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There is no significant disagreement about the
major common entrapment neuropathies, such
as carpal tunnel syndrome (CTS), ulnar neuropathy
at the elbow, and peroneal neuropathy at the knee.
There is some minor disagreement about fine
points regarding the clinical presentation, electro-
diagnosis, and management, but there is certainly
no major disagreement, such as whether these
entities exist. In contrast, there is a group of
entrapment syndromes about which there is major
disagreement, including whether or not they even
exist. The book entitled Tunnel Syndromes lists
some 25 tunnel syndromes, most of which are so
obscure that most neurologists have never heard
of them, for example, Alcock’s tunnel syndrome.1

There are other entrapment syndromes about
which clinical questions arise on a regular basis,
and which are the subject of this discussion. These
include thoracic outlet syndrome (TOS), radial tun-
nel syndrome (RTS), ulnar nerve entrapment at the
arcade of Struthers, piriformis syndrome (PS), and
tarsal tunnel syndrome (TTS).
m

THORACIC OUTLET SYNDROME

TOS has a long and controversial history. It was
first described by Kinnier Wilson in approximately
1900, and there is some reason to think that one
of his original patients may have had CTS. TOS
was established in the minds of physicians as
a Department of Neurology, Uniformed Services Unive
Bethesda, MD 20814, USA
b Department of Neurology, Walter Reed Army Medical C
USA
* Corresponding author.
E-mail address: mark.landau@amedd.army.mil (M.E. Land

Neurosurg Clin N Am 19 (2008) 597–608
doi:10.1016/j.nec.2008.07.001
1042-3680/08/$ – see front matter. Published by Elsevier I
a cause of acroparesthesias for some 40 odd
years before CTS and cervical radiculopathy
were described. What we now refer to as CTS
was referred to by various names in the early twen-
tieth century, including ‘‘tardy median palsy’’; it did
not receive its name until 1947 in a paper by Lord
Brain and colleagues.2 In patients who have
acroparesthesias, TOS is one of the first possibili-
ties come to mind for many physicians, but for
most neurologists, it is nearly the last thing to
come to mind. The perception regarding the prev-
alence of TOS between surgeons and neurologists
is at variance on the order of 100:1. First rib resec-
tions and other surgical procedures continue to be
performed on a regular basis in the United States.
There are occasional disasters from these proce-
dures, with severe damage to the brachial
plexus.3,4 It has been estimated that the likelihood
of postsurgical brachial plexopathy is about equal
to the likelihood of the diagnosis of TOS being
accurate in the first place. Cherington and Cher-
ington5 found an interesting correlation between
TOS surgery and method of reimbursement in
Colorado, with Medicaid patients virtually never
receiving TOS surgical procedures.

Compression of the neurovascular structures at
the thoracic outlet has been blamed on various
structures, including cervical ribs or bands, an
elongated C7 transverse process, the scalenus
anterior muscle, the pectoralis minor tendon, and
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Fig. 1. Neurogenic TOS: ligamentous band from the
transverse process of C7 to the first thoracic rib (FTR)
lying in close approximation to the C8 and T1 anterior
primary rami and the proximal portion of the lower
trunk. (From Levin KH, Wilbourn AJ, Maggiano HJ. Cer-
vical rib and median sternotomy-related brachial plexo-
pathies: a reassessment. Neurology 1998;50:1412; with
permission.)
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the humeral head.6,7 We should probably recog-
nize five types of TOS: arterial, venous, true neuro-
genic, disputed, and droopy shoulder syndrome.
Vascular TOS occurs most commonly in young
athletes, especially those who hyperabduct the
shoulder in throwing and in swimming.8 In the
position of hyperabduction, the humeral head
may compress the axillary artery or vein, causing
such vascular changes as stenosis, occlusion,
poststenotic dilatation, aneurysm formation, and
subclavian vein occlusion.9

