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Amputation on rabbits was found to  change the muscle blood flow 
(MBF) in the limb subjected to surgery as well as in  the contralateral 
extremity, depending on the technique used for  amputation and the 
level a t  which it was carried out. Amputation was immediately fol- 
lowed by a reduction in MBF in  the stump. After amputation of the 
crus and knee disarticulation, the flow was normalized a few days 
later and exceeded the preoperative mean flow. After amputation of 
the femur such an increase in  flow was not seen, but  when osseous 
plugging of the medullary cavity was applied, the MBF in the stump 
was intensified even after amputation of the femur. 
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In a previous study (Hansen-Leth 1976) 
it was demonstrated that assessment of 
the muscle blood flow (MBF)  by 133 
Xenon and Histamine (Lindbjerg 1965) 
was a valuable means of evaluating the 
vascular changes in rabbits undergoing 
amputation. After amputation of the 
crus, an increased M B F  was found in the 
amputation stump; if  the stump was 
closed by myoplasty the flow was inten- 
sified and osseous plugging of the medul- 
lary cavity resulted in a further increase 
in MBF. 

In this study M B F  was measured after 
amputation of the crus and femur in 
order to investigate the influence of the 

amputation level. Furthermore, amputa- 
tion with myoplasty and osseous plug- 
ging of the medullary cavity was com- 
pared with knee disarticulation in order 
to establish whether MBF might be in- 
fluenced by surgery on muscle and bone. 

MATERIAL A N D  METHOD 

Twenty-one adult rabbits were subjected to am- 
putation of the  left hind leg. In nine cases am- 
putation was performed on the crus, in six 
cases on a proximal site a t  the tibiofibular 
synostosis combined with myoplasty and osse- 
ous medullary plugging, and in  three cases a t  a 
distal level a t  the transition between muscle 
and tendon of the triceps surae using myo- 
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plasty. Knee disarticulation was carried out in 
f o u r  animals; in two of these, disarticulation 
was combined with simultaneous partial re- 
section of the femoral condyle; in  a secondary 
stage the condyle was removed and the medul- 
lary cavity was exposed. In eleven animals, 
amputation of the femur was performed with 
myoplasty, three of these had been subjected to 
amputation of the crus prior to amputation of 
the femur. In four cases, amputation of the 
femur was combined with osseous plugging of 
the medullary cavity. 

To investigate the influence of incisions into 
skin and muscle on the MBF, the crus and femur 
of five rabbits were incised and MBF sub- 
sequently measured. In a further five animals, 
the immediate changes in  MBF after fracture of 
the crus were investigated. 

Surgery was performed in  sterile conditions 
while the animals were under Nembutal an- 
aesthesia. After amputation through the bone, 
the muscles were joined over the stump; cortex 
from the removed hone was used for the 
medullary plugging. In the cases of knee dis- 
articulation, the patellar ligament was sutured 
to the cruciate ligaments over the fcmoral con- 
dyle. In the fracture cases, the intermediate part 
of the crus was exposed, a partial osteotomy 
was performed and the bone was fractured. 
Healing was uncomplicated in  20 cases and a 
defect developed on the tip of the stump in one 
rabbit. After amputation of the crus the animals 
usually put weight on the stump, while after 
knee disarticulation of the femur the stump was 
immobilized with a flexion contracture in the 
hip. 

After the operations, the MBF in quadriceps 
and triceps surae on both sides was determined 
by means of 133 Xenon and Histamine, thus 
agreeing with previous procedures (Hansen-Leth 
1976) .  The calculated MBF was expressed in per 
cent of the normal blood flow in the muscles 
concerned, previously determined in  20 rabbits 
prior to operation. MBF was measured post- 
operatively on 121 occasions within periods of 
time from 1 hour u p  to 130 days after operation 
with a total of 375 single measurements. 

RESULTS 

In agreement with findings in a previous 
study (Hansen-Leth 1976), the course of 
the clearance curves was in general 
monophasic, and the fall set in im- 
mediately after the depot had been estab- 
lished. In about one third of all the 
measurements, however, an initial sta- 
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tionary phase was seen, and measure- 
ments of the flow in the amputation 
stump also revealed that the rectilinear 
fall after 5 to 8 minutes was followed by 
a terminal rise in clearance. 

