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= Abstract =Studying changes of nerve conduction velocity may be useful in the diagnosis,
treatment and prognosis of the compartmental syndrome. An experimental model was made
to keep the hind leg of the rabbit at the constant pressure of 80 mm Hg, 120 mm Hg and
160 mm Hg during 6 hours and 12 hours using volume expander.

Experiments were performed in 6 groups (Group 1; 80 mm Hg—6 hours, Group 2; 120
mm Hg—6 hours, Group 3; 160 mm Hg—6 hours, Group 4; 80 mm Hg—12 hours, Group
5; 120 mm Hg—12 hours, Group 6; 160 mm Hg—12 hours) to study the early decrease of
nerve conduction velocity and the late recovery for 16 weeks, and following results were
obtained.

1. Nerve coduction velocity fell 95.8 per cent at 80 mm Hg in 4 hours, 93.4 per cent at 120
mm Hg in 2 hours and 95.5 per cent at 60 mm Hg in 1 hour.

2. Almost complete recovery was observed in Group 1 with the level of 95 per cent
statistical significance.

3. Time and pressure were both important factors to the recovery of the nerve conduction
velocity and the longer the pressurized time and the higher the applied pressure the less
recovery was seen.

4. Reduction of nerve conduction velocity was observed early in the compartmental syn-

drome and this was considered significant in the diagnosis of compartmental syndrome.
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INTRODUCTION

Effects of increased tissue pressure on extremi-
ties or compartments have been known from the
ancient and the results might be disastrous. Re-
cently there was increasing tendency of industrial
injuries and ftraffic accidents and many compart-
mental syndromes occurred.

In 1881 Volkmann reported his treatise on ische-
mic muscle paralysis and contracture, pointing out
the consequences of excessive pressure on the
nerves and the muscles of the extremities. In 1926
Jepson proved that paralysis and contracture could
be prevented by prompt decompression.

*This study was supported by the Alumni Research
Fund, College of Medicine, Seoul National Uni-
versity, 1984.

Many articles were published discussing specific
etiologies of compartmental syndromes; burn (Mat-
sen 1975), carbon monoxide poisoning (Suk et al.
1971), prolonged limb compression (Mubarak and
Owen 1976), prolonged use of tourniquet, Hauser's
procedure (Wiggins 1975), vascular surgery (Rene-
man 1975) and intensive use of muscle
(Whitesides et al. 1975), etc.

Whitesides et al. (1975) used needle and mano-
meter for the measurement of the intracompart-
mental pressure. Mubarak and Owen (1976) used
wick catheter and Rorabeck and MacNab (1975)
used slit catheter. For the criteria of the fasciotomy,
Whitesides et al. (1975) took 45-60 mm Hg (nor-
mal; 9-15 mm Hg) using needle manometer
method and Mubarak et al. (1978) took 30 mm Hg
(normal; 0-8 mm Hg) using wick catheter method.
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Rorabeck and Clarke (1978) and Hargens et al.
(1979) studied the effects of intracompartmental
pressure upon nerve function but they described
the effects in short term and the results of early
decompression, and there were little comments on
the long term results and recovery.

It is postulated that studying the changes of the
nerve conduction velocity might be helpful in the
diagnosis, treatment and prognosis of the compart-
mental syndrome. An experimental model was de-
signed to keep the hind leg of rabbits at the con-
stant pressure of 80, 120 and 160 mm Hg during
6 and 12 hours using volume expander. Serial
changes of the nerve conduction velocity were
checked in 6 groups to study the early decrease of
nerve conduction velocity and the late recovery for
16 weeks.

MATERIALS AND METHODS

Sixty mature white rabbits, unselected as to sex
and weighing 2.5-3.5 kg, were used as ex-
perimental animals. Penthotal was injected to an
ear vein of the rabbit and general anesthesia was
induced. Hair was removed from both legs and
four extremities were tied to the table for immobi-
lization. Basic studies such as nerve conduction

3" Tourniquet H
1
st

velocity and electromyography was checked
preoperatively to know the normal state and to get
the control values.

