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ABSTRACT: The effect of rapid as well as
sustained compressive forces applied to the sur-
face of intact and severed peroneal nerves of
rabbits was studied. Considerable effort was
taken to ensure a quantitative and consistent
experimental paradigm. Stimuli were delivered
to the sciatic nerve, and the compound action
potential was recorded in the peroneal nerve,
with compressive forces applied more prox-
imally on the peroneal nerve. It was found that
the conduction of action potentials on the larger
nerve fibers was more sensitive to compressive
force than that of the smaller nerve fibers,
although all nerve fibers stopped conducting
when sufficient compression was applied to the
nerve. The effect on the conduction of action
potentials on the nerve fibers appeared to be
determined both by Laplace’s law (as previously
reported by others) and the viscoelastic proper-
ties of the entire nerve. Relatively low compres-
sive forces (20 gm applied over approximately 7
sq mm) were found to decrease the neutral con-
duction of the larger nerve fibers for at least two
hours, whereas stagnation of blood circulation
was not found to affect measurably the neural
conduction of all the nerve fibers for up to two
hours.
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Introduction

Our previous work!-3 has shown that electrode
units implanted around the distal ends of severed
sciatic and peroneal nerves in rabbits have suc-
cessfully recorded neuroelectric activity associated
with volitional intentions of the animals for periods
up to 142 days. However, the neuroelectric signals
recorded from the electrode units have exhibited deg-
radation during the implant period. To improve sig-
nal quality .and prolong the period for successful
recording of neuroelectric activity, several prelimin-
ary experiments were conducted on rabbits and sub-
human primates. These indicated that a possible
cause for the decrease in the amplitude of the neuro-
electric signal recorded from the implanted elec-
trodes was due mainly to the compressive forces
generated by the musculature surrounding the
implant. Application of an external pressure cuff
inflated to 300 mmHg around the limb of the animal
for a period of 1 min at the site of the implant
produced a similar decrease in signal amplitude.

The effect of compressive forces on severed nerves
is of practical interest to surgeons who deal with this
issue on a regular basis during operative procedures.
Concerns arise over the amount of manipulation to
which severed nerves should be subjected and the
effect of subsequent compression by the adjacent
contracting muscle tissue. Also of interest is the
nature and temporal perseverance of nerve compres-
sions unwillingly self-induced by patients, such as:
Saturday night palsy, cast pressure on the peroneal
nerve, crutch pressure on the axilla, carpal tunnel
syndrome, etc.

The current literature is controversial concerning
the factors influencing neuroelectric signals during
compression. Loss of axonal structural integrity has
been reported by Strain and Olson* and others; while
Gelfan and Tarlov> and others have reported anoxia
of the nerve fiber as the main cause of reduction of
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Fig. 1: Experimental arrangement for evoking and
recording the compound action potentials, and for
applying compressive force to the nerve. In some
experiments the peroneal nerve was left intact, and in
others it was severed at the indicated point.

neuroelectric signals during compression. Other fac-
tors such as ischemia® have also been considered.
This controversy appears to be due in part to a lack of
strict quantitative methods when applying compres-
sive forces to the nerve. The present study was under-
taken to verify this indication in intact and severed
nerves.

Materials and Methods

Fifteen New Zealand white rabbits weighing 3.5
kg to 4 kg and ranging in age from 1 year to 2 years
were chosen for the experiments. The animals were
initially anesthetized with ethyl carbamate (10 cc IP)
and were sustained with ether. A heating pad main-
tained the preparation at a constant temperature
(37°C) throughout the experiment. The rear legs
were placed in a positioning fixture; an incision was
made in the upper thigh exposing the sciatic nerve,
and the connective tissue binding the nerve in place
was carefully removed. The nerve was supported on a
hook-type platinum wire stimulation electrode hav-
ing an inter-electrode spacing of 2 mm (Fig. 1). A
second incision was made in the popliteal fossa
exposing the peroneal, tibial, and sural branches of
the sciatic nerve. A cuff-type electrode unit with
three differential recording channels described in
previous publications2-3 was installed on a section of
the peroneal nerve which had been carefully freed of
binding connective tissue. The recording electrode
unit consisted of two 4 mm exposed lengths of
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stranded 90% platinum, 10% iridium wire woven on
the mner surface of a 15 mm length of Dacron fabric
tube. The contact surfaces were oriented paralle] to
the axis of the tube with an inter-electrode spacing of
5 mm. The diameter of the electrode unit was
selected to match the diameter of the peroneal nerve.

