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ABSTRACT

Objectives: This study aims to evaluate the predictors of standard nerve conduction study (NCS) parameters in determining the presence 
of axonal loss by means of spontaneous activity in patients with mild and moderate carpal tunnel syndrome (CTS).
Patients and methods: Between May 2015 and April 2018, a total of 118 patients (11 males, 107 females; mean age: 52.3±10.6 years; 
range, 27 to 79 years) who underwent electrophysiological studies and were diagnosed with CTS were included. Demographic data of the 
patients including age, sex, and symptom duration were recorded. Electrodiagnostic studies were performed in all patients. All the needle 
electromyography (EMG) findings were recorded, but only the presence or absence of spontaneous EMG activities was used as the indicator 
of axonal injury.
Results: In 37 (31.4%) of the patients, spontaneous activity was detected at the thenar muscle needle EMG. No spontaneous activity was 
observed in any of 43 (36.4%) patients with normal distal motor latency (DML). There were significant differences in DMLs, compound 
muscle action potential (CMAP) amplitudes, sensory nerve action potentials amplitudes, and sensory nerve conduction velocities between 
the groups with and without spontaneous activity (p<0.05). The multiple logistic regression analysis revealed that DML was a significant 
independent risk variable in determining presence of spontaneous activity. The most optimal cut-off value for median DML was calculated 
as 4.9 ms. If the median DML was >4.9 ms, the relative risk of finding spontaneous activity on thenar muscle needle EMG was 13.5 (95% 
CI: 3.6-51.2).
Conclusion: Distal motor latency is the main parameter for predicting the presence of spontaneous activity in mild and moderate CTS 
patients with normal CMAP. Performing needle EMG of the thenar muscle in CTS patients with a DML of >4.9 ms may be beneficial to 
detect axonal degeneration in early stages.
Keywords: Carpal tunnel syndrome, needle electromyography, spontaneous activity, thenar muscle.

Carpal tunnel syndrome (CTS) is one of the 
most common entrapment neuropathies and occurs 
as a result of chronic compression of the median 
nerve under the transverse carpal ligament at the 
wrist.[1-3] It affects approximately 3 to 9.8% of the 
general population, although its incidence varies 
depending on age, sex, and work-related conditions.[4-7] 
Carpal tunnel syndrome is one of the most frequently 

studied preliminary diagnoses in electromyography 
(EMG) laboratories.[8]

The diagnosis of CTS is made based on 
typical symptoms, signs, and provocative tests 
and electrophysiological study of the median 
nerve. Electrodiagnostic test is particularly useful 
to confirm median neuropathy at the wrist, 
particularly in atypical cases and to evaluate the 
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severity of CTS.[9,10] Carpal tunnel syndrome is 
primarily a focal demyelinating condition, and nerve 
conduction studies (NCSs) are usually sufficient for 
documenting the slowing of conduction at the carpal 
tunnel.[3,8,11] Therefore, the guidelines of the American 
Association of Neuromuscular and Electrodiagnostic 
Medicine (AANEM) do not always consider needle 
evaluation essential for electrophysiological evaluation 
of CTS.[12] However, needle evaluation may be required 
for excluding the differential diagnosis. On the other 
hand, the determination of the severity of CTS is of 
utmost importance, as it may influence the clinical 
treatment approach. Conservative treatment methods 
can be used in CTS patients without significant 
denervation. However, in more severe cases with axonal 
injury, delayed surgical treatment increases the risk of 
irreversible progressive median nerve injury.[13-15]

The NCS can establish the diagnosis, but cannot 
always be sufficient to identify axonal degeneration. 
Although the relationship between low-compound 
muscle action potential (CMAP) amplitude and 
axonal loss is known, low CMAP amplitude of 
median nerve can be related to conduction block at 
the carpal tunnel. On the other hand, normal CMAP 
amplitude does not always exclude the presence of 
axonal injury. Although the denervation potential 
in the thenar muscles is the best evidence to identify 
the presence of axonal degeneration, needle EMG of 
thenar muscles is uncomfortable for the patient. It 
is important to decide performing needle EMG of 
thenar muscle in electrophysiological evaluation of 
CTS. However, there are different opinions about the 
necessity and time of the of the thenar muscle needle 
examination.[16-18]

