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ol g3t WAMMAY EFFe IA wAIE ®BH

Table 1. Ficat classification*

Stage | Normal

1T Sclerosis or cysts,
Flattening(crescent sign)

i Collapse, Loss of sphericity

v Joint space narrowing,

Acetabular changes

* X-ray appearance of osteonecrotic head

il Iiof wht @
Bl HRALA AZIA 5y

T U
[, 282 (sclerosis) ¥ Y¥(cyst)Fol HYwe
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stage I, & &%
A PYAE Holvw 98 stage IVE
&9 cH(Table 1).

FeddA Hed dE &7 23 A A9
F2 AT 10% T4 zaddgdod u4edF,
5% dit fdo 377 ©33 uE, g g AR
AAe Ax gdelde) T T, 4ume) wrHH S
TH5-o) hematoxylin & eosin 348 3t 3} §n
4oz #asgt.

FARAAA A HAS g HE ¥ F A
IX1X4mm A% A7|2 2%, §#9 2 ddd
HAE AT AHZ A 8 WH T = 056%
glutaraldehyde 9} 0.5% paraformaldehyde &% 1173
Aol ) 2A17F #A$E . 0.1M phosphate buffer
gdog qHF o}S 1% 00,00 2417 Bk Fa1
Aakar, thA] e buffer BAo g A HE ¥, 2%
tannic acid§ol 1241t &<t HAFEAZ g, 1%
0,0, 2212t FoF & 4 Y (conductive staining) 3¢
% AE ethanol® ©4=3}51 isoamyl acetate 241 7
2 A)A Hitachi HCP-23 A dRV] 24 A
oJAtElEFAE ARSI A ARE U AR
#HOAET Algge K-35 §, Eikod]AHA IB-3%
ion coaterE AM&3lo] PLPdY¥ T o8 F3HE ohe
Hitachi 5-520% FAdxAdw Bz #asigch &
g #EAe 9| 05% glutaraldehydet 0.5%
paraformaldehyde &3 1o 2A17 Ft #iL
A%t & 0.1M phosphate buffer &0 & M3
o2, 1% 0,000 2A13F 59 Far38bar, ohA] &
bufferz FHg t}2, 25% DMSO(dimethyl sulfo-
xide)-& ol 307 50% DMSO& Nl 3057 T
g, AH AAhR FHsle 23E sty ¥
50% DMSO& ol HojA tha] e
buffer #NXo g A Hstd 1% 0,0, 1HF vl
HedaSel s W dahg AlgAa g3 Y3
Wl oz 2)2ste] Hitachi $-5208 FAbd <& 0] 7
o2 #atatgut

£ stage III, &3
Lol B3

vyl 2z e

| U4 AW B
Ml B ZAshd ¥ FEEe o] Rolir stage
117} 33, thEl &5 2395 Roli= stage 17} 238,

awd A Yo
At

7} # A3 stage IV o]4to] 3d0]

AR AR 23 731}’2} 2 FEFo| Ho
ol 7}7}-2 stage 119l
A8 Rygon,
93 7] 2] hasophilic line(ti-
demark)ell oJsf AA AYAw= 2 JFY 5 U
A, AT ¥, AFHE, é“"‘ Hw A 2 f

A wo) 1A cHFig. 1). stage [12 E&H¥ & 32}
AN ABHE W AB gHe) 24T B4 WeE
HEHoz A 5 YA (Fig. 2).

HE =7 B3 &8 Hol stage A5, A&
T4 vtrtolol A ABAEY FHE B F ey
=5 AR A8 B Ay ZEHE 33 &
AANTH AEFE BEH TN FAM AHAE F7}

B @Az 07 golxe AE B = AU (Fig. 3).

He gotEv gy rERoR 3

E43)5ket X33t

O 7 A A% EY sl Ay Y59

AAbE s o] #AHAKFig. 4). AF vl

Rah R 9ol A% stage 1ok M8 2 A8 278

Woll RE BEmozuvl B 4 Yok
AF RSO AR 42

1) B9 (Surface)

Stage 13} Mo} viw® 72 F=xpe] &5
st A 9 (pit) oyt g 71 (undulation) 58
AN, 7 N N2 HysA Bl &5 s
FHor Fatu YAk HE @REH A Bt
& el #AEAN(Fig. 56). AE #AEo R
sej7), A% Bolel AHER Yoigle A9E o
A, REHo g BFAE AWy 2d 5% &
71g 2x *.{r’“ g & AT} stage NI 1V 43

FRHAAM= A8 2 H (irregularity)
55} 7t A(fissure) ¥ F-8F(crater) & & F

o)

