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Introduction. Carpal Tunnel Syndrome is defined as a constellation of symptoms and signs due to median nerve
compression in the carpal canal. The clinical presentations of Carpal Tunnel Syndrome are varied and the most common
are acroparesthesias of median innervated fingers followed by thenar atrophy without sensory symptoms, acute carpal
tunnel syndrome, and atypical descriptions of nerve compression symptoms. As histopathological proof of local median
nerve disease is unavailable as a diagnostic source, the diagnosis of Carpal Tunnel Syndrome is essentially clinical, supported
by electrodiagnosis.Aim. To compare the sensitivities of various motor and sensory electrophysiological parameters in the
diagnosis of carpal tunnel syndrome. Methods. The study included 55 consecutive patients with symptoms suggestive of
carpal tunnel syndrome (83 symptomatic hands) who attended the Neurology outpatient department. Electrodiagnostic
studies were carried out by surface recording and stimulation. Recording electrodes were disk electrodes made of silver
for motor nerve studies and orthodromic sensory studies and Velcro ring electrodes for the antidromic sensory studies.
Electro diagnosis is performed with motor nerve conduction studies and sensory nerve conduction studies and their relative
sensitivities are studied. The parameters studied are 1. Median Motor Distal Latency (Median DML), 2. Median-Ulnar Distal
Motor Latency Difference (M-U DML Difference), 3. Wrist-Palm Median Motor Conduction Velocity (W-P Median MCV),
4. Median Antidromic Sensory Distal Latency (Median DSL), 5. Median Othodromic (80 mm segment) Sensory Latency, 6.
Median-Ulnar Palm-Wrist (80 mm segment) Orthorhombic Sensory Latency Difference, 7. Median Palm-Wrist Othodromic
Sensory Conduction Velocity (Median P-W SCV).Results. The test results were compared with normative data. Among the
83 symptomatic hands, 76 (91.56%) were found to have at least one abnormal electrophysiologic study and 7 (8.43%)
were found to have normal electrophysiologic results for all parameters tested. The parameter of Wrist-Palm median
motor conduction velocity has emerged as the most sensitive test among other electro diagnostic parameters.Conclusions.
The motor conduction studies can be equally sensitive including the DMI and W-P MNCV. The study of W-P MNCV is no
more difficult as made out in earlier studies, with improvement in technique. Even in the presence of dominant sensory
symptoms and signs and minimal motor fingings, the abnornmalities of the motor conduction studies can be significant and
diagnostic. In the patient with suspected carpal tunnel syndrome, in whom the DML and DSL were within normal limits, the
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study of W-P motor conductions will increase the diagnostic yield.
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Introduction

Carpal Tunnel Syndrome is defined as a constellation of symp-
toms and signs due to median nerve compression in the
carpal canal. The clinical presentations of Carpal Tunnel Syn-
drome are varied and the most common are acroparesthe-
sias™ of median innervated fingers followed by thenar atrophy
without sensory symptoms, acute carpal tunnel syndrome,
and atypical descriptions of nerve compression symptoms. As
histopathological proof of local median nerve disease is una-
vailable as a diagnostic source, the diagnosis of Carpal Tunnel
Syndrome is essentially clinical, supported by electrodiagnosis.
A careful history is the first step towards diagnosis of Carpal
Tunnel Syndrome. Without strong historical support for the
diagnosis, reliance on physical examination or on tests such
as nerve conduction studies invites error. Patients frequently
characterize the paresthesias as their “hand going to sleep”
or “cutting off circulation”. Clinically, the diagnosis of Carpal
Tunnel Syndrome is more likely when the sensory changes are
limited to, or at least include two or three median innervated
digits. Symptoms characteristically develop insidiously. Initially,
the sensory symptoms are intermittent and mostly nocturnal,
and with time, the sensory symptoms become constant and
even present during the day. Patients with Carpal Tunnel Syn-
drome commonly report stiffness, clumsiness, and even weak-
ness of their hands, usually before they have developed any
motor or sensory functional deficit detectable by formal neu-
rologic examination. In patients with Carpal Tunnel Syndrome,