In particular, in CTS patients with normal or 
moderately low CMAP amplitude, it is useful to 
recognize predictive parameters of NCS to perform 
thenar muscles needle EMG. Such a recognition 
would be helpful for the practitioner to early detect 
axonal degeneration and to avoid the patient from an 
unnecessary painful procedure. In the present study, 
we aimed to evaluate the predictors of standard NCS 
parameters in determining the presence of axonal loss 
by means of spontaneous activity in patients with mild 
and moderate CTS.

PATIENTS AND METHODS

This prospective observational study was conducted 
at Ankara Physical Medicine and Rehabilitation 
Training and Research Hospital, Department of 
Physical Medicine and Rehabilitation between May 

2015 and April 2018. Patients who were referred to the 
our EMG laboratory for electrophysiological testing 
for CTS and who met the CTS diagnostic criteria 
were included in the study. The electrophysiological 
criteria used for diagnosis of CTS were the presence 
of slowed sensory median conduction velocities at 
wrist with/without prolonged median distal motor 
latency (DML). More severe patients with CMAP 
amplitude <4 mV and/or those with unobtainable both 
median sensory potentials (palm-wrist and second 
digit-wrist) were excluded from the study. Patients with 
accompanying ulnar neuropathy, radiculopathy, and 
polyneuropathy as confirmed by electrophysiological 
studies were also excluded. Finally, a total of 118 patients 
with CTS (11 males, 107 females; mean age: 52.3±10.6 
years; range, 27 to 79 years) were included. A written 
informed consent was obtained from each patient. The 
study protocol was approved by the Ankara Physical 
Medicine and Rehabilitation Training and Research 
Hospital Ethics Committee (2015/281). The study was 
conducted in accordance with the principles of the 
Declaration of Helsinki.

Demographic data of the patients including 
age, sex, and symptom duration were recorded. 
Electrodiagnostic studies were performed using 
a DantecTM Keypoint® EMG device (Medtronic 
Functional Diagnostics A/S, Denmark) by the same 
researcher. Surface electrodes were used for NCSs. For 
motor conduction study of median nerve, recording 
electrode was placed to the abductor pollicis brevis 
(APB) and stimulations were given at the wrist and 
the cubital fossa. The DML, CMAP amplitude, and 
forearm motor nerve conduction velocity (FMCV) 
were calculated. For motor conduction study of 
ulnar nerve, a recording electrode was placed to the 
abductor digiti minimi (ADM) and stimulations 
were given at the wrist, below and above the elbow. 
The ratio of median and ulnar CMAP (median/ulnar 
CMAP) were calculated. Median and ulnar sensory 
conduction studies were performed by orthodromic 
stimulation. Recording electrodes were placed on 
the wrist. Median nerve was stimulated at the palm 
and the second digit. Ulnar nerve was stimulated 
at the fifth digit. Sensory nerve action potential 
(SNAP) amplitudes and sensory nerve conduction 
velocities (distance/peak latency of SNAP) were 
calculated.

Needle EMG of the APB muscles was performed 
in all of the patients. All needle examination was 
performed with disposable concentric needles by using 
a standard-needle EMG technique. All the needle 
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EMG findings were recorded, but only the presence or 
absence of spontaneous EMG activities was used as the 
indicator of axonal injury.