True neurogenic TOS is an entity about which
there is substantial agreement. It is rare, attribut-
able to compression of the lower trunk of the
plexus by a cervical rib or band. True neurogenic
TOS is more common in women and presents
with medial arm pain; medial hand and forearm
sensory dysfunction; and weakness and atrophy
of the thenar, hypothenar, and other intrinsic
hand muscles. The thenar eminence, muscles
supplied by the median nerve, are typically
involved earlier and more severely than the mus-
cles of the hypothenar eminence. The electrodiag-
nostic abnormalities in true neurogenic TOS
include an absent or small medial antebrachial cu-
taneous amplitude (MABC), followed in decreasing
frequency by absent or small median motor, ulnar
sensory, and ulnar motor amplitudes.10 The MABC
nerve conduction study (NCS) abnormalities
closely parallel the median motor response
changes, leading some investigators to conclude
that the damage of neurogenic TOS is in a T1 my-
otomal distribution (Fig. 1).11 Needle electromyog-
raphy (EMG) shows denervation and chronic
neurogenic motor unit potential changes in the dis-
tribution of the lower trunk of the plexus.10 One
typical pattern would include fibrillation potentials
and positive sharp waves in the abductor and op-
ponens pollicis brevis muscles, associated with
more chronic denervative changes in the adductor
digiti minimi, the first dorsal interosseous, the
flexor pollicis longus, and, rarely, the extensor indi-
cus proprius.

The proximal location for neurogenic TOS path-
ologic findings limits an electromyographer’s abil-
ity to detect subtle demyelinating changes.
Considering CTS, nerve conduction measure-
ments are easily recorded for the sensory and
motor fibers of the median nerve as they trans-
verse the wrist. This allows detection of mild de-
myelinating changes in the sensory fibers, with
excellent sensitivity and specificity for diagnosis.
Analogous studies for any proximal nerve
segments are invariably associated with technical
limitations. There is a long-standing myth that TOS
can cause slowing of the ulnar motor conduction
velocity when stimulating at Erb’s point and doing
an ‘‘across the plexus’’ velocity determination. An
article was written describing this in the New
England Journal of Medicine in 1972.12 The article
was subsequently proved to be fraudulent
research with a fabricated figure and was with-
drawn, with a stern editorial rebuke about
authorship responsibilities.13 This technique has
finally gradually fallen into disfavor and is rarely
performed currently by reputable electromyogra-
phers. Therefore, electrodiagnosis relies on the
detectable axonal changes distal to the site of
pathologic change resulting from Wallerian degen-
eration. This supports the argument for those who
favor TOS being relatively underdiagnosed in that
subtler disease is not detectable by means of
objective measures.14

Patients who neither have true vascular nor true
neurogenic TOS have been referred to as having
‘‘disputed neurogenic’’ TOS. The leading surgical
proponents think that 97% of patients who have
TOS are ‘‘neurologic,’’ and disputed neurogenic
TOS accounts for most of these.14 These patients
are said to have aching pain radiating from the
scapular region down the arm; it can radiate
through the axillary region, the triceps area, and
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the medial forearm. Arm flexion or abduction
worsens the pain. There may be paresthesias in
the medial forearm and hand. There are no motor
manifestations, and the results of electrodiagnos-
tic studies are normal. In other words, the diagno-
sis relies on sensory signs and symptoms, which
are entirely subjective. One of the major criteria
for the diagnosis of TOS is reported to be a positive
Adson maneuver, a physical diagnostic sign that
was shown 50 years ago to be positive in 80% of
normal asymptomatic individuals. With the Adson
maneuver, the patient’s arm hangs at the side,
the head is rotated toward the affected side, and
the patient is instructed to breathe deeply. The
test is considered positive if the radial pulse disap-
pears. In a presentation and abstract at the Amer-
ican Academy of Neurology (AAN) in 2005, some
investigators showed that positive ‘‘TOS’’ physical
test results can occur in patients who have CTS.15

Other provocative maneuvers purportedly abnor-
mal in TOS include the Halstead maneuver, the
Wright test, and the Roos overhead exercise
test. A positive Halstead test result (exaggerated
military position or costoclavicular test) is defined
as a decreased radial pulse with the patient stand-
ing, with the shoulders far backward and in
a downward position so as to narrow the costocla-
vicular space. A positive Wright test result is also
defined as a decreased radial pulse, with the
shoulder hyperabducted and the elbow flexed.16

A positive Roos or elevated arm stress test
(EAST) is reproduction of the patient’s symptoms
following 3 minutes of rapid opening and closing
of the hand, with the arm abducted to 90� and
externally rotated and the elbow flexed to 90�.17