physical findings are an indication of the severity of median
nerve dysfunction. The thenar weakness usually does not oc-
cur until sensory loss is marked. Thenar weakness is rarer than
sensory loss and the thenar atrophy is even less common.
Weakness of the abductor pollicis brevis (APB) is the most sen-
sitive motor sign of Carpal Tunnel Syndrome. APB is the least
likely of the thenar muscles to receive ulnar innervation. A
number of provocative tests have been used to elicit neurolog-
ic abnormalities. In Phalen’s sign, patient is asked to hold the
forearms vertically and to allow both hands to drop into com-
plete flexion at the wrist for approximately one minute. An
individual who has a positive Phalen’s sign reports numbness
or paresthesias in the distribution of the median nerve within
one minute of sustained wrist flexion. Phalen’s test is positive
in about 74% of hands with Carpal Tunnel Syndrome. In Ti-
nel’s sign, percussion over the median nerve at wrist elicits tin-
gling sensation in the distribution of the nerve and this sign is
present in over 73% of hands with Carpal Tunnel Syndrome.

There is no gold standard for the diagnosis of Carpal Tunnel
Syndrome. The absence of a gold standard is to be expected
for a syndrome with varied clinical manifestations, varied caus-
es, and incompletely understood pathophysiology.

Electrodiagnostic tests are invaluable aids to the diagnosis of
Carpal Tunnel Syndrome. In addition to assisting in the di-
agnosis, they are helpful in characterizing the severity of the
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median neuropathy, investigating the patient for alternative
or co-existing forms of neurologic pathology, and providing
a baseline for evaluating the results of therapy. However, the
electrodiagnostic test results must always be interpreted in
clinical context. The routinely performed electrodiagnostic
tests are motor nerve conduction studies and sensory nerve
conduction studies.

Despite the abundant variety of available electrodiagnostic
tests, carpal tunnel syndrome remains a clinical diagnosis. The
test results can support the diagnosis but can never make the
diagnosis by themselves. There is no test that is always abnor-
mal in every patient who has carpal tunnel syndrome. A less
sensitive test is occasionally abnormal when a more sensitive
test is normal.

In patients with carpal tunnel syndrome, the correlation be-
tween symptoms, signs, and electrodiagnostic findings is im-
perfect. Nonetheless, there are trends relating the severity of
clinical disease and the severity of electrodiagnostic abnor-
malities. Symptoms that correlate best with nerve conduction
results include — Nocturnal awakening, morning symptoms,
relief from shaking the hand on awakening, typical median
innervated sensory distribution of paresthesias, and history
of benefiting from wrist splinting. In contrast, symptoms that
correlate less well with nerve conduction results include —
Hand pain, clumsiness, and weakness.

Nerve conduction studies are more likely to be abnormal in
patients with longer duration of symptoms. Clinical thenar
weakness is more likely to be present if there is prolonged
median DML, low amplitude thenar CMAP. The clinical sen-
sory examination is often normal despite mild to moderate
abnormalities of sensory conduction. If the clinical sensory
examination is abnormal, sensory conduction studies usual-
ly show slowed conduction, often with decreased amplitude
of the SNAP. Patients with constant rather than intermittent
symptoms are more likely to have abnormal nerve conduction
findings.

Methods

The study included 55 consecutive patients with symptoms
suggestive of carpal tunnel syndrome (83 symptomatic hands)
who attended the Neurology outpatient department. Patients
were diagnosed clinically based on the presence of symptoms
and signs, including numbness, tingling, clumsiness or weak-
ness and nocturnal awakening with paresthesias, in median
nerve distribution. The diagnosis was often supported by a
positive Phalen’s or Tinel’s sign.

