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The role of median nerve terminal latency index in the
diagnosis of carpal tunnel syndrome in comparison with
other electrodiagnostic parameters

Babak Vahdatpour, Saeid Khosrawi, Maryam Chatraei

Department of Physical Medicine and Rehabilitation, Faculty of Medicine, Isfahan University of Medical Sciences, Isfahan, Iran

Abstract

Background: Carpal tunnel syndrome (CTS) considers the most common compression neuropathy, which
nerve conduction studies (NCSs) used for its detection routinely and universally. This study was performed
to determine the value of the median TLI and other NCS variables and to investigate their sensitivity and
specificity in the diagnosis of CTS.

Materials and Methods: The study was carried out among 100 hands of healthy volunteers and 50 hands
of patients who had a positive history of paresthesia and numbness in upper extremities.Information
including age, gender, and result of sensory and motor nerve conduction velocity (MNCV), peak latency
difference of median and ulnar nerves of fourth digit (M4-U4 peak latency difference), and TLI were
recorded for analysis. Sensitivity and specificity of electro diagnostic parameters in the diagnosis of CTS
was investigated.

Results: Normal range of the median nerve TLI was 0.43 = 0.077. There was no significant difference
between two groups for MNCV means (P = 0. 45). Distal sensory latency and distal motor latency (DML)
of median nerve and fourth digit median-ulnar peak latency differences (PM4-PU4) for CTS group was
significantly higher (P < 0.001) and mean for sensory nerve conduction velocity was significantly higher
in control group (P < 0.001). The most sensitive electrophysiological finding in CTS patients was median
TLI (82%), but the most specific one was DML (98%).

Conclusion: Although in early stages of CTS, we usually expect only abnormalities in the sensory studies,
but TLI may better demonstrate the effect on median nerve motor fiber even in mild cases of CTS.
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INTRODUCTION

The hand is a mirror of human brain function. Hand
reflects human feeling and sensation and conformity
between hand and feeling provide a tool for expressing
issues and connecting to others.!!! One of the problems
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can cause the complications of hand function considers
carpal tunnel syndrome (CTS). CTS is the most common
form of entrapment neuropathies, which occurs due to
median nerve compression in the wrist, and could last
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months or even years. CTS symptoms and signs include
numbness, tingling, and paresthesia or the intermittent
pain of thumb, index finger or middle finger, which
results in severe functional disorders as consequences
of the sensory complications.?? Recent evidences were
presented high incidence of the condition and related
complications for the patients, in order to properly
assess nerve function during the primary stages of
disease development and ascertaining the patient
condition, the need for sensitive and repetitive tests are
felt. In this regard and for detection of many diseases
such as CTS and due to complications occurs during
surgery in nerve electrical activities, an electrical
diagnosis such as nerve conduction study (NCS) is
applicable.”*% Unfortunately, until now there is no
consensus among researchers regarding what qualifies
the number and the type of NCSs to better ascertain of
neurophysiological diagnosis of potential CTS in order
to select the most practical parameters among NCS
parameters to ascertain of CTS definite incidence.”
The electrodiagnostic parameters sensitivity for CTS
diagnosis in the previous published studies were
reported in wide ranges. Sensitivity of distal motor
latency (DML) of median nerve was 20-81%,™ sensory
latency wrist-digit sensitivity was 40-100%"®' and fourth
digit median-ulnar peak latency differences (PM4-PU4)
was 56-100%.°! Terminal latency index (TLI) of the
median nerve considers a parameter, which displays
the existence abnormality in the distal segment of
peripheral nerves that is calculated by the formula,*
with a normal range of >0.34.1%! A previous study have
been reported that by calculating residual latency it
was possible to determine the effect on median nerve
motor fibers in early CTS diagnosis, as similar as
TLLM Although assessment of TLI provide additional
information about distal nerve segments, especially in
patients with high clinical suspicion of CTS but without
abnormality in the routine NCS, determination of this
index requiring no additional electrical stimulation, so
that it may help to early diagnosis of CTS.

MATERIALS AND METHODS

This is a cross-sectional study, which was carried out
from March 2013 to October 2013 among 100 hands
of healthy volunteers and 50 hands of patients with
signs and symptoms that suggested CTS. It was
performed in Electrodiagnosis Center of Alzahra
Hospital of Isfahan University of Medical Sciences,
after explaining the procedure, and taking written
consent. The participant’s age were between 20 and
70 years old, which were divided into two groups:
Patients and control groups. Subjects were selected
by simple random sampling. The groups were divided
subsequently into two age subgroups; 20-40 and
40-70 years old.