In one series of experiments, the peroneal nerve
was severed near the distal end of the cuff-type re-
ording electrode unit; whereas, in another series of
experiments the nerve was left intact. In both series,
the recording electrode unit was located approx-
imately 5 cm distal to the stimulation electrode. To
prevent foot movement and to minimize EMG
artifact, the tibial nerve was crushed at the beginning
of each experiment. An effort was made to minimize
the amount of dissection and to maintain nerves and
blood vessels in their original location throughout
the experiments. After dissection, the exposed nerve
was carefully covered by the supporting soft tissue,
muscles, and the skin flap. This kept the nerve from
becoming dry or exposed to the external atmosphere.
Temperature in the vicinity of the nerve was
monitored at random and found to be constant
throughout the period of the experiment.

The sciatic nerve was stimulated supramaximally
with 0.05 ms monopolar square wave pulse at 30
pulses per second. The resulting compound action
potentials (CAP) of the peroneal nerve from each
channel of the electrode cuff were detected and
amplified with a bandwidth of 10 Hz to 10 kHz. They
were simultaneously observed on an oscilloscope
and recorded on a multi-channel FM tape recorder
for subsequent analysis. During stimulation, a con-
trolled compressive force was applied to a 3 mm
length of the exposed nerve approximately 1 cm
proximal to the implanted recording electrode unit.
The rate and the duration of the applied compressive
forces were controlled with a specially designed
apparatus (Fig. 1) which incrementally compressed
the nerve trunk with gram weights. This nerve com-
pression apparatus was specifically designed so that
angulation, stretching, or distortion of the nerve
could be avoided during nerve compression.
Throughout this article, we refrain from expressing
the compression in terms of pressure because the
surface of the nerve continuously deformed during
compression.

The following sets of experiments were performed
with severed and intact nerves. A) In the first para-
digm, forces were rapidly applied to the nerve in
increments of 10 gm every 5 s until no observable
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CAP was present. This procedure was performed on
two intact nerves and three severed nerves. B) In the
second paradigm, a sustained force was applied for a
two hour period and the decrease in the CAP ampli-
tude was monitored. This procedure was performed
on two intact and two severed nerves with a 20 gm
force; and on one intact and one severed nerve with a
10 gm force. C) In the third paradigm, no external
force was applied to the nerve and the CAP was
monitored for a two hour period. This control experi-
ment was performed on an intact and a severed nerve
in both a live and a sacrificed animal.

Data obtained from the different experiments were
digitized via a PDP 11/34 computer at an effective
sampling rate of 160 X 103 samples per sec. This
sampling rate was achieved by playing the data at
one-fourth of the recording speed and sampling it at
40 kHz. Experiments in which compressive forces
were rapidly applied were sampled during the middle
of each incremental force application with an average
of 30 CAPs taken for each sample (1 s sample time).
Experiments with sustained 10 gm or 20 gm forces
were sampled at 60 s intervals with an average of 150
CAPs taken for each sample (5 s sample time). With
the described stimulation and recording arrange-
ment, the resulting average CAPs always displayed
two positive peaks and, at times, three positive peaks
(Fig. 2). The amplitudes of the two positive peaks
were measured from the base line (dc level) of the
CAP. The propagation times from the stimulus pulse
to the first and second positive peaks were taken for
each average sample. The conduction velocity was
calculated using the propagation time and the dis-
tance between the stimulation and recording sites.
The amplitude of the CAP and conduction velocity,
during application of compression, was normalized
to the maximal amplitude and conduction velocity
before compression.

Results

In the control experiments, when no force was
applied to the nerve, the evoked CAP remained con-
sistent in amplitude and shape during the two hour
duration of the experimental procedure (Fig. 2A).
This indicated that the animal preparation used in
this study did provide a stable, reproducible method
of obtaining the required measurements. Direct
compressive forces on the nerve produced similar
changes in the wave-shape of the CAP with both
rapid and sustained force applications. The initial
positive phase of the signal decreased in amplitude as

A) CONTROL EXPERIMENTS

Fig. 2: Wave-shapes of compound action potentials: A)
when no compressive force was applied to the nerve, B)
during rapid application of force (measured in grams),
C) during a sustained application of force (10 gm). All
these measurements were obtained from preparations
in which the nerve was severed.

a function of compressive force. The other phases of
the signal were less sensitive to the effects of the
compressive force (Fig. 2B, C). A corresponding
increase in the propagation time measured from the
stimulus artifact to the initial positive peak of the
CAP was noted.

