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Aims
The sensitivity and specificity of electrodiagnostic parameters in diagnosing carpal tunnel
syndrome (CTS) have been reported differently, and this study aims to address this gap.

Methods

This case-control study was conducted on 57 cases with CTS and 58 controls without
complaints, such as pain or paresthesia on the median nerve. The main assessed elec-
trodiagnostic parameters were terminal latency index (TLI), residual latency (RL), median
ulnar F-wave latency difference (FdifMU), and median sensory latency-ulnar motor latency
difference (MSUMLD).

Results

The mean age in cases and controls were 50.7 years (SD 9.9) and 47.9 years (SD 12.1),
respectively. The CTS severity was mild in 20 patients (34.4%), moderate in 19 patients
(32.8%), and severe in 19 patients (32.8%). The sensitivity and specificity of the electrodiag-
nostic parameters in diagnosing CTS were as follows: TLI 75.4% and 87.8%; RL 85.9% and
82.5%; FdifMU 87.9% and 82.9%; and MSUMLD 94.8% and 60.0%, respectively.

Conclusion

Our findings indicated that electrodiagnostic parameters are significantly associated with
the clinical manifestation of CTS, and are associated with high diagnostic accuracy in CTS
diagnosis. However, further studies are required to highlight the role of electrodiagnostic
parameters and their combination in CTS detection.

Introduction

Carpal tunnel syndrome (CTS), known as
with carpal tunnel syndrome are the compression of the median nerve in
significantly different from healthy the carpal tunnel, is the most prevalent
people. focal mononeuropathy.' The prevalence of

- These parameters can therefore be used CTS in the general population is 8.0%,
to improve carpal tunnel syndrome and is frequently present in adults aged

Take home message
- Electrodiagnostic parameters in patients

) diagnosis. between 40 years and 60 years.? Pain,
Bone & Joint numbness, tingling, muscle weakness, and
Open decreased hand dexterity function are the
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most common symptoms of CTS.* Jobs with forceful hand
movements or relying on the hands’ repetitive movements
can increase the risk of CTS. The other risk factors inclu-
ded diabetes mellitus, hypothyroidism, trauma, rheumatoid
arthritis, tumours, and pregnancy.’

Neuromuscular ultrasound, a quick test that is
comfortable for patients, may show imaging evidence
suggestive of CTS.° However, the sensitivity and specificity of
this technique have varied in the literature, with sensitivities
ranging from 65% to 97%, and the specificities ranging from
73% to 98%.”° In addition, presurgical physiological informa-
tion about the severity of nerve dysfunction at the median
nerve or assessment for alternative causes of clinical symp-
toms is not provided by neuromuscular ultrasound.”

Electrodiagnostic studies, usually used to establish
the diagnosis of CTS before a decision for surgery, are
supported by reported to establish reliable diagnosis.’*"
The sensitivity of the electrodiagnostic parameters for CTS
diagnosis was variable in different studies. Terminal latency
index (TLI), residual latency (RL), and median-ulnar F-wave
latency difference (FdifMU) can be used as electrodiagnostic
parameters identifying abnormalities in the distal segment of
motor nerves.'”'* Along with this, some limited studies have
shown median sensory latency-ulnar motor latency difference
(MSUMLD) to be useful in improving diagnostic accuracy in
CTS.16,17

Although TLI, RL, FdifMU, and MSUMLD provide
additional information about distal nerve segments, the
sensitivity and specificity of these parameters in the diagnosis
of CTS have been assessed in limited studies and these four
parameters were not compared together.'” "> Therefore, the
present study aimed to assess the diagnostic accuracy of all
these parameters.

Methods

This case-control study was conducted at the Hamadan
University of Medical Sciences, Iran. Cases included patients
who were diagnosed with CTS and referred for electromyogra-
phy. Inclusion criteria for cases were as follows: 1) the presence
of two or more of the following positive symptoms: numb-
ness and tingling in the area of the median nerve; night-time
paresthesia; pain in the wrist area radiating to the shoulder;
positive Phalen test; positive Tinel sign; pain in the wrist
area radiating to the shoulder.”® 2) Diminished nerve conduc-
tion values (below 50 m/s) and/or increased motor latency
(above 4 m/s) in a nerve conduction study.”® The control
group consisted of patients with no complaints, such as pain
or paresthesia on the median nerve tracing, and who were
referred for electromyography due to lower limb problems.