These test results may all be abnormal in healthy
subjects.18

Recently, neuroimaging has attempted to corre-
late anatomic variations with clinical symp-
toms.19–21 Thoracic outlet MRI findings have
been compared in symptomatic and asymptom-
atic individuals. Demondion and colleagues20

found that patients who had TOS had a smaller
costoclavicular distance, a thicker subclavius
muscle, and a wider retropectoralis minor space
after hyperabduction and external rotation of the
arm compared with controls. Nerve compression
was noted in 7% of the symptomatic group and
in none of the asymptomatic group. The symptom-
atic group was defined has having two abnormal
provocative test results (Adson maneuver, Wright
maneuver, Eden maneuver, Roos test, or Tinel
sign in the supraclavicular fossa). Neurologic
examinations and electrodiagnostic studies were
not performed. In a similar study, Demirbag and
colleagues21 compared MRI findings of the
thoracic outlet in an adducted versus
hyperabducted position of patients and controls.
This study blinded an examiner in performing pro-
vocative tests. Interestingly, two thirds of subjects
in the control group had a positive Adson test
result. The specificity for the exaggerated military
position and hyperabduction test were consider-
ably better, with 8.3% and 25%, respectively, of
controls having a positive test result. All subjects
had normal EMG findings, but no details were pro-
vided regarding the extent to which imitators, such
as CTS or cervical radiculopathy, were excluded.
The study concluded that considerably more
variation of predefined radiographic parameters
was seen in the MRI scans between the neutral
and hyperabducted position in the patient group.
Less variation of these findings was seen in the
control group. Furthermore, in the hyperabducted
position, compression of venous (52.3% versus
41.7%), arterial (23.0% versus 1.4%), and neural
(12.1% versus none) segments was more
common in the patient groups.

At this time, it is unclear whether a combination
of MRI findings and provocative clinical maneu-
vers can substantiate the diagnosis of disputed
neurogenic TOS. Surgical intervention is
frequently offered to patients who fail conservative
management, but the evidence for efficacy and the
perioperative complications vary considerably.
A surgeon who confidently supports the existence
of disputed TOS reports 90% success rates, with
perioperative complications less than 1%.14

Conversely, another study showed persistent
disability in 60% of patients 1 year after surgery
and perioperative complications greater than
30%.22 Complications reported in the literature
include postoperative brachial plexopathy, pleural
tears, pneumothorax, hemorrhage, and coronary
artery spasm.

The most basic of medical principles must be
invoked in any discussion of TOS—first, do no
harm. Disputed TOS is a sensory syndrome with-
out definitive objective findings to support its exis-
tence. The clinical tools used for its diagnosis are
exceptionally sensitive, with poor specificity. The
surgical treatment can result in objective deficits
in a not insignificant percentage of patients,
many of whom had a normal thoracic outlet before
surgery.
RADIALTUNNEL SYNDROME

RTS is a condition in which there is chronic pain in
the lateral elbow region, allegedly because of
entrapment of elements of the radial nerve by
various structures in a tunnel in the region of the
supinator muscle.23 There is considerable doubt
as to whether this clinical entity or the anatomic



Fig. 2. The radial nerve branches into the posterior
interosseous nerve and the superficial radial nerve.
The posterior interosseous nerve traverses deep to
the ligament of Frohse and the supinator muscle.
ECRL and ECRB, extensor carpi radialis longus and
brevis; EDC, extensor digitorum communicans. (From
Stanley J. Radial tunnel syndrome: a surgeon’s per-
spective. J Hand Ther 2006;19:181; with permission.)
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tunnel exists.24,25 As with the other controversial
entrapments, it is essentially a pain syndrome
without objective clinical or electrophysiologic
manifestations. There is significant clinical overlap
between RTS and lateral epicondylitis (LE). LE, or
tennis elbow, is a common condition that results
from overuse of the extensor and supinator
muscles, typically by playing tennis. It produces
pain and tenderness over the region of the lateral
epicondyle and usually responds to conservative
treatment with rest and anti-inflammatory agents.
Examination of the elbow usually shows tender-
ness over the epicondyle, which is maximal just
distal to the epicondyle. With the elbow extended,
wrist extension or elbow supination against resis-
tance causes increased pain in the symptomatic
area, and forceful wrist flexion or pronation
stretches the involved region and also causes
pain. Occasional patients fail to respond to
conservative therapy and develop chronic lateral
elbow pain sometimes referred to as ‘‘resistant
tennis elbow.’’ There is a school of orthopedic sur-
geons who believe that this syndrome of resistant
tennis elbow is attributable to entrapment of the
radial nerve in the radial tunnel.26,27

