Pathologic and Hemodynamic Study in a New
Model of Femoral Head Necrosis
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Abbreviations: HE, hematoxylin-eosin; MRI, magnetic resonance- imaging; SLE, systemic lupus

erythematosus; TE, time of echo;. TR, time of repetition
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Fig.1. Lateral aspect of the left canine hip joint. The
round ligament was severed, the femoral head was
dislocated posteriorly and the extent of the dislocation was
kept consistently at a distance of one and a half femoral
heads from the original position. A, acetabulum; H,
femoral head. ’

BT, VY VENERE, REMENRE T,

R BRSRG O B, MRS SHT o, ¥ RE
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1) REMAGENRS

W ABBE IHI Cutting grinding system (Exakt, Hamburg,
Germany) # HWTHRE L FFTICEEH Imm KWAS1 AL
7o, TOHINKB AN ) VECRELTCEER, =FLv27
I v F } SEEEE (ethylenediaminetetraacetic acid, EDTA) Tt
KL, 257 4 VAHODSL I 7 a b —ATEZ 4~6um DY)
FHaVER LIz, ~=r+ vV v=a4 v (hematoxylin-eosin,
HE) Jufads L O'BIRARHER BIRANC Hud 52 HWT7 ¥ v i

Fig. 2. Lateral aspect of the left canine hip joint. The
lateral and medial circumflex femoral arteries and veins
were ligated and cut. A, acetabulum; H, femoral head;
MFC, medial femoral circumflex artery and vein; LFC,
lateral femoral circumflex artery and vein.

Fig.3. Angiogram around the canine hip joint in the case
of both hip dislocation and ligation of the lateral and
medial circumflex femoral arteries and veins. J, site of
ligation. ‘
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BRI BWTIL, 5 > Ao Lo Egifomdx
ROLFED e, 2BBIVCLIBELIRERE/E
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MAEREHRERPOC BT BT BB - R 28B L0y
ERER L LI EERENMNERA SR T, BEGYEDILD
ek -te. BHESOFTE TR, BHlROBL "2 oI
B, TDEEOELIBETH - (K 6).

BiF+ mEREFC R TR 2 A0 AT, 2RE/ g
DEBHCADLN DN EEGEY 2T 2H2105E 5 8 5
(80%) A bh, BEIEGEIA LGS ORI ET 5
Mo bhi. ¥, TOSHEHP THTIREXOBEERE

Reference electrode
Measuring probe (Ag/Ag C1)

(Pt-Black)

I DC. generator

Rc(erence electrode
(Ag/Ag Cl)

Polarographic meter

Fig.4. Schema of the circuit for measurement of the blood
flow. In circuit I, a direct current of 8 uA is allowed to
pass from the generator until a certain level of hydrogen
is produced around the measuring electrode. In circuit I,
a polarographic apparatus and a recorder. are. used- to
measure the clearance of hydrogen gas.
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ENA B, BISKE T ORGEERIC L EEG YRl 4l
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BETEFBCTERRELYRD O L bk o7z, Fi,
£ BRIz D bhish o,

2) THURERRIZOWT

B, OFERERBE T 2BRVLBRRER: b

Fig.5. Photomicrograph of the dislocation only group at 4
weeks. Decreases in the number of marrow cells, but
almost no empty lacunae is seen (hematoxylin-eosin stain,

X 100).

Fig.6. Photomicrograph of ligation only group at 4 weeks.
No empty lacunae is seén (hematoxylin-eosin stain, X100).
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) BB 1EHTwC AR BRI, 1, o 1 Bz T1 MR T
EBGYERL VY, T2 MEBEG CRBME R L TR
WEBIC SERESALhc (K9 C). Tl #AEKE COH—
HEEE, BIUHROEEELE L, WEGTH
MRS O BA L L UHRMEBE RS b BRI BEIEA
AZbhis. ¥/, T2 BFAEGTORR LE-EESHIZ LKA
B THREEEBOBRAR IURINEEE /RS bR, o 2
SHIIEIER A AV 7o MRl TREFE IR TE o6l &,
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BITH -1 (K10).

