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Blockage of axonal transport induced by acute,
graded compression of the rabbit vagus nerve
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SUMMARY Rapid axonal transport in rabbit vagus nerve was studied during and after graded
nerve compression. Proteins of the rapid axonal transport were labelled by micro-injection of
'H-leucine into the nodose ganglion and the cervical vagus nerve was subjected to graded com-

pression by a small "mini-cuff" applied directly to the exposed nerve trunk. The results showed
that even slight trauma to the nerve, in this model represented by a pressure at 50 mmHg applied
for two hours, may induce accumulation of axonally transported proteins at the level of compression.
This transport blockwas, however, reversible within one day. 200 mmHg and 400 mmHg applied for
two hours similarly induced a block of axonal transport persisting up to at least one and three days
respectively after the compression. Time for recovery of normal transport was correlated with the
magnitude of the pressure applied to the nerve. The results indicate that axons may survive, that is
not undergo Wallerian degeneration, after blockage of rapid axonal transport persisting at least
one day after the compression trauma.

Within the axons of peripheral nerves there is
continuous transport of various substances, for
example proteins and organelles, from the nerve
cell body down to the axon terminals (antero-
grade axonal transport) as well as in the opposite
directicn (retrograde axonal transport). The
phenomenon of axonal transport was first de-
scribed by Weiss and Hiscoe,' who found swell-
ing of axons proximal to a constriction. Later
investigations have demonstrated the existence
of anterograde axonal transport at well defined
different rates in primate peripheral nerves
ranging from about 1 mm/day (slow phase) to
approximat,ely 400 mm/day (rapid phase).2-7

Interference with the axonal transport sys-
tems has been demonstrated in association with
various kinds of neuropathies based upon, for
example, toxic, ischaemic and traumatic affec-
tions of peripheral nerves.7-9 However, the poss-
ible role of impairment of axonal transport in
the development of functional disorders of nerves
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is still not fully understood.10 At present we do
not know either how sensitive axons are to
minor impairment of axonal transport in an ante-
rograde or retrograde direction, or how chronic
these changes must be in order to cause axonal
degeneration.

Peripheral n,erves can be subjected to various
types of acute as well as chronic compression
trauma, which often result in functional dis-
turbances, for example in association with
nerve entrapment syndromes and injury to ex-
tremiti,es. The pathophysiological basis for such
nerve compression syndromes may be highly
complex as these lesions affect all tissue com-
ponents of the nerve trunk, that is nerve fibres,
intraneural blood vessels and connective tissue.
These structures respond to trauma in various
ways and may therefore-separately or together
-play various roles in the post-traumatic patho-
physiology.ll-13
The involvement of axonal transport systems

in association with compression and ischaemia
of varying duration has been studied by Ochs0 7

and Leone and Ochs.8 Those authors inflated
tourniquets around the thighs of cats and found
that the rap-id axonal transport of the sciatic
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Blockage of axonal transport induced by acute, graded compression of the rabbit vagus nerve

nerve was arrested at the level of cuff compres-
sion. The transport block was reversible as long
as the tourniquet was not applied for more than
six to seven hours. In vitro experiments demon-
strated that rapid axonal transport was impaired
within 15 minutes of onset of anoxia.8 Recovery
to normal transport was obtained when 02 was
re-supplied after the in vitro anoxia up to 1-5
hours duration but not after two hours. Hahen-
berger14 has demonstrated that pressure applied
to rabbit vagus nerve in vitro may block axonal
transport. Experimental elevation of intraocular
or intracranial pressure has been shown to in-
duce blockage of axonal transport in the optic
nerve of monkeys.15-'9 The information avail-
able in the literature on the reaction of axonal
transport systems of peripheral nerves to graded
and controlled compression trauma, however,
is incomplete.
The aims of the present investigation were (1)

to study rapid anterograde axonal transport
during graded compression, it order to deter-
mine the extent of acute blockage of axonal
transport in nerves subjected to various degrees
of pressure, and (2) to study the reversibility of
blockage of axonal transport induced by nerve
compression of various magnitudes.

