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Fig. 20.1 . Blocking pattern within trains of impulses in nonmveliuated axon (conduction veloc-
ity 0.9 m/sec) stimulated at different frequencies, which are indicated above each column.
Control records with nerve at 37° C are shown in top row: nerve temperatures for other rec-

ords arc indicated at start of each trace. Repetitious traces have been omitted. Majm- time
inaiks: 100 ins. (Adapted from Franz, D. N., and Igga, A.: J. Phy.siol. (Load.) 99:319, 1968.)

then there can be varying amounts of block of
the remaining portion of the train (Fig. 20-1).
PaintaP° has offered an explanation for this
interesting behavior. Blockade of high fre-
quencies usuall y would be thought to be due
to an increased refractory period. Ilowever,
since this can only block every other impulse
or every third impulse (the so-called alternat-
ing block) it could not explain how only the
first action potential in a train traverses a re-
gion (which will be called "trains block") The
most probable explanation1p is that the most
impaired node in the cool region fires an ac-
tion potential with a significantly lower
height when the action potentials are
sufficiently close together. At this decreased
height there is insufficient current to activate
the next node, yet the impaired node con-
tinues to follow the high frequency with simi-
lar, small, abortive spikes. Thus, according to
this explanation, it is paradoxical that there
must be a firing, impaired node in order to
block conduction of the latter part of the train
of impulses.

Whatever the explanation, it is certainly
clear that a blockage of nerve impulse trains
(that is, "trains" block) can occur. Such be-
havior would have an extreme effect on the
functioning of either sensory or motor axons
and can account for some of the phenomena
seen with first degree injuries.

The purpose of this chapter is to show that
a blockade of nerve impulse trains can also
occur as a result of impaired conduction from
acute compression of the nerve. The clinical
implications of this result will be described.

METHODS

Cats were anesthetized with inha-
peritoneal pentobarbital. A multilevel lum-
bar laminectomy provided intradural access
to the lumbar dorsal rootlets. In the leg
on either the posterior tibial or peroneal
nerve, two sets of stimulating electrodes and
a compression device were placed with the
spacings shown in Fig. 20-2. All were kept
under the surface of a mineral oil pool held
by skin flaps.
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probably related to mechanical injury near
the recording electrodes owing to the nerve
splitting necessary to record the single unit.

Fig. 20-3 also demonstrates that there can
be a mixture of both trains block and alternat-
ing block at some train frequencies, as shown
in the second, third, and for th tracings from
the top.

The development of the impulse blockade
during continuous application of pressure is
shown in Fig. 20-4. After only 3 minutes of

pressure, the stimulation at the distal elec-
trodes could transmit at least nine consecu-
tive impulses at 340 Hz. After 22 minutes of
pressure only four impulses were transmitted
before alternating block occurred (spike
height is down as a result of changed condi-
tions at the recording electrodes). However,
at nearly the same time (third tracing) the
compressed axon was still capable of trans-
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muting each impulse at 260 Hz. However,
after another 16 minutes the axon could not
transmit all impulses at 260 Ilz and after yet
another 3 minutes shows complete trains
block (except for the first impulse of the train)
at 340 Hz (bottom tracing). Thus acute com-
pression gradually impairs the ability of the
axon to conduct trains of impulses: the longer
the compression, the lower the frequency of
impulses that still can be transmitted through
the region without dropout.

After prolonged compression, recovery
was either slow or not observed during the
time the single units were recorded. Fig.
20-3 shows the results I hour after cessation
of 11/2 hours of compression. With shorter
durations of pressure, recovery of function
could be observed (Fig. 20-5). In Fig. 20-5
the small spikes are those of a stimulated
axon, while the large spikes are those of a

Fig. 20-3 . Single unit recordings taken 1.5 hours after 1 hour

Of compression at differing train stimulus rates as indicated

on right of each tracing. In each recording lower trace shows

pattern and rate of stimulus presentation, while upper trace

shows single unit response. Note that as train rate is in-

creased, fewer impulses are transmitted through com-

pressed region from S, stimulating electrodes; both trains

block and alternate block occur; first action potential is al-

ways transmitted at this level of compression. Control stim-

ulation at S2 (bottom tracing) shows ability to follow 360 IIz

much in excess of that which can traverse compressed re-

gion from S, (second tracing from bottom).
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204 Nerve repair and regeneration: its clinical and experimental basis

spontaneously firing, unstimulated unit in
the same nerve twig. It can be seen in Fig.
20-5 that about 10 minutes after release of 11
minutes of pressure the unit could transmit at
about 220 Hz but had some interference with
trains of impulses at rates above 250 Hz.
Twenty minutes after release the axon could
transmit at 300 Hz but not at 340 Hz. At 35
minutes it could transmit at 400 Hz but not at
440 Hz.

