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ABSTRACT

Double crush syndrome is the mechanical compression of a peripheral nerve at two different sites and is based on the hypothesis
that a nerve that has been compressed at a distal site is especially susceptible to also be compressed, asymptomatically, at a
more proximal site. While carpal tunnel release is a surgical procedure with predictable results, some patients do not improve as
expected after surgery. If comorbidities such as diabetes, advanced cases presenting with muscle atrophy or incomplete decom-
pressions are excluded from the analysis, many of these treatment failures could be explained by a second concomitant compres-
sion site, which is often underdiagnosed. The very existence of double crush syndrome is highly questioned, but also its incidence
and pathophysiology. The objective of our paper is to perform a critical review of the literature available on double crush syndrome
involving mainly the median nerve in the wrist and the elbow.
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Doble compresion del nervio mediano en el brazo. Revision critica de la bibliografia

RESUMEN

La compresion mecanica de un nervio periférico en dos sitios diferentes a lo largo de su trayecto se define como sindrome de
doble compresion. Esta enfermedad se basa en la teoria de la mayor susceptibilidad que tendria un nervio a nivel distal cuando
este también se encuentra comprimido, en forma asintomatica, a nivel proximal, debido a una alteracién en el flujo axonal. Si
bien la descompresién del tunel carpiano es una cirugia con resultados previsibles, hay pacientes operados por sindrome del
tunel carpiano que no mejoran después de una cirugia, como cabria esperar. Si se excluye de este andlisis a las comorbilidades,
como diabetes, casos avanzados con atrofia muscular o descompresiones insuficientes, muchos de estos fracasos terapéuticos
podrian estar fundamentados por el escaso diagndstico de un segundo sitio de compresion concomitante. No obstante, existe
gran controversia alrededor del sindrome de doble compresion que involucra no solo a su existencia, sino también a su incidencia
y fisiopatologia. El objetivo de esta publicacion es presentar una revision bibliogréfica critica del sindrome de doble compresién
centrada en el compromiso del nervio mediano tanto en la mufieca como en el codo.

Palabras clave: Tunel carpiano; nervio mediano; sindrome del pronador redondo.

INTRODUCTION

Stemming from cervical and thoracic spinal nerve roots, the median nerve (MN) courses from the brachial
plexus to the hand. During its trajectory, it may become compressed at several sites: the carpal tunnel (carpal tun-
nel syndrome [CTS]), the elbow (pronator teres syndrome [PTS]), the thoracic outlet (thoracic outlet syndrome
[TOS]) or the cervical spine (cervical radiculopathy). Unlike CTS, where the anatomical site of compression never
changes, the literature suggests that when the MN is compressed at the elbow, there are various anatomical struc-
tures involved, such as the deep fascia of the pronator teres (PT) muscle, hypertrophy at the site of the PT muscle
attachment to the deep fascia, the arcade of the flexor digitorum superficialis muscle, or the bicipital aponeurosis.'?
The literature uses the term PTS broadly to refer to any compression of the MN at the elbow.
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In 1973, Upton and McComas coined the term double crush syndrome (DCS) to name the mechanical compres-
sion of a peripheral nerve at two different sites along its course. Their study was also the first to state the hypothesis
that a proximal source of nerve compression will render the distant nerve segment more susceptible to a second
site of compression.

Later, a Japanese research team conducted an experimental study on canine sciatic nerves. The animals were
group as follows: Group 1 was applied a single compression clamp, while Group 2 was applied two compres-
sion clamps at two different sites. The study showed that mean motor nerve conduction velocity was higher in
the double crush situation group. Histologic studies of the harvested nerves showed a reduction in the number of
myelinated fibers and axonal degeneration distal to the compression site, which was more severe in the double
crush situation group. Additionally, the loss of nerve function after a double lesion was greater than the sum of the
deficits after each separate lesion. It was concluded that altering axonal transport could induce higher susceptibil-
ity in axons located further from the distal compression site.* The “sum of the deficits” concept was also studied
by Dellon and Mackinnon,* using another animal model. Dellon and Mackinnon arrived at the conclusion that
the existence of two sites of compression will result in a significantly higher nerve dysfunction than a single one.

However, these conclusions are still questioned within the scientific community.’

In addition to the controversy on the existence of the double crush syndrome, there is debate on its incidence®®
and even its underlying mechanisms. In a Delphi study,’ a panel of experts concluded that four mechanisms were
considered highly plausible: impaired axonal transport, neuroma-in-continuity, ion channel up/downregulation,
and inflammation in the dorsal root ganglia. Although several animal studies revealed that axonal transport is im-
paired by nerve compression, no study has been able to establish that a simultaneous compression at two different
sites entails a different pathophysiology.