Material and methods

Seventy-six albino rabbits of both sexes, weigh-
ing 1-8-2-5 kg, were used. Anaesthesia was
induced by intravenous infusion of sodium pento-
barbital (Mebumal,® 25-30 mg/kg) into a mar-
ginal ear vein and intraperitoneal injection of
diazepam (Valium,(g 2 mg/kg). Anaesthesia was
maintained by additional iv injections of sodium
pentobarbital when necessary.

Compression
A 30 to 40 mm length of the vagus nerve was
exposed in a region 10 to 50 mm from the
nodose ganglion, with the rabbit lying immo-
bilised in a supine position. Nerves were
compressed by application of a specially con-
structed apparatus consisting of a plexiglass
chamber containing a pair of rubber mem-
branes. The two halves of the chamber were
secur,ed in place by screws on either side of the
vagus nerve in such a way that the nerve lay
in a groove in the plexiglass and in contact with
the membranes (fig 1). The chamber was in-
flated with air to the desired pressure as read
on a manometer, and the nerve was thus com-
pressed between the rubber membranes. The
length of the compressed nerve segment was 10

VQgus
nerve

ject io

Pressure Car-
- nion

Fig 1 Schematic drawing of experimental
procedure. A xonally transported proteins were
labelled by injection of 'H-leucine into the nodose
ganglion. In acute experiments, the labelling was
performed 2 hours before application of the
compression chamber around the cervical vagus nerve.
The chamber, consisting of plexiglass and rubber
membranes, was inflated with air to a known pressure
(50-200-400 mmHg) during 2 hours. In other
experiments, a recovery period from I up to 14 days
after the compression was allowed before labelling of
proteins was performed.

mm. The pressure in the chamber was main-
tained at a constant level throughout the experi-
ments by a special air pump, compensating for
any leak in the system.* Surrounding muscle
and skin were loosely sutured in place for the
remainder ot the compression period, during
which time the rabbit remained anaesthetised.
Possible effects of the chamber application per se
were investigated in sham experiments (Series
A-sham experiments, n=11). In these cases axo-
nal transport was measured when the chamber
was applied around the nerve in the usual way
but without being connected to the pressure sys-
tem. Control experiments (Series A-control ex-
periments, n=6) were performed by measuring
axonal transport of labelled proteins as described
below without any chamber application at all.
Nerves were removed four hours after labelling
and processed in the ordinary way.
The effect of compression for two hours at

three pressure levels was investigated: 50 mmHg
(Series B, n= 12), 200 mmHg (Series C, n=22)
and 400 mmHg (Series D, n=25). 1 mmHg=
133:4 Pascal. In some of the experiments axonal
transport was studied during compression, and
in others there was a recovery period ranging
from one to 14 days after compression, before
axonal transport was measured (see also below:
Axonal transport). In order to keep the body
temperature constant, the animals were placed
on insulating cushions. Local temperature close
to the chamber was recorded in four experi-
*AB Stille-Werner, P.O. Box 43051, S-100 72 Stockholm, Sweden.
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ments and was found to be 37 to 38°C. Further
details of the compression procedure have been
published previously.13

Axonal transport
The rapid axonal transport of 3H-labelled pro-
teins was measured as described previously.20 The
nodose ganglion was exposed and 200 gl
(100 QCi) of 3H-leucine in 0-9% NaCl (L-45
H-leucine 53 Ci/mmole, Radiochemical Centre,
Amersham, England) were injected subepineuri-
ally into the nodose ganglion via a 30-gauge
stainless steel hypodermic needle. In acute ex-
periments (that is without recovery from com-
pression) vagus nerves were compressed two
hours after labelling with 3H-leucine; in others
recovery from compression of up to 14 days was
allowed before proteins were labelled. In all
cases the rabbit was killed four hours after in-
jection of isotope. That time was chosen to
allow for synthesis of protein in the ganglion,
transport along the cervical vagus nerve and
accumulation of radiolabelled proteins in the

