Experimental and Clinical Studies on Early
Prediction of Avascular Necrosis of the Femoral
Head Following Traumatic Dislocation of the Hip

BEE:jpn

HhRE
~EH:2017-10-04
F—7—NK (Ja):
F—7— K (En):
YER

A—=ILT7 KL R:
Firi&:

http://hdl.handle.net/2297/7893




e H05E H4S 7156-729  (1986)

IMETERRBIER L AR IS RET 5 KRB JEESE D
FIAT R T 5 EEBRAY 7 5 NI ERIRIVBFSE

BIRKIFRFEERNFEEE (BF . R #8539
it " -
(RBFN614- 8 A28H #Z1F)

WEMREERERICRE T 5 KEREHEESEO RRTFANTE» £ 02 H2BNT, £ T8WE
BT, KBBBEOMITHELEMRAAKEZ ) 75 v AEEBAO TR L, A 30 BOEEROBENIM
FiEix 74.1+£14.8 ml/min/100 ml (F3E L BHERE) TH - 7. WHMBAIDO KERESEEIR 5 > DMMFE I3,
M Zh 27.3£10.4 ml/min/100 ml, 46.1+15.1 ml/min/100 ml T b, MENR M BEO B R EBR
cEzond, 1, HMEHEELAEE TICANEMOKREEEEROER 2To2BOMmMMKE L
40.2+13.2 ml/min/100 ml T, IEH OEIEEOMBESRI N T 5 28, JEEREEEHERS L NAERID
KEREIEENAR OO W % [EFFIZ9T 5 & MFEIL 9.246.2 ml/min/100 ml 2 > 7. Th X b, BEORES
FROD 538G 2 W T b HERBHEICEEI 2GS, BREEN T2 BHEAOMBNREEESH 2 Z L8
bh otz SMEEERREESRARICEBRIROAPBE SR TY, ZORMEEIED: S>BEEAMMRITK S
CEFTLARVLZ L9, BEBFORERIEREZ SN TOLRREROBIKESO A% 57, FAUND
ERL M- TEEOMREEETE 3 b e shl, KiZ, BRMICE COBRSEHEEA T
ZHhEVORMELD S, BHOMMELZERMCHET2 2 LKLV BENOMNTHRELECEET 32
EBBRBTH D OT, MBI FIREERIC O & KEFHEHOMRESBHKE I V77 v ABERWT
3HBTEIWCHIE LIz, 18P SBTMIEETAKREL, 0I5 2 RICBEEFENFEEL, O3y
BBEERTH 202 0FBEREY. w2, BRRARZY 77 vy AER2AVIORNEC L >TE
FEAMREOR T 2415 2 Lid, KERBHEEFLEORPATFHICHENTHS tEZONB,

Key words Avascular necrosis, Traumatic dislocation, Femoral head, Blood
flow, Hydrogen clearance

715

BT OSMGE, MLOBMEEAL THET S

KRR IEIEZEIY, # OFRREINEN D LI EE T
LREARNRFTH 20, Th2EHCFHL, 28
CHETIRRELTY e BEETH 2279, BICHET
TOEFOEMRE LB FHT 2 HEOBEENE TN
3,

3%, RERBHEOMBOMEZS  OEENLHRE
TIFbhTHEY, IHTRFOREL Y, FHZMmER
ERENICHEL, F0ESOBE LY, FROEIR
EOFHMTEEN &5 0255 B TEFE 2T-
Lo MREHORE EERNAFR 7Y 77 AEEH

Wiz, REREES, Ao X BEOMmMBHE
HEE L THRCER L FETHE Z s anT
w3,

REREBEIC IR DR BRER D EZ L 5710,
(1) PSMBEID KBRE BEEIIR.

(2) ZASTEHERE T B,

(3) MEH LY OMER,

) #DMOYIER & D OB,

IHSOW, BOMEHL D OMERIIHEATETH
BEALERIUIRWEEZ LAY, 0D F0MD
MERE D OERBLEEORBE IS VMEL R

Abbreviations : GOF, gas (nitrous oxide), oxygen, fluothane; L. C. F. A., lateral
circumflex femoral artery ; M. C. F. A., medial circumflex femoral artery.