When there was interference with trains of
impulses, the pattern of those impulses of the
train that were conducted was not constant.
As shown in Fig. 20-6, the pattern of the
single impaired train is not consistent when
multiple sweeps are overlaid. Thus, for simi-
lar sensory inputs, there may be different
patterns transmitted to the central nervous
system. Furthermore, if computer averaging
techniques arc used when detecting skin sur-
face potentials, the dropouts may occur dis-
persed throughout the train.

Fast oscilloscope sweeps (not shown) were
analvzed for comparison between the latency
of the action potentials before and after com-
pression. There was a reduction in conduc-
tion velocity from about 35 to 50 m/sec to less
than 10 m/sec in the compressed region if one
ascribes all slowing to the 5 mm length of the
compression device. This implies that coon-

Single
sweep

multiple
sweeps

pound action potentials may have increased
temporal dispersion, and hence lowered
heights, even when no impulses are blocked.
To correct for this it would be necessary to
record the area under the monophasic action
potential (see Chapter 15).

DISCUSSION

The mechanism of conduction impairment
caused by acute compression in these exper-

iments is unknown. Hemostasis undoubtedly

occurred, but by the indirect evidence noted

in the results, arterial blockage is less likely

to have occurred. Intussusception may have

occurred, but in those cases where compres-

sion was for a short time and recovery oc-

curred, one would have to postulate it rever-

sible intussusception (see Chapter 4). Cer-

tainly there was not enough time for demye-

lination to occur, although prolonged com-

pression might ultimately give such a histo-

logical picture (assuming that recovery does

not occur within a few hours). The 10- to 30-

minute period needed to affect conduction in

the compressed region would be compatible

with physical changes in axonal size in the

compressed region owing to slow movement

of the viscous axoplasm to noncompressed re-

gions of the axon. Such diameter change

might account for the blockades seen since

10 minutes after

release of pressure
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.. ......
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1 ms, 5 ms
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I

Fig. 20-6 . Comparison of blockade pattern of single train with overlapped multiple stimula-

tions. Vote that except for period just after first impulse pat er u of activity is variable but still

time-locked t stimuli ft OuSr.
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20-3), (2) a temporal dispersion of the action
potentials either by decreased conduction in
the impaired region or by differential effects
on conduction related to differing axonal
size," or (3) the change in the number of
axons contributing action potentials to the
conponnd potential. Thus small changes in
the height of the compound action potential
may be due to either of the first two
mechanisms. However, the changes ob-
served in the reference literature just cited
are sufficiently great to indicate that some
dropout of action potentials must be occur-
ring trader the conditions observed.

Many variables remain to be investigated,

such as the interaction between the amount

and duration of compression, the effect of the

length of axon compressed, and the potentiat-

ing effects of factors like inflammation,

anoxia, and drugs. However, it seems

reasonably safe to prognosticate that trains of

impulses are likely to be a better measure of

impaired conduction than complete axonal

block in milder forms of nerve injury. simi-

larly, trains of impulses may be important in

evaluating the time course of functional re-

covery as regrowing axons mature and en-

large. Permanent impairment of train con-

duction may still result after nerve repair if

the distal axons do not recover their full di-

ameters.
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a prolonged demyelinatlng block. Now
what are we going to do with the term? We
must drop it because it is confusing, but we
have to replace it with something else, and
I would suggest that we expand the nerve
injury classification in order to accomodate
the main concept of neurapraxia, which is

primarily a myelin and a Schwann cell le-
sion. I would suggest that we incorporate,
in agreement with Dr. Jewett, a "zero de-
gree" classification to bring in the de-
myelinating block. We probably even need

ical and experimental basis

a "zero-zero degree" to avoid the confusion
of the demyelinatlng block with the purely

ischemic block.
Sunderland : I think that is most helpful and

certainly in conduction block, we now
need subgrades of a first degree lesion.

Editor : Readers may also find the following

reference of interest. Smith, D. O., and
Hatt, H.: Axon conduction block in a re-
gion of dense connective tissue in crayfish,
J. Neurophysiol. 39:794, 1976.
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