Wick catheter was introduced to the central-
upper portion of the deep posterior compartment of
one hind leg of a rabbit. After connecting to baro-
meter with three-way stopcock, tissue pressure
was measured. Three-inches tourniquet was ap-
plied to the thigh and inflated lightly to 30 mm Hg.
Medicut was inserted to the central-lower portion
of the deep posterior compartment and the dextran
was infused and the necessary levels of the tissue
pressure were maintained by monitoring the tissue
pressure (Fig. 1).

The levels and durations of pressure applied in 6
groups of rabbits were as follows:

Group 1: 80 mm Hg 6 hours = 10 rabbits
Group 2: 120 mm Hg 6 hours = 10 rabbits
Group 3: 160 mm Hg 6 hours = 10 rabbits
Group 4: 80 mm Hg 12 hours = 10 rabbits
Group 5: 120 mm Hg 12 hours = 10 rabbits
Group 6: 160 mm Hg 12 hours = 10 rabbits

The time when the tissue pressure was elevated
to the desired level was set to time zero. Nerve
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Fig. 1. Schematic model of experiment.



conduction velocity was measured every one hour
for the first ten hours, then every two hours till
twenty-four hours, and then on the second day,
fourth day, first week, second, third, fourth, sixth,
eighth, tenth, twelfth and sixteenth week. Nerve
conduction velocity was measured by TECA 42
type electromyography machine with conventional
measuring method of motor nerve conduction
velocity. Concentric needle electrode was inserted
to the plantar muscle of the rabbit, after confirming
the muscle by electromyography, electrical stimula-
tion was applied on the medial aspect of the ankle
joint and the posterior aspects of the knee joint.
Two graphs were taken from the electromyography
machine and the time interval was checked. The
distance between the two points of electrical sti-
mulation was measured with a string ruler, and the
nerve conduction velocity was calculated by divid-
ing the distance into the time interval (m/sec).

RESULTS

1. Reduction of Nerve Conduction Velocity
with the Progress of Time

In 80 mm Hg groups (Group 1 and 4) nerve
conduction velocity was reduced 6.2 per cent in 1
hour, 25.5 per cent in 2 hours, 48.0 per cent in 3
hours and 95.8 per cent in 4 hours, and in 4 hours
nerve conduction was blocked in 17 cases out of
20 cases. At 5 hours nerve conduction was block-
ed in all cases.

In 120 mm Hg group (Group 2 and 5) nerve
conduction velocity was reduced 47.5 per cent in 1
hour, 93.4 per cent in 2 hours, and in 2 hours
nerve conduction was blocked in 16 cases out of
20 cases. At 3 hours nerve conduction was block-
ed in all cases.

In 160 mm Hg group (Group 3 and 6) nerve
conduction velocity was reduced 95.5 per cent in 1
hour, and at that time nerve conduction was block-
ed in 15 cases out of 20 cases. At 2 hours nerve
conduction was blocked in all cases (Fig. 2).

2. Recovery of Nerve Conduction Velocity
with the Progress of Time after Removal of
Pressure

In Group 1 (80 mm Hg-hours), after removal of
pressure, nerve conduction velocity was recovered
to 56.8+7.1 per cent in 1 hour, 84.44+6.2 per
cent in 6 hours, 93.8+5.7 per cent in 1 week and
99.1+5.1 per cent in 16 weeks. There was no
difference with the level of 95 per cent statistical
significance (t=0.35)(Fig. 3).

In group 2 (120 mm Hg—6 hours), after removal
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Fig. 2. Corelation between the pressure applied and the
duration required for total loss of nerve function.

of pressure, nerve conduction velocity was reco-
vered to 33.0423.2 per cent in 1 hour, 65.7+4.9
per cent in 6 hours, 77.4+8.9 per cent in 1 week,
83.24+7.9 per cent in 16 weeks. It could not be
considered as complete recovery since there was
difference with the level of 99 per cent statistical
significance (t=5.36)(Fig. 3).

In group 3 (160 mm Hg—6 hours), nerve con-
duction velocity was recovered to 12.1+12.6 per
cent in 3 hours, 22.8+14.0 per cent in 6 hours,
60.0+£15.0 per cent in 1 week and 71.3415.6 per
cent in 16 weeks. It was not complete recovery
since there was difference with the level of 99 per
cent statistical significance (t=5.39)(Fig. 3).