A, B33k 54 F3(irregular central cra-
ter) v A9 (lacunae) & E83h= W3] Foko] ¥l
Friol o3 wmeiMo] Hgel AW %3
UdA-g Holy: Wy #AY £ ANHFig. 7, 8).
2) ®U3I-(Subsurface)
xAstye wdA M+ 324 H (three dimen-
sion)o & EYs wWide 7y AF HHd 4
Ao Fersl Lﬁ-?r #Fst ) o] Beell = S5

L=



A FAbddn He g g dadwe 2R

29d Aol de, =l %*3 st
o, BhAbA Axzladel Edwbe
A= ot} stage [ 119] vlsiz e §xo)
HH d3oM add Af *’%@31{: Eé"]ﬂl?r.'.
o gl BEE B 4 I, vl & stage [1I9}F Ve
HEE @xfol ME A v R R REHow
e Lol do] A wlH A :3 #Ee 5 U
=5 dE gqvp 4t eyl Fof vlE =& ¥
A Hat Blol e A 44 E AHFG & A,
A F w3 KoMt e @ wfdo] vl
Zhpolzl wd MRE #HY 5 U,

Bl A ghale) #AH AdHA Fol wet &
AAQ AolH e WAF 4= AU 7HAHE(most
superficial portion)ol A= 0.lum A2 W d A
F2 s glom o] K93 weld MR vhg
2t AF g st A YAstA wy
dx]o] ARt Fig.9-A). & (H- $i(mndd[e portion) =
02um A weld ’Sw‘-’r gopAslel glon o
ZYata B3 v & OP Hup 8- v 258
w{H" A/t Hﬂcgﬂ?i‘/th 10-A). 7134 - (dee-
pest portion)T: MWEFE 74 523 (1pm), il
A2 AFa7E 71 A dd i Ao F
st A AT Fig. 11-A). ¥hdFo] 418+ ghxpe] v
AEeMe wiAE o NEdR gz doy,
wfH ARt shH s AL wie] A Bt s,

o e 49 wgEel Yole ol ArkFig
9-B, 10-B, 11-B).

3) QuAE

iy e sae] 2% Azl % A
Bel 5o Q4o iﬂ%v HES) g 191

A7 o] 12~15prn°]?luf. Fof M Ay ’\'H{/}

Ao HshstA %’riﬂﬁ‘}d A Fol A ]f"ﬁd/
E& g G Fa Uk A AE F914
I 2w 7 Fel ] mA e 2uvE 293
Fal, dHEHAEE 42 (Jacunae wall) Apolefl 1+71
(gap)ol HESo] slv 41& #ad 4= 3
12). olof] wlsfiA #dFo| 4g Faje] H5 ¥
ol M= A (gap) & & 4 glo, & AA A2+
297 oAy o A9b¥(lacunae wall) o) F
"‘—'E?l(deme)ﬁﬂ’Kl'7 b2 s R9jelv weld
AfE HAE v AE B o Al g, o
FHEe e whA Vv, A b e oW
st& wdsle] ke g Aag 5 dAvk(Fig. 13).

Oif)r Fig.

a 3

HAEe E 2% AR Asle A nud
g *15)3?} gatol A HEE iy BFE A
Bato] HARY 3 KebA AW EA4Re
wet EEtel BHATe) ey M3ls By
4 FARRR e o2 dEstg

Y e 13119 3 24

PR, AFAE, N1EEe HwE 2§25
Rl‘ilt} Stage [12 4% & Sxoll A= A3 HE
2 AF B AdY HYAY HaE REHoR
Hae F Ak o] WHeRE wYd HRE B
F 971 o, 25 H(tidemark) = E F Aoy
Benninghoff’s arcadei= ##% 4 I}, stage
s} Vel A9 #9H sprlolo] AFMEe FHH
WA NE B0 Rl ARAX BolAE AS
#4238 ¢ o=, o3le dE 3y 38

