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Abstract

Despite being the most common entrapment neuropathy and the most common reason for referral to
the electromyography (EMG) laboratory, the diagnosis of carpal tunnel syndrome (CTS) continues to be

challenging due to a large number of electrodiagnostic (EDX) tests available. We present a flowchart and
propose a practical approach to the diagnosis of CTS using the available literature and the American
Association of Neuromuscular and Electrodiagnostic Medicine (AANEM) guidelines and the Practice Parameter
for Electrodiagnostic Studies in Carpal Tunnel Syndrome.
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INTRODUCTION

Carpal tunnel syndrome (CTS) is the most common
entrapment neuropathy caused by compression of the
median nerve at the wrist, and the most common reason
for referral to the electromyography (EMG) laboratory.
Many different electrodiagnostic (EDX) methods
have been developed over the years for diagnosis of
CTS. Electromyographers are often unclear about
the selection of the most appropriate test from a long
list of available choices. The objective of this review
is to select the most validated electrodiagnostic tests
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for the diagnosis of CTS and classify them in a
stepwise approach. We searched ‘Pubmed’ for all
articles relevant to electrodiagnosis of CTS and
reviewed American Association of Neuromuscular
and Electrodiagnostic Medicine (AANEM) guidelines
and Practice Parameter for Electrodiagnostic Studies
in Carpal Tunnel Syndrome. Using the available
literature, we present a flowchart and propose a
practical approach to the diagnosis of CTS.

The median nerve, formed by contributions from the
lateral (C6-C7 fibers) and medial cords (C8-T'1 fibers),
enters the wrist, along with nine finger flexor tendons,
through the carpal tunnel. The floor and sides of
the tunnel are composed of carpal bones, while the
transverse carpal ligament forms its roof. CTS is more
common in women, is most prevalent after 50 years
of age, and usually involves the dominant hand first.
The incidence of CTS has increased almost two-fold
over the last two decades.!! CTS remains a clinical
syndrome with appropriate symptoms and signs, in the
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presence of EDX abnormalities. Episodic numbness,
tingling, burning or pain in the affected hand, frequent
awakening at night, due to hand paresthesias, and
relief of symptoms by hand shaking are characteristic
symptoms of CTS. Palm pain, wrist pain or radiation
proximal to the wrist may occur. The most common
site of sensory symptoms is in all digits, followed by
median digits only or a glove distribution.” Absence
of symptoms in the thumb, index, and middle fingers
makes the diagnosis of CTS unlikely [Table 1].5%
Likelihood of the carpal tunnel syndrome is the greatest
for classic symptoms in combination with positive
electrodiagnostic study results. When there are no
symptoms in the thumb, index, or middle fingers, the
likelihood of carpal tunnel syndrome is judged to be low,
regardless of the results of the EDX study.”® Paresthesia
in a median nerve distribution, after percussion of
the median nerve at the wrist (Tinel’s sign), and
particularly, after passive flexion of the hand at the
wrist (Phalen’s sign)* can help in diagnosis, but they
are not very sensitive and specific tests.

Electrodiagnostic (EDX) studies are often necessary
for confirmation of CTS diagnosis and exclusion of
other possible causes of symptomatology, such as,
cervical radiculopathy or peripheral polyneuropathy.
In addition, nerve conduction studies could be used
to predict the risk of development of CTS symptoms
in asymptomatic patients® and also to predict the
outcome of surgical decompression.'® Many different
EDX tests have been designed for CTS diagnosis and
the EDX practitioner is faced with myriad different
situations and uncertainties in the proper use of these
tests in clinical practice.

Prolongation of the median motor distal latency (MDL)
was first described in 1956 by Simpson'™ and
later confirmed by Thomas!® and Lambert.) At
the same time, measurement of median sensory
nerve conduction was introduced by Dawson, and
median sensory slowing across the carpal tunnel
was demonstrated in patients with CTS, by Gilliatt
and Sears.” Prolongation of median palm-to-wrist
sensory nerve latency was first described by Eklund,™*"
and with slight modification, remains the preferred
method for diagnosis of CTS in many laboratories.!'*
The inching method, described by Kimura, consists
of antidromic serial 1-cm stimulation of the median

Table 1: Classic, possible and unlikely CTS according to
clinical symptoms (modified from Rempel, et al.)
CTS Numbness, tingling, burnin, or pain in digits 1, 2 or 3

Classic Two of three fingers
Possible One of three fingers
Unlikely None of three fingers

