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Steroid-Induced Early Changes in Adult Rabbit Femoral Head
—Experimental Study—

Seung Ho Yune, M.D., Deuk Soo Hwang, M.D., George Leung, B.A.*
and Seok Beom Kim, M.D,

Department of Orthopaedic Surgery, Chung Nam National University Hospital

Osteonecrosis has been found in association with non-traumatic pathological conditions such as
alcoholism, sickle cell hemoglobinopathies, Gaucher’s disease and decompression sickness. It is also a
major comy’ cation in surviving renal transplantation patients where it is generally believed to be a
result of immunosupressive systemic corticosteroid administration.

The precise etiology of osteonecrosis is still unknown, but many hypotheses have presented; inter-
ruption of the blood supply, direct cytotoxic effect, incresed intraosseous pressure and decreased ve-
nous return.

Whatever the caused or the starting point, and whatever the pathologic process, blockage of the
osseous microcirculation with intramedullary stasis appears to be the common denominator.

In the present study, our purpose is to examine the microvascular structural changes and corres-
ponding pathological changes of rabbit’s femoral head by disturbance of lipid metabolism resulting
from the administration of a large dose of the steroid.

The results were as follows;

1. In the study group (steroid-treated) ;there was a relatively increased empty lacuna "within the
rabbit’s femoral head suchondral bone at 3 weeks in contrast with the control group. (con-
trol : 10.72%, study : 20.8%, P<0.01.).

2. Early definite marrow necrosis was found since 3 wekks, a marrow focal osteonecragis since 5
weeks, and roentgenographically osteoporosis since 5 weeks in the study group.

3. In the histological study, the more degenerative vascular changes were found in the su-
bchondral plate as weekly time was relapsed (H & E), and the subchondral vessels were filled
with fat in most of the steroid-treated groub (Oil-red 0).

4. In the microangiographic study, the chnges of vascular pattern of the subchondral area was
found in the more steroid treated group. ie, it was shown to be dissimilar in size, irregulary sp-
aced and not orderly arranged side by side in a line with disappearing focal vascular shadow.
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Table 1. Number of weekly sacrificed rabbits

Weeks of Duration of Number
sacrifice sacrifice  Steroid- Died Con-
(Wk) (day) treated trol

1 7-14 2 1
2 14-21 3
3 21-28 3 1 1
4 28-35 2
5 35-42 4 1 1
6 42-49 2
7 49-56 2 2 1
8 56-63 2
9 63-70 1 1
21 4 5(30)

2% 4012l & Asly, E2Te TS 4
o) ALE JEE 1Z20Ho2 93714 3
A3l THo| HA S HTable 1).

AE7IE 26021 & A A AR HA}
Maxes oE %9 JFAFFE A
%, Nembutal 30mg/kg& A HWul3 A7 7}
EEgEY 2 AAg AN =234, §F F
e L FAe FAIE, 0% T=E ¢
& 29 A (baropaque®)E FY7IE o] §3t4
80-100mm Hg ¢ sle] v azI«d 4
Al 8t o

A¥F 3vieE], d=F 1vdle RYAE=E
v @57l 918 indian inkg Alg&AT. 23X
AP A1gE JIES 34 EF EXE ¥4
&7] sty XA #FHHn, 2¥F 4ANT F
¢t WA PYRuPANF JtES dAEESE
Ay ArzHo|l RHig Aoz F&3n, F
253 FFE Q37 A Xd #4E
3% 10% Formalind]l LA 3sta, 24A7F o
Bl Az} X9 9 A lipshaw safer bone saw& 0]
£ Adsled AW g DEF 10% HO0.Z2 &4
2 Spalteholz'§ o2 @5AHL A Spal
teholz§ Aol Yol, PlAYEH AHE ¢ ¥
A g @3 ste A #Esi

vAEFREES AAEA g1 wdiE o
HIZIFEe $toz2 3Hdsly 2% 9s H & E
44, E8Z 29+ Oil red 04N 8t
2383 5%, 738 Uz 2 A¥E JIEY
A 9 g FE3td HUgoR T F,
Ollred OF M & 3}
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Fig. 1. Radiography of control and 5 weeks
steroid treated rabbit femur; In contrast with
control, 5 weeks rabbit femur was shown rela-
tively osteoprotic change.

30 —steroid treat |
--control ‘

Al 70 U1 CIPLY acung

0 1 2 3 4 5 [ 7 8 9 (wks)

Fig. 2. % of empty lacuna weekly observed
in subchondral plate.