Among the 55 patients (83 symptomatic hands) included
for analysis 42 were women and 13 were men (Fig.1). The
mean age of the patients was 41.55 years. Symptoms includ-
ed paresthesias in 81 hands (97.59%), weakness in 22 hands
(26.51%) (Fig.2). There were 55 symptomatic hands with pos-
itive Phalen’s sign (66.26%) and 43 symptomatic hands with
positive Tinel’s sign (51.81%) (Fig.3)

Fig. 1 Sex Distrubtion in Carpal Tunnel Syndrome (%)
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Fig.2 Symptom Distribution in Carpal tunnel syndrome
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Fig .3 Clinical Sign -Distribution in carpal tunnel syndrome
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Figure: 4

1. APB [Recording site]
2. APB [Reference site]
3. ADM [Recording site]
4. ADM [Reference site]
5. 2" Dig [Recording site]
6. 2" Dig [Reference site]
7. 5" Dig [Recording site]
8. 5" Dig [Reference site]
9. Median N. stimulation site [cathode]

10. Ulnar N. stimulation site [cathode]
11. Midpalmar stimulation site

o
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Figure 4. Depiction of Median ulnar Stimulation
Fig 5. Median ulnar Palm wrist orthrodromic Stimulation.

Figure 5.

1. Palmar stimulation site

2.Median N. [Recording site]
3. Median N. [Reference site]
4. Ulnar N. [Recording site]
5. Ulnar N [Reference site]

6. Ground electrode site

Figure: 6

The site of palmar stimulation of the median nerve for
motor conduction. The flexed ring finger points to the ap-
proximate stimulation site.

Electrodiagnostic studies were carried out by surface record-
ing and stimulation. Recording electrodes were disk electrodes
made of silver for motor nerve studies and orthodromic senso-
ry studies and Velcro ring electrodes for the antidromic senso-
ry studies. The skin temperature of the hand was maintained
at 32° C. As the comparative studies minimize confounding
personal factors, such as age and temperature, that decrease

diagnostic sensitivity by increasing the variation in healthy
subjects, in the present study, we have compared the median
motor distal latency, median wrist-palm motor conduction ve-
locity, and median palm-wrist (80 mm segment) orthodromic
sensory latency with those of the ipsilateral ulnar nerve and
their differences were calculated and taken as parameters to
study their sensitiveness in the diagnosis of carpal tunnel syn-
drome. The motor conductions are in turn compared with the
ipsilateral sensory conductions to know the relative sensitivity
of one over the other in the diagnosis of carpal tunnel syn-
drome.

