Experimental Study of Femoral Head Blood Flow
in Rabbits Treated with Steroids
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Abbreviations : RA, rheumatoid arthritis ; SD, standard deviation; SLE, systemic lupus erythematosus
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Fig.1. Experimental methods. 3k, Intramuscular injections
of methylprednisolone (4mg/kg); |, measurement of
femoral head blood flow and intraosseous pressure; wk,
week. Group A contained twenty-three animals that
served as controls. Group B contained twenty-three
animals that received weekly intramuscular injections of
methylprednisolone for four weeks. Group C contained
twenty-three animals that received weekly intramuscular
injections of methylprednisolone for eight weeks. In Group
A, femoral head blood flow and the intraosseous pressure
were measured at eight weeks. In Group B they were
measured at four weeks and in Group C at eight weeks.
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Fig. 2. Diagram of the experiments. The rabbit is strapped
in a right lateral position and is anesthetized by intraveno-
us injection of nembutal (25mg/kg). Blood pressure is
monitored throughout the experiments and is maintained
between 85 and 100mmHg by intravenous injection of
isotonic sodium chloride solution. Blood flow and intraos-
seous pressure are measured in the left femoral head.

X, EHBIEC &5 MERES L OKBEHEANO MKz gE:
RETHEBET 2L THRDIC, AT 1 FOREIERS
CREL, BRENERCOKANEREMNABEEO R
ﬁoﬁ‘_.

1. RBH=E
KEEEEAOMKES I OAREEOBRHNEDRIE R, Bi
Bk HEIEF v 7 & - (KBEARZE, KK) 25meg/kg »
s L, RERRNC dmeg/kg DR 5217 5 BRHIRAE: Fic
fTotz, WEBEFOMERENBRICTE=2V v 7L, IHELY
Ex#i 85~100mmHg -7 (K 2). FHEOER
20~22CITITIE—EBILF - 1c.

1. KEREBENE DB
FFAEMREESA O RET K Tom ORI Nz, &
B, FRBO—, AEHREYREFAESCCIELES
BIffiqic i Lic. ki, HITBAMEIC KB EEIMAERL 0
Imm A SRR A~ OEREGCEE L TH Smm OB
M KBERKEEYBH L. KKXEa v be—-aTF

5 ) C./'

Fig. 3. hotograph of lateral view of the left hip. The
16-gauge needle is inserted into the left femoral head for
measurment of blood flow and intraosseous pressure. Its
position was confirmed by roentgenoscopy. A, femoral
head ; B, greater trochanter; C, 16-gauge needle.
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Fig. 4. Equipments for measuring blood flow on intemjal
rotation of the hip joint. The position of left hip is
maintained in 90° internal rotation by a special device. A,
special device; B, left foot; C, measuring probe; D,
reference electrode.




AFuA FOKBEHENMBEERICMIE T B8 819

w, BHLAZKBEEIZER 1.5mm O F Y e TREPLIC
T RE ST, 2O 166G BIREES (R= .~ 38 o4t
gr@ALi (R3). iz, BEHELEFHOMEHEE S ®DI
DI N7 a2 VATV - (FEEE, KR & Z Ofic gL
iz

2. Ehal

IITRATRA VEED, KBEHOBNES U KBS
FEHOMR BT L ED X 5 e Ee BT Th, RSO
DELH, KEBFHOBAER I OXEREEAO MK &I L
PO LA BB ERIZTHO2O0DEICDOVCTRELE.

EE, AT RS FOEGET-oTWIWAR, AFeA ¥
¥ B S LIcBEE, AT a4 P 8 BEERELLCHOSE
RENFNIFPBR YA TRDOFIRCHIES T L.

1) KBRS TERBEHEOBRNES L OKBEEA
DM EDORE H T L.

2) BeBAiA 90" MbEL, R AERBEEOBENER IV
KEBEEENOMREEDOWEXTT -7z (K4).

3) BB REMICEL, 2 v T F—AhAEEEL,
MEE = &2 T OME 2R L, BEHICmio e IkEE
COFHEEH AR EE A RE L.