In Group 4 (80 mm Hg—12 hours), after remov-
al of pressure, nerve conduction velocity was reco-
vered 4.8+ 14.4 per cent in 6 hours, 33.2+ 332,
per cent in 1 week and 66.74+28.0 per cent in 16
weeks. It was not complete recovery since there
was difference with the level of 99 per cent statis-
tical significance (t=3.58). In one case nerve con-
duction was not recovered in 16 weeks (Fig. 4).

In Group 5 (120 mm Hg—12 hours), after re-
moval of pressure, nerve conduction velocity was
recovered 5.6+16.8 per cent in 1 week, for the
first time and 48.7 +35.0 per cent in 16 weeks.
Much difference was observed in 16 weeks com-
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Fia. 3. Sequential changes of nerve conduction velocity after muscle compartments were pressurized for 6 hours
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Fig. 4. Sequential changes of nerve conduction velocity after muscle compartments were pressurized for
12 hours.



Table 1. Statistical analysis of nerve conduction velocity (T-test)
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Group X, Xo S S t Difference
1 48.56 48.11 3.22 2.47 0.35 —
2 4891 40.70 3.02 3.75 5.36 +
3 48.52 34.61 3.00 7.55 5.39 +
4 4928 32.86 414 13.80 3.58 +
5 4781 23.30 3.34 16.71 4.52 +
9] 4952 11.32 1.89 14.11 8.43 +

X;: Means of nerve conduction velocity at preop.

Xo: Means of nerve conduction velocity at postop. 16 weeks.

S;: Standard deviations at preop.
95% level of significance: t>t,5=2.10

pared to preoperative state(t=4.52) and in 3 cases
nerve conduction was not recovered in 16 weeks
(Fig. 4).

In comparison with the preoperative state, almost
complete recovery was observed only in Group 1
with the level of 95 per cent statistical significance
and in other five groups there were differences with
the level of 99 per cent statistical significance
(Table 1). The difference of recovery according to
the pressurized time, between 6-hour groups
(Group 1,2 and 3) and 12-hour groups (Group 4,
5 and 6), was statistically significant (X*°=17.73)
(Table 2). In consideration of the difference of re-
covery according to pressure comparing 80 mm Hg
groups (Group 1 and 4) with 120 Hg groups
(Group 2 and 5), there was no difference with the
level of 95 per cent statistical significance (X°=
2.10). In the case of 120 mm Hg groups and 160
mm Hg groups (Group 3 and 6) there was also no
difference with the level of 95 per cent statistical
significance (X°=5.66). But in the case of 80 mm
Hg groups and 160 mm Hg groups there was dif-
ference with the level of 99 per cent statistical sig-
nificance (X°=14.84)(Table 3).

Table 2. Statistical analysis of recovery according to the
pressurized time

Recovery 6 hours 12 hours Total
-40% 0 10 10
40 -80% 9 13 22
80%- 21 7 28
Total 30 30 60

* Data; numbers of rabbits ~ X?=17.73>X? 39=9.21

S, Standard deviations at postop. 16 weeks.
99% level of significance: t>t,,=2.88

Table 3. Statistical analysis of recovery according to the
applied pressure

Recovery 80 mm Hg 160 mm Hg Total
-40% 1 6 7
40 -80% 4 11 15
80%- 15 3 18
Total 20 20 40

* Data; numbers of rabbits ~ X?=14.84>X° g9=9.21

DISCUSSION

There were many experimental models of tissue
pressure elevation such as vein occlusion (Jepson
1926), fluid infusion (Rorabeck and Clarke 1978),
balloon insertion (Sheridan and Matsen 1975) and
air splint (Matsen et al. 1976), etc. In this experi-
ment, fluid infusion method was used and proximal
migration of fluid was prevented by three-inch
tourniquet.