Patients with a history of wrist surgeries, carpal tunnel
injuries/fractures, radiculopathy and radiculopathy, polyneur-
opathy, lactation, pregnancy, or rheumatoid arthritis were
excluded from the study. The study protocol was approved
by the Ethical Review Committee of Hamadan University of
Medical Sciences and informed consent was obtained from all
participants.

The main variables TLI, RL, FdifMU, and MSUMLD were
measured based on electrodiagnostic findings, along with the
Tinel sign, Phalen sign, reverse Phalen sign, Thenar atrophy,
hand diagram of paresthesia, and Boston score (severity scale
and functional scale).”

Based on the hand diagram, CTS was classified into
four categories: classic (tingling, numbness, or decreased
sensation with or without pain in at least two of digits one,
two, or three; palm and dorsum of the hand excluded wrist
pain or radiation proximal to the wrist allowed); probable
(same as for classic, except palmar symptoms allowed unless
confined solely to ulnar aspect); possible (tingling, numbness,
decreased sensation, and/or pain in at least one of digits one,
two, or thre); or unlikely (no symptoms in digits one, two, or
three).”

All participants underwent electrodiagnostic tests
using a standard electromyography machine (Nihon Kohden,
Japan). Room temperature was maintained at 25°C. To assess
the compound’s muscle action potential (CMAP), the active
electrode was placed on the abductor pollicis brevis (APB)
muscle, the reference electrode was placed on the MCP joint
of the thumb, and the median nerve was stimulated at a
distance of 8 cm from the active electrode on the wrist.

Sensory nerve action potentials (SNAPs) were obtained
antidromically using electrodes placed over the second digit
at a distance of 7 cm on the wrist. For the comparison test,
electrodes were placed over the fourth digit, and the median
nerve and ulnar nerve of the wrist were stimulated individu-
ally. Also, for minimum F-wave latencies between the median
and ulnar nerves, the stimulator was placed on the proximal
side of the wrist.

TLI and RL were calculated using the following
formulae:

+ TLI: (distal nerve conduction distance / distal motor latency)
+ proximal motor conduction velocity (MCV). The ulnar
motor nerve TLI > 0.4 or median motor nerve TLI > 0.31 is
considered normal.

+ RL: distal motor latency — (distal nerve conduction dis-
tance / proximal MCV). A value of ulnar RL < 2.1 or median
RL < 3.1 is considered normal. Also, the difference between
the minimal F-wave latency of the median nerve and the
minimal F-wave latency of the ulnar nerve was measured as
FdifMU.

Based on the electromyographic findings, patients
were categorized into mild, moderate, and severe CTS. Patients
with abnormal comparison studies/median sensory nerve
abnormalities were considered mild CTS. Prolonged distal
motor latency to the APB with normal APB CMAP amplitude
was considered moderate CTS and above, plus either reduced
median to APB CMAP amplitude and/or abnormal needle
electromyography in the Thenar muscles was considered
severe CTS.

Statistical analysis

All statistical analyses were performed using Stata software
v. 14 (StataCorp, USA). Descriptive data are expressed as
mean (SD) or frequency (%) for continuous and categorical
data, respectively. Independent-samples t-test was used for
comparison of mean values and chi-squared test was used
for the comparison of categorical data between case and
control groups. Furthermore, the receiver operating charac-
teristic (ROC) curve was used to estimate optimal cutoff
points for TLI, RL, FdifMU, and MSUMLD parameters. The
optimal cutoff point was estimated with regard to the
highest possible logical specificity and sensitivity. Sensitivity,
specificity, positive predictive, and negative predictive values
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Study flow diagram.

Table I. Manifestations of studied carpal tunnel syndrome patients.