& 23U Azt EZ
2 2239 X-4 92 @ A% J2 T vl
A RH 25 AT

5. HEl&5Fe =Xy oA

D 2R Az s g Oil
red O Moz AREHHLAL EF AUt
2) 9@5l@ 5% empty lacuna®| =
H&EQGNELEL 1] (X 400)3}9]4 <1
AHo 2 107dE HEY3d & AZTE,
empty lacuna®] & HAE Lol %& AA
s, dETe F# 10.72%, 487 3
T 208%% WETo v& YdHoz FU€
Ag& B FUHP<0.01), (Fig. 2).
3) @582 (subchondral vessels)o| 5}
gz A Oilred OF Moz 2 o] FE o]
WAR R ggovH(Fig. 3-a), AP ZANME A
oz uAEde] ¢A3] A4 217, o
He 8@ R A AHL23E B4
(Fig. 3-b).

Fig. 3A. Histology of femoral head subchon-
dral area (Qil red O stain). Control (X200):No
fat within the subchiondral small vessels.

Fig. 3B. 5 weeks steroid treated (X100)
Subchondral vessels were filled with fat.
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Fig. 4A. Histology of femoral head subchon
dral area (H & E). Control (X100) :No specific
findings within subchondral vessels.

Fig, 4B. 7 weeks steroid treated (X100):

Vascular degeneration changes (Fibroblast pro-

liferation, Hyaline degeneration) were found.

H & Eddo2 JzxF(Fig. 4-a)3 vlus}
o DAE#e AAHLAHSEAESY, 23
FUA5)o] 77t steroido] HEH 7IELF
£ F715 Ak (Fig. 4-b).

4) 2% (marrow)U| H3

Y= (Fig. 5-a) 3 ¥ndle AMFH oz 7
ol F7ME4E 2EARXY 247 84 25
W ARAE 277 AAL, REHoE B
H&A AAAL FF F7} F/3Ad 3F
FHE 4% FF AALAE EF Jeow
(Fig. 5-b), 5F %€ RE 3 EHALH0E B
st} (Fig. 5-c)

6. HEZ@F OjMQU=GLA
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ANt ALY g dR2EH vud
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Fig. 5A. Histology of femoral head marrow
area (H & E). Control (X100):Regular fatty
size and many hematopoietic cells.

.
Fig. 5B. 3 weeks steroid treated (X200):In-
creased fatty cell size and fat cyst formation.

Also, marked decreased hematopoietic cells and
myxoid degeneration.

Fig. 5C. 5 weeks steroid treated (X200):
Definite osteonecrotic findings were shown as
osteocytic death within trabecular bone and ne-
crotic debris.

Fa71e ol o A eh(Fig. 6).
AAse WrFstel 13040z BEs
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Fig. 6. Microangiography (Zoom lens). It
was difficult to interpretation what was the dif-
ference between the control and study group.
Local skipped blood supply area was found in
some speciments.

wiged Yoo

Fig. 7A. Microangiography of subchondral
area Microscopic finding) Control:The subchon-
dral capillaries are very similar in size and are
regularly spaced and ordered side by side in a
line within the subchondral plate (X20).

WsE 2 5 AU F, W2 T (Fig. 7-a,
b)# umste HYFANHE FEHE A
@ 2xo A& @A, d9 a7t Y
2 gx, BFAA dIFAFHoE FIe

Fig. 7B. Control: (Indian ink):Vessels are
arranged as if a series of fountains were
arranged in such a fashion that the spray from
any one fell into the rising columns of its neigh-
bors on all sides (X20).

27¢ B FH(Fig. 7-¢c, d, &, f, 8).
i B

v A ZaAle] feg oA 4
o] AT HAF FAAL ol F7A AHol
Hol AA %t

210 2 F &4 Z(osteoporosis), 3§ 3
£ (hypercoagulability), @ &4 (vasculitis), A
WA M Z (fat embolism), AHH AMEY =S4
2+ & (direct cytotoxic effect), T W23
o] oo o3 UL F7hel, olskEwt
P Fded So] AL Uk 2FAT B
E AL A7 dojute AL oI
za}o] glo] #A#ANA (revascularization)o] ¥
JJUA A EAIglel A7 AUBFE
A3, YERE Aol &d] wE steroid=
2" 4% T} 3-40% A AT T
EEu AP,

