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Abstract 

Background The most prevalent nerve entrapment disorder, known as carpal tunnel syndrome (CTS), is brought 
on by wrist‑based median nerve compression. Focal demyelination progresses to axonal dysfunction as the con‑
dition worsens. In order to detect motor unit (MU) loos, this study compares two motor unit number estimation 
(MUNE) techniques with compound muscle action potential (CMAP) amplitude. The CMAP amplitude and MUNE 
of the median nerve in 137 hands of 70 neurophysiologically approved CTS patients, aged 40.27 ± 10.06 years were 
examined. Another 90 hands from 56 healthy volunteers who are age‑ and gender‑matched serve the control group.

Results In contrast to 192.5 and 248.5 in controls, the median nerve values of incremental and adapted multipoint 
stimulation (aMPS) MUNE in CTS patients were, respectively, 111 and 133 (p < 0.0001). Patients with severe CTS com‑
pared to those with mild CTS using both methods had significantly lower MUNE. MUNE values are the same regard‑
less of gender or hand dominance. In comparison to MUNE methods (cutoff values of 106.5 and 203, respectively), 
CMAP amplitude had a sensitivity and specificity of more than 60% in detecting MU loss (cutoff value of 6.85 mV). The 
CTS grading had no effect on the CMAP amplitude. MUNE values had positive with CMAP amplitude and negative 
with CTS grading and Phalen test positivity.

Conclusions When identifying motor nerve involvement in CTS patients, the MUNE technique is more accurate 
than a standard motor nerve conduction study (NCS). It was emphasized that MUNE evaluation in determining MU 
loss in the early stages of CTS may be helpful in diagnosis and treatment. There was no correlation between handed‑
ness and the number of MUs as determined by MUNE techniques. Both methods almost equally identify MU loss 
and have the same sensitivity and specificity.

Keywords Motor‑unit number estimation, Compound muscle action potential, Motor unit loss, Carpal tunnel 
syndrome

Introduction
A common clinical condition of focal peripheral neurop-
athy known as carpal tunnel syndrome (CTS) is charac-
terized by nerve entrapment of the median nerve at the 
level of the carpal tunnel [1, 2]. Numbness, paresthesia, 
tingling, and pain are common in the median nerve dis-
tribution in CTS patients. These symptoms are linked 
to significant impairments in hand function and vary-
ing degrees of disability, such as motor weakness in the 
thumb and, in more severe cases, wasting of the abduc-
tor pollicis brevis (APB) muscle. The loss of motor units 
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(MUs) in the hand muscles is the pathophysiological 
cause of this functional impairment [3, 4].

The number of distinctive symptoms and aggravating 
or mitigating factors correlates with the likelihood of a 
precise clinical diagnosis of CTS [5]. Bedside tests used 
as part of a clinical examination to elicit symptoms of 
CTS include the Phalen, Tinel, manual carpal compres-
sion, and hand elevation tests. These provocative maneu-
vers may increase the accuracy of the clinical evaluation’s 
diagnosis [6].

For confirming the diagnosis of CTS and ruling out 
other conditions in the differential diagnosis, needle elec-
tromyography (EMG) is frequently added to electrodiag-
nostic testing with nerve conduction studies (NCS) [7]. 
Results from the NCS may be used to confirm the diag-
nosis of CTS. Whenever symptoms or NCS findings are 
moderate to severe, needle EMG is also performed to 
determine the integrity of MUs to help select patients 
for surgical treatment [8, 9]. For instance, in some severe 
cases where sensory and motor responses are absent on 
NCS, EMG can provide objective evidence of continuing 
neuronal integrity; similarly, in some cases where NCS 
abnormalities are mild, EMG can demonstrate evidence 
of more severe active denervation.

The pathophysiology of CTS is characterized by nerve 
demyelination in the early stages and axonal degenera-
tion as the disease progresses, which may require sur-
gical decompression. Electrodiagnostic techniques are 
used to determine the extent of focal demyelination and 
axonal degeneration [10, 11]. The decrement in the com-
pound muscle action potential (CMAP) amplitude can 
be brought on by distal demyelination or axonal degen-
eration, though the latter is less common in CTS [12]. 
Studies have shown that needle EMG in CTS patients is 
unreliable and controversial because results like fibrilla-
tion and a positive sharp wave cannot be used to assess 
the severity of motor axon injury [13].