The results were categorized into three sections:
A) experiments with rapid force application; B)
experiments with sustained constant force applica-
tion; C) experiments with no force applied to the
nerve for control purposes.
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Fig. 3: The normalized amplitude and conduction
velocity of the compound action potential during rapid
compressive force application (10 gm every 5 s) to the
surface of the nerve. Note that initially the amplitude
does not change, but it is subsequently followed by a
sharp decline. Refer to the text for details appertaining
to the severance of the nerve.

Rapid Force Application

In the experiments involving intact nerves, the
amplitude of the CAP remained relatively constant
up to a force threshold value of 20 gm to 40 gm. (The
force threshold is the minimal force required to initi-
ate a noticeable change in the wave-shape of the
CAP) Further increases in force above this value
caused a rapid decrease in the amplitude of the CAP.
The average slope of the decrease was approximately
25 nV/gm. The signal decreased to 50% of the initial
value after application of 85 gm to 95 gm. Signals
from experiments in which the nerve was severed
distally exhibited a threshold value almost equal to
those of intact nerves while the slope of the decrease
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was approximately 29 pV/gm. Furthermore, the
CAP in the severed nerves decreased to a 50% initial
value of 55 gm to 70 gm of compressive force (Fig. 3).

The conduction velocity of the CAP decreased
during the incremental force application exhibiting a
less defined threshold point and a more linear rate of
decrease (Fig. 3B). The rate of decrease in CAP
amplitude and conduction velocity was more pro-
nounced in severed nerves.

Sustained Constant Force Application

Based on the above results from rapid force
application, forces at minimal-threshold level (20
gm) and sub-threshold level (10 gm) were selected
for experiments in which a sustained constant force
was applied to the nerve. These two values were
selected to illustrate the corresponding effect of
application-time with force levels which had pre-
viously demonstrated no observable change in the
CAP during short periods. The observed changes in
wave-shape during sustained threshold and sub-
threshold force applications occurred more gradu-
ally than when rapid force application was applied
over a time span of 20 min to 80 min (Fig. 4). In this
figure, the normalized amplitude and conduction
velocity of the CAP in individual experiments were
plotted versus time of force application. During sus-
tained application of sub-threshold force (10 gm) to
intact nerves (Fig. 4), the CAP decreased in ampli-
tude to a 50% initial value in 45 min, whereas signals
recorded from experiments in which the nerve was
severed decreased more rapidly (30 min) to a 50%
value. Conduction velocity measurements indicated
similar decreases with less distinction between intact
and severed nerves. CAPs recorded during sustained
application of a 20 gm force (Fig. 4) decreased to
50% of the initial value in 10 min to 15 min (a rate of 3
to 4 times faster than those recorded during 10 gm
sustained force application). CAPs from experiments
in which the nerve was severed decreased to a 50%
amplitude level in 3 min to 5 min (a rate of 6 to 10
times faster than those recorded during 10 gm sus-
tained force application). A parallel reduction in the
normalized conduction velocity was also noticed
with application of a 20 gm sustained force.

Control Series

Experiments in which no compressive forces were
applied for purposes of control exhibited a maximal
15% reduction in amplitude of the CAP during the
two hour recording period. This was true for both the
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Fig. 4: The normalized amplitude and conduction
velocity of the first peak of the compound action poten-
tial during a sustained application of either 10 gm or 20
gm to the surface of the nerve.

larger diameter nerve fibers (Fig. 5) and the smaller
diameter nerve fibers (Fig. 6). The relative size of the
fiber diameter was determined by the value of their
conduction velocity which was calculated from the
latency between the stimulus and CAP. The latter
measurements were obtained by measuring the con-
duction time of the second positive peak of the CAP.
Measurements of the amplitude of the second
positive peak are not presented because the limita-
tions of the experimental paradigm render the value
of this parameter inappropriate for consideration.
The spacing between the stimulation and recording
electrodes was not sufficient to provide a distinctive
temporal separation of the action potentials of the
smaller diameter category. The variation in nor-
malized conduction velocity was less than 10%.
Recordings from intact and severed nerves using live
and sacrificed animals produced comparable results.
In the results of the sacrificed animals, t=0 corre-
sponds to cessation of heart pulsation.

