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Introduction

Carpal tunnel syndrome (CTS) is most common
entrapment neuropathy in upper extremity. The carpal
tunnel is bounded by carpal bones and transverse
ligaments which are attached to scaphoid, trapezoid

and hamate bones. The diameter of carpal tunnel is
2 to 2.5 cm and median nerve passes through it
along with nine digital flexor tendons. Some degree
of compression of median nerve and focal nerve
conduction slowing is common at this level which is
more pronounced 2-3 cm distal to the origin of the
ligament. Autopsy study has also confirmed focal
abnormal i ty  in  median nerve in 5 out  of  12
asymptomatic subjects (1, 2).

CTS is also been reported to be the commonest
entrapment neuropathy in western countries. In
Rochester, Minnesota, the prevalence of CTS was
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Abstract

Sensory nerve conduction velocity (SNCV) of median nerve measured across the carpal tunnel, difference
between distal sensory latencies (DSLs) of median and ulnar nerves and difference between distal motor
latencies (DMLs) of median and ulnar nerves are commonly used nerve conduction parameters for diagnosis
of carpal tunnel syndrome (CTS). These are having high degree of sensitivity and specificity.

Study of median nerve F-wave minimal latency (FWML) and difference between F-wave minimal latencies
(FWMLs) of median and ulnar nerves have also been reported to be useful parameters for diagnosis of CTS.
However, there is controversy regarding superiority of F-wave study for diagnosis of CTS.

So the aim of present study was to compare sensitivity and specificity of median FWML and difference
between FWMLs of median and ulnar nerves with that of above mentioned electrophysiological parameters
and to find out which parameters are having more sensitivity and specificity, for early diagnosis of CTS.

Methods : Median and ulnar nerves sensory and motor conduction, median and ulnar nerves F-wave studies
were carried out bilaterally in 125 clinically diagnosed patients of carpal tunnel syndrome. These parameters
were also studied in 45 age matched controls.

Results : Difference between DSLs of median and ulnar nerves, median SNCV and difference between DMLs
of median and ulnar nerves were having highest sensitivity and specificity while median FWML and difference
between FWMLs of median and ulnar nerves was having lowest sensitivity and specificity for diagnosis of
CTS. So in conclusion F-wave study is not superior parameter for diagnosis of CTS.
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Inclusion criteria for patients

Patients having symptoms suggestive of CTS i.e.
aching pain in hand and arm (especially at night),
parasthesia in thumb, index finger and middle finger
for more than 4 weeks (5), Phalan’s test positive,
Tinel’s sign positive.

Exclusion criteria

Patients having clinical or laboratory diagnosis of
cervical spondylit is radiculopathy, neuropathy,
diabetes, rheumatoid arthritis, trauma, hypothyroidism
pregnancy, chronic alcohol intake or any major illness
were excluded from the study (5).

Nerve conduction study was also performed on 45
age matched controls those were selected from
medical students, teaching and non teaching staff
and peons form medical college and hospital.

Inclusion criteria for controls

Apparently healthy age matched controls were
selected who were not having any signs and
symptoms of neurological disorder or any major
illness Institutional ethical committee approval was
taken for the study (Institutional ethical committee
approval letter number: KIMSU/240/2008). Patients
and subjects were informed the detailed procedure
of nerve conduction study and written consent was
taken. Electro diagnostic study included motor and
sensory nerve conduction and F wave study of Median
and Ulnar nerves on both sides by conventional
method (1).

Fol lowing parameters were measured. (Onset
latencies were measured)

Motor conduction :

Distal motor latency of Median nerve and ulnar nerve

Difference between distal motor latencies of median
and ulnar nerves

F-wave minimal latencies of median and ulnar nerves

estimated at 125 per 100,000 in 1976-80. Earlier
hospital based studies from India reported CTS rarely.
In recent study from South India CTS accounted for
7% of patients with peripheral nerve disorders and
84% of entrapment neuropathies referred for electro
diagnostic evaluation (3, 4).