Secondary axonal degeneration or conduction block 
may result in a decrease in the amplitude of the CMAP 
and sensory nerve action potential (SNAP) [14]. The best 
indicator of axonal loss is CMAP amplitude, which meas-
ures the number of innervated muscle fibers. In slowly 
progressive denervating disorders, its values fall only 
when the extent of denervation exceeds the capacity for 
reinnervation [15].

Some patients are unable to tolerate this aspect of the 
test and, in some cases, leave the test with an unfavora-
ble memory because the APB muscle experienced the 
most intense pain with needle EMG [16]. In order to pro-
vide a numerical estimate of the number of innervating 
axons, another neurophysiological tool called motor unit 
number estimation (MUNE) was used [17–19]. MUNE 
is based on electrophysiological evaluations of MU 

characteristics and can represent the number of all MUs 
innervating a muscle or muscle group. Additionally, MU 
size can be measured using MUNE techniques, enabling 
the monitoring of MU losses as well as the compensatory 
collateral reinnervation phenomenon [20].

The purpose of this study is to compare the sensitivity 
of CMAP amplitude to two MUNE methods in detect-
ing MU loss, as well as their relationship to the severity 
of CTS.

Methods
In the course of one calendar year (2018), a case–control 
study was conducted over four months. The research pro-
ject received ethical approval from the Institute Review 
Board of Al-Nahrain University’s College of Medicine 
(Reference # mmm/19, date 26/12/2017). Each individual 
participant had to give ethical consent in order to be a 
part of the study.

The information was gathered from 70 patients with 
an average age of 40.27  years (SD = 10.06) who were 
referred to the Neurophysiology Unit, Al-Imammain Al-
Kadhimyian Medical City, from Orthopedics and Neurol-
ogy clinics, as well as General Practices in Baghdad. CTS 
was considered for referral if there was paresthesia, pain, 
swelling in the median nerve distribution area, or digits 
I–V that was exacerbated by sleep. Another 56 age- and 
gender-matched volunteers served as the control group 
in the study.

Participants were not allowed to participate in this 
study if they had any of the following conditions: cervi-
cal root lesions in the symptomatic hand, fracture to the 
wrist, previous surgery for CTS, pregnancy, severe atro-
phy of the APB muscle, history of rheumatoid arthritis or 
wrist arthrosis, known diabetes, thyroid disease, or alco-
holism, artificial dialysis, Martin–Gruber anastomosis, or 
clinical signs of polyneuropathy.

The tests were carried out on a Cadwell VND301 
(USA) device by a certified clinical neurophysiolo-
gist. Using conventional techniques, the median nerve’s 
f-wave responses, as well as the peak sensory latency 
from digit 2, sensory amplitude from digit 2, sensory 
conduction velocity, motor latency, CMAP amplitude, 
and motor conduction velocity were examined [21]. Both 
symptomatic and asymptomatic hands were tested, so 
113 hands from 70 patients and 90 hands from controls 
were employed in this study.

To order to introduce the terms “mild”, “moderate”, 
and “severe”, a numerical value that could be widely 
accepted and used to compare with other studies was 
applied [22]. For mild CTS: presence of prolonged 
(relative or absolute) median nerve sensory latencies 
and normal motor studies with no evidence for axon 
loss. For moderate CTS, presence of abnormal sensory 
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latencies as noted for mild CTS, and (relative or abso-
lute) prolongation of motor distal latency but with no 
evidence of axon loss. For severe CTS, any of the afore-
mentioned NCS abnormalities with evidence of axon 
loss as defined by either: (1) an absent or low-amplitude 
SNAP or mixed NAP; (2) a low-amplitude or absent 
thenar CMAP; or (3) a needle EMG with fibrillation 
potentials or MU potential changes (large amplitude, 
long-duration MU potentials, or excessive polyphasics).

The incremental MUNE was done with a surface 
active recording electrode was placed over the APB 
motor point and a reference electrode was placed over 
the thumb’s metacarpophalangeal joint. At the wrist, 
the median nerve was stimulated 8  cm  away from the 
active electrode. Before nerve stimulation, the wrist’s 
precise stimulation site was marked with a pen to 
ensure accuracy.