case of a transport block caused by the local
compression. The nodose ganglion and up to 80
mm of the vagus nerve were immediately re-
moved and transferred to ice. The nerve was
then cut into 2-5 mm-length pieces and the
pieces were individually soaked in 2 ml 10%
trichloro-acetic acid (TCA) for 24 hours at 4°C.
The TCA was discarded, nerve pieces were
washed i-n a further 2 ml cold TCA and dissolved
overnight at room temperature in 0-5 ml
Soluene® (Packard). Radioactivity in the dis-
solved nerve pieces was measured in 10 ml
Permablend® (Packard) scintillation fluid in a
Packard Tri-carb liquid scintillation counter with
automatic quench correction. Since the TCA-
soluble radioactivity was consistently less than
5% of the total radioactivity in the nerve pieces,
the TCA wash was dispensed with in later ex-
periments, and the nerve pieces were im-
mediately dissolved in Soluene.

Calculation of results
The radioactivity in each nerve piece was plotted
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Fig 2 a-f Summary of typical
findings in various experimental
series. Pressure, time of
application, recovery period
and transport block ratio (see
text pages 691-3) is shown in each
diagram. A black bar indicates
the site of compression. The

ato 152 arrows in fig 2a indicate
ratio 12 segments of nerve used for

calculation of transport
block ratio (see
pages 692-3). Application of
chamber around the nerve for
2 hours without inflation (sham

ratio 0,39 experiments) caused no or just
a minimal accumulation of
axonally transported proteins
(fig 2a), in contrast to
50 mmHg applied for 2 hours
which caused a block of axonal
transport (fig 2b). This block

ratio 2,31 was reversible within one day
(fig 2c). In the experiment
shown in fig 2d, a block of
axonal transport was persisting
one day after compression by
200 mmHg for 2 hours. After
a three day recovery period,
normal transport was found
(fig 2e). In cases of compression
by 400 mmHg for 2 hours a
blockage of transport was seen
even 3 days after the trauma
(fig 2f).
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Blockage of axonal transport induced by acute, graded compression of the rabbit vagus nerve 693

against the distance of the piece from the nodose which the compression chamber was applied for
ganglion. This gave a profile of the distribution two hours but not inflated, and in untreated
of labelled proteins in the vagus nerve four control nerves (results not shown) a wave of
hours after injection of 3H-leucine into the no- labelled proteins was found with a front about
dose ganglion. In untreated nerves, a wavefront 60 mm from the ganglion. This wavefront was
of labelled proteins appeared about 60 mm from a result of axonal transport of proteins radio-
the ganglion, indicating a rate of axonal trans- labelled in the nodose ganglion, as demonstrated
port of at least 360 mm/day, in agreement with by the fact that the contralateral vagus nerve
previous studies.20 In nerves in which compres- which was exposed to a similar amount of blood-
sion had blocked axonal transport, an accumula- borne 3H-leucine did not show any such profile
tion of labelled proteins was found in the nerve of radioactivity, and also by the fact that only
in the region of the compression. By drawing 5% of the radioactivity was TCA-soluble, that is
profiles of the radioactivity in nerves from each not of high molecular weight. The accumula-
experiment we were able to estimate the extent tion of the labelled material at an area of com-
to which compression had blocked axonal trans- pression also confirms the fact that the
port. Nerves were classed into three groups: movement of the wave was an active process.
(a) those having a normal profile, that is having The total amount of radioactivity incorporated
a wavefront of proteins comparable to that of in the nerves varied from experiment to experi-
control nerves see for example (figs 2 a and c), ment, depending on the effectiveness of the
(b) those showing a partial block of axonal injection. Comparison of fig 2 d, in which the
transport, that is having accumulation of axon- average dpm in normal nerve pieces was around
ally transported protein at the level of compres- 2-5 x 103, with fig 2 b, in which the radioactivity
sion but also a wavefront distal to the was more than ten times greater, demonstrates
compression zone (see for example fig 2 f), that variations of the absolute amount of radio-
(c) those showing a compJete block, that is hav- activity in the nerve within this range did not
ing accumulation of axonally transported affect the shape of the profile. Nerves which had
proteins at the level of the compression and no an average dpm of less than 1 Ox 103 were, how-
wavefront distal to this level (see for example ever, rejected.
fig 2 d).
A more objective assessment of the blockade Series A: Sham experiments (O mmHg-2 hours,