The methods followed for the motor and sensory nerve con-
duction studies and the comparative studies are as below
and depicted in Figs. 4 and 5. Median and Ulnar distal mo-
tor latency. Median and ulnar motor studies were performed
by recording the Compound Muscle Action Potential (CMAP)
from the abductor pollicis brevis and abductor digiti mini-
mi respectively, with Gl (recording electrode) placed over the
muscle belly and G2 (reference electrode) placed over the
distal tendinous insertion. The median and ulnar nerves were
stimulated at the wrist 7 cm proximal to the Gl and at the el-
bow. The stimulation site of 7 cm, for the median nerve, prox-
imal to the Gl was measured as two lines, one from the Gl
to the midpoint of the distal wrist crease and a second line
from the distal wrist crease to the point of stimulation and as
one line for ulnar wrist stimulation. A ground electrode was
placed near the distal crease of the hand. All responses were
supramaximal, and distal motor latencies (DML) to the onset
were measured as well as amplitude from baseline to nega-
tive peak. The latency differences between the median-thenar
and ulnar-hypothenar (M-U) were calculated. Wrist-Palm me-
dian motor conduction velocity.To stimulate the median motor
fibers in the palm, the cathode was initially placed at a point
in the palm as for the mid palm sensory stimulation. This site
for palmar stimulation is approximated by asking the patient
to flex the ring finger; the flexed finger points to the point
in the palm that is chosen for stimulation (Fig. 6). A more
exact site of stimulation was determined by starting slightly
distal to this point in the palm and slowly moving the stim-
ulating cathode proximally until stimulation elicits a twitch of
the median thenar muscles. The anode is distal to the cath-
ode directed toward the base of the fifth digit. This was done
to avoid depolarizing the recurrent thenar nerve to abductor
pollicis brevis under the anode. If unnecessary activation of
the recurrent thenar nerve under the anode occurs, it might
cause an erroneously short latency. For the calculation of the
W-P motor conduction velocity (MCV), the distance between
the mid-palm and wrist stimulation varied individually as a re-
sult of the variable course of the recurrent motor branch to
the APB, unlike the fixed distance (80 mm) used for the calcu-
lation of P-W sensory conduction velocity (SCV). The distance
ranged from 85 to 95 mm and occasionally it was 100 mm
for some patients with larger hands. When mid-palm stimula-
tion is performed, the nature of the thenar twitch was careful-
ly observed, because stimulation of the deep branch of the ul-
nar nerve could also generate a motor response recorded over
the thenar eminence. Stimulus intensity at the palmar site was
slowly increased to maximally stimulate the recurrent median
motor nerve while avoiding the threshold for deep ulnar nerve
stimulation. Thenar twitch was checked and thumb adduction
was prevented. The CMAP waveform configuration and initial
deflection from palm and wrist stimulation were compared. If
an adduction of the thenar twitch and a change in the CMAP
waveform configuration occurred as a result of co-stimulation
of the deep branch of the ulnar nerve, the stimulation elec-
trodes were repositioned in roughly 1-mm increments toward
the thenar eminence until an abduction twitch was achieved.
A stimulus was considered maximal if there was no increase
in the CMAP amplitude despite an increasing intensity of the
stimulus. We measured the latency differences at wrist and
palm stimulation and calculated the W-P MCV (Table 1). Me-
dian distal sensory latency (Median SDL).Median sensory nerve
action potentials were determined by antidromic stimulation
at the wrist 140 mm proximal (index finger) to the recording
electrode placed over the proximal phalanx of the index finger
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(G1), with the reference electrode placed 4 cm distally (G2).
The placement of the ground electrode was the same as for
motor studies. Supramaximal responses were obtained and
distal sensory latencies (SDL) to the onset as well as ampli-
tude from baseline to negative peak were measured. All sen-
sory responses were averaged ten times to obtain clear onset
latencies. Palm-Wrist sensory nerve conduction studies. The
wrist-palm orthodromic median and ulnar sensory conduction
studies were performed by supramaximal stimulation at the
mid-palm and recording the sensory nerve action potentials
(SNAPs) at a fixed distance of 80 mm segment transcarpally
from the median and ulnar nerves. The sensory latencies and
thereby sensory nerve conduction velocities were calculated
for the median and ulnar nerves (Table 2). Palm-Wrist Ortho-
dromic (80 mm segment) median sensory latency and sensory
conduction velocity (P-W median SCV).For this study, the su-
pramaximal stimulation was given at the mid-palm and the
sensory nerve action potentials were recorded at the wrist
proximally at a fixed distance of 80 mm. The sensory latencies
were recorded. The palm-wrist median orthodromic sensory
conduction velocity was calculated from the distance and la-
tencies. Median-Ulnar

Table 1. Method of measuring Wrist-Palm
motor conduction velocity (W-P median
MCYV). The latency difference between the
mid-palm
calculated. The distance between the two

wrist and stimulations  was
points is calculated. By dividing the distance
with the latency difference, the wrist-to-palm
motor conduction velocity was achieved.

Latency with wrist stimulation a
Latency with palm stimulation b
(a-b)

Latency difference between the wrist
and mid-palm stimulation

Distance between the wrist and palm c
segment

c+(a

b)

Wrist-to-palm  motor  conduction

velocity

palm-wrist (80 mm segment) orthodromic sensory latency dif-
ference.

Table 2. Method of measuring Palm-wrist
(30 mm segment) sensory conduction velocity

Latency with palm a
stimulation
Distance between the palm c

and wrist segment

Palm-to-wrist

conduction velocity

SENSOIY c+—a

This study refers to the comparison of sensory latencies of me-
dian and ulnar nerves following stimulation of the nerves in
the palm and recording from the respective nerves at wrist at
a distance of 80 mm from the point of stimulation. The differ-
ence in latency between median and ulnar nerves is less than
0.4 ms in 96% of normal individuals (Jackson and Clifford
1989).