There is also lack of consensus on whether the term double crush syndrome is the most accurate one to refer to
the simultaneous compression of a peripheral nerve at two different sites.!*

Our objective is to perform a critical review of the literature available on DCS involving mainly the MN entrap-
ment on the wrist and the elbow.

APPLIED ANATOMY

The MN contains fibers from the 5 nerve roots of the brachial plexus: C5, C6, C7, C8, and T1. With the exception
of an occasional branch to the PT muscle, the MN gives off no branches to the elbow. The MN passes below the bi-
cipital aponeurosis and between the two heads of the PT muscle, and then goes deep below the fibrous arcade of the
flexor digitorum superficialis muscle. The anterior interosseous nerve branches from the MN, 4-10 cm proximal to
the wrist flexion crease, after which the MN gives off the palmar cutaneous branch.'® The palmar cutaneous branch
usually has its origin on the radial or volar aspect of the wrist and follows its way through the tendons of the radial
flexor muscle of wrist and the long palmar muscle to innervate the skin of the thenar region. Then, the MN passes
through the carpal tunnel. The roof of the carpal tunnel is formed by the flexor retinaculum which attaches to the
following carpal bones: the scaphoid, the trapezium, the triquetrum, and the hamate. Nine other structures pass
through the carpal tunnel: the flexor pollicis longus tendon, the four tendons of the flexor digitorum superficialis
muscle, and the four tendons of the flexor digitorum profundus muscle. In its distal section, the MN gives off its
recurrent motor branch, which innervates the abductor pollicis brevis muscle, the opponens pollicis muscle, and
the superficial head of flexor pollicis brevis muscle. Although considerable variations in the anatomy have been
reported, the most common motor branch patterns are as follows: extraligamentous (46-90%), subligamentous
(31%), and transligamentous (23%). The MN then divides into three digital branches which innervate the thumb,
the index and the middle fingers, and the radial side of the ring finger.

ELECTROMYOGRAPHY"

The electrophysiologic evaluation of a patient suspected of having CTS is directed toward the following:

1. Demonstrating conduction block of median nerve fibers across the carpal tunnel.

2.Excluding median neuropathy at the elbow, the brachial plexus or the cervical spine, especially at C6 and C7.

3.1f a coexistent polyneuropathy is present, ensuring that any median slowing at the wrist is out of proportion to

slowing expected from the polyneuropathy alone.

However, a patient with a single peripheral entrapment may present much higher nerve conduction values than a
standard CTS patient, which may mislead the treating physician. The key to ruling out a concomitant neuropathy
is to study the nerve conduction values of the ulnar nerve (UN) or the radial nerve and compare them to those of
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the MN. If the nerve slowing is similar, the neuropathy diagnosis gains ground and peripheral entrapment should
be ruled out, since polyneuropathies usually affect longer nerves. A second differential diagnosis (although much
less common) is an autoimmune neuropathy affecting only the MN; however, by its very definition, the nerve con-
duction block in those cases has to take place at a random site, different from the common MN entrapment sites.

From a pathophysiological perspective, MN entrapment produces demyelination that may be associated with an
axonal loss depending on the severity of the compression. On an EMG, a demyelinating lesion results in slowing
of the motor and sensory latencies. However, in 10-25% of patients this study will be normal, so the CTS diagnosis
will be missed. In these patients, it is vital to compare the MN with another nerve of the upper limb (usually, the
UN) or with the MN of the other hand.

The most common median-versus-ulnar comparison tests are:

* Palm-to-wrist mixed nerve latencies.

* Median-versus-ulnar wrist-to-digit 4 sensory latencies.

e Median (second lumbrical)-versus-ulnar (interossei [INT]) distal motor latencies.

The physician must be extremely thorough with all the technical aspects of these tests, such as the identical
distance and position between the stimulating electrode and the recording electrode, and the magnitude of the
stimulus, so as to create an “ideal” setting where the only variable between the MN and the UN EMG recordings
would be the passage of the MN through the carpal tunnel.

The diagnostic efficiency of EMG to assess the MN is close to 75% using routine motor and sensory studies alone,
but it rises up to approximately 95% when using the previously mentioned median-versus-ulnar comparison tests.

The key muscle to evaluate in a CTS patient is the abductor pollicis brevis, because its exclusively innervated by
the MN. This muscle presents normal results during the early stages and altered results during the intermediate and
advanced stages where an axonal loss will result in denervation and reinnervation.