of transport was obtained by the calculation of n=JJ) and untreated control nerves (n=6)
a "transport block ratio" for each nerve. This Application of the chamber around the nerve
was achieved by expressing the radioactivity for two hours without inflation induced a slight
contained in three 2-5 mm nerve pieces, one accumulation of axonal transport in some
immediately proximal to the region of compres- nerves, while others had a completely normal
sion and two in proximal 5 mm of the transport (table, fig 2 a). The slight accumula-
compression region, as a fraction of the radio- tion found in some nerves in this series is re-
activity contained in six 2-5 mm nerve pieces flected in the increased mean value of transport
situated at the level of the peak of transported block ratio (±SEM): 0-71+0-10, as compared
proteins, that is between 37-5 mm and 52-5 mm to untreated control nerves: 0-38±0-02.
frcm the ganglion (see fig 2 a). Nerves exhibit-
ing a normal transport profile and wavefront of Series B: 50 mmHg-2 hours (n=12)
labelled proteins generally had transport block Acute compression (without recovery) at 50
ratio less than 0-5. Nerves in which labelled mmHg for two hours induced accumulation of
proteins had accumulated at the compression axonally transported proteins in all nerves
zcne 'had higiher transport block ratio. Generally, (n=5; see fig 2 b). The transport block was
the higher the transport block ratio, the greater partial in four nerves and complete in one nerve
was the block of axonal transport. (mean transport block ratio: 2-46+±1-17; see also

table). Recovery of axonal transport to normal
Results values was found as early as one day after the

compression (n= 4; see fig 2 c). Normalised
The results are summarised in the table. The dis- transport block ratios were also obtained after 3
tribution of radioactively labelled proteins along days (n=3; see table).
the vagus nerves four hours after injection of
'H-leucine into the nodose ganglia is illustrated Series C: 200 mmHg-2 hours (n=22)
in fig 2. In sham-operated nerves (fig 2 a), in Acute compression at 200 mmHg for two hours
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Table Demonstration of transport block ratio values ± SEM obtained in the various experimental series (for details
see text). Generally, the higher the transport block ratio, the greater was the block ofaxonal transport. Transport block
ratio values lower than 0 5 usually indicated normal axonal transport

Acute (no recovery) Recovery

I day 3 days 7 days 14 days

Control n-=6 0-38±0-02 - - -

Sham, n= 11 (OmmHg-2h) 071 010 - - -
50mmHg-2hn=12 2-64±1-17 0 41±0 03 0 50±0-01
200 mmHg-2h n=22 8-56±4 72 2-96±2 05 0-43 ±004 - 0-46±0-06
400 mmHg-2h n 25 23-2±900 1-94±140 2-34±094 058±009 0-84±0-27

induced acute accumulation in all cases (n=4),
the block being partial in two nerves and com-
plete in two nerves. The mean value of transport
block ratio was 8&56 + 472 which indicates a
higher degree of acute accumulation in these
nerves than in the 50 mmHg-2 hours com-
pression nerves (table).
The peak of the acute accumulation was

mainly located at the proximal (cranial) edge of
the compression zone. In this series, transport
recovered completely in some nerves after one
day, while others still showed a block of trans-
port at this time (n=7; see fig 2 d). However,
mean transport block ratio values were not nor-
malised until after 3 days of recovery from
compression at 200 mmHg for two hours (n=5;
see fig 2 e). Some nerves still showed a partial
block after three days and even after 14 days
recovery (n=6), although the accumulation was
very slight and transport block ratios were less
than 0-7 in these nerves (table).