Severity of CTS
Variable Mild (n = 20) Moderate (n=19) Severe (n=19) Total (n =58) p-value*
Sign, n (%)
Tinel sign 8(40.0) 11 (61.1) 9(47.4) 28 (48.3) 0.422
Phalen sign 17 (85.0) 14 (73.7) 16 (84.2) 47 (81.0) 0.607
Reverse Phalen sign 16 (80.0) 15 (78.9) 17 (89.5) 48 (82.8) 0.637
Trophy of Thenar eminence 0(0.0) 1(5.3) 4(21.1) 5(8.6) 0.041
Hand diagram of paresthesia, n (%) 0.550
Classic 14 (70.0) 15(78.9) 16 (84.2) 45 (77.6)
Probable 6(30.0) 3(15.8) 2(10.5) 11 (19.0)
Unlikely 0(0.0) 1(5.3) 1(5.3) 2(34)
Mean Boston score (SD)
Symptom severity scale 2.66 (0.55) 2.58 (0.56) 2.81 (0.66) 2.68 (0.60) 0.510
Functional status scale 2.72 (0.44) 2.38 (0.60) 2.78 (0.51) 2.6 (0.54) 0.104

*Chi-squared test.
CTS, carpal tunnel syndrome.

with Cls are reported for optimal cutoff points of all parame-
ters. The level of statistical significance was set at a p-value <
0.05.

Results

In this study, 67 patients with CTS and 71 patients without CTS
were assessed to select 60 cases and 60 controls. Three cases
and two controls were excluded during data gathering due to
a lack of informed consent; finally, 57 cases and 58 controls

900

were analyzed (Figure 1). The mean age of cases and controls
were 50.7 years (SD 9.9) and 47.9 years (SD 12.1), respectively.
Ten cases (17.2%) and 16 controls (28.1%) were male, and 48
cases (82.8%) and 41 controls (71.9%) were female.

Tinel sign was observed in 48.3% of studied patients.
Phalen sign (47 patients, 81.0%) and reverse Phalen sign
(48 patients, 82.8%) were most prevalent in the participants.
Based on hand diagram findings, CTS in 45 hands (77.6%)
was the classic pattern, and in 11 hands (19.0%) was the
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Table II. Comparison of electrodiagnostic parameters between case and control groups based on carpal tunnel syndrome severity.

Severity of CTS
Controls (n = Moderate (n = Total cases (n =
Variable 57) Mild (n = 20) p-value* 19) p-value* Severe (n=19) p-value* 58) p-value*
Mean terminal latency
index (SD) 0.43 (0.07) 0.38(0.09) 0.003 0.30(0.05) 0.001 0.28 (0.04) 0.001 0.32(0.07) 0.001
Mean residual latency
(SD) 1.85(0.42) 2.32(0.29) 0.001 3.40 (0.86) 0.001 3.86 (0.89) 0.001 3.17(0.97) 0.001
Mean MSUMLD (SD)  0.12(0.37) 0.75(0.37) 0.001 1.43 (0.51) 0.001 1.37(1.13) 0.001 1.17 (0.79) 0.001
Mean FdifMU (SD) -0.27(1.12) 0.82(0.73) 0.002 2.02(1.34) 0.001 2.50(2.03) 0.001 1.76 (1.60) 0.001
*Independent-sample t-test.
CTS, carpal tunnel syndrome; FdifMU, median ulnar F-wave latency difference; MSUMLD, median sensory latency-ulnar motor latency difference.
Table Ill. Receiver operating characteristic and accuracy findings of four electrodiagnostic parameters in detecting carpal tunnel syndrome.
Diagnostic test ROC curve )
Variables Cut-off  Sensitivity Specificity PPV NPV AUC Salue*
Terminal Latency Index < 0.368 754 (62.2t0859) 87.7(76.3t094.9) 86.0(75.1t092.6) 78.1(69.2t085.0) 0.88(0.81t00.94) 0.001
Residual latency > 2.245 85.9(74.2t093.7) 825(70.1t091.3) 83.3(73.8t089.8) 85.4(753t091.8) 0.93(0.87t00.97) 0.001
MSUMLD >0.1 94.8 (85.6t098.9) 60.0(45.9t073.0) 70.5(63.4,76.7) 91.9(78.7t0 84.7) 0.88(0.75t00.89) 0.001
FdifMU 0.5 87.9(76.7t095.0) 92.9(83.0t098.1) 92.7(83.1t097.0) 88.3(79.0t093.8) 0.93(087t00.97) 0.001