Arlet?s 2Z A0z ZTIAAE 482 EF
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Fig. 7C-G. 4-9 weeks steroid treated:weekly subchondral capillaries are not similar in size and are

irregularly spaced and disordered side by side in a line within the subchonbral plate with disappearing
focal vascular shadow(X20).

i REYo] e HEOAM FA TAHE
% sitka 3t oo, Rutishauser's 38734
£ o] stagedlA T dold F Utte AHE
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Agd 7IEYSFE ZHE AL BEY
ANt

¥ HMESL2EF (direct cytotoxic ef-
fect)oll )3 FA Lo F|Alo] FAF H&, o
5}1}%5*'8‘20,22.23.25.33.34.33.39.40.45,46)0“ 94 s“ _?:%5]
2 Jed, TEHo| steroidd] & olv 43}
A &£4& &2 Aol AU, HAF o3 o]
AHog &g W A, SAEE HHY
A "oz zFP=Ho A= IAE 2YH
i, 53] Glimcher®e e Z5e FHEE 2
E ¥P B ¥ (marginal blood supply)d] <3
AE 94 339 E2EF A AN BRE ¢
£ + 7] "WEd o 9#sdn sy &
ATE ol B FAFAE E3Aoh

Fu g¥e Frlel 3 ez AHE
Johnsonzg)o] _?_%%}_%:’l’ 01‘—_"1 6_}1 1.10.11.27.28.29.37.
Dol o]d AF A, steroidel] 4§ A
A7 dejum, o2 & T =uz3
9] Aol dojun, Az Fust A
4% HAE e F57 (close femoral head
cavity) o t&o] Friste U ¥ &3
€ 72 A7 . 2227 JonesPE
olZHo] 7Y rHrile FHAAY o]zEFHQ
948 H93Yn Wang®e Ao A 37=F%
2 U 489 718 ¢ASY Y, 6-8F F
2e] A FFe 248 BAgFAGT st .

HEE AR 48 2704 27 FHA
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U HZ oj" FqA=N® QA9 F4o] glE
W E 25 (sient hip)ollAq] AE3 FY SIAHE
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£ d¥dAe G4 F5U A 372F
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€ 5FF5EH BYr

Kenjora3*& Z37)4l9] figlog &HH A
Z 70AM (accumulative cell stress theory) &
B EslT Y9Ao2 th¥A (multifactoral) o2
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7HE A AEAGE 2P n stgo.

A A YA ] o] AF O B =) HF AR A 4917190400
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steroidol] H|3] H]F YA R AWAIL Yo
U3 ol A Aol HAAEHY, uXAEF R A
WA AFo] A7led, AYMH z7H, A, I
TAA TAHAJLY, FZo] DA A uto]
A 23T g AgAd F9o FA
¥9o IALE AL, Ate] FHEFLE A
ZEES9 W IAE W EF (empty la-
cuna)® F7b FrlEle A& FHsAGON.
YdE AARELS o] I3} BHYFoz 90
= 28T F FAg 53 180k EojovE ¥
X o Fd Tz MA9 sM5Ae 7135 Fr}
B2on FAIFYAE®, 28A5 Cruess®=
AE3 F4 W3 (subchondral resorption)&
HAA7MEANAM 2H4E 7} Atz stgen,
1 o]l$ 2 7lE<x steroido] wj$ wigsie A
gEo] glolA Q#AMVT HEAZD F AT T
39 th. = Cruess'¥+ 4 =3} 74 (subchondral
infartion)e] &rje] wWH HEgn 3god,
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Aze B dTFoA steroidF o F R
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HE @@ Ago] AN 28-S TP
Qovl, dA7IL Aol FIEFE AW
olg] d@e AV FVHe 27AL v @
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AAcle]l YEFE d EXE Trueta®
o9& A& MdEHAed, vtx AN BF
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We n2g YA, Y3 AF (calcifying
cartilage) 9] 4 XA v)A¥E@AS FE
A¥d MAR (postcapillary venules)S HE
AT 12 FE EA3Y SFUE Eof &
o Fot

