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Double-crush syndrome:

A critical analysis

Asa J. Wilbourn, MD, and Roger W. Gilliatt, MD}

|, 1973, after assessing a large group of patients
with cervical root lesions (CRLs) and upper extrem-
ity peripheral entrapment neuropathies—either car-
pal tunnel syndrome (CTS), ulnar neuropathy at the
¢lbow (UN-E), or both—Upton and McComas! pro-
posed that focal compression often occurs at more
than one level along the course of a single nerve
fiber. They proposed that under these circumstances
. listurbance of axonal transport caused by compres-
<on at the proximal site (e.g., the cervical root)
might impair the capacity of the nerve segment dis-
tal to it to resist further focal compressive injury. In
this manner, an otherwise subclinical focal entrap-
ment neuropathy (e.g., CTS) could be converted into
a clinically evident one (figure 1). They assumed that
this may occur even though the proximal lesion,
while symptomatic, was not clinically severe. Thus, a
« -vical radiculopathy manifesting as little more
¢ 1 neck pain and stiffness could still precipitate a
distal focal entrapment neuropathy. For this mecha-
nism of nerve injury—serial compromise of axonal
transport along the same nerve fiber, causing a sub-
clinical lesion at the distal site to become symptom-
atic—they proposed the term double-crush syndrome
(DCS). They acknowledged that this term was too
restrictive because (1) the proximal focal disturbance
¢ uld result from traction, rather than compression;
¢ there could be more than two sites of injury along
a.1 axon; and (3) a generalized subclinical polyneu-
ropathy, by reducing the amount of “trophic material
manufactured by the perikaryon” in all peripheral
nerve fibers, could serve as the proximal compres-
sion site.!

In support of this theory, they reported that a
large series of their patients with CTS and UN-E
had a high occurrence of CRLs, according to clinical,
I MG, and radiologic data. Of the 115 patients with
¢ e or more distal entrapment neuropathies in one
or both limbs, a coexisting cervical radiculopathy
was “probable” in 81 (70%) and “possible” in an addi-
tional five patients (4%).! How these nerve lesions
were established is pertinent. All entrapment neu-
ropathies were confirmed by electrodiagnostic (EDX)
¢xaminations that demonstrated focal slowing on
herve conduction studies (NCS), whereas only some
the cervical radiculopathies were verified by the

presence of denervation in the myotome distribution
on needle electrode examination (NEE); the others
were diagnosed inferentially, based on clinical and
radiologic changes.t

Since its inception, DCS has become widely ac-
cepted. Nonetheless, serious questions can be raised
about this concept in terms of its experimental sup-
porting data and certain anatomic, pathologic, and
pathophysiologic aspects of its clinical application.

Experimental aspects. Considering how clini-
cally pervasive DCS has become, relatively little ex-
perimental work has been performed to validate it.
One question that research has attempted to address
is whether the amount of nerve injury caused by
double or multiple lesions of a single nerve pathway
merely represents the additive effects of independent
lesions or materially exceeds what was expected. A
second question is whether the initial lesion causes
the remaining nerve segment to be more vulnerable
to a second focal injury by sensitizing it in some
manner.

Probably the most widely quoted experimental
study focused on DCS was reported by Nemoto et al.2
in 1987. In their report, assessing acute and sub-
acute nerve lesions, small spring clips exerting a
force of approximately 15 g were placed on the sciatic
nerves in the upper thighs of dogs, which were di-
vided into two groups. In the first group, only one
clamp was applied. In the second, an additional
clamp was put into place 3 weeks after the first one
and 2 cm distal. The clamps were left in situ in both
groups for 8 weeks after the initial procedure. At
intervals during the experimental period, motor NCS
were carried out using percutaneous needles for sci-
atic nerve stimulation and for recording from the
tibialis anterior muscle. In the first group the nerve
was stimulated proximal and distal to the single
clamp. In the second group the nerve stimulations
were applied proximal to the first clamp and distal to
the second one. The histologic changes were assessed
at the end of the study.?