Descriptive statistics, including Mean and Standard devia-
tion, were applied to each nerve conduction value. Abnormal
values were defined as the Mean + 2 SD calculated for the
controls. Sensitivity of each test was calculated as number of
hands with a positive test and clinical CTS/number of hands
with clinical CTS x 100%.

During the study period, forty controls were studied using the
electrodiagnostic techniques using electrodiagnostic parame-
ters narrated above. The mean values + SD are summarized
in table 3.

Results

A total of 55 patients (83 symptomatic hands) were included
for study and analysis. The sensitivity of each test was calcu-
lated using clinical criteria as a gold standard. The test results
were compared with normative data. Among the 83 sympto-
matic hands, 76 (91.56%) were found to have at least one
abnormal electrophysiologic study and 7 (8.43%) were found
to have normal electrophysiologic results for all parameters
tested. This distribution is shown in the figure7. The sensitiv-
ities of individual parameters are shown in table 4 and are de-
picted in figure 8.

Fig.7. Sensivitiy of Electrophysiological studies in CTS.
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Fig : 8 Distribution sensitivity of each electrophysiologic
parameter in CTS (%)
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Table 3. Electrophysiologic data on 40 healthy
controls (40 hands)

Electrophvsiologic parameters Noma
1limits
(mean
+2
5Dy
1| W-P motor conduction velocity, (m/s) =
44 66
m/s
2| Median distal motor latency, (ms) =4.13
ms
3| Median-Ulnar distal motor latency =1.54
difference, (ms) ms
4| Median distal sensory latency, (ms) =2 89
ms
3| Median P-W orthodromic sensory =
conduction velocity, (m/s) 46.56
m/s
6| MUP-W (80 mm segment) ;2 3
orthodromic sensory latency
difference (ms)
7| Median P-W orthodromic (80 mm <= 1.59
segment) sensory latency ms

Median motor distal latency (< 4.13 ms) - 12 hands (14.46%)
had normal MDL, and 71 hands had abnormally delayed MDL.
The sensitivity of MDL was 85.54%.

Wrist-Palm median motor conduction velocity (> 44.66 m/s) -
Seven hands (8.43%) had normal W-P median MCV, and sev-
enty-six hands had abnormally slowed W-P median MCV. The
sensitivity of W-P median MCV was 91.56%.

Median-ulnar distal motor latency difference (< 1.54 ms) -
Seventeen hands (20.48%) had normal M-U distal motor
latency difference, and sixty-six hands had abnormally pro-
longed median-ulnar distal motor latency difference. The sen-
sitivity of median-ulnar distal motor latency difference was
79.52%.

Median (antidromic) distal sensory latency (< 2.89 ms) -
Twelve hands (14.46%) had normal SDL, and seventy-one
hands had abnormally delayed SDL. The sensitivity of SDL was
85.54%.

Median palm-wrist (80-mm segment) orthodromic sensory la-
tency (< 1.59 ms) - 24 hands (28.92%) had normal sensory
latency and 59 hands had delayed sensory latency. The sensi-
tivity of this parameter was 71.09%.

Median palm-wrist (80 mm segment) orthodromic sensory
conduction velocity (> 46.56 m/s) - Thirty hands (36.14%) had
normal palm-wrist orthodromic sensory conduction velocity,
and fifty-three hands had abnormally slowed palm-wrist or-
thodromic sensory conduction velocity. The sensitivity of palm-
wrist orthodromic sensory conduction velocity was 63.85%.

Median-ulnar palm-wrist (80 mm segment) orthodromic sen-
sory latency difference (< 0.3 ms) - Sixteen hands (19.28%)
had normal median-ulnar palm-wrist (80 mm segment) ortho-
dromic sensory latency difference, and sixty-seven hands had
abnormally prolonged M-U palm-wrist (80 mm segment) or-
thodromic sensory latency difference. The sensitivity of M-U
palm-wrist (80 mm segment) orthodromic sensory latency dif-

ference was 80.72%.