The radial tunnel is a nebulous anatomic pas-
sageway; nerve compression has been attributed
to no less than eight different anatomic structures
here. With anatomic studies, some groups found
that a radial tunnel existed in most subjects,
whereas other groups, seemingly equally compe-
tent, found that the radial tunnel existed in none
of their subject cadavers (Fig. 2). There is consid-
erable doubt simply on an anatomic basis as to
whether there is such an entity as the radial tunnel.
The would-be tunnel is approximately 5 cm long
and located on the anterior aspect of the proximal
radius.28,29 It originates just proximal to the radial
capitulum and terminates distally at the point
where the posterior interosseous nerve (PIN)
passes deep to the superficial portion of the supi-
nator muscle. The capsule of the radial capitulum
forms the floor of the tunnel. The brachioradialis,
extensor carpi radialis brevis (ECRB), and longus
muscles form the lateral wall, and the biceps ten-
don and brachialis muscle constitute the medial
wall. The anatomic structures implicated in PIN
entrapment include a fibrous band linking the bra-
chioradialis to the brachialis, a cluster of blood
vessels overlying the nerve (leash of Henry), the
medial tendinous edge of the ECRB, the arcade
of Frohse, the distal border of the supinator mus-
cle, fibrous bands within the supinator muscle,
and the septum between the extensor carpi ulnaris
and the extensor digitorum.

The chief symptom of RTS is pain over the
lateral aspect of the proximal forearm, with
occasional radiation distally or proximally. The
pain may be associated with a definitive injury or
after excessive use but not invariably. There are
none of the typical hallmarks of a PIN lesion,
such as finger extensor weakness (finger drop) to
a greater degree than wrist extensor weakness.
Proponents of RTS have suggested that the PIN
provides sensation for joints and muscles and
can produce pain when damaged, despite not pro-
viding cutaneous sensation. There are only subtle
differences between RTS and LE. In RTS, palpa-
tion tenderness is demonstrated at the point
where the radial nerve enters the supinator mus-
cle, approximately 5 cm distal to the lateral epi-
condyle. In LE, the tenderness is directly over the
lateral epicondyle, the origin of the extensor mus-
cles, as opposed to the muscles themselves.28 In
RTS, pain is elicited by fully extending the elbow,
followed by resistance against forearm supination.
Supposedly, contraction of the supinator in-
creases compression of the arcade of Frohse on
the nerve.28 Resisting middle finger extension
with the forearm pronated and extended may
also elicit pain in the supinator region.



Fig. 3. Ligament of Struthers between the supracondy-
lar spur (*) and medial epicondyle (m). Median nerve
(n) and brachial artery (ba). (From Aydinlioglu A.
Bilateral median nerve compression at the level of
Struther’s ligament. Case report. J Neurosurg 2000;
92:694; with permission.)
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Electrodiagnostic testing is useful in excluding
other etiologies of upper extremity pain, because
there are no specific findings seen in RTS. Usually,
the results of the study are normal, without any
evidence of radial or PIN abnormalities. Some in-
vestigators have claimed slowing of radial motor
nerve conduction velocity with stimulation at the
spiral groove while recording over the extensor
digitorum communis.23

When conservative measures fail, some investi-
gators recommend surgical exploration with ‘‘ra-
dial tunnel release’’ in an attempt to relieve the
symptoms.30,31 The same procedure can also re-
lieve the symptoms of LE, because division of
the superficial portion of the supinator muscle
also relieves tension on the lateral epicondyle.
Posterior interosseous neuropathy may occur as
a complication of radial tunnel release.

Ligament of Struthers and Arcade of Struthers
Nerve Injuries

The ligament of Struthers and the arcade of
Struthers are two different anatomic structures
that are often confused. The ligament of Struthers
is a fibrous band that extends from an anomalous
supracondylar spur on the humerus down to the
medial epicondyle, which may compress the me-
dian nerve (Fig. 3). Struthers32 described this liga-
ment and has been recognized eponymically for it.
Approximately 1% of the population has this
anomaly, but only rarely does it cause nerve in-
jury.33 In contrast, the arcade of Struthers consists
of filmy, occasionally substantive, tissue along the
medial intermuscular septum, which may com-
press the ulnar nerve (Fig. 4). It is in no way related
to the ligament of Struthers. In fact, Struthers did
not describe the tissue that later came to be called
the arcade of Struthers.34 The eponymic designa-
tion is erroneous.