The most easily established conclusion from this
study is that the addition of a second clamp produced
a combined deficit that greatly exceeded that pro-
duced by a single clamp alone. For the single lesion,
a partial conduction block was the rule; complete
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Figure 1. Diagram of the double-crush hypothesis of Up-
ton and McComas. Shown is the perikaryon and axon,
with the antegrade axoplasmic flow represented by an ar-
row (thickness of the arrow indicates amount of trans-
ported material). (A) Normal. (B) Severe distal injury
causing axon death with degeneration. (C) Mild proximal
compression causing only impairment of axoplasmic flow.
(D) Mild distal lesion causing only impairment of axoplas-
mic flow. (E) Combined mild proximal and distal lesions
with sequential axoplasmic flow impairments culminating
at distal lesion site and causing axon death with degener-
ation. (From Upton and McComas,! with permission.)

blocks did not occur. Across the double lesion, how-
ever, conduction was reportedly blocked completely
in 50% of the experiments. Histologic studies also
emphasized the greater severity of the changes with
paired lesions, although the reported loss of myelin-
ated fibers in the distal segment of the nerve was not
quantified with nerve fiber counts.®* Unfortunately
the conduction across the second (distal) lesion was
not measured directly, with stimulation between the
two clamps. The question that should have been
asked was whether the second (distal) clamp pro-
duced a disproportionate effect compared with the
first (proximal) one. Unable to establish this point,
Nemoto et al.? could only suggest that it might have
occurred. because according to them, the overall re-
duction in maximum motor conduction velocity (CV)
qeross the two lesions was more than twice that oh-

served along the proximal one alone (14% of normal
versus 37% of normal), and a complete conduction~
block was found only when two lesions had been
created. However, these findings cannot be taken as
evidence of an exaggerated effect of the distal com-
pression for two reasons. First, there are problems in
regard to neurophysiologic terminology and concepts.
They report that in 50% of the nerves in the second
group “complete conduction block” was induced, but
they define the latter as “25% being the first degree
injury and 25% being the second degree nerve injury
after Sunderland.” However, Sunderland’s* second-
degree injury is not a demyelinating conduction
block at all, but rather the type of axonal loss in
which the supporting structures of the nerve at the
lesion site remain intact, termed axonotmesis by Sed-
don’ in his classification of peripheral nerve injuries.
In other words, in the second group of experimental
animals, 25% of the axons distal to the lesion site
underwent Wallerian degeneration. Moreover, to ob-
tain the very slow CV reported at the distal site (14%
of normal), the authors chose to consider the CV as
“0 m/sec” whenever complete “conduction block”
(their definition) was present. This approach is not
one customarily used in such circumstances. When-
ever a response cannot be elicited on nerve stimula-
tion, due to either conduction failure resulting from
Wallerian degeneration or conduction block due to
demyelination, a CV cannot be determined, because
conduction is not occurring. Therefore, such NCS re-
sults are excluded from consideration. They cannot
arbitrarily be assigned a “0 m/sec” CV, and then
have such included in the pooled CV data, as this
results in materially lowering the average CV, as
occurred in: this case. When the results from those
animals with “complete conduction block” were ex-
cluded, the mean CV in the double-clamp group was
33% of the preoperative value, close to the 37% ob-
tained in the single-clamp experiments. Second, as
Swensen® has noted, the experimental design is not
similar to the clinical DCS. In the second group the
clamps were applied so close to one another that
the blood flow in the intervening segment likely
was compromised, and many of the effects that oc-
curred were possibly caused by the resulting isch-
emic lesion.