Statistical analysis

Statistical analysis was performed using the IBM 
SPSS version 25.0 software (IBM Corp., Armonk, NY, 
USA). The Shapiro-Wilk test was used to analyze the 
distributions of continuous variables. Continuous 
variables were expressed in mean ± standard deviation 
(SD) and median and interquartile range (IQR) 
(25th-75th percentiles), while categorical variables 
were expressed in number and frequency. The mean 
differences between the groups were compared using 
the Student t-test, otherwise the Mann-Whitney U 
test was used for the comparison of non-normally 
distributed data. The Pearson chi-square test was used 
to analyze categorical data. In all 2¥2 contingency 
tables to compare categorical variables, the continuity 
corrected chi-square test was used, when one or 
more of the cells had an expected frequency of 5-25; 
otherwise, the Fisher's exact test was used when one 
or more of the cells had an expected frequency of 5 or 
less. The optimal thresholds for electrophysiological 
measures to discriminate patients with and without 
spontaneous activity on thenar muscle needle 
EMG were evaluated using the receiver operating 
characteristic (ROC) analysis via Youden's index (J). 
Any threshold which was given the maximum sum of 
sensitivity and specificity for the significant test was 
considered as the optimal cut-off point according to 
the J statistic (i.e., J = Sensitivity + Specificity - 1). 
Sensitivity, specificity, positive predictive value (PPV), 
and negative predictive value (NPV) for each 
significant electrophysiological measurement were 
also calculated. The most significant independent 
predictors to distinguish patients with and without 
spontaneous activity were investigated using the 
multiple logistic regression analysis. Any variable 
with a p value of <0.10 was accepted as a candidate 
for the multivariable model. Odds ratios (OR), 95% 
confidence intervals (CI), and Wald statistics for each 
independent variable were also calculated. A p value 
of <0.05 was considered statistically significant.

RESULTS

Spontaneous activity was detected in 37 (31.4%) 
of the patients in the thenar muscle needle EMG. 
The mean age, mean symptom duration, and sex 
distribution of the groups with and without 
spontaneous activity were similar (p>0.05). Significant 
differences were found in DMLs, CMAP amplitudes, 

palm-to-wrist-SNAP amplitudes (pwSNAP), palm-to-
wrist-SNCVs (pwSNCV), median/ulnar CMAP ratio 
between CTS patients with and without spontaneous 
activity (p<0.05). We could not obtain the second digit-
SNAPs (2dSNAP) in all of the patients and, therefore, 
for the analysis of this parameter, the chi square 
test was used. Demographic and electrophysiological 
parameters with and without spontaneous activity of 
the patients are summarized in Table 1.

The DMLs were within normal limits in 43 (36.4%) 
of the patients and prolonged in 75 (63.6%) of the 
patients. No spontaneous activity was observed in any 
of patients with normal DML. Therefore, subgroup 
analysis was performed in 75 patients with prolonged 
DML to identify the spontaneous activity predictors 
according to the NCSs. Totally, 37 (49.3%) of 75 
CTS patients with prolonged DMLs had spontaneous 
activity. In CTS patients with prolonged DMLs, 
there were significant differences in DMLs, CMAP 
amplitudes, pwSNAP amplitudes, and pwSNCVs 
between the groups with and without spontaneous 
activity (p<0.05); however, there were no significant 
difference in the median/ulnar CMAP ratio and 
FMCVs (p>0.05). The electrophysiological parameters 
with and without spontaneous activity in CTS patients 
with prolonged DMLs are summarized in Table 2. 
Seventeen (73.9%) of 23 CTS patients with unobtainable 
2dSNAPs amplitudes had spontaneous activity. The 
CTS patients whose the 2dSNAPs amplitude was 
unobtainable were 12 times (95% CI: 2.9-50.5) more 
likely to present spontaneous activity on thenar muscle 
needle EMG than the cases whose 2dSNAPs amplitude 
was normal.

According to the ROC analysis, the area under 
the ROC curve of DML, pwSNAP amplitude and 
pwSNCV measurements were found to be statistically 
significant in distinguishing patients with and without 
spontaneous activity (p<0.005) (Figure 1). We found 
the most optimal cut-off value for DML to be 4.9 ms in 
discriminating the presence of spontaneous activity. 
The sensitivity of DML at this point was 78.4% and 
the specificity was 84.2%. The PPV and NPV of the 
DML cut-off were 82.9% and 80.0%, respectively. We 
found the most optimal cut-off value for pwSNAP 
amplitude to be <22.5 μV and pwSNCV to be <25.6 m/s 
in discriminating the presence of spontaneous activity 
(Table 3).