Discussion

The wave-shape of the CAPs recorded in these
experiments were similar to those reported in the
literature. In the present experiments, the first pulse
of the CAPs represents the activity of the faster
conducting, large diameter, nerve fibers of the per-
oneal nerve, most probably what has been termed the
o and B components.” The conduction velocity of the
a and B population of nerve fibers were not suffi-
ciently different to contribute consistently dis-
tinguishable pulses to the CAP. This was due to the
limited distance between the stimulus and the re-
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Fig. 5: The normalized amplitude and conduction
velocity of the first peak (associated with the larger
diameter o and {3 fiber population) of the compound
action potential. Measurements were taken with
severed and intact nerves in live and sacrificed ani-
mals. In the case of sacrificed animals, t=0 refers to
the time of cessation of heart pulsation.

cording electrodes. The B component was at times
seen as a notch occurring on the negative slope of the
o pulse (Fig. 2A), and at other times as a separate
pulse following the initial a pulse (Fig. 2B). The
conduction velocity of the a component was found to
be 72 mys; that of the B component was approx-
imately 56 m/s. The last pulse in the CAP represents
activity of the myelinated small diameter nerve
fibers, possibly of the vy population in the peroneal
nerve, and was found to have a conduction velocity of
35 my/s. All of these measurements are in agreement
with those reported by Matthews” and others. Larger
diameter nerve axons of approximately 12 pum to 18
pm such as the Ia and o motor axons most likely
contribute to the first pulse of the CAP (72m/s).
Smaller diameter nerve axons of approximately 4
pm to 6 wm such as the v fibers and small sensory
fibers contribute to the last pulse (35m/s). Boyd and
Davey® have reported that the fiber population of the
peroneal nerve in cats also contains two distinct
measurable populations similar to those clearly iden-
tified by the two pulses recorded in the present
experiments.

When the compressive forces were applied to the
nerve, the CAP changed its shape. The first pulse
decreased in amplitude and increased in latency as
seen in figure 2. This may be explained by the occur-
rence of structural damage to the faster conducting,
larger diameter nerve fibers. The relatively greater
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Fig. 6: The normalized conduction velocity of the sec-
ond peak (associated with the smaller diameter v fiber
population) of the compound action potential. Mea-
surements were taken with severed and intact nervesin
live and sacrificed animals. In the case of sacrificed
animals, t=0 refers to the time to cessation of heart
pulsation.

insensitivity of the subsequent pulses (Fig. 2B) to
such compressive forces implies that the slower con-
ducting, smaller diameter nerve fibers are relatively
less susceptible to damage by external forces. These
results are in agreement with those reported by Strain
and Olson* who found that large diameter nerve
fibers of rat sciatic nerve were compressed dispropor-
tionately. This selective susceptibility of the larger
diameter fibers to damage by compression has been
noticed not only in the peripheral nerves but also in
the dorsal root and dorsal column of the spinal cord.>
In fact, the selective susceptibility of larger diameter
fibers may be explained by a purely mechanical
process described by Laplace’s law as pointed out by
Strain and Olson.*

When the compressive forces were rapidly applied
to the nerve (Fig. 3), the presence of a threshold
value followed by a rapid decrease of the CAP ampli-
tude supported the concept of the occurrence of a
relatively abrupt structural dislocation of the nerve
fibers and its surrounding connective tissues. A dis-
location of the epineurium, perineurium, and possi-
bly the endoneurium, must occur for the protected
nerve fibers to be disturbed structurally. The pres-
ence of a threshold value may demonstrate the neces-
sity of providing sufficient compressive pressure to
overcome the elevated (greater than atmospheric)
endoneurial fluid pressure.? This elevated endo-
neurial pressure has been measured directly in the
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sciatic nerve of normal rats.!%-1! If an abrupt change
in the diameter of the axons occurs, it would cause a
correspondingly abrupt change in the amplitude of
the CAP. Subsequent changes in the axon diameter
are noticeable in an accentuated manner in the
decrease of the CAP amplitude. Rosenfalk!? has
shown that the amplitude of an action potential is
proportional to the diameter of a fiber raised to the
power of 1.7. On the other hand, the conduction
velocity of nerve fibers is approximately linearly
related to the diameter.!3:14 [n fact, the near-linear
decrease of the conduction velocity (after the thres-
hold value), with increasing compressive force
shown in figure 3, implies that the diameter of the
relatively large axons is being disrupted in a near-
linear fashion. Hence, the curves of figure 3 appear
to demonstrate the radial compliance of the nerve
(nerve fibers and connective tissue) during compres-
sion. This observation concurs with that of Baba et
al'> who reported a reduction in maximal motor
conduction velocity as well as reduction in axonal
and total fiber diameter of large diameter axons after
continued ligature to the tibial branch of the rabbit’s
sciatic nerve.