Mackinnon, Dillon, and others®!! performed a se-
ries of experiments on chronic constriction and its
summation when applied at different levels along
nerve fibers. They used Silastic cuffs to obtain grad-
ual constriction of the sciatic nerve in the rat. Each
piece of Silastic tubing was opened down its length
(0.5 to 1 cm) before being sutured in place around
the nerve. Its internal circumference at the begin-
ning of the experiment was sufficient to fit around
the nerve snugly without applying pressure. Con-
striction appeared to develop gradually, presumably
in association with growth of the underlying nerve,
resulting in a chronic, progressive, focal neuropathy
with local demyelination. remyelination, large fiber
loss. endoneurial fibrosis. and perineurial thicken-
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ost recent paper,® the authors placed
ound the sciatic nerve above its tri-
furcation, or around the tibial nerve, just below its
origin. In one group of animals, both proximal and
distal cuffs were applied together; in others, a proxi-
mal or distal cuff was added to the other after an
.terval of several months. The effect of constriction
a5 assessed over a period of 1 year by monthly
Leasurement of nerve CV and nerve action potential
.NAP) amplitude with stimulation proximal to the
sciatic cuff, while recording distal to the tibial cuff.
Although the histologic findings after banding were
described in detail by others, these were not used to
quantify the effect of single and double constriction
in the most recent paper. Reliance was placed solely
sn the NCS.
The main result of these studies may be summa-
ized as follows. In the animals with a single cuff on
cither the sciatic or tibial nerve there was, after 5
months, a fall in the NAP amplitude and in the
nerve CV (NCV), which was less than that occurring
in the double lesions that had been made together at
the onset of the experiments. If the groups with sin-
gle lesions were followed for 7 months and then sec-
ond bands applied, the results by the end of the first
vear were similar to those obtained by making the
louble (proximal and distal) lesions at the onset.
Thus, with single banding the NAP amplitudes de-
creased 1 to 1.5 mV and the NCVs decreased be-
tween 10 and 13 m/per second. Conversely, with dou-
ble banding the NAP amplitudes decreased
approximately 2.5 mV, while the NCVs decreased
approximately 16 m/per second.®
In other words, no exaggeration in the combined
lesions was obtained by making the distal lesion late,
rather than at the same time or in advance of the
proximal one. These results suggest that two inde-
pendent constrictions along nerve pathways sum-
mate their effects so that the overall change is
greater than that caused by either independently.
However, the fact that there was no difference in
outcome when the proximal and distal cuffs were
placed at the same time or sequentially (in either
order) contradicts the hypothesis of Upton and Mc-
Comas,' which implies that the effect of a distal con-
striction should be greater when it occurs in the
presence of a proximal one. There are, in addition,
some questions that must be raised concerning the
design of these experiments, particularly in regard to
the NCS. How old, for example, were the animals at
onset, and how much nerve growth would be ex-
pected with the cuffs in situ? Why were NAP ampli-
tudes measured for a centrifugal rather than a cen-
tripetal volley, with all the inherent risks of
unwanted muscle action potentials contaminating
the nerve response? Should NAP area rather than
amplitude have been measured? Why was there no
attempt to record the effect of a distal cuff directly,
by stimulating and recording across it, rather than
across both cuffs together? Is it possible that with
i last-mentioned modification of technigque a

ing. In their m
silastic cuffs ar

ent effect of the proximal cuff in exag-

smaller transi
gerating the effect of the distal one might have oc-

curred?
A series of experiments performed on rabbits and

guinea pigs by Gilliatt and others!>!¢ to determine
the distal changes in nerve fibers after proximal con-
duction block or constriction yielded information that
has some bearing on DCS. They demonstrated that
when double lesions occur along nerve fibers, the
distal axons may be more susceptible to injury, but
only “under strictly circumscribed conditions”.**
Thus, in one study axon regeneration following nerve
crush was not impeded when it occurred distal to a
prolonged demyelinating conduction block.}* How-
ever, in other studies abnormalities developed in ax-
ons situated distal to a constricting nerve lesion. For
this to occur, the chronic proximal nerve constriction
had to cause a reduction in the caliber of the distal
axon (axonal atrophy), which also became morpho-
logically abnormal, with buckling and irregularity of
the redundant myelin. This process was accompa-
nied by a reduction in motor CV. The key factor in
the production of axonal atrophy distal to a constric-
tion was the severity of the constriction. The best
results occurred when silk ligatures were tied
around the sciatic or proximal tibial nerve trunks
tightly enough to cause most of the large myelinated
fibers to degenerate completely at the lesion site.
Studies could then be performed on the minority of
fibers that survived without degeneration and were
confined proximally by the ligature. This experimen-
tal model demonstrated that demyelination (mainly
paranodal) occurred in the atrophic fibers distal to
the constriction. In one group of animals constriction
was apparently associated with secondary demyeli-
nation and recent Wallerian degeneration, which
had not occurred at random throughout the distal
part of the constricted fibers. Instead, these particu-
larly affected plantar nerve fibers in the sole of the
foot, suggesting that those abnormal axons might
have been “particularly sensitive to local pressure”.’
Still another study'* demonstrated that when atro-
phic nerve fibers distal to a persistent constriction
were crushed, the time required for muscle reinner-
vation was delayed, as demonstrated both by histo-
logic and NCS results, suggesting nerve regeneration
was impaired.