There are several objective methods of determin-
ing degrees of nerve injuries such as histopatholo-
gical methods to demonstrate structural changes
and nerve conduction study and electromyography
to demonstrate functional changes. Histopatholo-
gical method can be used for research purposes
such as animal experiments but it has only limited

use in human being clinically. Nerve conduction
velocity measurement can be performed easily,

noninvasively and control values may be easily
obtained from the opposite limb. Although serves
are more resistant to permanent injury from ische-
mia than muscles, they demonstrate functional
abnormalities before abnormal muscle function is
detectable. Most compartments contain nerves,
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and nerve conduction velocity reflects the physiolo-
gical status of intracompartmental tissue.

Matsen et al. (1577) and Mubarak et al. (1978)
reported that acute compartment syndrome could
occur when tissue pressure was over 40 mm Hg.
Rorabeck and MacNab(1978) elevated the tissue
pressure of the anterior compartment of dogs by
infusing plasma and found that nerve conduction
velocity was recovered to normal value when fas-
ciotomy was performed after 4 hours but nerve
conduction velocity was not recovered to normal
value within 6 hours when fasciotomy was per-
formed after 12 hours. Hargens et al. (1979) re-
ported that the minimum pressure which caused
complete nerve block was 50 mm Hg which took
300 minutes. In case of 120 mm Hg complete
nerve block occurred after 50 minutes and in case
of 30-40 mm Hg only incomplete nerve block was
observed.

Although Lundborg(1970) insisted that pressure
was the primary cause of peripheral nerve injury,
there were many authors who empiasized ische-
mia for the main cause of the reduction of nerve
conduction velocity in tissue pressure elevation.
Whitesides et al. (1975) applied tourniquet to the
thigh of dogs with the pressure of 600 mm Hg and
found that nerve conduction was maintained for
70-75 minutes, but excitability of muscle was
maintained for 180 minutes.

In case of tissue pressure elevation it was diffe-
rent from above mentioned occasion. Mubarak et
al. (1978) proposed ischemia to be only a hypoth-
esis and Lundborg(1970) and Matsen et al. (1977)
proposed the ischemia-pressure complex hypoth-
esis. According to the recovery of nerve injury after
tissue pressure elevation Matsen et al. (1977) re-
ported that contracture was noticed in case of
complete ischemia for 4-12 hours. Rorabeck and
Clarke (1978) reported that complete nerve block
was not caused after 12 hours in case of 40 mm
Hg but the reduced velocity was not recovered to
normal value after 6 hours.

Hargens et al. (1979) experimented with anterior
compartments of dogs and they found near com-
plete recovery in case of 160 mm Hg when fas-
ciotomy was performed after 4 hours, but light mic-
roscopic studies of nerve tissue which was pressu-
rized above 60 mm Hg for 8 hours showed a spec-
trum of peripheral neuropathy at 3 weeks. At
pressure of 120 mm Hg for 8 hours, various stages
of axonal degeneration and demyelination were en-
countered. Electron microscopic studies showed

pathological alterations consistent with widespread
Wallerian degeneration.

Rorabeck et al. (1978) made a similar experi-
ment and reported that when a pressure of 80 mm
Hg was introduced and maintained from time zero,
the conduction velocity fell to O m/sec after 4
hours. If fasciotomy was carriad out at 4 hours,
these changes in the conduction velocity was com-
pletely reversible. If fasciotomy was delayed for 8
hours, however, the conduction velocity was re-
versible but 3 hours was required for its return to
normal. If fasciotomy was further delayed for 12
hours at 80 mm Hg pressure, irreparable damage
to the nerve often occurred and the conduction
velocity did not return to normal. At higher press-
ure of 120 or 160 mm compiete block occurred
within the first hour. Regardless of the timing of
fasciotomy, re., at 4, 8 or 12 hours, irreversible
damage of the nerve occurred and the conduction
velocity did not return to normal resting values for a
period of 6 hours following fasciotomy.

Sheridan et al. (1975) treated 66 cases of acute
compartment syndrome by faschiotomy. Fas-
ciotomy performed less then 12 hours after the
onset of the compartment syndrome, resulted in
normal function in 68 per cent of cases. Only 8 per
cent of those having fasciotomy more than 12
hours had normal function.
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