If the EMG recording of the abductor pollicis brevis is abnormal, the proximal muscles innervated by the MN
should be examined as well as at least two muscles not innervated by the MN and innervated by the C8-T1 root
(primary inferior trunk). Additionally, the muscles innervated by the C6-C7 root must be studied to rule out cervi-
cal radiculopathy. The PT and the radial flexor muscle of wrist become very handy in this approach, because both
may be used as median-innervated muscles proximal to the carpal tunnel and as C6-C7 innervated muscles (since
median-innervated distal muscles depend on C8-T1 roots).

What is the difference between the previously explained EMG approach for the diagnosis of CTS and the EMG
for the diagnosis of PTS? The key lies in studying several median-innervated muscles proximal to the wrist (PT
muscle, radial flexor muscle of wrist, flexor digitorum superficialis, index and middle finger flexor digitorum
profundus muscle, quadrate pronator muscle or flexor pollicis longus). If any of these muscles provides abnormal
results, the compression site should be proximal to the carpal tunnel. Patients with PTS present altered electromyo-
graphic patterns more commonly in the flexor pollicis longus and in the index and middle finger flexor digitorum
profundus muscle, and less commonly in the flexor digitorum superficialis and, only in rare occasions, in the PT
muscle itself (since the compression site is usually distal to its innervation).

If the EMG study of any proximal median-innervated muscles provide abnormal results, it is vital to evaluate
other muscles innervated by the same myotome, but through different branches of the MN, to rule out a lesion lo-
cated more proximally to the brachial plexus or the cervical nerve roots. At the very least, the test should evaluate
a muscle innervated by C6-C7 and not by the MN (e. g. the triceps) and a muscle innervated by C8-T1 and also not
innervated by the MN (e. g. the first dorsal interosseous). Also, C8 fibers and particularly T1 fibers that constitute
the inferior trunk are commonly impaired in TOS. Sensory nerve conduction tests show altered conduction in the
UN and the medial antebrachial cutaneous nerve, but normal conduction in the MN, since its sensory fibers come
from the primary superior and middle trunk of the brachial plexus. Instead, in motor nerve conduction tests, thenar
muscles innervated by the MN (such as the abductor pollicis brevis) are more affected than the hypothenar muscles
on account of the great supply of T1 to these motor branches.

In 2007, the American Academy of Orthopedic Surgeons (AAOS) published a series of recommendations for
the diagnosis of CTS."> Among them, recommendation 3.2 suggests that if a physician orders EMG tests for the
diagnosis of CTS, the testing protocol should evaluate the following:

* Sensory nerve conduction to the MN with distal latency compared to the ulnar and radial nerve.

* Median motor nerve conduction in most patients.

* Needle EMG at the discretion of the physician.
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The previous technical considerations and the AAOS recommendations allow us to state that there is no unique
way to conduct an EMG, and clearly show why this is a highly operator-dependent test.

A CRITICAL REVIEW OF THE LITERATURE

CTS in its early stages is marked by paresthesia and pain in the median region at night-time. As the compres-
sion becomes chronic, symptoms may include thenar muscle atrophy as a consequence of the loss of strength and
permanent paresthesia. Patients suffering from PTS usually experience pain on the anterior side of the forearm
and have positive procedures that reproduce its symptoms, such as the external compression at PT level and re-
sisted pronation, which indicates a dynamic compression of the MN in its course through both PT attachments.
The resisted supination and flexion of the elbow, and the external compression on the bicipital aponeurosis may
lead us to consider this structure as the origin of the compression.'® Additionally, the resisted flexion of the middle
finger indicates a possible compression of the MN in its course below the fibrous arcade proximal to this muscle.
Two symptoms help to distinguish PTS from CTS. First, PTS-related paresthesia involves the thenar region inner-
vated by the palmar cutaneous branch of the MN, which, as was previously described, originates proximal to the
wrist. Second, PTS does not commonly produce characteristic nocturnal symptoms as CTS does during its early
stages.'”!8

There is an overall consensus on the role of complementary tests and especially of the EMG in diagnosing CTS;
however, this is not the case for PTS. The poor diagnostic sensitivity of the EMG concerning PTS stems from the
fact that although a nerve can be compressed and cause distal symptoms resulting from alterations on nerve con-
duction,' pressure levels are too weak to cause axonal lesions® and therefore they produce no visible changes in
the EMG. In addition, electrophysiologic tests have also failed to provide a pathognomonic sign of DCS.?!

Owing to its non-invasive and affordable nature, EMG is becoming increasingly popular to study peripheral
nerve compressions, and provides a possible source of additional information concerning the potential origin of
the compression.*>* However, its limitations are the scarce specific literature available and its operator-dependent
nature. Notwithstanding all of the above, the tendency of using ultrasound as a diagnostic method seeks not to re-
place electrophysiologic tests, but to complement them.> The technological development of MRI has also enabled
this procedure to be considered for studying peripheral nerve compressions. However, no abnormal findings can
be detected before the advanced stages, and by that time the axonal degeneration is obvious.” This restricts its use
to the study of the spine and tumor-related compressions.