¥ dFdAae viA ¥ z2de, &3Y,
steroidel]l Q. AP 7lEe AF3 HP9
2go] WEF AL Bg Fed, A4 AF
3 "@9 Bgol U7 v, AdFL
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ge, FAq 0ol By d@Ar|7t %
3tA] geow, RRAHow VIALEH HHAE
B F3, fHHoe AT Zog 3}
o WAL A ¥Urt. ol olul: steroide ¢
F AAAAZE dojubAd AW HAdF 2 oA
FE Aol Tx B9 B #HHY #A3e
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Azte]l B AT M 9F:71A HFEo] 7hF
3 JIEE B XA 270y xAHUHo=
AT YA L wAgF goten, o] Ficat'®
o] B3 o] A Stage I 7}A] 9] silent hip stage
2 FHAG

4 £

2 Ay A gen e ZEL 4t

1. 2 Fo) bv]3) steroid® HE AP
A dZEF o ¥ EF (empty lacuna) =7}
338E AuAoz F/E AAL Byt (B
27 10.72%, A ¥+ 20.8%, p<0.01).
2. AP FANA 2719 §4E 4 A2
3ZRE #FANAY, FFEY F4F AA
AL 5F8H FAFHAJeH X-4d 238 F
$5& 5F5E #FHAL.
3. 238F AAA, H & E@4stolA 3=
3 Fdlo] mAEREe] WAAAAL steroidol
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AL BE}AL.
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.Acknowledgement

*Chief Technician, Laboratory of Orthopaedic
Surgery, School of Medicine, University of Bri-
tish Columbia, Vancouver, Canada.

~1230-

REFERENCES

1) Arlet, J. and Ficat, P.:Diaganostic de 1,
Osteo-necrose Femoro-capitale Primitiove au
Stade I (Staed pre-radiologique). Rev. Chir.
Orthop. 54:637-648, 1968.

2) Arlet, J. and Durroux R.:Diagnostic His-
tologique Precoce de ['Osteonecrose Aseptique
de la tete Femoralae le forage Biopsie. in.
Premier Symposium International de Circula-
tion Osseuse. Toulouse, Paris:INSERM,
1973.

3) Bewick, M., Stewart, P.H. and Rudge, C.:
Avascular Necrosis of Bone in Patients un-
dergoing Renal Allotransplantation. Clin.
Nephrol., 5:66-72, 1978.

4) Boettsher, W.C., Bonfiglio, H.H., Hamliton,
R.F. and Smity, K.:Non-traumatic Necrosis
of the Femoral Heat. I. Relation of Altered
Hemostasis to Etiology, J. Bone and Joint
Surg., 52-A:312-321, 1970.

5) Boksenbaum, M. and Medelsom, C.G.: Asep-
tic Necrosis of the Femoral Head Associated
with Steroid Therapy, JAMA, 184: 262, 1963.

6) Bouteiller, G., Arlet, J., Blasco, A., Vigoi,
F. and Elefterion, A.:In Osteronecrosis of
the Femoral Head Avascular;Bone Blood
Flow Measurements on Femoral Parts after
Long-term Treatment with Corticosteroids,
Bone Circulation.: 53-57, 1984.

7) Bravo, J.F., Herman, J. H. and Smith, C.J.:
Musculoskeletal Disorders after Renal Homo-
transplantation. A Clinical and Laboratory
Analysis of 60 cases, Ann., Intern. MED., 66
-87, 1967.

8) Brigga, W.A., Hampers, C.L., Merrill, J.P.,
Hager, E.B., Willson, R.E., Birtch, A.G. and
Murray, J. E.: Aseptic Necrosis in the Femur
after Renal Tranplantatain, Ann, Surg.,
175:282, 1972.

9) Cruess, R.L., Blennerhassett, J., Macdonalid

F.R., Maclean L.D. and Dossetor J.: Aseptic

Necrosis Following Renal Tranplantation. J.

Bone and Joint Surg., 50-A: 1577, 1968.

Cruess, R.L., Ross, D. and Crawshaw, E.:

The Etiology of Steroid-Induced Awvascular

Necrosis of Bone. A Lavoratory and Clinical

10

-



11)

12)

13)

14)

15

~

16)

17

~—

18)

19)

20)

21)

22)

Study. Clin. Orthop., 113.:178-183, 1975.
Cruess, R.L.:Cortisone-induced AVN of
Femoral Head, J. Bone and Joint Surg., 55B:
313-317, 1976.

Cruess, R.L.:Steroid-Induced Avasucular
Necrosis. Clin. Orthop., 130.86, 1979.
Cruess, R.L.:Osteonecrosis of Bone, Clin.
Orthop., 208: 30, 1986. 7

Ficat, P., Arlet, J., Vidal, R. and Fournial,
J.C.:Resultats Therapeutques du Forage-
Biopsie dans les Osteonecroses Femorocapi-
tales Primitives (100 cas). Rev. Rhumat.,
38:269-276, 1971.