This series of experiments suggest that atrophic
axons have an increased susceptibility to pressure. A
major reservation in respect to this conclusion as it
pertains to DCS, however, is the severity of constric-
tion needed to produce a positive result in the ani-
mals studied. If most of the large myelinated fibers
(>80%) must undergo acute axon degeneration at
the proximal lesion site before the surviving fibers
demonstrate axonal atrophy and an increased vul-
nerability to trauma distally, this very probably is
not a mechanism that is of practical importance in
humans, particularly in regard to DCS, in which the
proximal lesions often are reported as subclinical.

Finally, in a brief report. Trontelj et al.'” demon-
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Table Some various combinations of nerve lesions reported in the literature as instances of double-crush syndrome

Proximal nerve Distal nerve Reference
Mental nerve Inferior alveolar n. 18
C5, C6 myelopathy Axillary n. 19
Cervical root Brachial plexus (TOS) 20
Long thoracic nerve 21
Median n., wrist (CTS) 1,7,11,21-35
Median n., elbow (AIN) 34,36

Ulnar n., elbow

Ulnar n., wrist

Radial n., elbow (e.g., radial tunnel, PIN) 21,31,32,34

Brachial plexus (mostly TOS)

Median n., elbow

Ulnar n., elbow

Ulnar n., wrist

Radial n., elbow (e.g., radial tunnel, PIN) 20,54

Median nerve, elbow (e.g., pronator syndrome) Median n., wrist (CTS)

Ulnar nerve, elbow Ulnar n., wrist 30,32,34,39,59
Radial nerve, elbow Radial n., elbow 60
Lumbosacral root Femoral n. 34
Peroneal n., fibular head 29,32,34,61
Tibial n., popliteal fossa 34
Tibial n., foot (TTS) 32,34,62,63
63

Tibial nerve, leg

Median n., wrist (CTS)

Tibial n., foot (TTS)

1,7,11,21,29-32,34,37-40
34,39

11,20,25,28,29,31,32,34,41-49

48-50
11,20,29-32,34,39,41,42,44,48,49,51-53
20,34,39,48

11,21,32,34,56-58

S B e o & o B, e 6 g S o, 3,y . S

n. = nerve; TOS = thoracic outlet syndrome; CTS = carpal tunnel syndrome; AIN = anterior interosseous nerve; PIN = posterior in- ’f’

terosseous nerve; TTS = tarsal tunnel syndrome.

strated along single human axons two separate re-
gions of CV slowing, with the proximal one corre-
sponding to a root or plexus lesion and the distal one
occurring at a site of nerve entrapment (median
nerve at carpal tunnel, ulnar nerve at elbow). No
details are provided regarding the techniques used.
In summary, no published experimental studies to
date have shown that dual lesions along nerve fibers
cause magnified damage, nor have any demonstrated
that the segment of nerve distal to a focal lesion is,
in the DCS context, particularly susceptible to an
additional focal insult. What has been proved is that
consecutive focal lesions along a nerve may have an
additive effect. It is also interesting to note that with
most of the experimental models the second lesion
has been manifested as focal slowing, presumably
secondary to demyelination, yet the DCS hypothesis
requires that the distal lesion result in axonal loss.!