As the ulnar nerve descends through the upper
arm, it moves from the anterior to the posterior
compartment through the intermuscular septum.
The so-called ‘‘arcade of Struthers’’ is an aponeu-
rotic strand that extends from the medial intermus-
cular septum to the medial head of the triceps,
about 8 cm proximal to the medial epicondyle. In
one anatomic study, it was seen in 13.5% of the
limbs, but in no instance did it compress the ulnar
nerve.35

Proximal median mononeuropathy
by the ligament of Struthers
The median nerve, along with the brachial artery,
runs beneath the ligament of Struthers, but only
rarely does it cause median nerve injury. Plain ra-
diographs reveal the supracondylar spur, but the
ligament may be present without a spur.
Symptoms include pain above the elbow and local
tenderness in addition to neurologic deficits in the
distribution of the median nerve. There is not much
controversy regarding this entity when there is
objective evidence of median neuropathy.
Ulnar mononeuropathy attributable
to the arcade of Struthers
During ulnar transposition surgery, the medial in-
termuscular septum must be released or the ulnar
nerve may become secondarily compressed after
it is transposed anteriorly. In such cases re-explo-
ration of the nerve shows deformity and compres-
sion of the nerve at the point of entrapment by the
inadequately released medial intermuscular sep-
tum, and this has been referred to as the arcade
of Struthers. This posttransposition syndrome is
well recognized and not a subject for debate.36–40

The debate concerns whether or not the medial
intermuscular septum or an arcade of Struthers
can cause a spontaneous compression syndrome
of the ulnar nerve.35 There is disagreement in the
literature about the existence of the arcade of
Struthers in a patient who has not had an ulnar
transposition. Some anatomic studies have found
tissue consistent with an arcade of Struthers in an-
atomic specimens, whereas other investigators
have reported that it virtually never exists.41–44

The situation is analogous to that with RTS. It is



Fig. 4. Arcade of Struthers is located
between the medial head of the triceps
and the medial intermuscular septum.
The ulnar nerve lies deep. (From Kane E,
Kaplan EB, Spinner M. Sur le trajet du
nerf cubital au niveau du bras [Observa-
tions on the course of the ulnar nerve in
the arm]. Ann Chir 1973;27:487–96; with
permission.)
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unclear anatomically whether the structure exists.
Spinner45 suggested that a ‘‘friction neuritis’’ could
develop from repeated movement of the nerve
against bony irregularities of the distal humerus
and that an arcade of Struthers could be a contrib-
uting factor. The arcade of Struthers, as a mecha-
nism of ulnar compression in the unoperated arm,
is extraordinarily rare or a myth, with some other
etiology more likely responsible. The first author
of the only three cases reported in peer-reviewed
literature is Ochiai.46,47 The clinical findings were
identical to ulnar mononeuropathy at the elbow,
but the electrodiagnostic findings showed slowing
of nerve conduction velocity or conduction block
70 to 100 mm proximal to the medial epicondyle.
PIRIFORMIS SYNDROME

The PS is a condition allegedly attributable to com-
pression of the sciatic nerve by the piriformis mus-
cle, causing pain in the buttock radiating down the
posterior lower extremity, simulating radiculop-
athy. There is some problem with terminology.
The term piriformis syndrome should only be
used to designate proximal sciatic neuropathies
in which the piriformis muscle itself is involved in
the etiology. There are many other causes of prox-
imal sciatic neuropathy, such as gluteal trauma
with hematoma, injection palsy, compression,
hip arthroplasty, hip fracture, or endometrial
implant.48 Although the sciatic nerve may be in-
volved near the piriformis in these conditions,
none should be legitimately referred to as PS.

The piriformis is one of an array of small muscles
that lie deep in the gluteal region: the pectineus,
piriformis, obturators, gemelli, and quadratus
femoris. These short muscles are probably more
important as postural stability muscles for the hip
joint rather than as prime movers. The piriformis
originates from the anterior sacral surface, passes
through the greater sciatic foramen, and inserts
onto the medial side of the upper border of the
greater trochanter (Fig. 5). The piriformis rotates
the extended thigh laterally but acts as an abduc-
tor when the hip is flexed. Just below the piriformis
lies the gemellus superior. At its exit from the
pelvis, the sciatic nerve exists as two discrete fas-
cicles: the peroneal division and the tibial division.