The intensity of the stimulation was first increased in 
order to achieve the maximum CMAP response. Then, 
in order to help visualize low-amplitude steps in the 
response envelope, the display’s sensitivity is raised to 
100–200  V/div. To activate the first axon, the stimulus 
intensity is decreased to 3–10  mA, as shown by an all-
or-none response. Before the increments in the enve-
lope become indistinguishable by a minimum increment 
in stimulation intensity, an envelope of responses is 
obtained with 8–10 discrete steps. To determine the 
average amplitude of each step, we divide the number of 
steps by the peak-to-peak amplitude of the envelope. This 
average value represents the average single MUP and 
used to determine the MUNE value [23].

For the aMPS  MUNE method, the recording elec-
trodes were placed on the APB muscle using the standard 
belly–tendon method. The median nerve was stimulated 
five times at three locations: 2 cm proximal to the wrist 
crease, 4 cm proximal to the wrist crease, and at the cubi-
tal fossa. The filter frequencies ranged from 2 to 10 kHz. 
The ideal stimulus location for each stimulation site was 
identified by using a submaximal stimulus and moving 
the stimulator to elicit the greatest response. After that, 
the amplifier settings were changed to 200  µV/division. 
Traces were obtained and superimposed using a typical 
3-site motor conduction program.

The baseline to negative peak amplitude was measured 
after the stimulus was gradually intensified until an all-
or-none initial response was attained. Three responses of 
25 µV amplitude were obtained at each stimulation site. 
The negative peak amplitude of the third response was 
measured. The second and third locations received the 
same stimulation as the first. After gathering the samples, 
we went through all of the tracings to look for possible 
repeating motor units (so they would not be included 
more than once) [24].

Statistical analysis
Microsoft Office Excel 2016 and the statistical pack-
age for social sciences (SPSS) version 26 software were 
used to conduct the statistical analysis. The information 
was displayed as median and range or mean ± SD. Data 
from patients and controls were compared using the 
paired t-test for parametric data and the Mann–Whitney 
test for non-parametric data. For categorical data, the 
Chi-square test is used. The Spearmen correlation was 
employed to examine the relationship between sociode-
mographic and electrophysiologic data.

The receiver operating characteristic (ROC) curve is 
used to assess the performance of a diagnostic test by 
plotting the true-positive (sensitivity) rate against the 
false-positive (1-specificity) rate at different CMAP 
amplitude, incremental, and aMPS MUNE thresh-
old settings. A p-value of less than 0.05 was considered 
significant.

Results
There were no significant differences in age or gen-
der between patients with CTS and controls. The 
average duration of symptoms was found to be 
14.71 ± 14.04  months. The right hand was affected in 
19 (27.14%), the left hand was affected in 14 (20%), and 
both hands were affected in 37 (52.86%) of CTS patients. 
In terms of the dominant hand, no significant difference 
was found between the groups. The Phalen test was posi-
tive in 48 (68.57%) of the patients in the patient group, as 
shown in Table 1.

As shown in Table 2, there was a statistically significant 
difference between the patient and control groups in all 
electrophysiological measurements of the median nerve 
motor and sensory parameters (p < 0.001) and MUNE 
values (p < 0.001).

No significant difference in MUNE values between 
males and females (p = 0.561 versus p = 0.494), or 
between dominant and non-dominant hands (p = 0.056 
versus p = 0.918) of patients with CTS regardless of 
whether the method was incremental or aMPS (Table 3).

Table  4 shows that 33 hands had mild CTS, 44 had 
moderate CTS, and 36 had severe CTS, based on the 
severity score of CTS. The incremental MUNE was lower 
in those with severe CTS than in those with mild CTS 
(p = 0.036), but not in those with moderate CTS. Further-
more, the aMPS MUNE value in those with severe CTS 
differed significantly from those with mild and moderate 
CTS (p < 0.001), whereas there was no difference between 
the two latter groups.

As shown in Table 5 and Fig. 1, the receiver operating 
characteristic (ROC) curve was used to assess the sensi-
tivity and specificity of median nerve CMAP amplitude 
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as well as MUNE methods in differentiating between 
patients and controls. Table  6 shows the relationship 
between MU loss and neurophysiological cutoff values 
in different grades of CTS. Both MUNE methods, but 
not the CMAP amplitude, show a significant increase 
in MU loss with increasing CTS severity (p = 0.009 and 
p = 0.005, respectively).