Ficat R.P. and Arlet, J.; The Syndrom of
Bone Ischemia. In Ischemia and Necrosis of
Bone, pp. 75-102, Edited and Adapted by D.S.
Hungerford. Baltimore, Wil-liams and Wil-
kins, 1980. o A
Ficat, R.P.:Idiopathic Bone Necrosis of the
Femoral Head-Early Diagnosis and. Treat-
ment. J. Bone and Joint Surg., 67-B.93-99,
1985.

Fisher, D.E., Bicked, W.H. and Holly, K.
E. . Histolgic Demonstration of Fat Emboli in
Aseptic Necrosis Associated with Hypercor-
tisonism, Mayo Clinic Proc., 44:252, 1969.
Fisher, D.E. and Bickel, W.H.: Corticosteroid
-Induced Avascular Necrosis. A clinical
Study of Seventy -Seven patients. J. Bone and
Joint Surg., 53-A:859-873, 1971.

Fisher, D.E., Blckel, W.H., Holley, K.E. and
Ellefson, R.D. : Corticosteroid Induced Asep-
tic Necrosis. 1, Experimental Study. Clin.
Orthop. Orthop., 84. 202-206, 1972.
Glimcher, M.J. and Kenzora, J.E. : The Bi-
ology of Osteonecrosis of the Femoral Head
and it;s Clinical Implication: W. Discussion
of the Etiology and Genesis of the Pathologi-
cal Sequalae;, Comments on Treatment. Clin.
Ortho., 140:273-312, 1979.

Gold, E.W., Fox, 0.D., Weissfeld, S. and
Curtiss, P.M. : Corticosteroid-induced AVN;
An Experimental Study in Rabbits. Clin,
orthop. 135.272-280, 1978.

Hall, M.C., Elmore, S.M., Bright, R.W,,
Pierce, J.C. and Hume, D.M.:Skeletal Com-

plications in a Series of Human Renal

23)

24)

25)

26

~—

27)

28

~—

29

~—

30)

31)

32

S

33)

34)

-1231-

Allografts. JAMA, 208: 1825-1829, 1969.
Harrington, K.D., Murray, W.B., Kountz,
S.L. and Belzer, F.O.: Avascular Necrosis of
Bone after Renal Transplantation. J. Bone
and Joint Surg., 53-A.:203-215, 1971.
Hawking, K.M.: Avascular Necrosis of Bone
after Renal Transplantation. N. Engl J.
Med., 294: 397, 1976.

Heiman, W.G. and Freiberger, R.H.:
Avascular Necrosis of the Femoral and Hu-
meral Heads after High Dose Corticosteroid
Therapy, N. Engl. J. Engl. J. MED., 276.:272,
1960.

Humpherys, S., Spencer, J.D., Tighe, J.R.,
Cumming, R.R.: The Femoral Head in
Osteonecrosis, J. Bone and Joint Surg. (Br),
71-205-8, 1989.

Hungerford, D.S. and Zizic, T.M.:Alcohol-
ism Associated Ischemic Necrosis of the Fe
moral Head. Early Diagnosis & Treatment.
Clic. Orthop., 130:144-153, 1978.
Hungerford, D.S.: Pathogenic Considerations
in Ischemic Necrosis of Bone. Can. J. Surg.,
24:583, 1981.

Johnson, L.C.: Histogenesis of Avascular Ne-
crosts. Proceedings of the Conference on
Aseptic Necrosis of the Femoral Head. St
Louis, 1982.

Jones, J. P., Jr., Engelman, E.P. and
Najarian, J.S.:Systemic fat Embolism after
Renal Homotransplantation and Treatment
with Corticosteroids. N. Engl. J. Med., 273-
1453, 1965.

Jones, J.P. Jr., Engelman, E.P.:Osseous
Avascular Necrosis Associated with systemic
Abnormalities. Arthrit. and Rheumat., 9. 728
-736, 1966.

Jones, J.P.:Fat Embolism & Osleonecrosis.
Ortho. Clinic of North America. Vol. 16, No.
4:509-625, Oct. 1985.

Kawai, K., Maruno, H., Watanabe, Y. and
Hirohata K.:Fat Necrosis of Osteocytes as a
Causative Factor in Idiopathic Osteonecrosis
in Heritable Hyperlipemic Rabbits. Clin. Or-
thop. 153:273-282, 1980.