Fig. 5. Piriformis muscle overlying the sciatic nerve.
(From Benzon HT. Piriformis Syndrome: Anatomic con-
csiderations, a New Injection Technique, and a Review
of the Literature. Anesthesiology 2003;98:1443; with
permission.)
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These are most often encased in a common
epineural sheath and appear to be a single nerve.
The two separate components can easily be
dissected apart, however. Anomalies of the exit
pattern of the sciatic nerve from the pelvis can
occur.49 The normal pattern is for the intact sciatic
nerve to exit just below the piriformis muscle in the
groove between the piriformis and the gemellus
superior. In some patients, the sciatic nerve splits:
one division exits below the piriformis muscle, and
the other exits above it. In some patients, the piri-
formis is also bifid and one or both elements of the
sciatic nerve pierce the muscle. The entire intact
nerve may exit directly through the middle of the
belly of the piriformis, or one division may exit
through the belly of muscle, whereas the other
division exits above or below. The incidence of
this anomaly varies widely by ethnic origin. In a se-
ries of American cadavers, there was some anom-
aly of sciatic nerve exit in 10%.50 The piriformis is
muscle is a small structure, perhaps 3 to 5 cm wide
at its widest point and perhaps 1 cm thick. The sci-
atic nerve at that point is a large robust structure.

There are numerous problems with the concept
of the PS, and a great debate on how common this
entity is.51 It is not uncommon to see articles in the
literature that stress the uncertainty about the syn-
drome (eg, ‘‘The piriformis syndrome is overdiag-
nosed’’ versus ‘‘The piriformis syndrome is
underdiagnosed’’ or ‘‘The piriformis syndrome—
myth or reality?’’)52–54 Most estimates of the inci-
dence of PS in patients with back pain estimate
its incidence at 1% to 2% of cases, but some
practitioners claim to see dozens to hundreds of
patients per year. One problem with PS is that
the nerve is large in relation to the muscle, and it
is difficult to see how such a small and relatively
insubstantial structure as the piriformis muscle
could significantly compress the sciatic nerve.
The PS was first described in 1928, long before
lumbosacral radiculopathy was recognized as
a clinical entity, and long before radiologic imaging
or electrodiagnosis existed. Discogenic pain,
arising from the annulus itself, without a radicular
component, can radiate as far as the knee, caus-
ing radiating pain in the buttock and leg but with-
out objective evidence of radiculopathy. Pain in
the buttock and leg when sitting is one of the clas-
sic symptoms of PS but is also quite common in
radiculopathy. Many, perhaps most, patients
who have lumbosacral radiculopathy attributable
to disc herniation have maximal pain in the sitting
position.

The pathophysiologic mechanism of sciatic
involvement in PS is unclear. Some investigators
believe the presence of an anatomic anomaly is
irrelevant,53 although others contend that PS
requires some exit anomaly.55 Nobody has
described an abnormal leg movement, such as
the external rotation that would accompany a con-
traction of the piriformis, as part of the syndrome.
Therefore the ‘‘spasm’’ must be isometric, without
muscle shortening, and it is therefore difficult to
envision how nerve compression could occur. It
would make just as much sense to claim that
spasm of the gemellus superior pressing up
against the nerve could cause the nerve compres-
sion symptoms. The PS is virtually the only com-
pression or entrapment neuropathy attributable
to a muscle. Virtually every other one is attributable
to compression by a fascial band, aponeurosis,
ligament, or other such rigid structure (eg, trans-
verse carpal ligament, humeroulnar arcade,
arcade of Frohse, sublimis bridge, lancinate liga-
ment). Nevertheless, the proponents of PS believe
that one of the largest and most robust nerves in
the body is being compressed by a soft and com-
pliant structure, which is extremely atypical in the
class of disorders that we ordinarily include as
entrapment neuropathies.

There are two clinical scenarios that need to be
considered. One is the patient with physical exam-
ination and electrodiagnostic evidence of proximal
sciatic neuropathy. Can the mechanism be PS in
the absence of other etiologies of nerve damage?
The other clinical scenario regards patients who
have buttock pain or buttock pain with radiation
down the posterior leg; no other typical signs or
symptoms of nerve injury, including paresthesias,
hypesthesias, hyporeflexia, weakness or atrophy;
and a normal electrodiagnostic assessment.
What is the likelihood that a chronic or chronic
recurrent compression of the sciatic nerve could
account for the pain without the other neurologic
manifestations? There is little definitive evidence
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in the literature to support the diagnosis of PS in
either case. Even its proponents refer to it as
a ‘‘loose cluster of symptoms.’’56 The clinical crite-
ria include pain in the buttock and usually some
part of the course of the sciatic nerve distal to it,
tenderness in the region of the intersection of the
piriformis muscle and the sciatic nerve, and posi-
tive straight leg raise at 15� less than on the unaf-
fected side, or less than 60� when PS is bilateral.
None of these have been critically evaluated, and
are certainly not specific. The piriformis muscle is
small and lies deep beneath the massive gluteus
maximus; yet, proponents claim to be able to pal-
pate piriformis spasm in patients who have the
syndrome (‘‘the princess and the pea sign’’).
Some of the physical maneuvers allegedly indica-
tive of the syndrome are contradictory. The Pace
test consists of sciatic pain produced by abduc-
tion of the hip against resistance, presumably
causing the muscle to contract against the nerve,
reproducing the symptoms.57 Yet another maneu-
ver, the Freiburg test, reproduces the pain with
forced internal rotation, stretching the muscle.58