3. EBR2

REBFHDBIMREL SOMITEENCHLAT =4 Faln
i HEY RIETHEMBENT, A, B, CEBIThEFRE
RICHIOR A BT ERDFIRTRIE LT L.

1) ZERIRBIET% 90 PIBEAIIC 3 BERAERER Lo giic, AZKER
FHOBREDCRER L M EORELIT - 7.

2) BB PRI R L, TOBEBCEKEBEEOBNE
DPER L CMFEDMEZTT - 7o

3) BREEAPHMAMICRELTAL 1 BERB LB, EX
BEHOBHREDHES X M &DMEELFT 7.

4) RBEI R REALCRE L T b 3HFMSEE L Bic, £X
BEHEOBHNEOWUES LUMERDOWELIT 7.

5) BB, #v 74— nBBICHNEL, MFET=% -1
TOEERHRELH, EBICmED VIR TOSHEEHA
BEEYRE L.

1. REEBEOEWENE®

Fig.5. Photograph of the apparatus for intraosseous
pressure measurement. The intraosseous pressure is
measured using a pressure transducer (Carrier amplifier AP
601 G, Nihon Kohden Co., Tokyo) (right) and a recorder
(U-228-2P, Unique Medical Co., Tokyo) (left).
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Fig. 6. Photograph of the measuring probe. The measuring
probe consists of a hydrogen generating electrode and a
measuring electrode. These electrodes are made of
platinum black with an acute angle point. The diameter
of each electrode is 300 micrometers, and a point-to-point
separation is 300 micrometers using teflon insulation.

Fig. 7. Photograph of the reference electrodes. Two
reference electrodes, Ag/AgCl, are buried in the subcuta-
neous tissue near the femoral head.
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Fig. 8. Diagram of the circuit for measuring blood flow in
the rabbit femoral head. Circuit [ is for the generation
of hydrogen pulses and circuit I is for the polarographic
measurement of hydrogen gas.
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Fig. 9. Results of intraosseous pressure measurement in the
fermoral head in the three groups. Pressure was measured
while the left hip was maintained in the neutral position.
The values are shown as means+SD (n=13). *, p<0.05.
In the steroid-treated rabbits (Groups B and C) intraosse-
ous pressure increased in the femoral head.
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Fig. 10. Results of intraosseous pressure measurement in the
femoral head. Pressure was measured with the hip in the
neutral position and in 90° internal rotation. The values
are shown as means+SD (n=13). ¥, p<0.05; NS, not
significant.  Position of the left hip: [J, neutral
position; 4, internal rotation. In untreated control
rabbits (Group A) and steroid-treated rabbits (Group B)
intraosseous pressure increased in the femoral head after
internal rotation to 90°.
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Fig. 11. Results of blood flow measurement in the femoral
head in the three groups. Flow was measured while the
left hip was maintained in the neutral position. The
values are shown as means+SD (n=13). =%k, p<0.05.
Blood flow decreased in the steroid-treated rabbits (Groups
B and C).
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Fig. 12. Results of blood flow measurement in the femoral
head. Flow was measured with the hip placed in the
neutral position and in 90° of internal rotation. The values
are shown as means+SD (n=13). %, p<0.05. Position
of left hip: [, neutral position; EZ4, internal rotation.
Blood flow decreased after internal rotation to 90° in all
three groups.
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Fig. 13. Changes in intraosseous pressure after 3 hours of
internal rotation, immediately after restoring to the neutral
position, and 1 hour and 3 hours after restoring to the
neutral position in Group A. The values are shown as
means £SD (n=10). 3, p<0.05. In Group A, intraosse-
ous pressure tended to be lower 3 hours after restoring to
the neutral position than after 3 hours of internal rotation.
Intraosseous pressure decreased significantly when the hip
was restored to the neutral position.
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Fig. 14. Changes in intraosseous pressure after 3 hours of
internal rotation, immediately after restoring to the neutral
position, and 1 hour and 3 hours after restoring to the
neutral position in Group B. The values are shown as
means £SD (n=10). NS, not significant. Intraosseous
pressure did not decrease significantly when the hip was
restored to the neutral position. No statistically significant
difference was noted between intraosseous pressure after 3
hours of internal rotation and 3 hours after restoring.
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Fig. 15. Changes in intraosseous pressure after 3 hours of
internal rotation, immediately after restoring to the neutral
position, and 1 hour and 3 hours after restoring to the
neutral position in Group C. The values are shown as
means +SD (n=10). NS, not significant. Intraosseous
pressure did not decrease significantly when the hip was
restored to the neutral position. No statistically significant
difference was noted between intraosseous pressure after 3
hours of internal rotation and 3 hours after restoring.
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Fig. 16. Changes in blood flow after 3 hours of internal
rotation, immediately after restoring to the neutral
position, and 1 hour and 3 hours after restoring to the
neutral position in Group A. The values are shown a5
means+SD (n=10). %, p<0.05. Blood flow increased
significantly when the hip ‘was restored to the neutral
position.
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Fig.17. Changes in blood flow after 3 hours of internal
rotation, immediately after restoring to the neutral
position, and 1 hour and 3 hours after restoring to the
neutral position in Group B. The values are shown as
means+=SD (n=10). NS, not significant. Blood flow did
not increase significantly when the hip was restored to the
neutral position. No statistically significant difference was
noted between blood flow after 3 hours of internal rotation
and 3 hours after restoring.
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Fig. 18. Changes in blood flow after 3 hours of internal
rotation, immediately after restoring to the neutral
position, and 1 hour and 3 hours after restoring to the
neutral position in Group C. The values are shown as
means+SD (n=10). NS, not significant. Blood flow did
not increase significantly when the hip was restored to the
Neutral position. No statistically significant difference was
noted between blood flow after 3 hours of internal rotation
and 3 hours after restoring.
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Abstract