Good history taking and proper clinical examination
helps for  c l in ica l  d iagnosis  of  CTS. Cl in ica l
examination includes Tinel’s test (tapping of the nerve
at wrist induces tingling), Phalan’s test (maximum
flexion at wrist for 1 min induces symptoms).
However, these tests are rather non-specific and
unreliable (5). Along with cl inical examination
following electrophysiological parameters which have
greater sensitivity and specificity are commonly used
to diagnose CTS. These parameters are median nerve
sensory conduction velocity (SNCV) measured across
carpal tunnel, difference in distal sensory latencies
(DSL) of median and ulnar nerves and difference
between distal motor latencies (DML) of median and
ulnar nerves (7). Study of median nerve FWML and
difference between FWMLs of median and ulnar
nerves have also been reported to be useful
parameters for diagnosis of CTS (8, 9, 10).

However, there is controversy regarding superiority
of F-wave study compared to above mentioned
parameters for diagnosis of CTS.

So the aim of present study was to compare
sens i t i v i t y  and spec i f i c i t y  o f  med ian  FWML
and difference between FWMLs of median and ulnar
nerves with that of above mentioned electrophysiological
parameters and to find out which parameters are
having more sensitivity and specificity, for early
diagnosis of CTS.

Methods

Nerve conduction study was conducted on 125
patients, referred to electrophysiology laboratory
of Department of Physiology in Krishna Institute
o f  Med ica l  Sc iences  Karad,  Maharasht ra
(India). Duration of study was June 2009 to June
2011.
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Difference between F-wave minimal latencies of
median and ulnar nerves

Sensory conduction :

Distal sensory latency of Median nerve and ulnar
nerve

Sensory conduction velocity

Difference between distal sensory latencies of median
and ulnar nerves:

For recording sensory and motor nerve conduction,
surface metal electrodes were used.  For recording
motor conduction of Median nerve, recording electrode
was placed close to the motor point of Abductor
Pol l ic is  Brevis and reference electrode 3 cm
distal to it at first metacarpophalangeal joint. A
supramaximal stimulus was given at wrist and at
elbow near volar crease of brachial pulse.

For recording motor conduction of Ulnar nerve,
recording electrode was placed close to the motor
point of abductor digiti minimi and reference electrode
3 cm distal to it at fifth metacarpophalangeal joint.
A supramaximal stimulus was given at wrist and at
elbow in cubital tunnel behind medial epicondyle.
For ulnar nerve stimulation at elbow arm position
was maintained at 135°C (1).

Care was taken to keep same distance between
stimulating and recording electrodes for both median
and ulnar nerves at wrist so that distal latencies of
Median and Ulnar nerves could be compared (1).

For orthodromic sensory conduction of median nerve,
surface recording electrode was placed 3cm proximal
to distal wrist crease and reference electrode at 3
cm proximal to recording electrode. For stimulation
ring electrodes were fixed on second digit.

For orthodromic sensory conduction of ulnar nerve,
recording electrode was placed 3 cm proximal to
distal palmer crease and reference electrode at 3cm
proximal to recording electrode. For sensory
stimulation ring electrodes were fixed on fifth digit.
Cathode is placed at first interphalangeal joint and

anode at 3 cm distal to cathode. For both median
and ulnar sensory conduction, 20 supramaximal
stimuli were delivered and average was recorded.
During both median and ulnar sensory conduction
recording, ground electrode was placed between
recording and stimulating electrodes. Care was taken
to keep same distance between stimulating and
recording electrode for both median and ulnar nerves
at wrist.

For recording of F-wave response the surface
recording electrode was placed in a belly tendon
montage similar to motor nerve conduction study.
For median nerve recording electrode was kept on
APB muscle and for ulnar nerve it was kept on ADM
muscle. The distance between the stimulating
electrode at the wrist and recording electrode at the
muscles was kept constant (8 cm) for median and
ulnar nerves (11, 12). The F-wave recording was done
from relaxed muscle. Conventional supramaximal
stimulation was used. Cathode was placed proximal
to anode to avoid anodal block. 10 such stimuli were
given. From 10 tracings of F-waves, minimal F-wave
latency (FWML) was measured.

During nerve conduction study, laboratory temperature
was maintained between 21°C to 23°C. When
skin temperature of limb was below 34°C, the limb
was immersed in a warm water to correct the
temperature (1).