Clinical aspects. DCS is encountered with some
frequency in the current literature, particularly in
surgical publications. Nearly 20 different combina-
tions of nerve fiber lesions have been designated as
examples of DCS (table). Most of these pairings have
involved upper extremity nerve fibers, usually with
the proximal injury being at the root or plexus level,
and the distal injury located along one of the main
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peripheral nerves of the limb. One of the most com-
monly described associations has been CRL and
CTS, as initially reported by Upton and
McComas.!71+21-35 Less often, CRL had been linked to
UN-E,17.11,21.20-32.34.37-40 55 wel] as to anterior interosse-
ous neuropathies (AIN),343% ulnar neuropathies at
the wrist (UN-W),34% and to radial neuropathies’
near the elbow.2131323¢ Various elements of the bra-’
chial plexus also frequently have been designated as
the proximal lesion site. The types of plexus lesions
mentioned have included neuralgic amyotrophy?4};
traumatic,*! radiation-induced,*!' axilla compres-
sion*?; and, particularly, the disputed type$* of tho-
racic Outlet Syndrome (TOS).7.ll.20.25.29-32.34.37,39,40.43-5‘
In most instances these brachial plexopathies
have been linked to CTS_l1.20.25,29,31.32.34.41—49 HOW'
ever, they also have been paired with UN-E,1.20.2%-
32,34,37,39.41.42,44,48,49,51.53 With UN-W 20.28.39.4849 with me-
dian neuropathies at the elbow (including AIN),3¢4850
and with radial neuropathies at the elbow.20485¢ Dual
lesions also have been reported along several upper
extremity nerves, including the median (pronator syn-
drome and CTS)11813456-58 ylnar (UN-E and UN-
W),31:32.3959 gand the posterior interosseous nerves.
Very few reports of DCS occurring beyond the up-
per extremity have appeared. Nonetheless, their ex-
istence was predicted as early as 1977.2 Similarly,




1.3¢ were convinced of the ubiquity of this
f nerve injury in 1993: “Although the
h lesion in the lower extremity has not
it does exist.”* In fact, one such re-
5,52 a few others have fol-

d.7+616 and Shapiro et al.3¢ added some theoret-
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| ones. In most instances the proximal lesion has

,lved the lumbosacral roots, while the distal one

. affected the peroneal nerve at the fibular
. oad?es23461 or the tibial nerve, either in the popliteal
. 252 or at the ankle (tarsal tunnel syndrome).?26263
Dual lesions of the tibial nerve in the popliteal fossa
.nd at the ankle have also been reported.®

Some of the more exotic combinations of nerve
l.<ions attributable to DCS have included CRL with
+08,22 CRL with a long thoracic neuropathy,” a C5,

. myelopathy with an axillary neuropathy,’® and

inferior alveolar neuropathy with a mental neu-
pathy.”

A theme common to many of these publications is
that DCS is the explanation for an unexpected surgi-
cal result: either an operative nerve decompression
that, although considered technically satisfactory,
did not relieve the patient’s symptomg?®1823-25:32

. wavssdssaesz or the sudden appearance, in the post-
serative period, of a nerve lesion that was not
ssent prior to surgery.'8536166 Thus, hand symp-
.ms in a median nerve distribution that are unre-
lieved by CTS surgery are attributed to a coexisting
CRL or TOS,2244465 while a peroneal neuropathy
that is first evident following total knee arthroplasty
is linked to a prior lumbosacral radiculopathy.®!

Since its debut, the DCS has undergone several
transformations and expansions. A “reversed DCS”
has been postulated, whereby a distal lesion (e.g.,

"N-W) triggers a more proximal lesion (e.g., UN-E)

. compromising retrograde axoplasmic flow.39:5%
_loreover, at least seven other etiologic mechanisms
have been proposed to explain the relationship be-
tween the proximal and distal nerve fiber le-
Sionsl.28.32.59.67-71:

1. A proximal nerve lesion renders the distal nerve
segment more vulnerable to compression due to
serial constraints of axoplasmic flow.

The peripheral nerves possess an underlying sus-

ceptibility to pressure.

Interruption of lymphatic/venous drainage at the

proximal nerve lesion site renders the distal nerve

segment more vulnerable.

4. Endoneurial edema at one lesion site compro-
mises neural circulation, rendering nerve fibers at
the other site more vulnerable.

5. A connective tissue abnormality is common to
both sites along the nerve fibers.

~ Tethering of the nerve at one site causes injurious
shear forces at the other site.

7. Entrapment of the nerve at one site causes de-
creased use of the muscle pump, which creates a
slight. generalized edema of limb. This increases
fixsue pressure inocertain anatomic passages.

oo

which causes an additional entrapment nerve le-
sion.

8. The initial nerve lesion releases a metabolite that
passes through the «“free intraneural circulation”
and increases the vulnerability of other segments

of the nerve.