716

ek, 22T, (OASMIO REREIFEEINR, (2)0 %4
BB TOEBREIMBIZ L DN Dk, YURE
HACMREDOHELHE L, = ORE L FREEc X

DEEDEELFET B, 22T, FORKNIEBES
h2 e POBREOMREORIBET 2052508
HHY, TNEERICHESLE (®1),

B BEERER D /MG R I RERBEH OB 2 ik ¥ 5 A%
By b DIziE, KERE MHAEIE T & BRBEETREI 2 H
3, BT H REFBHMAAIE T TR T
ZEEHH D, ORI BFEIGEHEMNICERT 37
b, YREENMFEME%LT 5, Garden O HFHFDW
I« NBETEELRERTHHLRD—HHTEEFL,
I# T ¥ retinaculum MEANIEZ O I MATHIRE
ENTwa, Lal, VHETIRIEEASL2MEICSE
WCHRE T 28 100%BEERIC 55 L3RS ¥, BiF
BREEICIDMTOBENRERICE I NITBIEL £4
BB ENMNDSE, LinL, ZOBRTOBESEER
EEFF IS,

ZhickN, SMEMRRBEEIRE TR BB a5
ZENH-THRRBHEN T LI O EIEEFEOR
AERFE D, FRTH 5 ~26% 213 FKEL T
3. 2 TUDORLBHETHQOMREERC X D BHE

"Fig.1. Schema of the arteries which supply the
canine femoral head. Medial view of the right
hip. A, Deep femoral artery; B, Medial cir-
cumflex femoral artery ; C, Femoral artery; D,
Lateral circumflex femoral artery ; E, External
iliac artey ; F, Caudal gluteal artery; G, Artery in
the ligamentum teres; H, Cranial gluteal artery ;
1, Internal iliac artery.
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Fig.2. Schema of the experiments.
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Fig.3. Clips are placed around the medial and
lateral circumflex femoral arteries at the
portions indicated by arrows. Medial view of
the right hip. A, Deep femoral artery ;: B, Medial
circumflex femoral artery; C, Femoral artery ;
D, Lateral circumflex femoral artery.
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Fig.5. Schema of the circuit for measurement of the blood flow in the

canine femoral head.
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Fig.7. Results of the blood flow measurement in group B. The values are given in mean = S.D.
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Abbreviations are the same as in Fig. 6.
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Fig.8. Blood flow in the normal canine femoral
heads. The value is mean + S.D. of thirty dogs.
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Fig.9. The decreased values of the blood flow in group A. The
values are given in mean = S.D. of ten canine femoral heads. *p<
0.01 and 2p<0.001 as compared to control (Student’s paired /-test).
Abbreviations are the same as in Fig. 6.
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Fig.10. The decreased values of the blood flow in group B. The
values are given in mean + S.D. of twenty canine femoral heads.

* p<0.001 as compared to control (Student’s paired [-test).

ap<

0.001,°p< 0.001,%p<0.001 as compared to their counterparts of group
A in Fig. 9 (Student’s pooled /-test). Abbreviations are the same as

in Fig. 6.




SMBTERRBREIEIR I Tk T 5 KB B IRETE O R T 40 721

»i.
1. BRER{ T MRAIE
SHEB L UHE

IHEEREREETRE (BRERAHFIZE L) 1861
MU, BEETRE S L IIBIMNEEIEE, 2E3 2
B, 67RA%, 9HRA%K, 122 ARCKBEHEOMH
EEC TMRAEEZTY, RRICEERRER L1T-
fo 70, MR E U TEELARED 25 BERTILRH
EFEITH, b PARBRFEOERMEEZRD:.