I t  seems that MBF in the amputation 
stump generally was decreased one hour 
after operation (Figure 1 ) .  After am- 
putation of the crus, the mean flow was 
76 per cent of the preoperative flow and 
after amputation of the femur, it was 
55 per cent. 

Incision into skin, whether on the crus 
or femur, was also found to reduce the 
MBF in triceps surae (mean flow 65 per 
cent), and after incision into muscle the 
mean flow was 89 per cent. Immediately 
after fracture of the crus the mean flow 
was 108 per cent of the preoperative flow. 

After amputation proximally on the 
crus, combined with medullary plugging, 
the flow in the stump was increased up 
to 270 per cent on an average, while 
amputation distally on the crus, with 
myoplasty, was followed by an increase 
up to a mean flow of 179 per cent in the 
second week after operation. After this 
period the flow was normalized. 

After disarticulation in the knee an 
increase in MBF in the left quadriceps 
was seen from day 3 after the operation, 
and the flow was increased throughout 
the period of investigation (Figure 1 ) . 
Partial resection of the femoral condyle 
did not change this reaction, MBF was in- 
creased as seen a'fter disarticulation, and 
from 4 to 130 days postoperatively the 
mean flow was 140 per cent. After total 
removal of the femoral condyles, includ- 
ing opening of the medullary cavity, the 
flow was immediately reduced, but from 
day 3 it increased to a mean flow of 140 
per cent and normalized again within a 
couple of weeks. 

Figure 1 illustrates that amputation of 
the femur was followed by an initial 
reduction and a later normalization in 
MBF in the stump, and in contrast to 
findings after amputation on a more dis- 
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tal level, the flow in the amputation 
stump was not increased. Similar 
changes were observed if amputation of 
the femur was preceded by amputation 
of the crus. In the three rabbits in ques- 
tion, the mean flow in the crus stump 
was 290 per cent, while in the femoral 
stump it was 110 per cent of the pre- 
operative flow. 

If amputation of the femur were com- 
bined with osseous medullary plugging, 
the initial reduction in MBF in the stump 
rapidly turns into an increased perfusion 
(mean flow 164 per cent) which remains 
intensified up to 10 weeks after the 
operation (Figure 1 ) . 

After amputation of the crus and after 
incision on skin and muscle, the mean 
flow in the contralateral quadriceps was 
slightly increased. After knee disarticula- 
tion, the rise in flow in the ipsilateral 
quadriceps was followed by a uniform 
increase in MBF in the contralateral 

quadriceps (mean flow 131 per cent), 
but after amputation of the femur, the 
mean flow in the contralateral quad- 
riceps was not intensified (97 per cent). 
When amputation of the femur was com- 
bined with osseous medullary plugging, 
the increased MBF in the amputation 
stump was followed by an intensified 
flow in the contralateral quadriceps 
(mean flow 118 per-cent). It appears, in 
general, that change in MBF in the ipsi- 
lateral quadriceps is followed by a uni- 
form change in the flow in the contra- 
lateral quadriceps. 

DISCUSSION 

In agreement with a previous investiga- 
tion (Hansen-Leth 1976), i t  was demon- 
strated in this study that MBF in the 
amputation stump was reduced immedi- 
ately after operation, which may be ex- 
plained by an involuntarily provoked 
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spasm (Eriksen & Olerud 1966).  The 
reduction in MBF in the crus stump was 
followed by a uniform decrease in flow 
in the contralateral triceps surae. A sim- 
ilar reaction was seen after incisions into 
skin and muscle while the MBF was not 
reduced after a fracture of the crus. It 
has been observed by several investiga- 
tors that trauma to an extremity was 
followed immediatey by an increased 
perfusion and a decreased flow in the con- 
tralateral extremity. Sandegsrd (1974) 
observed that repeated blows to the 
femur of dogs brought about an increase 
in MBF; conversely, there was no similar 
change in flow after a closed fracture of 
the femur. On the other hand, U7ray 
(1964) observed in dogs that a closed 
fracture of the tibia was followed by an 
increased flow in the injured extremity 
and a reduced flow in the contralatera! 
extremity. Periosteal stripping and drill- 
ing through bone was not found to result 
in a changed flow, whereas trauma on 
only muscle would result in an increased 
MBF. 