Table 4. Comparison of sensitivities of motor and
sensory conduction studies

Electro diagnostic Positive | Sensitivity

parameter hands (%o)

Median motor distal 71 8554
latency
Wrist-Palm median 76 01.36
maotor conduction
velocity
Median-ulnar distal 66 7952
motor latency
difference
Median (antidromic) 71 85.54
distal sensory latency
Median P-W (80-mm 39 71.09
segment) orthodromic
sensory latency
Median P-W (80 mm 33 63 85
segment) orthodromic
sSCV
M-UP-W (80 mm 67 80.72
segment) orthodromic
sensory latency
difference

Discussion

Carpal tunnel syndrome is the most common entrapment neu-
ropathy of the upper limbs and the most frequent source of
referral to the electrodiagnostic laboratory. Acroparesthesias of
the hands are the most common presenting symptoms of car-
pal syndrome. The diagnosis is more likely to be carpal tunnel
syndrome when the sensory changes are limted to, or at least
include, two or three median innervated digits. Because there
are several peripherial and CNS causes of acroparesthesias,
electrodiagnosis is required before surgical intervention can be
considered, Yet, a careful history is the first step toward diag-
nosis of carpal tunnel syndrome. On the strong background of
historical support, electrodiagnostis studies are of established
value in the diagnosis of carpal tunnel syndrome.®” There are
patients with symptoms and signs suggestive of carpal tunnel
syndrome that remain difficult to diagnose even using stand-
ard electrodiagnostic techniques, however. There seems to be
a discrepancy between motor and sensory involvement in the
carpal tunnel syndrome’#11:121415 |t seems there is differential
involvement of nerve fibers in the median nerve in carpal tun-
nel syndrome as supported by the fact of abundant propor-
tion of sensory nerve fibers in the nerve and also the frequent
and predominant sensory symptoms with which the patients
with carpal tunnel syndrome seek medical attention.

It is generally accepted that median sensory conductions are
more sensitive than motor conductions in the electro diagnosis
of carpal tunnel syndrome &1142122 The lack of sensitivity of
median motor studies may be a result of sparing of the mo-
tor fibers compared with the sensory fibers or the inability of
standard median motor electrodiagnostic techniques to detect
an abnormality®'®'>'7 In the conventional motor conduction
studies, long motor axons in the wrist-to-abductor pollicis bre-
vis segment rather than those in the wrist-to-palm segment
are used to determine conduction velocity or latency differenc-
es that could reduce sensitivity .>10.1517

In the present study, an attempt is made to evaluate various
conduction techniques for measuring median motor and sen-
sory conductions by stimulating the nerve at the wrist and in
the mid-plam (past its compression) and thereby to determine
the relative sensitivity of each test over the other, in the diag-
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nosis of carpal tunnel syndrome.

In the present study, out of the 83 symptomatic hands stud-
ied, weakness as a symptom figured in only 22 hands, ac-
counting for 26.51% of the symptomatic hands. Again, the
symptom of paresthesias figured in 81 hands accounting for
97.59% of the symptomatic hands. The patients came out
with the complaint of weakness on questioning only and
the weakness was in the form of mild loss of dexterity on in-
creased use of the hand. There was evidence of mild weak-
ness of the thumb and particularly, the abduction was tested.
There was no clinical evidence of thenar atrophy. Thus, the
motor symptoms in the present study population were mild
and infrequent and the signs were unobvious.