Series D: 400 mmHg-2 hours (n=25)
Compression at 400 mmHg for two hours in-
duced complete acute block in all nerves (n=3,
transport block ratio 23-2+9±00), the accumula-
tion of labelled proteins again being most
pronounced at the proximal (cranial) edge of
the compressed nerve segment. The pattern of
recovery was more complex in this series
(see table); transport in two nerves out of
six had recovered completely one day after
compression, but after a three day period
there were various degrees of protein
accumulation at the level of compression
in all six nerves tested (see for example, fig 2 f).
Five out of ten nerves still showed a partial
block of transport at seven and 14 days after
compression, while transport was normalised in
the other nerves at those times.
The mean values of transport block ratios of

all nerves compressed at 50, 200 and 400 mmHg
for two hours, as measured at various times in
relation to the compression, are demonstrated
in fig 3.

Discussion

Blockage of axonal transport during compression
Rapid axonal transport is an energy dependent
process6 which is blocked by ischaemia in vivo,
as demonstrated for example in cat sciatic nerves
by tourniquet compression of the hind limb and
by anoxia in vitro.6'8 Two main factors may be
involved in producing axonal transport block
during compression of a peripheral nerve:

(1) Ischaemia of the compressed nerve seg-
ment due to occlusion of vasa nervorum,
and

(2) Mechanical deformation of the nerve
fibres.

Our results show that even as low pressure
as 50 mmHg applied for two hours may acutely
block rapid axonal transport of rabbit vagus
nerve to a considerable degree (table, fig 2 b).
The mechanism behind accumulation of axonal
transport induced by such low pressure is
not known. We know, however, that com-
pression of rabbit peripheral nerve by 50
mmHg causes occlusion of the major pal t
of the intraneural microvessels, thus rendering
the compressed nerve segment almost com-
pletely ischaemic.21 Since ischaemia is known
to block rapid axonal transport8 it seems
justified to assume that the transport block
induced by 50 mmHg compression is caused
by ischaemia of the compressed nerve
segment. This assumption is further supported
by the fact that the block is comparatively
rapidly reversible (see below: Reversibility of
axonal transport block). Some degree of nerve
fibre deformation might, however, also con-
tribute to axonal transport blockage at this
pressure level. 14 One should notice that even
sham application of the chamber induced some
slight accumulation of axonal transport, as com-
pared to the control nerves (table) indicating
that even minor trauma to a nerve may to some
extent impair rapid axonal transport.
When higher pressure was applied to the

nerves, that is 200 and 400 mmHg for two hours,
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a correspondingly greater block of transport was
induced; the accumulation of axonally trans-
ported material was more complete in those
nerves, as reflected in the higher values of trans-
port ratio (table). When 200 and 400 mmHg
were applied, the compressed nerve segment was
rendered completely ischaemic, since the pres-
sure in the compression-chamber was well above
systolic blood pressure.21 This might explain why
the transport block was more complete in these
nerves than in the 50 mmHg compression cases,
in which there was less than total ischaemia.
There is, however, also considerable deforma-
tion of the nerve trunk and its contents, when
nerves are compressed directly at 200 and 400
mmHg13 22 and mechanical distortion of nerve
fibres is probably also an important factor in
producing transport block at these higher pres-
sure levels. Compression at 40D mmHg for two
lhours induced a higher degree of transport block
than did 200 mmHg for two hours. Between
these two groups of experiments there was prob-
ably no difference in the degree of ischaemia,
but nerve fibre deformation may well have been
more extensive at the highest pressure level
(400 mmHg), leading to a more complete ac-
cumulation of labelled proteins during compres-
sion of these nerves.