Contrary to these findings, amputation 
brought about a decrease in MBF in the 
amputation stump, a reaction which 
must be of importance for the primary 
healing of the stump. The initial reduc- 
tion was more marked after amputation 
of the femur than after amputation of 
the crus, and the following rise in flow, 
seen after amputation of the crus, was 
not seen after amputation of the femur. 
After knee disarticulation, a moderate 
though persistent rise in MBF occurred 
in the ipsilateral and the contralateral 
quadriceps. Resection of the femoral con- 
dyle had no influence on the flow. 

It has been demonstrated in a previous 
study (Hansen-Leth & Reimann 1973 I 
that the level at which amputation is 
performed may play a role in the vas- 
cular reaction to amputation. By arteri- 
ography, it has been demonstrated that 
after knee disarticulation, contrary to 
crus amputation, hypervascularization 

did not occur, and a calibre decrease was 
found in the larger vessels. These yhen- 
omena were not influenced by resection 
of the femoral condyle. It was also ob- 
served by arteriography on live rabbits 
with amputations at  different levels 
(Hansen-Leth & Karle 197-) that arteries 
would remain intact up to the level of 
amputation after amputation of the crus, 
while amputation of the femur would 
result in constriction of the femoral ar- 
tery from the level of the hip joint. In a 
clinical trial performed by Erikson 
( 1965),  arteriography disclosed that the 
diameters of arteries supplying the am- 
putation stump were more markedly re- 
duced after amputation of the femur 
than after amputation of the crus. 

According to these findings, the level 
at which amputation was performed was 
mainly responsible for the maintenance 
of the MBF in the amputation stump. 
Another factor of importance was the 
closure of the medullary cavity. It was 
observed in a previous study (Hansen- 
Leth 1976) that MBF increased to a 
greater extent after osseous medullary 
plugging than after closure by myoplasty. 
In  agreement with this observation, MBF 
increased when amputation of the femur 
was associated with plugging of the 
medullary cavity. It has previously been 
shown that plugging of the medullary 
cavity might stimulate growth of bone 
(Trueta 1953),  and Kellerova et al. 
(1970) demonstrated in a clinical trial 
that intensification of the vasculariza- 
tion of bone after fracture was followed 
by a rise in MBF. Hulth & Olerud (1962) 
are of the opinion that bone healing of 
the amputation stump is analogous wilh 
healing of a fracture. The findings ob- 
tained in this study are in agreement 
with this supposition. 

It has previously been observed that 
immobilization of an extremity without 
any other intervention may cause 
changes in the vascular conditions. Imig 
et al. (1953) measured the flow directly 
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and observed that the arterial flow was REFERENCES 
intensified. Hulth & Olerud (1960) dem- 
onstrated, by way of arteriography on 
rabbits, that various types of immobiliza- 
tion, e.g., amputation of the crus might 
result in a hypervascularization in the 
limb concerned. Ferguson & Akahoshi 
(1960) declared that an extremity which 
had been immobilized for 6 weeks in a 
plaster splint would present dilation of 
vessels and hypervascularization but ab- 
sence of atrophy of the muscles, as op- 
posed to an extremity subjected to te- 
notomy or resection of nerves, in which 
case atrophy of the muscles would occur 
but not hypervascularization. In  $his 
study the femoral muscles, after amputa- 
tion of the femur which involves im- 
mobilization of the femur stump, were 
found to be severely atrophied, while 
RfBF in the stump was not increased. 

It was observed in a previous study 
(Hansen-Leth 1976) that amputation of 
the crus intensified the MBF in the con- 
tralateral quadriceps, until it equalled 
the flow in the quadriceps on the side 
exposed to surgery. A similar increase in 
the flow in the contralateral quadriceps 
was also demonstrated after knee dis- 
articulation, but not after amputation of 
the femur, An exception to this rule was 
that MBF in the contralateral quadriceps 
was also increased when amputation of 
the femur was combined with osseous 
plugging of the medullary cavity. 

According to the findings in this study, 
the postoperative increase in MBF in the 
amputation stump depends on the am- 
putation level. It is most pronounced 
after proximal amputation of the crus 
and is not seen after amputation of the 
femur. In agreement with a previous 
investigation (Hansen-Leth 1976), i t  has 
also been shown that osseous medullary 
plugging intensifies the flow in the am- 
putation stump. 
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