BIE A, BEIEAMEET I 2 Af X S8R TK
EFTLD18mmDF Ly 2+ — FifsHE T
FAL, ZNEHARELTHE2.0mm, #HE2.8
mm OFEHESERALL, 1.8mmDF Ly aF—
EEEEL, 1.2mmOF ALY 2 F SR TE I
FEILICEPA->T 1 ~1.5ecemREHT TSR
BEEAL, BEGESCTORUELST-2 (H
11).

HWATAHEABEEZES 0cm O b0 2ERL, 218

Fig.11. Blood flow measurement in the human femoral head. Antero-
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Fig.12. Schema of the circuit for measurement of the blood flow in

the human femoral head.
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Fig.13. Blood flow in the normal human femoral
heads. The value is mean *+ S.D. of twenty-five
healthy femoral heads.
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Fig.14. Clinical course of the blood flow values in
patlents with traumatic dislocation of the hip.
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the femoral head. Case ‘e showed decreased
blood flow in three months but some recovery was
seen later. None of the other cases with normal
blood flow developed necrosis. Single blood
flow measurement is made in the cases which are
indicated by single dots with certain intervals
following reduction. I R, Immediately after
reduction.




IMBIERRBAEI NIt 1o SR ¥ 2 KERB IR D REATH 723

Thb, BEANOKRERZRKE L TEELILRD 4 20355 (3) M#HELLOMER.

Y IR 4) zoMomErL D OEER.

(1) PISHEID REREGEEIR. MEDIAITHRIZOWTIEBE S M INT &
(2) FAENERENETOERE. A0 ZME D S BEAANDMF#HIC DL TOHE

Fig.15. Phlebogram of the case which developed necrosis in the right
femoral head nine months after injury.
Immediately after injection of the contrast media (left). Note poor
visualization of the medial circumflex vein and the superior
retinacular vein.
Thirty minutes after injection of the contrast media (right). Note
the poor clearance of the contrast media in the necrotic area.

Fig.16. Tomogram (left) and CT scan (right) of the same case as in
Fig. 15 taken at the same time.
Note the well-demarcated necrotic area.
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Abstract

Normal blood supply to the femoral head was experimentally studied using the electro-
chemically generated hydrogen clearance method in order to investigate the value in predicting
avascular necrosis of the femoral head following traumatic dislocation of the hip. The normal
blood flow rate in thirty canine femoral heads was 74.1+14.8 ml/min/100ml (mean+S.D.). The
blood supply from the medial circumflex femoral artery was 27.3410.4 m!/min/100ml and the
supply from the lateral circumflex femoral artery, 46.1+13.2 ml/min/100ml. These arteries are
considerd to play a major role in blood supply to the femoral head. The remaining blood flow
rate in the femoral head was 40.2+13.2 ml/min/100ml, approximately half of the normal flow
rate, after placing clips around both the medial and lateral circumflex femoral arteries while the
femoral neck cavity was kept intact. The blood flow rate decreased to 9.2+6.2 ml/min/100ml
after placing clips around both of the circumflex arteries and the femoral neck cavity was closed
by filling bone wax in it. It was found that there was a compensatory flow through the femoral
neck cavity when the arterial supply to the femoral head was impaired and the continuity of the
neck cavity was maintained. The blood flow in the femoral head is kept fairly well because of
this compensation if the trauma is confined to the supplying arteries of the femoral head following
traumatic dislocation. Therefore, avascular necrosis of the femoral head is considered to develop
not only when the supplying arteries are injured as has previously been thought, but also when
other factors than this decrease the blood flow in the femoral head. In clinical study, it is more
essential to understand the circulatory state of the femoral head by periodic measurement of the
blood flow in the femoral head than to find which particular arteries are impaired. So the blood
flow in the femoral head following reduction of the dislocated hip was measured with the
electrochemically generated hydrogen clearance method every three months after sustaining
dislocation. Five of eighteen hips showed decreased blood flow rate, two of which developed
necrosis. The other three are being followed up at present, but there is a high risk of developing
necrosis. Detecting decreased blood flow in the femoral head using the electrochemically
generated hydrogen clearance method is found to be practical in early prediction of avascular
necrosis of the femoral head.