Patients who had a positive history of paresthesia
and paining upper extremities (in three lateral and
radial half of fourth digits) and 2 of 3 sign suggesting
CTS ([1] Tinel’s sign: Paresthesia that radiating in
a median nerve distribution with tapping on the
wrist over the median nerve, [2] median compression
test: Pressure over the proximal edge of the carpal
ligament [proximal wrist crease]) with thumbs causes
paresthesia to develop or increase in the median
nerve distribution, (3) Phalen’s test: Paresthesia that
radiating in a median nerve distribution within 60s
of sustained flexion of the wrist were included as CTS
group.

The control group was persons who had neither
signs nor symptoms of neurologic abnormalities
of upper extremities in their history and physical
examination.

Exclusion criteria were any history of hereditary
polyneuropathies (e.g., Charcot-Marie-Tooth), acquired
polyneuropathies (e.g., diabetic polyneuropathy),
surgery or local steroid injections for CTS and patients
who had any scar formation or history of fracture at
the sites of stimulation or recording.™

A normal room temperature (mean: 25°C) and a skin
temperature of over 31°C (32—-34°C) were maintained
and the study was performed with surface stimulation
electrode using constant current and surface bar
recording electrodes.?

Cadwell EMG machine was used for this study. For
obtaining the median nerve compound motor action
potential (CMAP), the active electrode (E-I) was
located on the abductor pollicis brevis motor point
with the reference electrode (E-II) placed distally,
stimulation has been made 8 cm proximally at wrist.
A second stimulus was applied to the median nerve at
the antecubital fossa. Using a supramaximal impulse
for both stimulation sites, the CMAP recorded, and
forearm NCV was obtained. For antidromic median
nerve sensory action potential (SNAP), the E-I
recording electrode was located on the second or third
digit just distal to the metacarpophalangeal (MCP)
joint region and the E-II electrode placed at least 4 cm
more distal on the respective digit. The median nerve
is excited 7 cm!" and 14 cm proximal to E-I at wrist
again with a supramaximal current intensity.”?! For
antidromic fourth digit, the E-I recording electrode
was located on the fourth digit just distal to the
MCP joint and the E-II electrode placed at least
4 cm more distal on the fourth digit. The median
and ulnar nerves are stimulated 14 c¢cm proximal
to E-I at wrist again with a supramaximal current
intensity. The difference between two distal sensory
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latency (DSL) (M4-U4 peak latency difference) is
bases for diagnosis.!*?

The TLI is calculated as follows: Terminal distance
+ (proximal conduction mm velocity m/s x distal
latency ms). A value of 0.34 or greater is considered
normal.

For the median nerve.*® The instrument settings
for median CMAP assessment were an amplifier
sensitivity of 1,000 uV/div, a sweep of 2 or 5 ms/div
and it was changed to an amplifier sensitivity of
10-20 uV/div and a sweep of 1 or 2 ms/div for SNAP
recordings.

Information including age, gender, and results of
CMAP and SNAP of the median nerve (as explained
previously) and M4-U4 peak latency difference, was
recorded for analysis.

Statistical analysis

The SPSS version 20 was used square test was used
for the comparison of nominal data. Sensitivity and
specificity of variables were based on receiver operating
characteristic (ROC) curve analysis.to calculate the
average values and standard deviation. Independent
Student ¢-test was used for comparison of mean
values among study groups. Comparison between
the averages NCS values of the CTS and control
groups also were performed by independent Student’s
t-test. Chi-square test was used for the comparison of
nominal data. Sensitivity and specificity of variables
were based on receiver operating characteristic (ROC)
curve analysis.

RESULTS

A total number of 50 hands with CTS (42 women,
8 men) and 100 healthy controls (72 women,
28 men) were investigated after taking
anamnesis and performing the neurological and
electrophysiological examination. No significant
difference was found between the mean ages
of the CTS (44.4 = 10.7 years) and the control
groups (44.2 + 12.1 years) (P > 0.05).

Mean for TLI of the median nerve for CTS group
was 0.375 = 0.08 and for the control group was
0.43 + 0.07 which shows a significantly lower mean
for CTS group compared to control group (P < 0.05).
Independent ¢-test showed no significant difference
between the two groups for motor nerve conduction
velocity means (P = 0. 45). However, DSL and DML
and PM4-PU4 for CTS group was significantly higher
compared to control group (P < 0.001) and mean for
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sensory nerve conduction velocity (SNCV) variable
was significantly higher in control group compare to
CTS group (P < 0.001) [Table 1].

Table 2 shows the sensitivity, specificity, of
electrophysiological diagnostic tests for the CTS
patients.

The most sensitive electrophysiological finding in CT'S
patients was mTLI (82%), but the most specific one
was DML (98%) [Table 2].