It would seem the Freiburg test should, if anything,
decompress the nerve by stretching the muscle,
removing the pressure, and improving the symp-
toms. How these two diametrically opposite
maneuvers could reproduce the pain is difficult
to reconcile. In the Beatty maneuver, the patient
lies painful side up with the leg flexed and the hip
abducted, holding the knee on the painful side
several inches off the table; this allegedly repro-
duces the pain.59 There have been no validation
studies of any of these tests.

Electrophysiologic criteria have been proposed
to assist in diagnosis of PS.56,60 In the flexed,
adducted, and internally rotated (FAIR) test, the
posterior tibial H reflex is measured with the pa-
tient prone and legs in the neutral position, and
then again with the hip flexed, adducted, and inter-
nally rotated. A latency prolongation of greater
than 3 SDs is stated to have greater than 80% sen-
sitivity and specificity. There are multiple limita-
tions, however, to performing H reflexes. One is
that they are not routinely obtainable in patients
older than the age of 60 years.61 Second, a prolon-
gation of latency is not specific for the location of
the abnormality, because lesions at the nerve
root or plexus could also cause prolongations.
Whether or not lesions at these locations can
also become apparent only in the postures of the
FAIR test has not been systematically evaluated.
One needs to question the validity of the test as
performed by the proponents of the test. The
mean age of the patients in their two studies was
older than 50 years, yet they did not describe
one case in which the H reflex could not be
found.56,60 Furthermore, they claimed an ability
to attain H waves in greater than 300 subjects for
the peroneal nerve; yet, it is universally accepted
by electrodiagnosticians that peroneal H waves
are rarely obtainable. Finally, the waveforms
depicted in their studies were biphasic with a neg-
ative initial deflection, whereas most H waves are
triphasic with an initial positive deflection.

Treatments recommended for PS include phys-
ical therapy, local injections, botulinum toxin injec-
tions, and surgery. We are somewhat placated by
the 94% of 918 patients referred to physicians who
strongly believe in this entity, getting conservative
therapy only, without surgical interventions.60
TARSALTUNNEL SYNDROME

The TTS is attributable to compression of the tibial
nerve within a fibro-osseous passageway behind
the medial malleolus. There is widespread agree-
ment regarding the existence of the syndrome,
but there are differences of opinion regarding its
epidemiology as an etiology for foot pain and
paresthesias, particularly in diabetics.

The roof of the tarsal tunnel is the flexor retinac-
ulum (lancinate ligament) and the tendinous arch
of the abductor hallucis (AH). The lancinate liga-
ment is thin and insubstantial compared with the
transverse carpal ligament. The posterior tibial
nerve passes under the ligament and then divides
into larger medial and smaller lateral plantar
branches. In 7% of individuals, the tibial nerve
branches before the tarsal tunnel.62 The medial
plantar branch innervates the AH, flexor digitorum
brevis, flexor hallucis brevis, and the first lumbri-
cal, and it provides sensation to the medial part
of the sole of the foot and the medial three toes.
The lateral plantar branch innervates the rest of
the deep muscles of the foot and provides sensa-
tion to the lateral part of the sole of the foot and the
lateral two toes. The calcaneal branch provides
sensation to the heel; it usually arises proximal to
the tarsal tunnel, but the origin is variable.