7] e A EE] e Ao FEHGY,
‘—"MW A0 444 stage 134 119] & FWME

‘1 o 2 ¥ 4 2137 & 7] (undulation) 2 74 (pit)
7:3 4 Z}Q = dsded, S il MR HEsla
985 ek '1‘4‘133?- 38 Utk Mows
Woll 28l §7|7F A7) ol e #BHol £l
B 2 dwel AgH HFaag uiolgin
gF vl Minns!' 9} Muir?' 7} 7148 th(bundle) 2
FTayer) 34 & #EE § Ao, AR #2759
Hro7], A FHe AREn g e 4SS
A2 AL, dH Ad w9
|19 XE A2 7 UYL stage [ [Ve] 24
HEwlol My A% 2 (irregularity) 3 &4 Seig
T, okt obd mofel HaA A ARE 58
43 4 Ak 4 A Redlers= BHEES
thibg & ¢ ddial sfgey AHxge #ad
At
#d Aue dagHon Fo wa wYgd A
Fro) Wk B Eol Aol 7} AMaL, AWEF Fo] =
%4 ‘45--5. Aol 7t ‘3}714 AR &R &2
vk A Feols, A RS B G A
ol ‘Lq 143 v A HegE A 2k gdE HNes
vhare ¢ Ydoh e HuaFEe] ANgHss
e VFol HAHAEAM, wed H{t "1}3451”
i go] Eatasjaim, v 4% A9 BEAgE ¥
o ydole] & o}z g HAY - 9k Redler
Wol 2jabH dEdEs B 4 gidha o A
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A= A9 (lacunae) ol Sl IEHMEE #FAY F
AN, AZA E e} A9 (lacunae wall) AFo] o] 744
(gap) = HEH ] ole 2g A 4 YAt Weiss
We AZAE F9) 7o) 38 7HEY neA
A7 o 2Esitia sgont, B A7 A Hd M=
Redler’} @33 3 o] Y3 HHo 2=
5Y&Yh Redler?= ASHE F¢ 71dx 3
718 Atolo] f31d thZE(contrast) & Hols HE
polyanionic macromolecule %2} =jo]| wji-olztil &}
Ad. FRAZT) AVYSFE AZHMEE Y3} WA
HHA _-_54-4 AAZ EEFEAAL Y& WA
7t AE FEE F U} Redler’ = A|AME O
AZo 451“} A (gh) o] 7taiAYE d& w0l
Ao sk & HE AR A 392 proteogly-
can 2L VM T, HAEY AL Byg 4%
AFHE JFF 2ol &4-& W} proteoglycan A 4
Z80] glojAn, &8 2 kg Ade
A 4 Z:LEIE A% nYA dfe 5480 9
gz g&dc

B dAFE He Fo FEAA ozl Aol
obz] % &9 FHEH Fxo g FALEA
Hul A Byt 493 =i Holuna olef st
A& AFE FYIFUH =5 Ao BHE

g Agol g E48 e d doMx we
HJHE AFTE Re=m —‘SE}.

A4EL oE BF :
g9 BAA E BFel 4@@@—% S

Aoz ey wW3lE 3&%@‘3&5}
35+ u] A4} stage [l A= 22 02 i Y3A
HYon dF v, dIFAHE 2 7|45 v
g FAHS ARt 18 stage 12 B HE o2
gzlold AZHE F AF HWY A4 HPA
Hals pRFoz #Ed & A stage 11175
XA sptolo M AEAEY FHE B £ Uey
qH-g #3238 5 YA
AFAE AL H o2
B 4 9)ic}. stage IV A9 AT
F 5]@” ‘*‘E}i AR o

(pit), & 71(undulation), *ﬂi gy g Byl 7
g oo HAE & #A & 4 QUn, RE
Hog EAF E““i—} 2d Bk §iE X%
#HEAE 4 Uk Stage I, IVS) A3 Winlo] QA=
AF g 53 F 9 (fissure) ¥ B3 (cra-
ter)E £ & UL ‘:}‘E R gy dF B
EEo] 4ol ¥/h7 53 G s #FE 4 Aok
A& RHGRAAME T2 Bdd AR gy, =
Urel kg AP ed Fo g EFEQY
o] —":*J §5of mE etz ‘ﬂﬂ% FALA
A@udoz #AY 5 Ak v u A FH

7H4A -s(most superficial portion) 01]/‘1‘” ngd A
7t b 2dsla S 299 gPsa Ao A
datA vl =l o] U 57132 (middle portion) &
4 s 550 v Bt £ v 2F5EA
A AR EE A 7 A H(deepest por-
tion)¥ WHA MFF7 MR Hn dF 7dd F
2oz Fastal Ak e, Ag Fxy 2%
AsddAe U4 E dE 712AE Aolon, wgdd
AR7t S E I v ol "“‘Hﬂ A, o 4%
Ae FAYEY Yogl & o] 731 Yok vjmH e
gl 25 AEAA dEAEE FH 1A T‘*‘
1o YA AR 2UEE BUSYy, AT
A E ot 499 (lacunae wall) AFololl 7H2 (gap)ol B
EHo] dv A AHE 4 AU o] t’]fﬁﬂ"i A3k
HHE g2y T dEdA D E(gap)e B
iz, Z AAAAAE A97 glojAe o -:—94”5
(lacunae wall) o] 24 &% (dense) s AL v} & 2AFH
Hhole 2dd ARt WA 7t A BEE
T A}

ol AXNE TS E o uiE =F AL
Axollv FHHEE oA AL zulHY
29 wed AF7t Beg FE ol o) gd o

FdSol AlRET R AR ETh
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= Abstract=