Reversibility of axonal. transport blockage
In the present series .f experiments there were
marked differences in the time for recovery of
normal transport after compression by 50, 200

Transport
block
ratio

9.

8

7.

and 400 mmHg, respectively, applied for two
hours. In nerves compressed by 50 mmHg for
two hours there was a rapid recovery, and normal
transport profiles and ratios were found as early
as the first day after the compression (table,
fig 2 c). This rapid recovery indicates that
the cause of the block induced at this
pressure level is reversible ischaemia and not
major deformation and injury of axons. Our
results are in good agreement with those of
Leone and Ochst who in their investigations also
found recovery of normal transport one day after
two hours tourniquet ischaemia in vivo. The
compression factor in various situations is dis-
cussed below on page 696.

In our experiments, 200 and 400 mmHg ap-
plied for two hours induced prolonged transport
block, persisting up to one and three days,
respectively, and in some cases even up to 14
days postoperatively (table; figs 2 d, e, f and 3).
When discussing the mechanism behind such
prolonged block of axonal transport induced by
compression trauma, one should consider the
reaction of various intraneural tissues to trauma
and possible interactions between nerve fibres
and the supporting tissue elements of the nerve
trunk.
The intraneural microvessels may respond to

injury by increased permeability resulting in
oedema formation.13 23 It has been shown that
compression of peripheral nerves by 200-400
mmHg for two hours may induce intraneural
microvascular injury with subsequent oedema

23.2

I
1IlIlIl1111ham (Omm Hg-2h")
.1150mm Hg-2hra

r-- = 200mm Hg-2hrt
_ z400mm Hg-2hrs

Fig 3 Diagram showing the mean
value of transport block ratio in
each experimental group at
different times in relation to the
compression. The higher the
transport block ratio, the more
pronounced was the accumulation
of axonally transported proteins.
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formation among the axons in the endoneurial
space. 13 An endoneurial oedema may alter the
local environment of the axons by disturbing
the ionic balance in the endoneurium. This may
possibly impair rapid axonal transport, which is
known to be influenced by alterations in local
ion concentration.24 Endoneurial oedema may
also lead to increased endoneurial pressure be-
cause of the unyielding properties of the
perineurium, as demonstrated in association with
experimental lead neuropathy25 and experimental
hexachlorophene neuropathy. 26 A posttraumatic
increase of endoneurial pressure due to oedema
formation in the nerve may lead to prolonged
occlusion of endoneurial capillaries, thus lead-
ing to a persisting ischaemia even after the pres-
sure in the compression-cuff has been released.21
Such long-lasting ischaemia may also influence
axonal transport.
Mechanical deformation of the nerve fibres

has been shown to be of significance in the
pathophysiology of acute nerve compression
lesions.27 28 Compression of nerve fibres may thus
lead to deformation and various degrees of in-
jury of myelin sheaths27 and one might also
expect the trauma to affect axonal membranes,
as well as subcellular axoplasmic components
suggested to be involved in axonal transport, for
example smooth endoplasmic reticulum29 30 and
microtubules.6 31 If pressure locally applied on
peripheral nerves is high enough, one might ex-
pect not only collapse of the axon but also
pronounced deformation of the nerve fibres
beneath the edges of the compression cuff.22 27
Such mechanical deformation may lead to per-
sistent structural changes of the axon and its
subcellular content. This was probably the case
in our experiments where nerves were com-
pressed at 400 mmHg for two hours, because in
some of these nerves there was a prolonged
transport block, persisting up to 14 days after
the compression (table).
There are some other reports on recovery of

axonal transport after blockage induced by, for
example, cooling3' 32 or colchicine application. 33
It is clear that axonal transport can recover
from blockage without nerve regeneration, and
it has been calculated that neuronal degenera-
tion need not occur even after six weeks axonal
transport block induced by colchicine.33 Ochs7
and Leone and Ochs8 studied the reversibility of
axonal transport block produced by in vivo ap-
plication of tourniquets around cat hind limbs.
The pressure in the cuff was kept constant at
300 mmHg and the time of application varied
from two up to eight hours. The results showed