With respect to motor nerve conduction studies, the median
motor distal latency, the median-ulnar motor distal latency
difference and median motor wrist-palm conduction velocity
were studied. In the present study of median distal motor la-
tency (median DML), seventy-one hands had abnormally pro-
longed MDL and the sensitivity of median DML was 85.54%,
which is significantly higher than reported in literature. The di-
agnostic sensitivity of median DML is considered lower for the
following reasons — 1. The measurement of median DML is of
the overall conduction of the nerve impulse in the distal seg-
ment of the nerve which comprises both the compressed part
underneath the flexor retinaculum and the non-compressed
part past the transverse carpal ligament, where the delayed
conduction in the compressed part can be compensated or
masked, if not completely, by the conduction in the distal seg-
ment of the median nerve past the transverse carpal ligament.
2. The median DML may be influenced by any delay between
arrival of the nerve action potential at the terminal unmyeli-
nated axonal branches and the activation of the muscle across
the neuromuscular junction (a normal phenomenon) in addi-
tion to the median neuropathy at the carpal tunnel in the car-
pal tunnel syndrome. 3. On the top of the above two limita-
tions, there may be unpredictable differential compression of
motor and sensory fibers in the carpal tunnel syndrome which
may constantly contaminate the sensitivity of every motor/
sensory conduction study to which the median DML is not an
exception.

To overcome some of the above limitations, the segmental
studies of the median nerve were conducted and comparisons
of conduction between other nerves like ipsilateral ulnar nerve
with that of median nerve were done as superior diagnostic
techniques.

In the present study, the sensitivity of median DML is equal
to that of median DSL indicating that the motor conduction
study, if not superior, is in no way inferior to the sensory con-
duction study.

In the present study of median-ulnar distal motor latency dif-
ference, sixty-six hands had abnormally prolonged median-ul-
nar motor distal latency difference and the sensitivity of medi-
an-ulnar motor distal latency differences was 79.52%, which
is nearly equal to the sensitivity of median DML. It is interest-
ing to note that the sensitivity of this is nearly equal to that
of its counterpart study, the median-ulnar palm-wrist (80mm
segment) orthodromic sensory latency difference (80.72%), in
the sensory nerve conduction studies.

When wrist-palm median motor conduction velocity (median
W-P MCV) was evaluated, seventy-six hands had abnormally
slowed velocity and its sensitivity was 91.56%, which has the
highest sensitivity among various parameters studied, includ-
ing both the motor and sensory conductions in the present
study. To date only few studies have investigated segmental
motor conduction techniques (°1>17.1819.2024) = Although seg-
mental W-P MCV was first used as a diagnostic method 23
years ago, it was not widely used as a routine examination,
because palmar stimulation of the recurrent motor thenar
branch may produce variable results. Furthermore, this tech-
nique had the inherent difficulty of co-stimulation of the deep

branch of ulnar nerve and the thenar muscle. With improve-
ment in the stimulation technique and changing the position
of the anode electrode, as described above, these difficulties
have been overcome. The wrist-palm segment ranged from 90
to 100 mm with which the W-P MCV data were quite con-
sistent. Based on the results of this present study, the meas-
urement of W-P MCV is not a difficult procedure and can be
applied routinely in the electro diagnosis of carpal tunnel syn-
drome.

One interesting feature of the present study is that sensory
symptoms like paresthesias appeared in 81 hands (97.59%)
and weakness co-existing with sensory symptoms in 22 hands
(26.51%) of the total 83 symptomatic hands. Yet, even in
the face of mild motor symptoms, the median W-P MCV has
emerged as the most sensitive test in the electro diagnosis
of CTS suggesting that motor conduction is more common-
ly effected than originally thought. This finding goes against
the conventional notion that motor conduction testing is less
sensitive than sensory axon testing'"'42'22. Among the mo-
tor nerve conduction studies in the present study, wrist-palm
motor conduction velocity is more sensitive than the median
DML, as a test for carpal tunnel syndrome. In this respect, the
present study is in conformity with the other studies.

The common clinical notion in the neurological disorders that
the motor symptoms appear late in the disease is also found
true in the carpal tunnel syndrome in this present study. In the
face of unobvious clinical motor signs also, the motor involve-
ment in median neuropathy in the carpal tunnel is brought
out by unequivocal, highest sensitive median W-P MCV study.

With respect to sensory nerve conduction studies, the medi-
an antidromic distal sensory latency, median P-W (80mm seg-
ment) orthodromic sensory latency, M-U palm-wrist (80 mm
segment) orthodromic sensory latency difference and median
P-W orthodromic sensory conduction velocity studies were
performed.

