £z Hn FEE Ao 2d
&% A (rough endoplasmic reticulum)& %}z 3}
o hyaluronic acid% ¢ §47%< zzgctz 3
drt. =¥ Krey” & o] F7HA Mzdq &
X4, Golgiad 9 ZFXE o) &H3lxw Qe 3
713l CYAEY &A1& waghulgich 2} 32
AARu A A 43 Pagd Buye vz
GolgizAEL At 7o Ao F2 B35
(Peterson & Leblond'"), =@ A9 palade
granule5-& <UgAH-& Fastn oS (palade®



o] w Aol wel Golgitig Wel $#T A
YA EELS F424-& EE hyaluronic acide] ¢
A Bosly, ez £Ho2 HE ByMES
< hyaluronic acids} 9% 4PN Hq gz
s At ey ByAxe oy v¥HL
8 oo AU RIS G P4 (plama)
A4 FeEHe A2z ¢8A slcok(Hamerman®
Curtis¥).

WA Fo| e BARSY A= YT,
DYF, AW, @& (bilirubin), ¥ HYLFel &
QAo 2 45 9len icteric index7} 6 olA
ol Atel o8 AR BAH 2olet ¥4t

omgt Yo E FAHAWNA 2 go] o
AHE 53l FF =2+ AAHE 7o dild=
ozl A3 «eiAl vk qick o)el W} Smillie®
£t @A"Yl ¥gel mold |y HHY #3
I A7 FHe F4 T2 FE $AY
2 a3ty Z5E 2AAA ¥Fo| FrEHY, o
o gepAlxe HAx Fust FrHEYE s
=3 A4 Jdo3e I3 4L 2MAE HEJAE
E2ov, ¥ F A FAWYY 7R o)
327 #3AY A= B3Py FYo] F45
7] $isteds o] FFLE HAY 24T (histi-
ocyte) 9} ) A Al  (macrophage) 5o 9] ¥ hemosi-
derine] Azt g-¢] oGS QI F o] mAd
I st ol el Mzr)l ML JegdlE
d] o] ¢ synovial hemosiderosis@} s}, =
Roy ¢ Ghadially®  A¥H 22 7% ¢34
o AZtEAE FURFE FrHd ZAAH Y
< Ful, AL FYAF A AYFE S¥EHD
=3 44=% 4L dF JEFIL gGA 2} &
ubat MEES Alolol A WA o2 o]F &4
X4 9% erythrophagocytosise} 3tlch.
2y EAYAAE AAEe| A 23S ZHery-
throphagocytosis® A& #9132l Esldo, 3
g 2744 A7 12412 F4EH 98 AHY
F7b @et gl gets 23 Alolol A A3 We) #
# I (Fig. 1-B & 1-C), o181 & At & Key®
7t AW AL FGAE Aol wi vz B
oz BHMEY Aage pAY F AT 2@
Bast W,

Roy$} Ghadially& €< @323 #219 Wito] of
AR FAE& ) FH U BYe HRAE
7t bt 29 A4S EA S @3 e
2z AL 4227 #AF sgdeh 28t 1
£ olotze wisle) oo} EAg HAYH #F
e 2E 324 T olddrrl oty AHA

Z A28 A7) A% 23] e Wste] oog 5
sted e =¢8] SHicdx dlgch.  Lever 8
Ford® & A3, B7, 31919 A4 oo =3
4, A8y, 18z AAE0AY AL T
d ¥k HEAEY AxA P Axz} 734 Al
cian blued! P. A.S. 7}<}A v vedls 3
Z AyPAPHe EAE AT o] B
HAAa"e sige. =% A £# RoyE® & A&
dol e AN £RAGY Friegad ¥HI ¥
o] A A BHAL) Frlo ahel b Ey
o pyroninAur$& vell e FAje] Frise ¥
AL DRz, ol VAL o]F A R
N.A. 9 347 71 oS g dYPA S
Al BGAES AFE wx 7] dEolg 3
t} o] dFAE A FGH T M HALFH
9] WE A¥Y 1247 F4¢ Alcian blue g4
3% kAbEe Jehgr] A #sle (Fig. 2-B), 24
AlZb Rl Hae] galgded (Fig. 2-C), 24417
FRE F453 Ao e A3 3dF¥(Fig
-E)Rele AA da4 o2 gd=HdY o 2F
& Roys$} Ghadially®e)® ¢} dxjstgden, 15
L AYcpFFo Wi YEFA SN el B
A wse U oy HFEAEe] S5 o
& FAEelg g, =8 o] ¢4 RN A,
9 2L Ao FopAEe F4), Yuts]
zx9 4FA2 A&H AF2Ae F4 5] 94
3 deojrir) Aldste 2 4 HE pyroniniA ¥
Aol ¥A 3 Wolxla 3 FA7A FAuLEe] A&
gy, RoyE™ & 44 ddde] e €
FAdAe AF FHY %o Flo =t @7
pyronine}Adul-ge] F7}¥4& wd v 9z, Gha-
diallys} Roy?®, sz Y &= ALY d&@
Az 9 Fvuleg2ok A9 ¥t pyronin 34
Exe) WAHA F7HE VA oY Y42
2 uFe Bol oM o] Wl Yy e 4
o o gHFste YAF DA} &S AAEL
£ Aolatz 4l =3 Roys} Ghadially®=
A" Z Futo] f AAYW A FYAA =
Hazds ¥ X5 53 ByAEeg 2L
29 Golgid & E¥ste= FAMESY 57 71
He AL ALY v vk 89 QMY SE B
£ Toluidine blueg Mo 4 AAT 3 AYTE =F
o] gt AERANXE o}F FiuiE o)FAA wkE
£ Jelsich

olAte] Ay A} TR v]Fo Ho} A
W ogge #d F9 €AAE FIAYS, gz
2 WA & ¥Hhemolysis)d ¥ YotHEEH o3
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o FAgHEEY £ oAlx 422 §5 24902
wojAlr),
s s