The multiple logistic regression analysis was 
performed to identify the most optimal predictors to 
distinguish patients with and without spontaneous 
activity on needle EMG. Accordingly, the DML was a 
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significant independent risk variable in determining 
presence or absence of spontaneous activity on the 
needle EMG. If the median DML was >4.9 ms, the 
relative risk of detection of spontaneous activity on 
thenar muscle needle EMG was 13.5 (95% CI: 3.6-51.2), 
even after controlling for other confounding factors. 
At the same time, for every 1 ms increase in the DML, 
the probability of having spontaneous activity on 
thenar muscle needle EMG increased by 7.2 times (95% 
CI: 2.1-24.3).

DISCUSSION

In our study, we found that DML was the most 
determinative parameter for predicting the presence 
of spontaneous activity in patients with mild and 
moderate CTS with normal CMAP amplitude. No 
spontaneous activity was observed in any of the patients 
with normal DML. We found the most optimal cut-off 
value for median DML to be 4.9 ms in discriminating 
the presence of spontaneous activity on thenar muscle 
needle EMG. In the group of DML of >4.9 ms, the 
presence of spontaneous activity was 13.5 times more 
likely than the group of DML of ≤4.9 ms.

Detecting the axonal degeneration in CTS patients 
is of utmost importance, as it can change the treatment 

TABLE 2
Electrophysiological data of groups with or without spontaneous activity in CTS patients with prolonged DML

CTS without spontaneous 
activity (n=38)

CTS with spontaneous 
activity (n=37)

Mean±SD IQR 25th-75th 
percentiles

Mean±SD IQR 25th-75th 
percentiles

Mean differences
(95% CI)

p

DML (ms) 4.3 4.2-4.7 5.3 4.9-6 NA <0.001†
CMAP (mV) 12 9.4-17.8 9.9 6.8-13.7 NA 0.015†
SNCV (palm to wrist) (m/s) 28.1±4.9 25.1±3.8 -3.04 (-5.05 - -1.03) 0.004‡
SNAP (palm to wrist) (μV) 27 14-43.5 12.8 9.4-23.4 NA <0.001†
Median/ulnar CMAP ratio 0.9 0.6-1.1 0.8 0.5-1.1 NA 0.198†
FMCV (m/s) 53.3±4.6 53.4±5.8 0.06 (-2.3 - 2.5) 0.960‡
CTS: Carpal tunnel syndrome; SD: Standard deviation; IQR: Inter quantile range; CI: Confidence interval; DML: Distal motor latency; CMAP: Compound muscle action potential; 
SNCV: Sensory nerve conduction velocity; SNAP: Sensory nerve action potential; FMCV: Forearm median motor conduction velocity; NA: Not applicable; † Mann-Whitney U test; 
‡ Student’s t test; Statistical significance level set at p<0.05.

Figure 1. Receiver operating characteristic curves for 
DML, SNCV (palm-to-wrist) and, SNAP (palm-to-wrist) 
for distinguishing patients with and without spontaneous 
activity on EMG examination in CTS patients. Area under 
the curve (AUC) for DML, SNCV (palm-to-wrist) and, SNCV 
(palm-to-wrist) are 0.87 (95% CI: 0.8-0.95), 0.68 (95% CI: 
0.56-0.81) and 0.71 (95% CI: 0.6-0.8); respectively.
DML: Distal motor latency; SNCV: Sensory nerve conduction velocity; SNAP: 
Sensory nerve action potential; EMG: Electromyography; CI: Confidence interval.
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TABLE 3
The diagnostic performance indicators of electrophysiological data in distinguishing patients with and without spontaneous 