CTS: Carpal tunnel syndrome

2

nerve across the carpal tunnel recording, from
the index or middle fingers."®!4 Comparison of the
latencies of the median and ulnar nerves from the
ring finger with antidromic™®!%! or orthodromict7!®
stimulation is another sensitive method of diagnosis.
Similarly comparison of the latencies of radial and
median nerves from the thumb could be used in
the diagnosis of CTS." Finally, the median MDL
recording from the second lumbrical is compared
with the ulnar MDL recording from the second
interossei.?” Comparison of the orthodromic or
antidromic sensory nerve conduction velocity (SNCV)
in the median nerve between the third digit and palm
and between the palm and wrist is another proposed
method.”?!! Other less confirmed methods include: The
second lumbrical-interossei premotor potential,’??
the cutaneous silent period,?¥! modified sensory
‘inching’ method,?* comparison of sensory nerve
conductions in the palmar cutaneous branch and digit I
nerves,?! combined sensory index,’?¥ terminal latency
index,”?” median motor nerve conduction amplitude
comparisons with stimulation above and below the
carpal ligament, 2539 measurement of the refractory
period of the median nerve,*%? median motor residual
latency measurement,®334 terminal latency ratio,”
median F-wave abnormalities,®® sensory amplitude
measurements,®” and measurement of the median
sensory and motor nerve conduction across the wrist
before and after prolonged wrist flexion.!383%

In an extensive literature review by the American
Association of Neuromuscular And Electrodiagnostic
Medicine (AANEM) Quality Assurance Committee,
Jablecki et al. found that median MDL, median sensory
NCS (between the wrist and digit, between the wrist
and palm, inching method), comparison of median
and ulnar mixed nerve sensory conduction between
the wrist and palm, comparison of median sensory
nerve conduction to the ulnar or radial sensory nerve
conduction in the same limb, and EMG of the abductor
pollicis brevis (APB) were the best documented EDX
tests in the electrodiagnosis of CTS.%" They found that
absent or delayed peak sensory distal latencies (SDL)
occur in 49 to 66% of the CT'S patients, with 97.5 to 100%
specificity and delayed motor distal latencies (MDL)
occurring in 60 to 74% of the CTS patients with 95 to
99% specificity. The latter tests are the most popular
EDX studies in the evaluation of CTS.

The AANEM Guidelines recommend median sensory
or mixed nerve conduction study, median motor
conduction study, needle examination of APB, ulnar
or/and radial motor and sensory NCSs (in order
to exclude a peripheral neuropathy), and needle
electromyography of the limb muscles innervated
by the C5toT1 roots (in order to exclude a cervical
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radiculopathy, brachial plexopathy, and a proximal
median neuropathy) be performed, as part of the
examination of patients suspected of CTS.*!

The American Association of Neuromuscular and
Electrodiagnostic Medicine, American Academy of
Neurology, and the American Academy of Physical
Medicine and Rehabilitation report a practice
parameter for electrodiagnostic studies in carpal
tunnel syndrome that was published in two journals,
Muscle, Nerve, and Neurology, simultaneously.!4243

This report recommends performing a median
sensory NCS across the wrist, a motor NCS of the
median nerve recording from the thenar muscle,
and of one other nerve in the symptomatic limb, to
include measurement of distal latency, and needle
electromyography (EMG) of a sample of muscles
innervated by the C5 to T1 spinal roots, including a
thenar muscle innervated by the median nerve of the
symptomatic limb. If the result of the median sensory
and motor distal latencies are abnormal in comparison
to the result of the sensory and motor distal latencies
of one another adjacent nerve in the symptomatic limb,
the diagnosis of CTS is confirmed, However, if the
initial median sensory and motor distal latenciesacross
the wrist are normal or equivocal, one of the following
additional studies is recommended: Comparison of a
median sensory or mixed nerve conduction across the
wrist over a short (7 cm to 8 cm) conduction distance,
with ulnar sensory nerve conduction across the wrist
over the same short (7 cm to 8 cm) conduction distance,
comparison of the median sensory conduction across
the wrist with radial or ulnar sensory conduction
across the wrist in the same limb, or comparison of
the median sensory or mixed nerve conduction through
the carpal tunnel to the sensory or mixed NCSs of the
proximal (forearm) or distal (digit) segments of the
median nerve in the same limb.

In supplementary NCS, as recommended by the report,
a comparison of the median motor nerve distal latency
(second lumbrical) to the ulnar motor nerve distal
latency (second interossei), inching method, median
motor terminal latency index, and median motor nerve
conduction between the wrist and palm are the most
sensitive and specific tests.

Considering the above data and literature, we have
designed a flowchart and stepwise approach to
the diagnosis of CTS [Figure 1]. To begin with, we
must remember that CTS is a clinical diagnosis and
performing EDX in patients with clinically unlikely
manifestations of CTS is fruitless[Table 1].®! There is
strong evidence in favor of performing SDL and MDL
as the first step in EDX of CTS (see above). If the
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results of both tests are abnormal, CTS is probable,
but peripheral polyneuropathy could also be present
with abnormal median SDL and MDL. Concomitant
abnormality of the ulnar SDL and MDL is in favor of
polyneuropathy. In this situation, the median-ulnar
second lumbrical-interossei comparison study is the
preferred method that could demonstrate the presence
of CTS in polyneuropathy patients™** [Figure 1].

If the results of median SDL and MDL are normal
or equivocal despite clinical symptoms of CTS, one
or more comparison study of median NCS with
neighboring nerves in the same limb is logical.