*Receiver operating characteristic (ROC) curve was used to estimate optimal cutoff points and p-values for studied parameters. The optimal cutoff point
was estimated with regard to the highest possible logical specificity and sensitivity.
AUC, area under curve; FdifMU, median ulnar F-wave latency difference; MSUMLD, median sensory latency-ulnar motor latency difference; NPV, negative

predictive value; PPV, positive predictive value.

probable pattern. Also, based on electromyography findings,
the severity of CTS in 20 patients (34.4%) was mild 19 patients
(32.8%) was moderate, and 19 patients (32.8%) were severe
(Table I).

TLI was significantly higher in cases than controls (0.43
vs 0.32, respectively; p = 0.001, independent-samples t-test).
RL, FdifMU, and MSUMLD in cases were significantly lower
than controls (p = 0.001, independent-samples t-test). TLI
was significantly lower in three CTS categories compared to
the control group (p = 0.003, independent-samples t-test).
RL was significantly higher in three CTS categories compared
to the control group (p = 0.001, independent-samples t-test).
MSUMLD in three CTS categories was significantly more than
in the control group (p = 0.001, independent-samples t-test).
FdifMU in CTS categories was significantly more than in
controls (p = 0.002, independent-samples t-test) (Table Il).

Table Il shows the ROC and accuracy findings of four
electrodiagnostic parameters in detecting CTS. The best cutoff
for TLI was below 0.368 with 75.4% sensitivity and 87.8%
specificity, with the area under the curve (AUC) of 0.888. The
positive predictive value (PPV) and negative predictive value
(NPV) of this cutoff were 86.0% and 78.1%, respectively. Below
2.245 with a sensitivity of 85.9% and specificity of 82.5% with
AUC of 0.935 was the best cutoff for RL in detecting CTS. The
PPV and NPV of this cutoff were 83.3% and 85.4%, respectively.
For MSUMLD selected cutoff was below 0.1 with a sensitivity of
94.8% and specificity of 60.0% with an AUC of 0.883. The PPV
of this cutoff was 70.5% and NPV was 991.9%. Additionally,

FdifMU below 0.5 with a sensitivity of 87.9% and specificity of
82.9% with an AUC of 0.933 was the selected cutoff with PPV
92.7% and NPV 88.3%.

Discussion

CTS diagnosis is based on the history, clinical symptoms, and
physical examination, and there is no established standard
for its diagnosis. Electrodiagnostic findings are still the main
cornerstone in its subjective diagnosis with a variable range
of sensitivity and specificity.” It is essential to establish their
validity.

In our study, a “classic” was the most prevalent pattern
of the hand diagram of paresthesia. This pattern was associ-
ated with CTS severity based on electromyographic findings,
but was not statistically significant. These findings were similar
to other studies. Paiva Filho et al*' showed that the possi-
ble and classic were the most prevalent hand diagrams of
paresthesia patterns in patients with CTS, and found that
these patterns had a predominance in cases with severe CTS,
but were not statistically significant. Moreover, Moradi et al*
confirmed the use of a hand diagram of paresthesia for CTS
diagnosis. These findings suggest that the hand diagram of
paresthesia findings in combination with electrodiagnostic
findings can improve the diagnostic accuracy for CTS severity;
however, to prove the diagnostic effect and precision of this
method, further studies are needed.

Our study showed no correlation between the
electrodiagnostic severity and Boston scores for both the
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symptom severity scale and functional scale. Similarly,
some previous studies reported no correlation between the
electrodiagnostic findings and symptom severity,”** but other
studies reported a correlation between symptom severity
and electrodiagnostic findings.** The difference between
the studies results can be explained by the different studied
patients. The Boston questionnaire is self-reported, and the
answers can be affected depending on the patients’ condi-
tions. However, the controversy regarding the relationship
between electrodiagnostic findings and symptom severity
scale and functional scale indicates the importance of
conducting more studies in this field.