When minimal-threshold and sub-threshold com-
pressive force was constantly applied to the nerve,
the amplitude of the CAP and the conduction
velocity of the nerve fibers also decreased as a func-
tion of time (Fig. 4). This behavior may be explained
by a time-dependent distortion of the nerve; that is,
the radial viscosity of the nerve fascicles (nerve fibers
and connective tissue).

The data in figures 3 and 4 indicate that the effect
of the compressive force on the efficiency of a nerve
to conduct action potentials is a time-force depen-
dent process with characteristics which can be
explained by the viscoelastic properties of the nerve.
The observed variation and disparity in the results of
the various experiments point to the likely variability
in the viscoelastic properties of different nerves.
(These inter-experimental variations were obtained
despite a serious attempt to maintain experimental
consistency among the different experiments.)

Several degrees of physical distortions have been
reported to occur during nerve compression which
could in part account for the observed changes in the
CAP. Strain and Olson* reported possible physical
interruption in the continuity of the axon and/or its
neurilemmal sheath. Rydevik and Lundborg!® noted
damage to the epineurium along with intrafascicular
edema formation on the edges of the site of force
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application. It was suggested that this edema forma-
tion, which was instantly noticed after the compres-
sion was removed, produced secondary compression
on the endoneurial vessels with possible secondary
axonal damage.16-17

Compression of the nerve also can cause localized
ischemia to the nerve if the forces are sufficient to
collapse the longitudinal and collateral circulation of
the nerve. Rydevik et al'® reported that interference
in the epineurial blood flow was noticed at a pressure
of 20 mmHg to 30 mmHg; intra-fascicular capillary
flow at about 40 mmHg to 50 mmHg; whereas,
complete interruption of blood flow to the nerve
segment was observed at a pressure of 60 mmHg to
80 mmHg. The resulting diminution of nutrient sup-
ply could impair the action potential transmission.
(These pressures were approximately one-half those
applied in this study.) In fact, several inves-
tigators>-18 have reported that anoxia is the primary
cause of inactivation of the smaller diameter (y popu-
lation) nerve fibers.

In this study it was found that the conduction
velocity of the o, B, and 'y components of the CAP
were only moderately diminished over a two hour
period when the animal was sacrificed and had no
systemic blood flow. Our results indicate a lack of
preferential effect on the nerve fiber population due
to arrested blood circulation during the two hours of
the experimental period. Therefore, it appears that
lack of oxygen, as a result of arrested blood circula-
tion, is not the primary factor in the preferential
injury of nerve fibers. This observation concurs with
that of Smith!® who reported that a large portion of
nerve fibers could function as a free graft after sepa-
ration from its mesentry until blood supply is
restored by the growth of new blood vessels. Results
from the present study are also in agreement with
those of Lundborg?® who reported that six hours of
ischemia failed to induce structural damage to rab-
bits’ peripheral nerves. It remains to be pointed out
that a more recent study by Fowler and Gilliatt?!
demonstrated varying degrees of nerve degeneration
and conduction block after regional ischemia in the
sciatic nerve of rabbits. In that same study, however,
35% of the animals showed little, if any, nerve
degeneration indicating that local ischemia is not a
primary cause of the decrease in amplitude and con-
duction velocity of the CAP.

It was generally noticed in the present results that
the severed nerves were more susceptible to com-
pressive forces than intact nerves, a finding which is

not well understood. Similar observations were
reported previously by Gilliatt and Wilson?2 and
Fullerton23 who showed that injured nerve fibers are
more susceptible to induced ischemia than normal
nerve fibers. This was also noticed in our previous
work, where the amplitude of the CAP recorded
from chronic implants around a severed nerve
decreased with time.3 The accentuation of the effects
of compressive forces on the severed nerves may be
due to the increased radial compliance and the reduc-
tion of axonal fluid at the severed end.