The recommended tests are the median-ulnar palmar
mixed comparison study, the median-ulnar ring finger
sensory study, the median-radial thumb sensory
study, or the median-ulnar second lumbrical-interossei
study (see above). The diagnosis of CTS is confirmed if
one, and preferably two, of these tests are abnormal.
If the results of these tests are normal, CTS is almost
excluded [Figure 1]. Finally, needle EMG of APB
muscle for evaluation of CTS severity and C5-T1
innervated muscles for evaluation of radiculopathy
must be performed.

Median motor study

The median nerve is stimulated at the wrist (between
tendons to the flexor carpi radialis and palmar
longus) and at the antecubital fossa (over the brachial
artery pulse). The recording electrode is over the
abductor pollicis brevis (APB) muscle keeping the
distance between the cathode of the stimulator and
the active recording electrode btween 4 and 6 cm.
Distal Motor Latency (DML) longer than 4.2 ms and
Nerve Conduction Velocity (NCV) less than 49 m/s is
considered abnormal.

Median sensory study

The median nerve is stimulated in the middle of the
wrist between the tendons to the flexor carpi radialis
and palmars longus at a distance of 13 ¢m from the
recording electrode (ring electrode), which is placed
over the index finger. An SDL (peak latency) longer
than 3.5 ms is considered abnormal. Several studies
proposed that recording SDL from the index finger has
a lower sensitivity than the other median innervated
fingers and suggested recording SDL from the thumb,
middle or ring fingers.[“>47

Median-ulnar palmar mixed comparison study

The median and ulnar nerves are stimulated in the
mid-palm between the second and third metacarpals, and
between the fourth and fifth metacarpals, respectively.
The recording electrode is at the wrist over the median
and ulnar nerves 8 c¢cm proximal to the mid-palm
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Figure 1: Practical approach to diagnosis of carpal tunnel syndrome (CTS) SDL = Sensory peak distal latency, MDL = Motor distal latency,
PP = Peripheral polyneuropathy, Palm mix = Median-ulnar palmar mixed study, Second L/I = Median-ulnar Second -lumbrical/interossei study,
M-U ring = Median-ulnar ring finger study, M-R thumb = Median-radial thumb study

cathode.® The compound nerve action potential (CNAP)
is recorded from the median and ulnar stimulation and
a difference of >0.4 msec in latency is considered as
significant. Palmar mixed studies are abnormal in 66%
of the hands symptomatic with CTS.“% Kimura reported
prolonged palm-to-wrist latency in 21% of the hands in
which conventional DML and PSL were normal.!**

Median-ulnar second lumbrical-interossei comparison
study

In this study the motor distal latency (MDL) of the
median nerve recording the second lumbrical muscle
is compared to the ulnar motor latency recording
the second intersossei. The recording surface
electrode is placed just lateral to the midpoint of a

line over the third metacarpal bone that connects
the base of the middle finger to the middle of the
distal wrist crease.? The reference electrode is
placed over the second proximal interphalangeal
joint. With stimulation of the median and ulnar
nerves at the wrist, the compound muscle action
potentials (CMAPs) are recorded from the second
lumbrical and interosseous muscles, respectively. If
a standard and equal distance of 8-10 cm is used for
both nerves, a median—ulnar distal latency difference
of >0.5 msec is consistent with CTS. This technique
has a reported sensitivity of 97.5%.°°' Motor fibers to
the lumbrical muscles have a more central position
in the median nerve than motor fibers to the thenar
muscles and sensory fibers to the digits. In severe
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CTS, resulting in absent median CMAP and sensory
nerve action potentials (SNAPs), second a lumbrical/
interossei study localizes the lesion to the wrist in
over 90% of the cases.’! Similarly, this study can
still be easily performed in patients with CTS and
advanced polyneuropathy associated with absent
sensory responses in the hands.”?” In this situation,
a median—ulnar distal latency difference of >0.8 msec
has the highest sensitivity and specificity.**

Median-ulnar ring finger sensory study

Median and ulnar nerves are stimulated at the wrist
and antidromic SDLs recording the ring finger at an
11 to 13 cm distance are compared. An orthodromic
study is also described. The difference in peak
latencies of >0.4 msec is considered as abnormal. This
test is abnormal in 82% of the patients with CTS.M4"
Some authorities proposed that this test may be more
sensitive than other comparative studies. 52!

Median-radial thumb sensory study

The median and radial nerves are stimulated at the
wrist and SDLs of the median and radial nerves are
recorded from the thumb."3!' At an 8-10 cm distance, a
difference of >0.4 msec of peak latencies is considered
abnormal. This study is abnormal in about 60—-69% of
the hands with CTS.14"

Segmental nerve conduction study (‘Inching’ study)
The median nerve is stimulated serially in 1-cm
increments from the mid-palm to the distal forearm,
and the sensory nerve action potential (SNAP) is
recorded antidromically from the index or middle
finger.'3 There usually is a latency change of 0.16
to 0.21 msec/cm between the stimulation sites. An
abrupt latency increase of >0.4 to 0.5 msec across
one or two adjoining segments (usually 2 to 4 cm
distal to the distal wrist crease) is consistent with
the diagnosis of CTS. Despite the fact that this study
is time consuming and subject to measurement error
and volume conduction, it could precisely localize the
lesion in a large number of symptomatic hands.
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