Kawali, K, et al.:Steroid Induced Accumula-
tion of Lipid in the Osterocyles of the Rabbit



35)

36

~—

37)

38)

39)

40)

41)

42)

43)

44)

Femoral Head, Histochemical and Electron
Microscopic Study, J. Bone and Joint Surg.,
67-A:755-762, 1985,

Kemper, J.W., Baggenstoss, A.H. and
Slocumb, C.H.: The Relationship of Therapy
with Cortisone to the Incidence of Avascular
Lesions in Rheumatoid Arthritis, Ann. In-
tern. Med., 46.831, 1972,

Kenzora, J.E. et al.:Accumulative Cell
Stress; The Multifactrial Etiology of Idio-
pathic Osteonecrosis, Orth. of North America,
Vol. 16, No. 4. Oct. 669-677, 1985.

Lennex, D.W. amd Hungerford, D.S.:Pa-
thology and Pathogenesis of Circulatory Di-
sorder:In Abramson, D.I. and Dorbin, P.B.
(eds). Biood vessels & Lymphatics in Organ
Systems. New York, Academic Press. 1984.
Murry, R.O.:Radiological Bone Changes in
Cushing Syndrome and Steroid Therapy, Br.
J. Radiol., 33.1, 1960.

Murry, W.R.:Hip Problems associated with
Organ Transplants, Clin. Orthop., 90:57,
1973.

Morgan, T.J.: Cortisone-Induced Alterati-
ons in Lipid Metabolism . Morphologic and
Serologic Observations in Rabbits, Arch.
Pathol., 73:300, 1962.

Nielsen, H.E., Melsen, F. and Christensen,
M.S.: Aseptic Necrosis of Bone following
Renal Transplantation: Clinical and Biochem-
ical Aspects and Bone Morphometry. Acta
Med Scand., 202-27-32, 1977.

Nisihio, A. and Yaskushiji, K.: Legg-Calve-
Perthes Disease-Histology and Treatment.
Yonago Acta Medica., 6.1, 1962.
Pietrogrande, V., Mastomaino, R.:Osteopa-
tia da Prolungato Trattamento Cortisonico.
Ortop Traumatol., 25: 791-810, 1957.
Rutishauser, E., Rhoner, A. and Held, D. :

45)

46)

47)

48)

49)

50)

51)

52)

53)

-1232-

Experimentelle Untersuchungen uber die
Wrikung der Ischamie auf den Knoshen und
das Mark. Virchowa Virchows Arch [Path
Ant], 333:101, 1960.

Silderberg, M. and Silderberg, R.:Steroid
Hormones and Bone. In Biochemistry and
Physiology of Bone. 2nd Ed., Vol. . P404,
New York. Academic Press., 1971.

Smith, C.J. and Leidholt, J.D. : Steroid
Arthropathy of the Hip, Clin. Orthop., 90: 50,
1973.

Solomon, L.:Idiopathic Necrosis and Trea-
tment. Can. J. Surg., 24:573-578, 1981.
Spencer, J.D. et al.; Early Avascular Necro-
sis of the Femoral Head-~Report of a Case
and Review of the Literature, J. Bone and
Joint Surg., 68-B, 414-417, 1986.

Spencer, J.D., Brookes, M.:Avascular Ne-
crosis and the Blood Supply of the Femoral
head.J. Bone and Joint Surg., 70-B.153-
154, 1988.

Sugioka, Y.:Idiopathic Avascular necrosis of
the Femoral Head. J. Jap. Orthop. Assoc., 47:
1021, 1973.

Trueta, J. and Harrision, M.H.: The Normai
Vascular Anatomy of the Femoral Head in
Adult Man. J. Bone and Joint Surg., 35-B:
442-461, 1953.

Wang, G.J., Lennox D.W. and Roger, S.1.:
Cortison-Induced Intrafemoral Head Pres-
sure Change and its Response to a Drilling
Decompression Method. Clin. Ortho., 159:
274, 1981.

Wang, G.J., Hubbard, S.L., Reger, S.I. et al.:
Femoral Head Blood Flow in Long Term Ster-
oid Treatment (Study of Rabbit Model), P35~
37. In Arlet, R.P. and Hungerford, D.S.
(eds): Bone Circulation. Baltimore. Williams
and Wilkins. 1984.



	asd: 
	ads: 
	sad: 