Nonetheless, the original theory of Upton and Mc-
Comas—serial constraints of axoplasmic flow—re-
mains the most popular hypothesis, and this discus-
sion will focus solely on it.

Some investigators, as Upton and McComas! envi-
sioned in their original paper, have taken the DCS
concept further and have described “triple-crush”
and even “quadruple-crush” or “multiple-crush” syn-
dromes.”203240444849 In these instances, symptoms
that formerly would have been attributed to a single
focal disorder are now thought to result from a series
of coexisting, often subclinical, lesions along the pe-
ripheral nerve fibers, either at different levels or in
the same region, each of which is assumed to contrib-
ute to the symptomatology and each of which re-
quires therapy, with the latter frequently consisting
of surgical decompression. At least 10 potential com-
pressive structures have been listed for the brachial
plexus in the thoracic outlet; nine for the median
nerve in the proximal forearm; six for the ulnar
nerve in the arm, forearm, and hand; as well as six
for the radial nerve in the arm and proximal fore-
arm.#7 In this regard, Dillon and Mackinnon® have
stated that patients with “complex trauma” of the
upper extremity may potentially have their nerve
fibers injured at multiple points, including the roots,
various sites within the brachial plexus, the ulnar
nerve at the elbow, the median and ulnar nerves at
the wrist, -and the superficial radial nerve in the
forearm. They note further that “. .. patients should
be prepared to have additional sites decompressed
. as the most obvious site of compression is re-
lieved.”™ An incidental effect of this theory is that it
provides an acceptable explanation for two or even
more failed operative procedures performed to treat
essentially the same symptoms. In the pre-DCS era,
such unsuccessful results would have raised serious
concerns regarding the diagnostic or technical skills
of the surgeon.

It is rather ironic that surgery has come to play
such a dominant role in the treatment of DCS, con-
sidering that the hypothesis of Upton and McComas
regarding the association of two-level nerve lesions
was modeled in part after one proposed earlier (in
1961) by Lishman and Russell,” who were fervent
advocates of conservative treatment for both CRLs
and entrapment neuropathies. Using resting of the
limb as the centerpiece of their therapy, they suc-
cessfully treated most of their patients. They noted
that only a few required carpal ligament release and
none needed cervical root or thoracic outlet opera-
tions. How successful they were at medical prognos-
tication, however, must be judged by their state-
ment: “Indeed. we are doubtful whether the present
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enthusiasm for operating either on the carpal tunnel
in Britain, or on the cervical nerve roots in the
United States, will last”.5”

As a consequence of it linking lesions at more than
one site along peripheral nerve fibers, including
some lesions that may be controversial (e.g., dis-
puted neurologic TOS)?6344472 a5 well as subclinical,
the DCS concept has entered the realm of personal
injury litigation. Thus, in one recently published
book (1993) dealing with the legal consequences of
trauma, an entire chapter is devoted to DCS and
focuses on the various types of combined nerve le-
sions that might occur, as well as the “distribution of
responsibility for the individual lesions and determi-
nation of liability for combined lesions.”*

Few challenges to the DCS have appeared, and
most have been limited.?"% An exception is the arti-
cle by Carroll and Hurst,” in which they reported
finding TOS and CTS together in patients so seldom
that they did not consider this pairing a representa-
tive example of DCS.