MRI © Tl BFAEE CEEES R LU T2 BAEG THIES %
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Fig.7. Photomicrograph of the combined dislocation and
ligation group at 2 weeks, Massive empty. lacunae and
appositional bone formation are seen (hematoxylin-eosin
stain, X 100).
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Fig.8. Photomicrograph of the combined dislocation and ligation group at 4 weeks. A, necrosis is seen over a wide area
centering on the weight-bearing region (hematoxylin-eosin stain, X4). B, section 1 of Fig. A. Empty lacunae with no
appositional bone formation is seen on the joint side of fibrous tissue (hematoxylin-eosin stain, X40). C, section 2 of Fig. A.
Fibrous tissue and vigorous appositional bone formation thought to be a manifestation of the repair process of the necrosis are
seen on the neck side (hematoxylin-eosin stain, X100). D, fibrous tissue {collagen fibers) is stained blue (Azan stain, X40).
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ABLUEHERR L G > LBRRIEA R LA (K1), * E) ThHofo. RKEBEERE 1 FHEERS~NRA LSS (R

#2, MRI TOHREAR S Rtk KRB BUEIEAE S W Bt 0 B, M & 32.14£154ml/min/100ml &7 b, BT

KEHED—D Lo TWBELRY, REREFALLCBTD TI 40.7%6 R Lic, BRI X i Po- 0l KRS e B & R & &S

BREE THERESBEATD LA, B, UEELACSE (BE+OESRR CITOMKET 11.6L
0. %3 0OKFE (KEBREEMFAE) 10.3ml/min/100m} &7c b, BEFARTD 147% & EBEI 2R
BAETET (E R 12 78.8419.7ml/min/100m] (FH#918 + BEHER b,

Table 1. Summary of pathologic findings

Number (%) of dogs showing

Time of sacrifice Number

Treatment (weeks) of dogs Massive Appositional new
empty lacunae bone formation
. . 2w 5 0 0
Dislocation AW 5 0 0
. 2W 5 0 0
Ligation of the blood vessels AW 5 0 0
Dislocation + 2w 10 8 (80%) 7 (70%)
ligation of the blood vessels 4w 10 8 (80%) 7 (70%)

No necrosis was found in the groups subjected to either dislocation or ligation alone, whereas
osteonecrosis was seen at 2 weeks in 8 of 10 (80%) and at 4 weeks in 8 of 10 (80%) dogs
subjected to both treatments.

. : : . .

Fig.9. MR image of the combined dislocation and ligation group at 4 weeks. A, homogeneous low signal intensity area
centering on the weight-bearing region is seen (T1-weighted). B, a bandlike area of low signal intensity is seen in the femoral
head (T1-weighted). C, high signal intensity is seen in the periphery of the femoral head (T2-weighted).

Fig.10. MR image of the combined dislocation and ligation Fig. 11. Photomicrograph of the area of abnormal MR
group at 4 weeks. In this case, MR image shows no images. Massive empty lacunae and appositional bone
abnormality (T1-weighted). formation are seen (hematoxylin-eosin stain, X100).
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FERICHT ALY T ANTRARTH 55, KEBFHEIERE
CRGTIIEY =T ANFEEST, 0L HERBHIE
ATWIEWKERBERO—2EEXbIE. Fio, BRKCEL
LB EFANETTERE, BROTHE, HEREORR
KHEBCEMNE D, KIBEHBIERELEENDDLELD
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sk ¥
100 I I |

80+

60

Blood flow (ml/min/100ml)

40/

Il

0 . Y
Control

T
Dislocation +

Distocation ligation of vessels

Fig. 12. Result of the blood flow measurement in the three
groups (n=10). Blood flow was reduced to 40.7% of the
control value with dislocation alone, while further marked
decrease to 14.7% of the control value was achieved by in
addition ligating the medial and lateral circumflex femoral
arteries and veins. *, p<{0.005, **; p<0.001.
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APLARTAREELLRBD, 1 RBABERLHEED
HTHFL, THKA RCHAOADHAZFIEL AL TH h KR
BHEWHEDICA P L AENTD I ER3ARAELEELID.

LlEX b, AER=EF I/ IEFRGEIAFHES L OGRS
fhiiniz DIKWGERBICED bh, BEEIERIC L vHE A
bhBEVD, BMEOKBEEERECHEEULGEEL TY
ez &, EFCBEBIENSI0T 8 (B0%) wRD LA, BVWBEH
HEERRLEEVWS ZETLABBEEREET LV E LTHYSTH
DERLEDLRD.