For nerve conduction studies, Recorder and Medicare
System machine (RMS EMG EP MK 2) f rom
Chandigarh (India) was used.

Statistical analysis

The standard statistical unpaired t test was used to
compare in both control and patients and p value
was calculated.

Mean and SD for different electrophysiological
parameters were measured in controls and patients.

Normali ty range for each electrophysiological
parameter was determined from mean and SD of
controls (normal healthy subjects). 95% normality
range determined as mean±1.96 SD.
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Results

DML - Distal motor latency; FWML-F-wave minimal
latency

Table I depicts the mean±standard deviation of
conduction studies of all the parameters in control
and in patients groups on Rt. & Lt. sides.

In patients group the difference between DSLs of
median and ulnar nerves was significantly increased
(P<0.001) when compared to that of control group.

Median nerve sensory  ve loc i ty  (SNCV)  was
significantly decreased in patients than in control
group (P<0.001).

Compared to control group difference between DMLs
of median and ulnar nerves was signif icantly
increased in patients (P<0.001).

Med ian  nerve  F-wave min ima l  la tency  was
significantly prolonged in patients (P<0.001).

Table II depicts comparison of F wave min latencies
of median and ulnar nerves. In patients, FWML of
median nerve was significantly prolonged than that
of ulnar nerve on both sides (P<0.001). In controls
there was no significant difference in FWMLs of
median and ulnar nerves (P>0.05).

Table no. III depicts that difference between F-min
latency of median and ulnar nerves is highly
significant on both sides (P<0001).

Table IV depicts sensitivity and specificity of different
parameters of nerve conduction studies. Median
SNCV and difference in DSL of median and ulnar
nerves was having higher sensitivity and specificity.

However, the F-min latency test was having lower
sensitivity and specificity.

Difference in F-min latencies of median and ulnar
nerves was having lowest sensitivity and specificity.

TABLE I : Nerve conduction parameters.

Mean±SD Mean±SD T P
Parameter Control Patients value value

n=45 n=125

Difference In DSL
Rt. 0.12±0.18 1.12±0.78 8.495 <0.001*
Lt. 0.18±0.23 0.83±0.61 6.873 <0.001*

Difference in DML
Rt. 0.83±0.30 1.76±1.24 4.936 <0.001*
Lt. 0.76±0.30 1.45±0.91 4.927 <0.001*

Median SNCV (m/s)
Rt. 54.92±4.52 39.80±9.63 10.078 <0.001*
Lt. 53.61±5.86 44.14±9.3 6.310 <0.001*

Median FWML (ms.)
Rt. 25.669±1.64 27.495±3.547 3.321 <0.001*
Lt. 25.404±1.783 26.78±2.870 3.096 <0.001*

*Highly significant.
SNCV - Sensory nerve conduction velocity; DSL - Distal
sensory latency.

TABLE II : Comparison of F wave min latencies of median
and ulnar nerves.

F-min Rt. Rt. T P
(mS) Median Ulnar value value

In patients 27.495±3.547 24.904±2.091 6.893 <0.001*
In control 25.669±1.642 25.673±1.752 0.012 0.6689

F-min Lt. Lt. T P
(mS) Median Ulnar value value

In patients 26.78±2.870 24.822±2.106 6.034 <0.001*
In control 25.404±1.783 25.576±1.885 0.442 0.71

*Highly significant.

TABLE III : Difference between mean F-minimal latencies of
median and ulnar nerves.

Parameter In patients In controls T P
Mean±SD Mean±SD value value

Difference between
F-min. latencies of
median & ulnar
Rt. 2.98±2.68 1.38±1.40 3.802 <0.001*
Lt. 2.79±2.08 1.21±1.35 4.202 <0.001*

*Highly Significant.

TABLE IV : Sensi t iv i ty and speci f ic i ty of  di f ferent nerve
conduction parameters.