The common symptoms of TTS are pain in the
area of the medial malleolus with occasional radi-
ation into the medial aspect of the foot. To be con-
vinced of nerve involvement, there should be
paresthesias or dysesthesias on the plantar
aspect of the foot. Although intrinsic foot muscles
may become weak or atrophic, these manifesta-
tions rarely interfere with function and go over-
looked by patients. The objective physical
findings in TTS are few. Weakness of the foot mus-
cles cannot be demonstrated on neurologic exam-
ination. There may be hypesthesia over the sole,
especially in the medial plantar distribution, usually
with sparing of the heel (calcaneal innervation).
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There may be tenderness behind the medial
malleolus and a Tinel’s sign over the tarsal tunnel.
A stress test similar to the Phalen test for CTS has
been described. The ankle is passively maximally
everted and dorsiflexed, the toes are pulled up,
and this position is held for 5 to 10 seconds to
reproduce the symptoms.63

The differential diagnosis includes arthritis, plan-
tar fasciitis, plantar callosities, vascular disease, or
small fiber sensory neuropathies. The diagnosis is
often made to explain foot pain of no other appar-
ent origin, even in absence of any neurologic
deficit. The causes of TTS include external com-
pression by ill-fitting footwear or casts, ankle
trauma, thickened flexor retinaculum, ganglia,
posttraumatic fibrosis, and others.64 The plantar
nerves may be injured distal to the tarsal tunnel
from local trauma, compression by tendon sheath
cysts, or AH hypertrophy.64

There are electrodiagnostic findings that can
support the clinical diagnosis of TTS. Ideally, the
most sensitive test would detect conduction slow-
ing of sensory nerve fibers as they traverse the tar-
sal tunnel. This, however, is rarely seen. In most
cases of TTS, the medial and lateral plantar sensory
nerve action potential (SNAPs) are absent.65 This
abnormality is not specific for TTS because it may
be a manifestation of sensory polyneuropathies or
even seen in asymptomatic individuals, particularly
those older than the age of 50 years. Prolongation
of the medial and lateral plantar motor latencies
has been noted in approximately 20% to 50% of
individuals with TTS.65,66 No published electro-
diagnostic studies include needle EMG in the eval-
uation of TTS.67 There are many in the
electrodiagnostic community who believe that find-
ings of denervation in the intrinsic foot muscles are
common in asymptomatic individuals; therefore,
any needle electrode findings would be of little
use.68,69 Others, however, have disputed this
claim.70 A pattern of EMG abnormalities that would
support the diagnosis includes denervation of in-
trinsic foot muscles isolated to the symptomatic
limb of patients who have unilateral disease, with
sparing of abnormalities of the extensor digitorum
brevis (EDB). The EDB is the only non–tibial-inner-
vated intrinsic foot muscle. The electrodiagnostic
tests are particularly useful for ruling out other neu-
rologic etiologies of foot pain, such as sensory pol-
yneuropathies and radiculopathies.

When conservative measures fail to limit symp-
tomatology, surgical intervention may be neces-
sary. A review of published articles showed
symptomatic improvement in 91% of patients
surgically treated.71 This is a commonly performed
procedure, especially by podiatrists and orthope-
dic foot surgeons.72
Surgical decompression of the tarsal tunnel in
isolation or along with other peripheral nerves
has been used as an alternative approach to
diabetic neuropathy.73–78 The hypothesis that
underlies this approach is that patients who have
polyneuropathy may have increased susceptibility
to compression mononeuropathies at potential
sites of entrapment. Thus, peripheral nerve
surgery for diabetics has also included decom-
pression and neurolysis of the common peroneal
nerve at the fibular head and the deep peroneal
nerve in the anterior tarsal region.73 Note that the
sural nerve, which provides sensation to the lateral
foot, and the saphenous nerve, which provides
sensation to the medial lower leg, were not
included. It is not clear how surgery could help
sensation or other parameters in these regions of
diabetics. Dellon and his coworkers74–78 have
been the major proponents of this intervention.
He and others claim that nerve decompressions
in diabetics improve proprioception, cutaneous
sensation, balance, and neuropathic pain and pre-
vent ulcerations.

The AAN issued a practice advisory regarding
decompression surgery for the treatment of
diabetic neuropathy.79,80 Per this systematic
review, ‘‘the current evidence supporting the utility
of decompressive surgery for the treatment of dia-
betic neuropathy is of poor quality and design.’’ All
available studies for this intervention were catego-
rized as class IV studies, and the AAN concluded
that this treatment alternative be considered un-
proved. There was one study that was originally
categorized as class III because it was prospective
with a blinded evaluator.77 It was ultimately down-
graded to class IV because it lacked detail regard-
ing electrodiagnostic studies and lacked clarity
segregating patients into polyneuropathy versus
compression categories. Additionally, scales
used to define improvement were deemed
‘‘arbitrary.’’ In this study, 79% of surgically decom-
pressed nerves showed improvement in the two-
point discrimination test. All other studies were
nonblind case series using a variety of outcome
measures. The panel recommended prospective
randomized controlled trials with standardized
outcome measures to determine the value of this
intervention.
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