We have shown that the mean of TLI, RL, and FdifMU
in CTS patients was significantly different from the control
groups. Similarly, Uzunkulaoglu et al”® reported that TLI and
RL in CTS patients were significantly higher than controls
but FdifMU was significantly lower. Alcan et al'® showed that
the mean of TLI and RL in patients were significantly higher
than controls. Furthermore, other studies have demonstrated
that the mean TLI in CTS patients was significantly lower
than in controls.”*'*? These findings highlight the abnormal-
ities of electrodiagnostic parameters in CTS patients that
can be useful as diagnostic tests. Several studies have been
conducted to evaluate the diagnostic accuracy of electro-
diagnostic parameters, and reported different values for the
sensitivity and specificity of the variables.”'>'®*” Additionally,
in the study by Uzunkulaoglu et al”® TLI had a sensitivity
of 65.6% and specificity of 73.8%; RL had a sensitivity of
72.5% and FdifMU a sensitivity of 63.1%. Alcan et al'® repor-
ted a sensitivity of 77.9% and 89.7% for TLI and RL, respec-
tively. In the Vahdatpour et al® study, the sensitivity of TLI
was 82%; similarly, Shakouri et al’’ reported that TLI had a
sensitivity of 81.5%. In our study, we found that TLI had a
sensitivity of 75.4%, RL a sensitivity of 85.9%, and FdifMU
a sensitivity of 87.9%. As the findings show, the sensitivity
of electrodiagnostic parameters is variable between studies.
This may have been due to the different distribution of CTS
severity among studies’ participating patients. These findings
show that these parameters can be useful in the diagnosis of
CTS, although conducting a systematic review and meta-anal-
ysis could combine the results of the studies and clarify the
diagnostic value of these parameters in the diagnosis of CTS
and its severity.

MSUMLD was shown to be useful in the diagnosis of
the CTS in limited studies.'®” In the Bodofsky et al'’ study,
more than 80% of CTS patients had abnormal MSUMLD. The
study by Alcan et al’ on 525 CTS patients and 121 controls
reported that MSUMLD had a sensitivity of 86.4% and a
specificity of 89.3% in the diagnosis of CTS. Similarly, our study
on 58 CTS patients and 57 controls showed that MSUMLD
had a sensitivity of 94.8% and a specificity of 60%. However,
the sensitivity of MSUMLD in our study is higher compared
with Alcan et al'®. This may be due to our smaller study
size or different distribution of CTS severity among the study
patients. In our study, 32.7% of patients had severe CTS, but
in Alcan et al'® only 6.3% of patients had severe CTS. Diag-
nostic methods in severe cases are more sensitive than mild
cases. Generally, these findings show a very high sensitivity
of MSUMLD for CTS, given that it does not require mid-palm
stimulation, is done in less time, and leads to increasing
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patient satisfaction. Additionally, since there is little evidence
in this field, it is necessary to conduct more studies.

The present study had some limitations. First, the study
participants were recruited from a single clinic affiliated with
Hamadan University of Medical Sciences, Iran. This may limit
the generalizability of the findings to other populations or
healthcare settings. Second, the sample size was also relatively
small, which may further impact the generalizability of the
results. On the other hand, it may have reduced the statistical
power of the our study in recognizing meaningful relation-
ships. Third, the study used electrodiagnostic tests to measure
parameters. While these tests are commonly used in diagnos-
ing CTS, they have limitations and potential sources of error.
Variability in electrode placement, stimulation techniques, and
interpretation of results can introduce measurement errors
and affect the reliability of the findings. Finally, the assessors of
the electrodiagnostic tests and the clinical assessments were
not blinded to the case-control status of the participants. Lack
of blinding might introduce potential bias in the assessment
and interpretation of the results.

In conclusion, our study demonstrated that electro-
diagnostic parameters, including TLI, RL, FdifMU, and MSUMLD
are significantly associated with the clinical manifestation of
CTS, and these parameters with good diagnostic accuracy
values show their utility in improving CTS diagnosis. However,
further research are required to highlight the role of electro-
diagnostic parameters and their combination for early and
severe detection of CTS.
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