Screening test Sensitivity Specificity

SNCV 69.26% 93.33%
Difference in DSL 63.55% 100%
Difference in DML 46.8% 100%
F-min. Median 36.17% 91.11%
Difference in F-min of 23% 85.55%
Med. And Uln. nerves
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Discussion

Carpal tunnel syndrome is a common clinical problem
due to median nerve entrapment. It occurs most often
in patients between 30-60 yrs of age and is 5 times
more common in women than men (9). In our study
average age of controls was 45 years and in patient
it was 46yrs and male to female ratio was 1:3. Even
with good history and clinical examination at times
it is difficult to diagnose CTS. The electrophysiological
studies are now regarded as the gold standard
diagnostic tests. It has a high degree of sensitivity
and specificity (11).

The electrophysiological diagnosis of CTS is based
on conduction abnormalities across carpal tunnel
as median nerve gets compressed in carpal tunnel
(1, 3).

Characteristic findings in the electrophysiological
diagnosis of CTS were slowing sensory conduction
of median nerve, decrease in SNAP amplitude, and
increase in DSL and DML in median nerve (13, 14,
15). As ulnar nerve does not pass through carpal
tunnel and passes lateral to tunnel its DML and DSL
are expected to be normal. So difference between
DML and DSL of median and ulnar nerve may be
considered as very sensitive indicator of CTS (2, 14,
16).  The findings in our study also show that
the difference between DML and DSL of median and
ulnar nerves was having highest sensitivity and
specificity.

The American Association of Electro diagnostic
Medicine (AAEM) has concluded that median nerve
sensory transmission is also more sensitive indicator
for diagnosis of CTS (17). In this study median nerve
sensory velocity was reduced as it was measured
across the carpal tunnel. In severely affected patients
sensory response was absent (24%). There was
significant decrease in SNCV of the patients, on
both sides. In our study difference between DSLs of
median and ulnar nerve, difference between DMLs of
median and ulnar nerves and median SNCV measured
across the carpal tunnel were having highest
sens i t i v i t y  and spec i f i c i t y .  Our  f ind ings  are
comparable with the results of other workers (2, 3,

4). Sensitivity and specificity of median nerve FWML
and difference between FWMLs of median and ulnar
nerves was very low. Our findings are not consistent
with findings of other workers (8, 11).

F-wave is a late response resulting from antidromic
activation of motor neurons involving conduction to
and from spinal cord and occurs at the interface
between the peripheral and central nervous system
(1, 7).

The possible explanation for low sensitivity and
specificity for F-wave parameters could be F-
wave may not appear after each stimulus and
is variable in configuration. Individual motor neurons
are activated infrequently with antidromic stimulation
and there are no more than few motor units in F-
wave. F-wave latency varies with each stimulus
depending upon type of neurons activated and their
conduction velocity (7). Because of this variability
the number of F-waves used for analysis in clinical
studies are varied, at times this number being as
high as 50 or even greater whereas others have
argued that study of 3-5 F-waves are sufficient for
accurate determination of F-wave latency. Consensus
has developed in the literature that analysis of 10 to
20 F-waves is reasonable balance between feasibility
and adequate data (7). Studies of APB muscle
however have indicated that evaluation of 16-20 F-
wave stimuli are needed for accurate measurement
of true latencies (7).

In present study we have evaluated only 10 stimuli
to obtain median FWML, this could be primary
explanation for low sensitivity and specificity. F-wave
latencies seem to be directly related to patient’s
height, limb-length and to lesser degree to the age.
We have not used corrected values of F-minimal
latencies for these parameters. This could be another
reason that F-wave parameters were having less
sensitivity and specificity for diagnosis of CTS. The
present study has limitations that sample size was
relatively smaller. Larger studies are needed to
strengthen the interpretation. Further research is
required to evaluate F-wave parameters with more
number of stimuli and use of corrected F-wave
latencies for height and age to observe whether
sensitivity and specificity improves.
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Conclusion

Difference between DSLs of median and ulnar nerves,
difference between distal motor latencies of median
and ulnar nerves and median nerve sensory
conduction velocity are the electrophysiological
parameters  with   high sensitivity and specificity for
diagnosis CTS.

Minimal F-wave latency of median nerve and
difference between minimal F-wave latencies of
median and ulnar nerves are the parameters with

lowest sensitivity and specificity for diagnosis CTS.
So in conclusion compared to above mentioned
parameters F-wave study is not superior parameter
for diagnosis of CTS.
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