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A unilateral, continuous hip joint pressure of 50 mm Hg was established 
for 6 h in five puppies under general anesthesia. 0g"Tc-DPD scintimetry 2 
and 4 weeks after tamponade showed the mean ratio between the investi- 
gated and control hip to be 1.00 and 1.01, respectively, in the epiphyses. 
A h r  killing and removal of the upper femora, the same ratio was 0.94 for 
epiphyses and 1.02 for metaphyses. Our study did not show signs of per- 
sistent bone ischemia after tamponade below the arterial pressure. 
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The epiphyseal plate forms a barrier to the 
blood supply to the femoral head epiphysis in 
children; the epiphysis is supplied solely via in- 
tracapsular, extraosseous vessels (Howe et al. 
1950, Tooms & Calandruccio 1962, Chung 
1976). Reports differ concerning the degree 
and duration of intraarticular pressure re- 
quired to induce necrosis of the femoral capital 
epiphysis (Woodhouse 1964, Tachdjian & 
Grana 1968, Borgsmiller et al. 1980, Launder 
et al. 1981, Ganz et al. 1981, Lucht et al. 1983). 
These disagreements have stimulated further 
studies on the relationship between intraartic- 
ular pressure and the occurrence of femoral 
head necrosis. We studied the effect of 6 h of 
continuous hip joint tamponade on the femoral 
capital epiphysis in puppies, as indicated by 
""Tc-DPD bone scintimetry after 2 and 4 
weeks. 

Materials and methods 
Five 2%-month-old mongrel puppies weighing be- 
tween 6.5 and 12.3 kg were given 0.75 ml 0.1 per 
cent Combelin@ vet. (propionyl promazin 10 mg/ml) 
S.C. and anesthetized 1 h later with intermittent 
doses of Immobilon@ vet. (etorphine hydrochloride 
0.125 mg/ml, acepromazine hydrogen maleate 0.4 
mg/ml) on average 0.14 ml/kg/h. PentrexyP (ampi- 
cillin 0.25 g) was given parenterally twice daily for 6 
days. The dogs were placed in the supine position 
with 90" flexion, 20" abduction and 0" rotation of the 
hip joints. 

The brachial artery was cannulated for blood pres- 
sure monitoring and blood gas analysis. The core 
temperature was maintained at a constant level by 
heat lamp. Five per cent glucose in water was trans- 
fused in a peripheral vein. The anterolateral portion 
of the acetabular roof was approached through a 
small skin incision. A 9.5-em bone cannula 
(Radner? with an outer diameter of 2 mm and an in- 
ner diameter of 1.5 mm was introduced into the hip 
joint through the acetabular roof, while traction was 
applied to the leg (Ganz et al. 1981). The position of 
the cannula in the joint was controlled by physiolog- 
ical saline at the beginning and by dissection of the 
joint at the end of the study. The left hip was can- 
nulated in three and the right hip in two dogs. The 
contralateral hip joints were used as controls. The 
cannulae were attached to a heparinized pressure 
manitoriry! system via a 3-way connection and poly- 
ethylene manometer tubing (Portex3 (Elema-Schii- 
nander, EMT-34, 0 3 0 0  mm Hg; Siemens Mingo- 
graph 805). The arterial catheter was also attached 
to the pressure monitoring system. The intraartic- 
ular pressure was increased to 50 mm Hg and main- 
tained at this level under constant surveillance for 
6 h. 

After 6 h the pressure was lowered to 0 mm Hg, 
and the hip joint was decannulated. The dogs were 
aroused by the antidote Revivona vet. (diprenor- 
phine hydrochloride 0.45 mg/ml). 

Bone scintimtty. ' h o  and 4 weeks after the hip joint 
tamponade, the joint regions were measured with 
the dogs in Immobilon@ vet. anesthesia. Three hours 
prior to mintimetry, the dogs had been given 740 
MBq (20 mCi) BBmTc-diphosphonate-complex (DPD- 
Teceos@, Hoechst, Germany) i.v. An anbro-.poeterior 
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projection centered over the hip joint was obtained 
with a gamma camera (Ohio Nuclear Sigma 410) 
equipped with a pin-hole collimator (0 5 mm) to in- 
crease maximum resolution. The gamma camera os- 
cilloscope signals were photographed with Polaroid@ 
film with lo6 counts/picture. Simultaneously, digital 
picture registration (128 x 128 matrix) was done 
through a computer (Nodecrest NMS-80, V 77-600 
computer system). The data were analyzed by the re- 
gions-of-interest (ROI) technique with the help of a 
video color monitor. ROI's were defined in relation to 
the femoral head epiphysis, which had been defmed 
by previous autopsy studies. After establishment of 
the appropriate ROI's, countdpixelh were recorded 
for each ROI in both tamponade and control hips. 

Immediately after the final scintimetry, the dogs 
were anesthetized and killed by an i.v. infusion of a 
saturated potassium chloride solution. The femur 
shaft was cut subtrochanterically and the proximal 
fragment was removed and cleaned of soft tissue. 
Bone scintimetry was repeated on the "clean" bones 
bilaterally 1/2 h after killing, and an area proximal 
and distal to the physeal plates (epiphysidmeta- 
physis) was recorded in counWpixeUs. 

Statistics. A total of 20 double determinations were 
made on the "clean" bone of the epiphysis and meta- 
physis. The methodological error, S, was calculated 
as follows: 

where n = number of double determinations and di 
= the difference between corresponding double de- 
terminations. S = 0.0218 for countdpixells and 
0.0645 for the ratio between tamponade and control 
hips. 