The American Association of Electrodiagnostic Medicine
(AAEM), the American Academy of Neurology (AAN), and the
American Academy of physical Medicine and Rehabilitation
(AAPMR) (1993, 2002), who offered practice parameters for
electrodiagnostic laboratory confirmation of carpal tunnel syn-
drome, have recommended the median sensory nerve conduc-
tion study across the wrist with a conduction distance of 13 to
14 cm as the initial step in the electrodiagnosis of carpal tun-
nel syndrome.?> Thus, the sensory nerve conduction studies
were given primacy over the motor nerve conduction studies.

In the present study of median antidromic distal sensory laten-
cy, 71 hands had abnormally prolonged SDL and the sensitivity
of SDL was 85.54%. To compare, the sensitivity of the medi-
an SDL is equal to its counterpart study (median MDL) in the
motor nerve conduction studies. Thus the motor conduction
studies are proved to be equally efficacious in the electro diag-
nosis of carpal tunnel syndrome.

In the present study of median palm-wrist (80 mm segment)
orthodromic sensory latency, 59 hands had abnormally pro-
longed sensory latency and its sensitivity was 71.09%. To ob-
viate the confounding factors such as temperature and tech-
nical differences, the median palm-wrist orthodromic sensory
latency was compared to that of ulnar nerve across the identi-
cal segment. With this the sensitivity of the P-W median-ulnar
(80 mm segment) sensory latency difference rose to 80.72%.
This is nearly equal to that of M-U distal motor latency differ-
ence (79.52%).

In this study, the sensitivity of distal sensory latency in the di-
agnosis of carpal tunnel syndrome was equal to that of distal
motor latency. While evaluating the transcarpal sensory con-
ductions, the sensitivities of orthodromic sensory latency and
SCV of 80 mm segment have proved to be less sensitive i.e.,
71.08% and 63.85% respectively. This apparent discrepan-
cy compared to the earlier studies, which showed that sen-
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sory conductions are superior to motor conductions, could
have been due to selection of patient populations and tech-
nical differences. To obviate this discrepancy, P-W median-ul-
nar sensory latency difference was calculated [normal - < 0.3
msec (mean = 2 SD)]. The sensitivity of this parameter rose to
80.72, canceling out any confounding factors that could have
contributed to earlier discrepancy (24).

In fact, motor conduction is sometimes selectively involved
when sensory conduction remains normal, although the re-
verse is often true. The lower sensitivity of conventional motor
conduction studies might well be a result of a normal palm-to-
muscle segment masking the slowing across the carpal tunnel
and the normal delay at the neuro-muscular junction in the
impulse transmission6,7,8,9,10,11,12,14,15,17,24

These problems were overcome in this present study with the
much-refined median wrist-palm segment study with highest
sensitivity in the electro diagnosis of carpal tunnel syndrome.

The high diagnostic yield of median W-P MCV in this study
cannot be attributed to the higher percentage of abnormali-
ties in the median DML hands. In fact, the sensitivities of me-
dian DML and that of median DSL were identical. Thus, it was
not likely that the high sensitivity of W-P MCV resulted from
selection bias.?

The high abnormal rate of W-P MCV in the diagnosis of CTS
can be explained by the intraneural topography of motor fib-
ers or by the course of the recurrent motor thenar branch.
The recurrent motor branch lies superficially in the most vol-
ar-radial quadrant (34). Median nerve compression at the car-
pal tunnel preferentially impairs fibers near the compression
site and is not equal over the whole nerve. The anteromedial
and anterolateral fascicles seem to be more susceptible when
compared with fibers located more centrally. This may partially
explain why the motor fibers to the APB are injured first. Var-
iation in the course of the recurrent thenar branch in the car-
pal tunnel, as was mentioned earlier, may explain why some
carpal tunnel syndrome patients present with predominant
compression of the recurrent motor branch rather than the
sensory fibers.
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