Given that the area under the curve (AUC) is more
than 70%, therefore, mTLI is able to distinguish
between two groups and has diagnostic reliability.
mTLI cut-off point for distinguishing between two
groups was 0.4153.

In the next step, the ROC curve was distinguished
the diagnostic reliability between two study groups,
CTS group, and a control group; which according to
79.8% AUC of PM4-PU4, it has been recognized that
this parameter had more AUC than mTLI (73.9%),
hence PM4-PU4 had better reliability for diagnostic
purposes [Figure 1].

Table 1: Values of the various nerve conduction parameters of
median nerve in CTS and normal groups

Parameters Group Mean P

DSL (ms) CTS 3.77+0.72 <0.001
Control 3.19+0.27

DML (ms) CTS 3.85+0.69 <0.001
Control 3.22+0.38

MNCV (m/s) CTS 57.9+6.2 0.45
Control 58.7+6

SNCV (m/s) CTS 42.9+8.8 <0.001
Control 52.3+7.04

PM4-PU4 (ms) CTS 0.71+0.58 <0.001
Control 0.24+0.17

mTLI CTS 0.375+0.08 <0.001
Control 0.43+0.07

CTS: Carpal tunnel syndrome, DSL: Distal sensory latency, DML: Distal motor latency,
MNCV: Motor nerve conduction velocity, SNCV: Sensory nerve conduction velocity,
PM4-PU4: Fourth digit median-ulnar peak latency differences

Table 2: Sensitivity and specificity of nerve conduction variables
for median nerve in CTS patients

Parameters ~ Abnormality criteria Sensitivity (%) Specificity (%)
DSL (ms) >3.5 75/2 72/1
DML (ms) >4 50/7 98
MNCV (m/s) <50 14 93
SNCV (m/s) <45 72/5 70
PM4-PU4 (ms) >0.43 73/1 87
mTLI <0.4153 82 62

CTS: Carpal tunnel syndrome, DSL: Distal sensory latency, DML: Distal motor latency,
MNCV: Motor nerve conduction velocity, SNCV: Sensory nerve conduction velocity,
PM4-PU4: Fourth digit median-ulnar peak latency differences
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Figure 1: Receiver operating characteristic curve diagram for assessing the diagnostic legitimacy of mTLI and peak latency difference of median
and ulnar nerves of the fourth digit for distinguishing between carpal tunnel syndrome group and control group

DISCUSSION

Our results showed regardless of the high sensitivity
of mTLI for CTS detection, but PM4-PU4 has better
diagnostic reliability compare to mTLI, according to
the AUC of the ROC respectively. In a prospective
study were published by Uzar et al. showed highest
sensitivity was obtained for 3 following parameters:
Median DSL (mDSL) 91.5%, PM4-PU4 91.5%, mTLI
90.1%. In all CTS patients with prolonged mMDL
values, and also in 22.6% with normal mMDL, mTLI
was found to be lower than normal values. Compared
with mMDL, the sensitivity of mTLI in the diagnosis
of CTS was found to be higher but its specificity was
lower. The electrophysiological findings with the
highest sensitivity and specificity in the diagnosis
of CTS among conventional NCS were mDSL,
PM4-PU4 and motor SNCV.™ In another study that
were published by Aygil, et al., comparing common
conventional and new electrophysiological techniques
in CTS detection and their relation to body mass index,
they concluded that two parameters show the highest
sensitivity in CTS detection: M4-U4 peak latency
difference 77% and mTLI 70.3%.%! Kuntzer has found
that while mTLI has high sensitivity but it bears low
specificity.” Karata et al. (2000) noted that sensory
and motor NCV of the median nerve (median mixed
nerve conduction velocity) an mTLI had a highest
diagnostic sensitivity.*¥! In a prospective study by
Simovic and Weinberg, they have been reported that
the mean of mTLI in the CTS group was 0.25, but in

control group this mean was estimated to be 0.44.11%
Furthermore, they have been reported that mTLI
sensitivity was 81.5%."% In addition, in a study that
was published by Shakouri et al. (2006). Their results
showed TLI in CTS group was 0.3 = 0.05 and in the
control group was estimated to be 0.42 + 0.03 and its
sensitivity was reported to be 73%."% In conclusion,
it has been understood that TLI parameter is not a
better parameter compare to NCS parameters for
CTS detection.

CONCLUSION

Finally, if one obtain normal findings after performing
the routine NCSs, especially if there is a clinical
suspicious to CTS, we showed that use of TLI
parameter separately is not a better parameter
compare to routine NCS parameters but combination
of median TLI and PM4-PU4 can provide better
predictor in the diagnosis of CTS.
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