The variation coefficient was 8.71 for counts/ 
pixeVs and 6.75 for the ratio between tamponade and 
control hips. 

The paired t-test was used with a significance level 
of 5 per cent (Hald 1973). 

Results 
The arterial blood pressure was constant dur- 
ing the intraarticular tamponade in each dog, 
but varied between the dogs. The mean blood 
pressure was 75 (65-90) mm Hg, which was 
higher than the chosen tamponade pressure of 
50 mm Hg. The mean values of the blood gases 
were paO, - 9.4 kPa, paCO, - 6.9 kPa, and pH 
- 7.4. 

No significant scintigraphic differences be- 
tween tamponade and control hips were seen; 
at 2 weeks the mean epiphyseal ratios were 
1.00, and at 4 weeks 1.01 and 0.94 in uiuo and 
in uitro, respectively. 

Discussion 
IuIsingh & James (1969) have shown in rabbits 
that femoral head osteocytes die after an  isch- 
emic period of 6-8 h. Survival of bone cells is 
totally dependent on the remaining vascular 
supply after a trauma. Stein et al. (1962) have 
studied the circulation of the femoral head in 
dogs and have shown that diffusion of joint 
fluid to the head must have nutritive impor- 
tance. 

Clinically, increased intraarticular pressure 
is seen in pyarthrosis (Kallio & Ryoppy 19861, 
synovitis (Jayson & Dixon 1970, Wingstrand et  
al. 1985b) and hemarthrosis (Drake & Meyers 
1984, Stromqvist e t  al. 1985). In the past 10 
years, radionuclide tracers have been used to 
judge the vitality of the femoral head after in- 
tracapsular femoral neck fkactures (DAmbro- 
sia e t  al. 1975, Greiff 1980, Greiffet al. 1980, 
Strijmqvist 1983) and after transient synovitis 
of the hip in children (Wingstrand et al. 
1985a). Wingstrand et al. (1985b) and Kallio & 
Ryoppy (1985) reported a very high (130-170 
mm Hg) intraarticular pressure in children 
with symptoms of transient synovitis of the 
hip, when the hips were extended and rotated 
inward. However, a marked decrease was 
noted with the hips in 45" flexion. No informa- 
tion was given about the arterial blood pres- 
sure of the investigated children, but presum- 
ably the highest intraarticular pressures must 
have been above the mean arterial blood pres- 
sure. In experimental studies (Tachdjian & 
Grana 1968, Borgsmiller et  al. 1980, Launder 
et  al. 1981, Lucht et  al. 19831, it has been 
shown that intraarticular pressures exceeding 
the mean arterial blood pressure are harmful 
to the blood supply of the femoral head. 

Woodhouse (1964) demonstrated the devel- 
opment of femoral head necrosis in puppies af- 
ter 12 h of continual intraarticular tamponade 
a t  a pressure of 50 mm Hg. He showed that 
even though the arterial blood supply could not 
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be interrupted by intraarticular pressure lower 
than the arterial blood pressure, the effect of 
an intraarticular pressure increase to a level 
between the venous and arterial blood pres- 
sures was damaging. The resulting venous sta- 
sis led to irreversible capillary thrombosis and 
avascular necrosis. 

We chose the joint tamponade pressure of 50 
mm Hg for 6 h on the basis of Woodhouse’s ob- 
servations in dogs. In earlier canine studies 
(Launder et al. 1981, Lucht et al. 1983)) the 
blood flow to the femoral head epiphysis was 
promptly reduced when the intraarticular 
pressure was raised above the venous pres- 
sure. We found, however, that with scintimetry 
no signs of avascular necrosis could be demon- 
strated after 2 and 4 weeks. This is in agree- 
ment with Borgsmiller et al. (19801, who found 
that the blood flow to the femoral head in pup- 
pies did not change with an intraarticular 
pressure of 50 mm Hg, but fell when the intra- 
articular pressure exceeded the arterial blood 
pressure at 100 mm Hg. Tachdjian & Grana 
(1968) did not find necrosis until the intraartic- 
ular pressure was greater than the arterial 
blood pressure. 

The supine position with flexion-abduction of 
the hip was chosen to ensure the lowest pos- 
sible intraosseous pressure (Krebs et al. 1982) 
and a normal intraosseous blood flow (Launder 
et al. 1981). The relationship between the in- 
traarticular and the intraosseous pressure has 
been demonstrated by Lucht et al. (1981). 
Wingstrand et al. (1985b) and Kallio & Ryoppy 
(1985) have also demonstrated the importance 
of the hip position in relation to the intraar- 
ticular pressure. 

Our study indicates that the time limit for 
the occurrence of ischemia of the femoral head 
epiphysis in puppies is more than 6 h of intra- 
articular tamponade at  a pressure of 50 mm 
Hg. The effect of repeated, short-lasting in- 
creases in the intraarticular pressure to levels 
between the venous and arterial blood pres- 
sure is not known. Such a mechanism might 
explain the cases of ischemia of the femoral 
head epiphysis seen in children with intraartic- 
ular effusion due to transient synovitis, espe- 
cially if combined with positions of the hip 
which are known to raise the intraarticular 

pressure (Kallio & Ryoppy 1985) above the ar- 
terial blood pressure. 
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