reversibility of transport blockade even after six
hours of tourniquet compression. This might
seem to contradict our results, which demon-
strated that direct compression of nerves at 200-
400 mmHg for two hours induced transport
blockage persisting up to at least one to three
days after compression. In the experiments by
Ochs7, however, a tourniquet was applied around
the intact limb and the quality of compression
trauma may not be compatible when nerves are
compressed in these two different ways. In our
experiments the pressure was applied directly to
the nerve, a technique which probably involves
more pronounced deformation of the nerve
under the edges of thle compression chamber.
A more extensive discussion of these factors is,
however, beyond the scope of this work.

In the present investigation we have studied
the effects of compression on axonal transport
in the sensory fibres of rabbit vagus nerve. This
fibre population mainly consists of small, un-
myelinated fibres.34 It is known that small nerve
fibres undergo less deformation than larger
fibres at a given pressure35 and that sensory
functions mediated by small nerve fibres, for
example pain, are affected late in the course
of clinical compression neuropathies.36 This
means that our findings, obtained in the small,
unmyelinated vagal nerve fibres could be more
pronounced in other nerves consisting mainly of
larger myelinated nerve fibres.

Functional and clinical implications of
axonal transport block
The results from the present investigation show
that even as low pressure as 50 mmHg applied
locally on a nerve for two hours may induce
acute block of axonal transport. Pressure well
above this level has been recorded experimentally
in the human carpal tunnel.37 Our results thus
support experimental data and clinical observa-
tions indicating that axonal transport may be
impaired to a considerable extent in association
with chronic compression lesions of peripheral
nerves.38 39 Prolonged impairment of axonal
transport may affect the functional and struc-
tural integrity of the distal part of axon33 40 as
well as the trophic effects on the target cells of
the axon, for example muscle tissue.41

It is interesting to notice that our findings in-
dicate that axons may survive distal to a block
of axonal transport, persisting at least one day,
without Wallerian degeneration to occur.

In this context we would like to consider the
"double-crush"-hypothesis presented by Upton
and McComas39 and McComas et al.42 These
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Blockage of axonal transport induced by acute, graded compression of the rabbit vagus nerve

authors suggested that axons that were com-
pressed at one level, for example in the region
of the cervical spine, could be deprived of some
axonally transported material due to the com-
pression, and that the axons thereby would be-
com.e more sensitive to an additional compres-
cicn trauma induced to the nerve at a distal
level, for example carpal tunnel compression of
the median nerve. This hypothesis was based on
clinical observation that the majority (71 %) of
a group of patients with carpal tunnel syndrome
also had an associated neural lesion in the neck.
Our findings in nerves compressed at low pres-
sure (50 mmHg) support, as discussed above, the
assumptions by Upton and McComas39 that
z.xonal transport may be blocked in association
with clinical compression of spinal nerves and
entrapment of nerve trunks in extremities. The
hlypothesis that the part of an axon located distal
to a compression should become more sensitive
to another compression trauma has, however,
not to our knowledge been substantiated by any
experimental data.

Williams and Gilliatt43 studied the regenera-
tion of nerve fibres distal to a neurapraxic com-
pression lesion in baboons. They found no
differences in the rate of regeneration between
the control nerves and the nerves subjected to a
proximal compression lesion a few days before
the distal crush injury. They concluded that this
finding indicated that the axonal transport
systems were not impaired more than a few days
after acute tourniquet compression, an assump-
tion which is in accordance with our results.
Discrepancies in results due to differences in
pressure level and mode of pressure application
have been discussed previously (p. 696).
The present study has, in conclusion, demon-

Ftrated that even a slight compression trauma
to nerves may induce acute accumulation of
C xonally transported material. Time for recovery
of normal transport after compression was
related to the magnitude of the pressure applied
to the nerves.
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Swedish Medical Research Council (projects nr
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