While carpal tunnel release is a surgical procedure with predictable results, some patients do not improve as
expected after surgery.®**> If comorbidities such as diabetes, advanced cases presenting with muscle atrophy or
incomplete decompressions are excluded from the analysis, many of these treatment failures could be explained
by a second concomitant compression site, which is often underdiagnosed (i.e. PTS). In a retrospective series
of 39 patients who were operated on for PTS, Hartz et al.” reported that 3 of them had originally undergone
surgery for CTS. In another similar study, Olehnik et al.?® reported that half of their series of 36 patients had
initially been treated for CTS. Mujadzic et al.”’ reported a series of 61 patients with concomitant CTS and PTS,
who underwent simultaneous release of the MN at the wrist and the anterior side of the elbow. Postoperative
results showed that 39 patients experienced complete relief, and 13 had partial relief, 5 of which had TOS, and
3 of which had cervical radiculopathy. It is worth noticing that in this study it was possible to intraoperatively
confirm MN entrapment at the elbow in 55 of the 61 cases. The structures responsible for the compression were
the fibrous band of the deep head of the PT (41 cases), the same band with agenesis of the deep head of the PT
(12 cases), hypertrophy of the superficial head (also with agenesis of the deep head of the PT) (2 cases), the
arcade of the flexor digitorum superficialis muscle (11 cases), the bicipital aponeurosis (7 cases), and Struthers’s
ligament (2 cases).

In another retrospective series, Luangjarmekorn et al.* studied the treatment outcome of patients with failed
carpal tunnel release surgery who were suspected of having PTS. A group of 20 patients underwent a revision
carpal tunnel release with PT release and was compared to another group (5 patients) that only underwent a revi-
sion carpal tunnel release. In the double decompression group, pain improved in 60% and paresthesia in 55%. The
key surgical findings were deep head hypertrophy of the PT (90%) and compression of the bicipital aponeurosis
(50%). The group that underwent revision carpal tunnel release alone did not improve. A noteworthy finding was
a neoformation of the transverse carpal ligaments in 20 of the 25 participants. The study showed that MN release
combined with revision carpal tunnel release in patients with proximal compression symptoms provided better
outcomes than carpal tunnel release alone.
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Hsiao et al.’ published a retrospective series of 344 patients with CTS, 21 of which involved a double compres-
sion. Following the MN release procedure in both sites, 15 patients showed complete relief.

Although the term DCS has been around for almost half a century, its use has been recently questioned given
that such definition may be considered to focus exclusively on mechanical compression, excluding other medical
or pharmacological processes that might be partly responsible for this “increased susceptibility.” As a result, the
expression multifocal neuropathy was proposed,'® which has also become a source of debate."!

CONCLUSIONS

Leaving aside any controversy, the concept of double crush syndrome is important, for it requires the surgeon
to be aware of a global patient approach, not focusing only on the most common anatomical sites of compression.
DCS is not just a nerve compression syndrome. DCS may be secondary to several metabolic and systemic diseases,
such as diabetes, infectious diseases, hypothyroidism, vitamin deficiencies or alcoholism, which may alter nerve
physiology and increase compression susceptibility in peripheral nerves.*

Patients who come to consult with hand paresthesia should be approached with an open mind and a global per-
spective which may allow for detecting cases featuring complex or multifactorial disorders, different from a stan-
dard case of CTS. A thorough medical history together with an “old-school” methodical, exhaustive and systematic
physical examination would allow for reaching presumptive diagnoses that will guide the request for complemen-
tary studies. Although CTS diagnosis is based on clinical assessment, EMG has a role in testing patients with a
presumptive diagnosis of DCS, ruling out other neuropathies and helping to confirm or to rule out other compres-
sion sites. As it is an operator-dependent test, we consider the communication between the surgeon and the EMG
technician to be vital, for it enables for a better interpretation of the information an EMG may provide.

In cases where the second site of compression cannot be precisely determined, our approach is the same as that
of other authors: to explain to the patient that, in the event that carpal tunnel release does not provide the expected
improvement, it will be necessary to perform another surgery to release the second site of compression.

It is concluded that DCS does not only involve the mechanical compression of a peripheral nerve at two different
sites. A second factor may in some cases be associated with an endocrine or pharmacological cause.

A full medical history, a comprehensive and systematic physical examination, and sensibly ordered complemen-
tary tests build up the foundations of our treatment approach to these patients.
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