activity in CTS
Sensitivity Specificity PPV NPV

% 95% CI % 95% CI % 95% CI % 95% CI
DML >4.9 ms 78.4 65.1-91.6 84.2 72.6-95.8 82.9 70.4-95.3 80.0 67.6-92.4
SNAP (palm to wrist) <22.5 μV 75.7 61.8-89.5 63.2 47.8-78.5 66.7 52.4-80.9 72.7 57.5-87.9
SNCV (palm to wrist) <25.6 m/s 56.8 40.8-72.7 73.7 59.7-87.7 67.7 51.3-84.2 63.6 49.4-77.8
CTS: Carpal tunnel syndrome; PPV: Positive predictive value; NPV: Negative predictive value; CI: Confidence interval; DML: Distal motor latency; SNAP: Sensory nerve action 
potential; SNCV: Sensory nerve conduction velocity Lower and upper limits of 95% confidence intervals for each indicator were displayed in parenthesis.
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options.[14,15] The NCSs alone may be insufficient to 
detect the evidence of axonal loss in CTS patients, 
particularly with normal CMAP amplitude. The 
CMAP amplitude within normal limits does not 
does not always indicate the absence of the axonal 
degeneration. The presence of fibrillation potentials 
or neurogenic motor unit potentials (MUPs) in 
needle EMG are the most obvious evidence of axonal 
degeneration.[3,11,18] There are many grading scales for 
the severity of CTS and these scales are mostly based 
on NCS variables.[19-21] The benefit of thenar muscle 
needle EMG in electrophysiological evaluation 
of CTS is still controversial. Wee[22] reported that 
needle EMG should not be performed routinely. 
Also, Mazur[17] emphasized that thenar muscle EMG 
provided a minor additional contribution to NCSs in 
typical CTS patients. On the contrary, Werner and 
Albers[16] found that the sensitivity of median motor 
and sensory NCSs for predicting an abnormality of 
needle thenar EMG was low (57 to 68%) and that the 
information from thenar muscle EMG could not be 
predicted from the NCS.

In the current study, we found spontaneous activity 
in 31.4% of the patients at the thenar muscle. In 
the literature, the incidence of thenar muscle EMG 
abnormalities, including MUP changes, in CTS 
patients varies from 48 to 96%.[16,23-25] However, the 
incidence of only denervation potentials in thenar 
muscles is 11 to 42%.[24-28] The discrepancy in the 
incidence of thenar muscle needle EMG abnormalities 
may be related to the difference in the severity of CTS 
patients in the studies. Werner and Albers[16] found 
EMG abnormalities (fibrillation and MUP changes) in 
48% and spontaneous activity in 22% of the patients 
with CTS. In our study, we limited the needle EMG 
abnormalities to presence or absence of spontaneous 
activity, which is the most objective sign of axonal 
degeneration.

The mean age and symptom duration of the CTS 
patients with and without spontaneous activity were 
similar in our study. El-Emary and Hassan[26] found that 
patients with spontaneous activity were significantly 
older and had a longer disease duration. Werner 
and Albers[16] reported that there was a 2% increase 
risk for an abnormal needle EMG examination for 
each additional year of life. The authors evaluated 
acute and chronic axonal degeneration needle EMG 
abnormalities (spontaneous activity, increased MUP 
amplitude or polyphagia) together in their study. 
However, in the present study, we only evaluated acute 
axonal degeneration with spontaneous activity and 

this may have caused a discrepancy in the relationship 
between the needle EMG and both age and symptom 
duration.

Most s tud ies invest igat ing t he 
electrophysiological findings in CTS have shown 
a correlation between the CMAP amplitude and 
thenar muscle needle EMG.[22,25-28] Although we did 
not include patients with low CMAP amplitude in 
our study to determine predictors other than CMAP 
amplitude, we found that the CMAP amplitude 
was lower in patients with spontaneous activity. In 
a study including 229 CTS patients of whom 43% 
had low CMAP amplitudes, the CMAP amplitude 
was the most important indicator in detecting the 
presence of spontaneous activity.[27] The authors 
reported that the rate of spontaneous activity was 
>95%, when the median CMAP amplitude was 
≤2.1 mV. On the other hand, Werner and Alber[16] 
found that low SNAP was more determinative than 
low CMAP in demonstrating axonal degeneration; 
however, in their study, CMAP amplitudes were 
within the normal limits for most cases. Therefore, 
determining the predictors of electrophysiological 
findings other than CMAP amplitude is valuable, 
particularly in patients with relatively normal 
CMAP amplitude.