A 2EE A Fo] 1800~2000gmE = A% 7HE ¢
AdA 1 ~2ccd HAAEE A 72 +5
£3de] FUFLEZN YEVHF S TE F A7
M2 Ay gote wWig FAste oL AA
4 ¥dth

1), §<dez favie) d9-g A A A e
olglar, ’°.H& TN e §FAHoE FAWAA
ol g 24 glich #@ute] Y2 2F75E HA

=S 51‘114.

2). H-Eoj3g94 &4 d4Fg 3~4d F
of dZubge] Huo HFony, tARYFE %
g3 FFAEL] sy A ER Z7),
gotat AEZWe ARAE F4, ANEPY] &
HdY F2E79 YAEE 4 Sz, ol &
AL 237t A% =Hedc), w23 g2 Yt

A E Abo] mE #oE AW A A 3~4d
of 73 el WA=

3). <4 Alcian blued ¥y wg-& 12417 o F
-6 AstA eyl A abete 244 7R 248
F oA FelA 4dA FEle dETH e d
A& e

4). %A pyroning 4 uh-8-2 ¥HefFq) 24417 ¥
5e] Al Jelvda 3 F27kA A& H A

5). Toluidine-bluesgd Yol A += T3 A YT
Apololl xlol & W73 A] Ea)gich,

ol RE AYA HAadw 7l ¥Y&APF A
W2 gdEe, ol [ AAES U S AwAF
G geoletd o] g A 3bg(erythrophagocytosis) &
23 g9 U urE A 25 v A E s S o8
M 25 A0 AA FAE 88722 443
=2
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Explanation of Figures

Fig. 1. Normal rabbit synovium shows one or three layers of flattened synovial cells supported
on loose fibro-fatty tissue (Fig. I-A). The early stages of this experiment, the synovial cells did
not show any gross alteration, but there was an increasing degree of infiltration of the synovial
and subsynovial tissues with polymorphonuclear (PMN) leucocytes with advance of time (Fig. I -B).
A layer of erythrocytes (E) and PMN leucocytes can be seen lying free in synovium and subsyno-
vial tissues (Fig. 1-C & 1I-D). But synovial changes that shows a patchy thickening of the synovi-
um due to increase in both the size and number of synovial cells and villous proliferation in syno-
vium etc, were became quite marked (Fig. 1-E & I -F).

On the seventh day villous processes were still seen to persist but in an attenuated form. And these
changes can be seen till the end of experiment (Fig. I-G).

But since the second week of experiment, the synovial and subsynovial tissues were closer to nor-
mal (Fig. I-H).Fig.1-A ~1-Hx100, Fig. 1-B2 ~1-G2 x400.

Fig. 2. Alcian blue stained mucin and certain mucosubstances a clear blue-green. Normal rabbit
synovium showing a fairly faintly positive reaction (Fig. 2-A).
Synovial cells and the matrix showed a quite clear positive reaction after 12 hours of experiment.
At 24 hours, the synovial cells and matrix show a strong and diffuse positive reaction (Fig. 2-B).
After 24 hours, the cells gradually showed a decreasing tendency in intensity of staining reaction.
Since the fourth day of experiment, the synovial and subsynovial tissues were closer to normal.
2A x400, Fig. 2-B-1 x100, Fig. 2B-2 x400.

Fig. 3. Methyl-green pyronin stain shows DNA (green to bluish-green) and RNA (red) distribution
In the normal synovium only a few synovial cells showed a faintly positive reaction (Fig. 3-A).
At 24 hours there was a small but definite increase in the number and intensity of staining reac-
tion in the synovial cells (Fig. 3-B).

These increasing tendencies became quite marked at the fourth day (Fig. 3-C) and persisted even
in third week specimens. x400.

Fig. 4. Normal rabbit synovial membrane showing deeply stained blue nuclei and faint violet
metachromasia of the cytoplasm of the synovial cells and subsynovial tissues due to staining of
hyaluronic acid with toluidine blue (Fig. 4-A).

These changes became quite marked at 24 hours of experiment but not significant changes in all
later specimens and normal synovium (Fig. 4-B). x400.
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12 HOURS

4DAYS

1WEEK > .
Fig.1. Hematoxylin-Eosin Stain
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Normal (Fig. 2A) 24 Hours (Fig. 2B-1 & 2B-2)
Fig.2. Alcian Blue Stain

Normal (Fig. 3A) 24 Hours (Fig. 3B) 2 Days (Fig. 3C)
Fig.3. Methyl-Green Pyronin Stain

Normal (Fig. 4A) 24 Hours (Fig. 4B)
Fig.4. Toluidine Blue Stain
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