Herer KRR EREETEEIC BT 5 MRI OFRBIZAMNDOER
ThHh, B FORZER L ORI O @SN & Ik
HioEh, KEBEHEEREDCZENC MRI BOLERAIKIcH D
Elgo T Fio, KIBEHEHBIEED MR SUIEFIC L
DHEINT VB, FOhTE Tl BFABEGIC BT 5ERE
FEBRL KRB RS BRNBTHH Z LI, BREX
BEHERERENERRLBORETCHL L Lo T
Y. —F, AREOFFRY T2 sMiEE# €~ ER#E (double-
line sign) &FR LY, KEBEFEMICHENBTHH LTS

Ebda. i, [HMERMPOEIEO MR BRI THZ &
BEBEORRE IR EA D =X 2% B2 ETCEHETHD,
BBAE, SLE 7z LR 249 R ARSI, ¥ 72FHm
FE 238 B4 T B B SHE M KRB EHEBIERE DERIR e HIV- 72 B
MRl OBEMTLR TV D, TRHICL B EMA B HE L
TR SBEmME 4~ 6 ATREGXET I LB DLEDN
Twa. Lal, EREYCREBEHCECTEGE UTEE
%% MRI T 172 & W2 &7, KERI/FDTTHS.
¥, SEOKR L D EFEME LT MR T4BUINCE % 5
hBZ LB ETe T,

i, ALY REEEREFVEAVCTIERILRA~S
b B A 2 ¥ — (magnetic resonance spectroscopy) IZ & A&t %
v, A% 1ET Tl FREHObTHrREERZ LR,
6~ 8RBT THRIERNADNIELTWS, ZhIXEE
CEIBHEROHEMCLHPENTHALS EHALTWS.

Lang &Y ERBOMY B EY BV MR ORE &G, -

FHHES & 0 248ABE 2T T BREMOEBREERS

Bh, A8~TEEICHT T T EMEEHOEEA RSN & 8§
HELTWAB, LhL, ZThbIRFERNAMCL 2 EFEEET
NMZOWT OB FRIIHHBEEL BRI L0 TS
D, BREERHETA I LCEEN S D, SEOKRFT
MRl EORER L LT Tl MifAEG TOFEPOH L » B
EZ i C 0B EE 5K, BFHNOEBAMLMOFRERSS
HE LU T2 BAEGTOEEEELI AL, T MAES
TOEEBEE XU T2 BAEG COREBEICE, FHEkA
BOBRAR L OHEMEHBHLRD b MERLBERIEHN R bR
o, ZhBHREEATTHbA TV MRl LFEGORE TH
HEEIRTWH LD LAKROBRTHD, BEREROBAL L
MBI &V > HBERIESEZ - THHT MR FE{E
BEHONB EE2 bR D, MR TORRERE SGRITERSE X
BB HEITELWEEOKEE D—2& 7> TWBHH, KKK
EFAEBWTEL T] BRER THREGEHEILED bR,
ZhBEORERM S AER T TV AEKICEE L KBEHE
ExEFLEEXLD.

BART, ¥, BEASY AT o el R AV TOAMER
T, KBEERO B EE L o RIE TR IR E e B IR
RRELTH, BROKEIZEREDS0%EE$ T LA L
7o, EMOBHEY B THEEL, P IRBREEBIR %
BETAHE, OB CEEORENEEOHIORF THATS
ZERERINATWA., DT L LD, BEHMKAZEHTET
TR DI, BHEOFHEZNTAOTOREENLELE L
bha. SEOKBEEOKNE T, REMHEAERTIR
32.1ml/min/100ml &, EHED 40.7% HA Lichs, EHIEH
SHEIKER BN EIR A #5335 Z &2 X H 11.6ml/min/100ml,
EREO 14.7% & EFRcBL 2Rk, ZHIZRBEHEFRAR
T UK MR B B IR A Y, BB O KRS RN SR
BEAOCMTEEYRL, EROFHENTHRE~DOMTEY b
BELEREEXOND. 2% h, KBEEDHIREKC
o TBHERAD L VEATHEAMTEEE L, 5 1CREEE
BHBMIC & » TTBERIR S O RBISI% T & H AT 5 0E
DIFER X O ABREE BRSO KEBFEHE L v &t L D EAT
ZMEDCMBELRS| R L, EHOBHE T 5 HEH~OMAT
EEL, TOMBEL L TKBERCER MK T2E LR
BicbEIOLNS.