In view of its popularity, one could assume that
the DCS imposes few restrictions on its application.
In fact, however, it has certain requisites that should
severely limit its use. On review of the clinical exam-
ples of DCS cited in the literature, it is obvious that
these requirements very often are ignored. The tenet
most often breached is the most basic one: that there
be anatomic continuity of nerve fibers between the
two (or more) lesion sites. If this is lacking, then
sequential impairment of axoplasmic flow obviously
cannot occur. Consequently, two focal nerve disor-
ders along the same neural pathway (e.g., CRL and
CTS) do not automatically fulfill this anatomic crite-
rion of DCS; only if the same axons are compromised
at both sites is this the result. This requirement is
the major impediment to acknowledging as authentic
most of the reported clinical examples of DCS. It
poses difficulties for the DCS in two separate con-
texts: (1) whenever the proximal lesion is situated
within the intraspinal canal (e.g., with radiculopa-
thies) and (2) whenever the distal lesion affects a
peripheral nerve structure that has an extensive
proximal origin (e.g., the median nerve at the wrist).
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Figure 2. Diagram of a unipolar |
sensory cell in the dorsal root gan- 4
glion, with its two branches, one a
passing centrally (dorsal root -3
branch) to the spinal cord and the |
other passing peripherally. The typi-
cal site of injury along the sensory
pathway with a compressive radicy.-
lopathy is shown (gray circle) on the
dorsal root branch. The different
axoplasmic flow systems in the two
branches are also indicated (trian-
gles, small circles).
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Lesions within the intraspinal canal are in compli-
ance with the DCS hypothesis whenever they affect
motor fibers. They are not in compliance, however,
when they involve sensory fibers. This is because
they injure the sensory fibers proximal to their cell
bodies of origin in the dorsal root ganglion (DRG), in
contrast to the more distally situated lesions (e.g.,
plexus or peripheral nerve) that damage the post-
ganglionic sensory fibers.”” The pre- and postgangli-
onic sensory fibers are not anatomically continuous,
even though they share the same unipolar cell body.
Injury to one of them, regardless of severity, has no
effect on the other, unless there is concomitant dam-
age to their common cell body in the DRG (figure 2).
This fact has been well-known to electromyographers
since Bonney and Gilliatt™® demonstrated in 1958
that on NCS the sensory responses, unlike the mo-
tor, are not altered by root avulsion injuries because
preganglionic sensory fibers are damaged. Thus, a
root avulsion that destroys virtually all the C8 root
fibers has no effect on the ulnar sensory NCS ampli-
tude, even though the sensory axons assessed are
derived from the C8 DRG and there is a marked
clinical sensory deficit in a C8 dermatomal distribu-
tion.” The independence of the centrally and periph-
erally directed sensory branches of the DRG cells
extends to their axoplasmic transport systems. Ochs
et al.®*#! have shown that the amount and type of
material passing down them differs. For example,
approximately three to five times more labeled mate-
rial is transported into the peripheral fibers com-
pared with the dorsal root fibers. Therefore, regard-
less of how severely damaged the dorsal root fibers
(and their axoplasmic transport systems) are by a
compressive radiculopathy, the axoplasmic flow sys-
tems of the unaltered peripheral sensory fibers re-
main normal, because the continuity of these axons
with their cell bodies is not disturbed. With these
facts in mind, it is obvious that a radiculopathy can
never be the proximal lesion with a DCS if sensory
abnormalities, clinically or on NCS, are to result
from the addition of a distal lesion, since the sensory
axons will have been injured at only one site (i.e.,
distally) rather than the two required. Yet. sensory




Sensory--thumb; (index)

Motor--abductor pollicis brevis
opponens pollicis

Jisturbances are prominent in most situations in
lich CRLs and distal entrapment neuropathies are
‘ired, and are labeled as instances of DCS.

The fibers composing the radial nerve in the arm
and the median nerve throughout nearly all of its
course are widely distributed at the root and plexus
levels. The median nerve has the most extensive
al origin of any upper extremity nerve. Its
fibers, including those that traverse the carpal tun-
nel, originate from four separate roots (C6, C7, C8,
nd T1) and traverse all three trunks (upper, middle,

wer) and two of the three cords (lateral and me-

Lian) of the brachial plexus (figure 3). Consequently,
of all peripheral nerves, the median is probably the
one most unsuitable to serve as the site of the distal
lesion with DCS, if the proximal lesion is to be at the
root or plexus level. Under these circumstances, to
damage all the axons proximally that are compro-
mised distally requires a widespread proximal le-
sion, one that simultaneously affects four separate
servical roots or most of the brachial plexus ele-
ments. Chronic lesions of this magnitude are almost
always axonal loss in type and severe in degree. In
the literature such injuries are rarely designated as
the proximal lesion with DCS. They are not only
relatively rare but they also, most definitely, are
never subclinical. Instead, they inevitably cause dif-
fuse substantial deficits in the limb and in the distri-
bution of multiple peripheral nerves, rather than in
just the median nerve alone.