Previous reports have shown that the histological changes in the femoral head associated with steroid treatment are con-
sistent with avascular necrosis of the femoral head. The purpose of this study was to determine the effects of steroid treat-
ment on femoral head blood flow. Animals were divided into three groups: Group A: non-treated (control) [n=23], Group B:
weekly intramuscular injections of methylprednisolone for 4 weeks, 4 milligrams/kg [n=23], Group C: weekly intramuscular
injections of methylprednisolone for 8 weeks, 4 milligrams/kg [n=23]. Intraosseous pressure and blood flow of the femoral
head were measured in each group. With the hip joint in the neutral position the values for intraosseous pressure and blood
flow were 19.6+12.5 mmHg (mean+SD) and 102.9+31.1 ml/min/100 ml, respectively, in Group A; 37.8414.2 mmHg and
62.7+18.3 ml/min/100 ml, respectively, in Group B; and 43.9+14.5 mmHg and 43.9+16.6 ml/min/100 ml, respectively, in
Group C. The results indicate that steroid treatment increases intraosseous pressure in the femoral head, but decreases
femoral head blood flow. It is thus concluded that the venous system is more affected by steroid treatment than the arterial
system, and that congestion in the femoral head causes the increase in intraosseous pressure and the decrease in femoral head
blood flow. Upon internal rotation of the hip joint the values for intraosseous pressure and femoral head blood flow in Group
A were 35.8+14.2 mmHg and 60.3+32.5 ml/min/100 ml, respectively. This finding means that stress on the hip joint signifi-
cantly impairs blood circulation in the femoral head. To assess recovery of blood circulation, femoral head blood flow was
measured after restoring the hip joint to the neutral position. In Group A significant recovery of blood circulation was
observed 3 hours after restoring, but in Groups B and C, the steroid-treated groups, there was no recovery of blood circula-
tion. It can be said that steroids decrease the potential for blood circulation recovery and maintain the ischemic status of the
femoral head. Based on all of these findings it can be concluded that steroids not only decrease femoral head blood flow
directly but also arrest recovery from the ischemic state, and that they are one of the important environmental factors respon-
sible for avascular necrosis of the femoral head.