In our study, spontaneous activity was not 
observed in any patients with normal DML. On the 
other hand, 49.3% of 75 CTS patients with prolonged 
DMLs had spontaneous activity. In a study from 
which patients with low CMAP amplitude were 
excluded, thenar muscles needle EMG abnormalities 
were found in 12% of patients with normal DML 
and in 32.6% of patients with prolonged DML.[18] 
Although patients with low CMAP amplitude were 
not included in this study, the authors found that 
patients with needle EMG abnormalities had 
significantly lower CMAP amplitudes than patients 
without needle EMG abnormalities. In another 
study including 228 CTS patients, 52% of the 
patients showed needle EMG pathologies, including 
abnormalities in the recruitment pattern.[29] Needle 
EMG abnormalities were seen in only 3.9% of 
patients with normal DML. On the other hand, there 
were EMG abnormalities in all patients with DML of 
>7 ms. In the aforementioned study, DMLs of 68% 
of the patients were prolonged and the severity of 
needle EMG findings was correlated with the degree 
of median motor DML values.

In the present study, we found significant 
differences in the DMLs, CMAP amplitudes, pwSNAP 
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amplitudes, and pwSNCVs between CTS patients with 
and without spontaneous activity. Also, the absence 
or decreased amplitude of the 2dSNAP increased the 
odds ratio of presence of spontaneous activity. In 
addition, according to the ROC analysis, the DML, 
pwSNAP amplitude, and pwSNCV measurements were 
statistically significant in discriminating patients with 
and without spontaneous activity. We established the 
most optimal cut-off values in discriminating the 
presence of spontaneous activity for each parameter 
(DML >4.9 ms, pwSNAP amplitude <22.5 μV and 
pwSNCV <25.6 m/s). On the other hand, the multiple 
logistic regression analysis revealed that DML was a 
significant independent risk variable in determining 
presence or absence of spontaneous activity on the 
needle EMG. We found that the patients of DML 
of >4.9 ms were 13.5 times more likely to have 
spontaneous activity than those of DML of ≤4.9 ms. 
At the same time, every 1 ms prolongation of DML 
increased the probability of spontaneous activity by 
seven times. In their study, Vennix et al.[28] found 
that the sensitivity of DML to predict the presence 
of spontaneous activity was more than 95% while 
performing a needle examination of the APB in 
patients, if the median DML was >4.5 ms. Werner and 
Albers[16] observed a strong correlation between DML 
and axonal degeneration and an OR of 1.55 for the 
median motor latency indicated a 55% increased risk 
for each increase of 1 ms in the motor latency. This 
ratio of the median/ulnar CMAP amplitude has not 
been evaluated much in the literature. Since we did 
not include severe cases with low CMAP amplitude 
in our study, we believe that the ratio of the median 
to the ulnar CMAP amplitude may be useful in the 
decision of needle EMG in our study population. 
We found that the ratio of the median/ulnar CMAP 
amplitude was lower in patients with spontaneous 
activity than patients without of spontaneous activity. 
On the other hand, when we performed subgroup 
analysis in patients with prolonged DML, we observed 
no significant relationship with the presence of 
spontaneous activity. Similarly, Werner and Albers[16] 
found no significant relationship between the ratio of 
the median to the ulnar CMAP amplitude and needle 
EMG abnormalities.

Nonetheless, there are some limitations to this 
study. First, it has a small sample size which may 
limit the power of this study to generalize its findings. 
Second, we limited the needle EMG abnormality to 
the presence of spontaneous activity for determining 
the presence of axonal degeneration. In further 
studies, severity of spontaneous activity and MUP 

abnormalities may also be included in the assessment 
of axonal injury.

In conclusion, our study suggests that DML is 
the most important parameter for predicting the 
presence of spontaneous activity in patients with mild 
and moderate CTS with normal CMAP amplitude. 
In addition, the sensory parameters seem to be 
related in discriminating the presence of spontaneous 
activity. As we observed no spontaneous activity 
in any patients with normal DML in our study, 
we cannot recommend to perform needle EMG 
to thenar muscles in CTS patients with normal 
or even slightly prolonged DML. We believe that 
it would be beneficial to take into account DML 
primarily to detect axonal degeneration in earlier 
stages, considering that the probability of finding 
spontaneous activity is significantly increased in 
patients with a median DML of >4.9 ms.
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