External compressive forces (greater than 10 gm
weight) applied over a 3 mm length of a peripheral
nerve affect the conduction mechanism of all nerve
fibers. Larger diameter axons are more susceptible
than smaller diameter axons. The extent of the
restriction to neural conduction within the two hour
period of the present study appears to be regulated by
the viscoelastic properties of the nerve (nerve fibers
and connective tissue). Brief applications of com-
pressive forces (20 gm or more over a 3 mm length)
cause decreases in conduction velocity which do not
revert to normal value within two hours. Severed
nerves were found to be more sensitive to compres-
sive force than intact nerves. This indicates that cau-
tion should be exercised when handling peripheral
nerves during surgery or experimentation. Ischemia
lasting two hours was not noted to affect the neural
conduction of either the larger or smaller diameter
nerve fibers.

References

1. De Luca CJ: Control of upper-limb prostheses: A case for
neuroelectric control. J Med Eng Technol 1978; 2:57-61.

2. De Luca CJ, Gilmore LD: Voluntary nerve signals from
severed mammalian nerves: Long term recordings. Science
1976; 191:193-195.

3. De Luca CJ, Gilmore LD, Bloom LJ, et al: Long term
neuroelectric signal recordings from severed nerves. [EEE Trans
Biomed Eng 1982; 29:393-403.

4. Strain R Jr, Olson WH: Selective damage of large diame-
ter peripheral nerve fibers by compression: An application of
Laplace’s law. Exp Neurol 1975; 47:68-80.

S. Gelfan S, Tarlov IM: Physiology of spinal cord, nerve
root and peripheral nerve compression. Am J Physiol 1956;
185:217-229.

6. Makatie J, Teravainen H: Peripheral nerve injury and
recovery after temporary ischemia. Acta Neuropathol 1977,
37:55-63.

7. Matthews PBC: Mammalian muscle receptors and their
central actions. Monographs of the Physiological Society. Bal-
timore, Williams and Wilkins Co, 1972.

8. Boyd IA, Davey MR: Composition of Peripheral Nerves.
Edinburgh, Livingstone, 1968.

9. Low PA, Dyck PJ: Increased endoneurial fluid pressure in

783



ORTHOPEDICS

May 1987 Vol 10/No 5

experimental lead neuropathy. Science 1977; 269:427-428.

10. Low PA, Marchaud G, Know F, et al: Measurement of
endoneurial fluid pressure with polyethylene matrix capsules.
Brain Res 1977, 122:373-377.

11. Powell HC, Myers RR, Zweifach BW, et al: Endoneurial
pressures in hexachlorophene neuropathy. Acta Neuropathol
1978; 41:139-144.

12. Rosenfalk P: Intra- and extracellular potential fields of
active nerve and muscle fibers. Acadomisk Forlag Copenhagen,
Denmark, 1969.

13. Hunt CC: Relation of function to diameter in afferent
fibers of muscle nerves. J Gen Physiol 1954; 38:117-131.

14. Hursh JB: Conduction velocity and diameter of nerve
fibers. Am J Physiol 1939; 127:131-139.

15. Baba M, Fowler CJ, Jacobs JM, et al: Changes in periph-
eral nerve fibers distal to a constriction. J Neurol Sci 1982,
54:197-208.

16. Rydevik B, Lundborg G, Bagge U: Effects of graded
compression on intraneurial blood flow. J Hand Surg 1981;
6:3-12.

784

17. Rydevik B, Lundborg G: Permeability of intraneural
microvessels and perineurium following acute, graded experi-
mental nerve compression. Scand J Plast Reconstr Surg 1977,
11:179-187.

18. Causey G, Palmer F: The effect of pressure on nerve
conduction and nerve fiber size. J Physiol 1949; 109:220-231.

19. Smith JW: Factors influencing nerve repair. II. Collateral
circulation of peripheral nerves. Arch Surg 1966; 93:433-437.

20. Lundborg G: Limb ischemia and nerve injury. Arch Surg
1972; 104:631-632.

21. Fowler CJ, Gilliatt RW: Conduction velocity and con-
duction block after experimental ischemic nerve injury. J Neurol
Sci 1981; 52:221-238.

22. Gilliatt RW, Wilson TG: Ischemic sensory loss in patients
with peripheral nerve lesions. J Neurol Neurosurg Psychiatry
1954; 17:104-114.

23. Fullerton PM: The effect of ischemia on nerve conduction
in the carpal tunnel syndrome. J Neurol Neurosurg Psychiatry
1963; 26:385-397.