Another barrier to the application of the DCS hy-
pothesis pertains to the type of nerve pathology that
occurs at the distal lesion site as a result of impaired
axoplasmic flow. According to Upton and McComas,'
this is axonal loss. Yet certain entrapment neuropa-
thies are manifested as conduction slowing or, less
often, conduction block, both of which are pathophys-
iologic changes attributed to focal demyelination. In
contrast, axonal degeneration causes conduction fail-
ure, which has a much different appearance on EDX
examination.”™ Concerning the two most common dis-
tal entrapment neuropathies associated with DCS:
(1) CTS characteristically produces focal slowing,
manifested as prolonged latencies. until it is rather

advanced: and 12) UN-E causes various combinations

proxim

Figure 3. Illustration of brachial
plexus showing pathways followed
by median motor and sensory fibers
that traverse the carpal tunnel to
innervate the hand. The motor path-
ways are generally accepted; the sen-
sory pathways are those provided by
Ferrante and Wilbourn.*®

of demyelinating conduction slowing, conduction
block, and axonal loss/conduction failure, with the
pathophysiology solely that of demyelination in ap-
proximately half of the cases.”®8283

Interestingly, even the examples supplied by Up-
ton and McComas in their initial publication on DCS
are not in compliance with their hypothesis, because
they accepted the diagnosis of the distal lesions (CTS
and UN-E) only “if there was evidence of significant
slowing of impulse conduction in the potentially vul-
nerable regions of the median and ulnar nerves (i.e.,
wrist or elbow, respectively).” They said nothing
about finding evidence of denervation on NEE or on
NCS, limited to the appropriate median or ulnar
nerve distributions.

When all of these restrictions on the DCS are con-
sidered, it is apparent that this hypothesis is in-
voked clinically far more often than is warranted. If
the original concepts of Upton and McComas are to
be retained, DCS cannot be operable whenever a ra-
diculopathy is the proximal lesion or when the distal
injury produces focal demyelination rather than ax-
onal loss. Also, if one of the lesions affects the me-
dian nerve or radial nerve proper, the other should
not be at the plexus or root level, because it would
have to be unusually extensive. Thus, most of the
dual nerve lesions listed in the table are not compat-
ible, in one manner or another, with DCS. The often-
alluded-to combination of CRL and CTS merits spe-
cial comment because it is difficult to conceive of two
nerve lesions that, when paired together, are more ill
suited to be representatives of DCS. Characteristi-
cally, CTS is clinically dominated by sensory com-
plaints, and yet root lesions do not affect the periph-
eral sensory fibers, so their axoplasmic flow is not
compromised proximally and, therefore, the distal
lesion along them should remain subclinical. The
median motor and sensory nerve fibers entrapped at
the carpal tunnel are so widely distributed at the
root level that only under exceptional circumstances
might they all be injured simultaneously. Finally, of
all entrapment neuropathies, CTS most consistently
causes focal demyelination, and yet the distal lesion
with DCS, as defined, produces denervation (axonal
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loss). The marked limitations of this clinical example
of DCS are discussed at length elsewhere.?

Pairing a brachial plexopathy (e.g., disputed neu-
rologic TOS) with CTS eliminates the quandary
caused by the location of the lesion along the sensory
root fibers, but leaves intact the daunting require-
ments concerning the extensiveness of the proximal
lesion and the pathophysiology produced at the dis-

tal lesion site.

An additional problem with the CRL-CTS linkage
concerns clinical symptomatology. It seems most im-
probable to us that a CTS, with its characteristic
clinical features (e.g., the onset of nocturnal discom-
fort in the hands early in the course of the disease),
could be precipitated and then mimicked throughout
its course by a combination of a constriction at the
root or plexus level plus some of the peripheral fac-
tors that might lead to an entrapment neuropathy.
At most it would seem that invoking the double-
crush mechanism could only be justified whenever
the clinical presentation was in some manner quite
atypical for CTS, and far more so than has been

described.?!
In summary, DCS has many features that sharply

limit its clinical use. The fact that it is cited far more
frequently than can be anatomically or pathophysi-
ologically justified suggests that it is a concept that
gained early, uncritical acceptance, possibly because,
as Payan noted, the term double-crush is a “pleasing

alliteration.””s
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