An Ultrastructure in Articular Cartilage of Femoral Head
with Light Microscopic and Scanning Electron Microscopic Studies

Young Kug Lee, MD; Chang Soo Kang, MD

Department of Orthopaedic Surgery, Keimyung University
School of Medicine, Taegu, Korea

Kwon Kun Young, MD

Department of Pathalogy, Keimyung University
School of Medicine, Taegu, Korea

The authors observed morphological changes with light microscopy and scanning electron microscopy of
8 patients with osteoarthritis caused by avascular necrosis whose articular cartilage of femoral head was
classified by the degree of injury.

In light microscopy, the articular cartilage of stage Il patient appeared homogenous in structure, composed
of a dense ground substance and chondrocytes. But in the other patient of stage II could be visualized partial
degenerative change and loss of articular surface and chondrocytes.

In the case of stage IIl, the chondrocyte cluster could be seen just underneath the surface which enabled
us to observe and irregular articular surface. The number of chondrocytes were also increased on the superficial
and middle portions.

In the case of stage IV, severe degenerative change of articular cartilage and subchondral bone were observed.

In the mild osteoarthritic articular cartilage, there were observed marked ultrastructural differences in
the articular surface, the subsurface fibrillar framework of the matrix and chondrocytes. It was estimated
that the organization of collagen fibrils in articular cartilage shows a three-dimensional netmork with a special
system in each zone.

In the severe osteoarthritic cartilage, it is observed degenerated chondroid materials, destroyed and irregular
oriented collagen fibers and amorphous conglomeration.

In the mild osteoarthritic articular cartilage, chondrocytes and well-defined lacunae are observed. The gap
between the chondrocyte and the lacunae wall is preserved.

These results indicate that osteoarthritis caused by avascular necrosis of femoral head is initially developed
from minor disruption of ultrastructural collagen fibrils due to an excessive tensile stressed than eventually
progressed to osteoarthritis. The result of this study was acquired from a small number of specimens but
such a study may provides very helpful information in the analysis of other diseases related to articular
cartilage if similar continued research is carried out in the future as there are few reports as yet published
on the morphological structure of articular cartilage.

Key Words: Articular cartilage, Femoral head, Scanning electron microscopy
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11.

12,

13.

LEGENDS

. In stage II, the articular cartilage appears homogenous in nature, composed of a dense ground substance

and chondrocytes(H & E, X 40).

. In stage 11 of the other patient partially degenerative change and loss of articular surface(H & E, X 40).
. In stage III, an irregular articular surface and clusters of chondrocytes in just underneath the articular

surface(H & E, X 40).

. In stage IV, severe degenerative changes of articular cartilage and subchondral bone(H&E, X 40).
. In mild osteoarthritic articular cartilage, ridges or undulations on the surface. Many were parallel to each

other and oriented perpendicularly to the direction of motion of the joint(SEM, X 860).

. In mild osteoarthritic articular cartilage, pits and nodular elevations on the surface(SEM, X 430).
. In severe osteoarthritic articular cartilage, remarkable fissures and craters on the surface(SEM, X 1100).
. In severe osteoarthritic articular cartilage, the irregular central crater is surrounded by leaflike remnants

of degenerating cartilage containing lacunae(SEM, X 230).

. Most superficial portion of osteoarthritic articular cartilage. A) In mild lesion collagen fibrils are oriented

parallel to the joint surface and most compacted(SEM, X 10800). B) In severe lesion, show destroyed and
irregularly oriented collagen fibrils(SEM, X 10800).

Middle portion of osteoarthritic articular cartilage. A) In mild lesion collagen fibrils are obliguely, randomly
oriented and less compacted (SEM, X 13900). B) In severe lesion, show degenerated chondroid material,
destroyed and irregularly oriented collagen fibrils(SEM, X 10800).

Deep portion of osteoarthritic articular cartilage. A) In mild lesion collagen fibrils are oriented perpendicularly
to the articular surface (SEM, X 11000). B) In severe lesion, show degenerated chondroid material, destroyed
and irregularly oriented collagen fibrils and amorphous conglomeration(SEM, X 10800).

In the mild osteoarthritic articular cartilage, chondrocyte with well-defined lacunae. The gap(arrows) between
the chondrocytes and the lacunae wall is preserved(SEM, X 4300).

In the severe osteoarthritic articular cartilage, well-defined lacunae and gaps were not seen(SEM, X 6400).
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