REMAZORE T, BN A IREE % 2ok A AR M
IEB M IRAE B BB B T D » MM O LB R O3
DL S e BHICBRE OB LR BT FNLD o T VB RIEILER
BENTeD -, BEARMe MEREEROSEL, KBE
BRI B A EH DF40% ~50% 1A T 585, FDORE D mFE
BETREHCBEOR(LLXIERITIEID-Th, FHllg
W R BA LR HCIATH L Bbil. —#iIC, BRAK
OFC—-FLM O EEY T HVEBTELRMRTH D, K
AR, LR —FBELCEIINEETHEED
NTRH, SEORELRLMENEERS ThixEFTS D
DTH- 1. BEHHEAC KR EEBSSIRER 2 ML
FTIX2, JBBOK¥OPICEELRD, OMRHNELERLD
REARYRN TS L, BEERED DI KBEHLTE
NEFEOHAEUTICET T EAREEEL LR,

REE € 7L TH DN BIEEI A E R % PO BRI E

LA D EWEBICES b, 0, BEREIIERM X b B
BEMCE» - TETLTE Y, BEROXBEEHEBEECEHL
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LicRBEGYR2 LT\, ¥, BEBREOBTRMEL80% & &<
KEEEEREEF AL LTESYTRESFREBEbhs. 1,
AEEBEFAERHAWT MRI TEBEGERL A ZENTE, £
DEIFEHEE(LIE MRI T4BLUITCRA OB AWML
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1. BB R BRSSO &R, 25
AR EIEBBRIROER LML, KBFETOEHEY
BRELLEIRBEHCEEELREI L. $i, SEOE
TEEFATHONRIREGIE, MBEETORENL M L&
% Hh HEEKE SN VCEECE T b, BESEEA
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i DB L KB ETHEEFE 7L BEbhi. BRESEHEHH
Fhc A KRR E R B R IRAS 2 A N 2 1o B 8L, 806 DFER
THREARENICERE AR S hi.

2. KBEEEEEFSMCEWTERMCEETSESY MRI
CEBLE LTHRLDIENTEL. ¥, BEXEELIT MRI
TAEURICR LB Z EATETHS. Tl BREG TOEE
BHEE IO T2 BATOBESHRIIERK L ARCERHEEERD
BABIOHRMEBERHREOBERKICIS2LDTH 1.

3. RESEFHAXNM TR ARBREEOTEZER D40.7%
A Lo ts, BBEEE IR T AU KRR E i B R it B %
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7o, BrBEERH SR RS KB EE B R IRRE S In X To BB
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# #
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BROE LKL KL AEHN L R BH ) ¥ LeeRA¥EERK
HGEFREAS BRI EH 2 LET.
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Abstract

The etiology of femoral head necrosis remains obscure. This lack of certainty is due in large part to the fact that no mod-
els of femoral head necrosis suitable for the study of its pathophysiology have been established. The present study was per-
formed to establish such a new model of femoral head necrosis in which the marrow cavity of the femoral neck was pre-
served. To investigate to what extent femoral head vascular injury of varying degrees of severity influences osteocyte viabil-
ity, adult mongrel dogs were divided into 3 groups: group A; hip dislocation alone (n=10), group B: ligation of the lateral and
medial circumflex femoral arteries and veins alone (n=10), group C: both hip dislocation and ligation of the lateral and medi-
al circumflex femoral arteries and veins (n=20). 2 and 4 weeks after treatment, animals in each of these groups were sacri-
ficed and pathologic studies performed. No osteonecrosis was found in either group A or group B, whereas osteonecrosis
was seen at 2 weeks in 8 of 10 (80%) and at 4 weeks in 8 of 10 (80%) dogs in group C. The distribution of the necrosis area
and features of necrosis, including appositional bone formation and fibrous tissue observed in the present model, resemble
those seen clinically. In addition, the magnetic resonance image (MRI) of the model was evaluated in the combined disloca-
tion and ligation group (n=5). Changes in MRI were seen in 3 of 5 dogs. Femoral head blood flow was measured in 10 dogs
-to-quantitatively evaluate to what extent the dislocation and blood vessel ligation influence femoral head blood flow.volume.
The femoral head blood flow rate in the control group prior to dislocation was 78.8£19.7 ml/min/100ml (meantSD). In the



428 i g

dislocation only group it was 32.1+15.4 ml/min/100ml, dropping to 40.7% of the pre-dislocation value. In the combined dis-
location and ligation group it was 11.6+£10.3 ml/min/100ml, representing a marked decrease to 14.7% of the pre-dislocation
value. The pathologic findings considered in the light of results of the blood flow measurement suggest that a decrease in
femoral head blood flow below about 20% of control value is needed to cause osteonecrosis.