There was no correlation found in the Spearman cor-
relation analysis between the incremental and aMPS 

MUNE values and age, symptom duration, or hand domi-
nancy. As shown in Fig.  2, both MUNE methods were 
positively related to median nerve CMAP amplitude 
(r = 0.370; p < 0.001; r = 0.394; p < 0.001, respectively) as 
shown in Fig. 3. They were also negatively related to CTS 
grading (r = − 0.236; p = 0.120 and r = − 0.367; p < 0.001, 
respectively) and Phalen positivity (r = − 0.180; p = 0.023 
and r = − 0.244; p = 0.010, respectively).

Discussion
In the present study, median nerve CMAP amplitude, 
incremental and aMPS MUNE findings, and MU loss 
in CTS patients were studied in patients with CTS and 
healthy controls. Additionally, correlations between 
MUNE values and clinical CTS manifestations have been 
investigated. Our study showed that CTS patients had 
lower median nerve CMAP amplitude, which may be 
related to either axonal degeneration or distal demyelina-
tion [25].

The MUNE values of CTS patients of this study were 
111 with the incremental method and 133 with the 
aMPS method. They were significantly less than the 

Table 1 Sociodemographic characteristics in the patient and 
control groups

The data are presented with mean ± SD or number and percent, and range

Demographic data Patients (n = 70) Controls (n = 56) p value

Age, years 40.27 ± 10.06 42.22 ± 7.32 0.711

 Range 20–60 24–58

Gender, n (%)

 Female 59 (84.3%) 45 (80.4%) 0.640

 Male 11 (15.7%) 11 (19.6%)

Symptom duration, 
months

14.71 ± 14.04
2–48

Dominant hand, n (%)

 Right 62 (88.6%) 49 (87.5%) 0.533

 Left 8 (13.4%) 7 (12.5%)

Affected hand, n (%)

 Right 19 (27.14%)

 Left 14 (20%)

 Bilateral 37 (52.86%)

Phalen test

 Positive 48 (68.57%)

 Negative 22 (31.43%)

Table 2 Electrophysiological findings in the patient and control 
groups

Electrophysiological data presented as mean ± SD or median and range; 
CV = conduction velocity; MUNE = motor unit number estimation; 
aMPS = adapted multipoint stimulation

Parameter Patients n = 70 Controls n = 56 p value

Median sensory peak 
latency, ms

4.82 ± 2.04 3.25 ± 0.26 < 0.001

Median sensory ampli‑
tude, µV

28.28 ± 18.51 44.1 ± 30.88 < 0.001

Median sensory CV, m/s 30.49 ± 6.52 53.38 ± 5.19 < 0.001

Median motor distal 
latency, ms

4.48 ± 1.17 3.4 ± 0.43 < 0.001

Median motor amplitude, 
mV

6.33 ± 2.78 8.11 ± 2.29 < 0.001

Medan motor CV, m/s 48.51 ± 9.91 61.36 ± 6.14 < 0.001

Median f‑wave latency, ms 28.82 ± 3.15 26.63 ± 2.65 < 0.001

Incremental MUNE 111 (13–387) 192.5 (134–317) < 0.001

aMPS MUNE 133 (24–351) 248.5 (179–416) < 0.001

Table 3 MUNE values according to the sex and hand 
dominance of patients with carpal tunnel syndrome

The data are presented as mean ± SD

MUNE = motor unit number estimation; aMPS = adapted multipoint stimulation

Variable MUNE methods

Incremental aMPS

Sex Males 124.1 ± 46.47 161.85 ± 83.72

Females 119.24 ± 59.61 141.83 ± 67.47

p‑value 0.561 0.494

Hand dominance Yes 157.12 ± 56.07 159.88 ± 97.9

No 121.7 ± 60.45 152.08 ± 72.85

p‑value 0.056 0.918

Table 4 MUNE values according to the grade of carpal tunnel 
syndrome

The data are presented as median (range)

Different small letters indicate different significances

CTS = carpal tunnel syndrome; aMPS = adapted multipoint stimulation

MUNE value CTS severity p-value

Mild n = 33 Moderate n = 44 Severe n = 36

Incremental

 Median 122.0a 113.0ab 101.5b 0.036

 Range 36–387 13–246 42–170

aMPS

 Median 158.0a 152.5a 97.0b < 0.001

 Range 34–351 24–331 43–210
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192.5 and 248.5, respectively, of the controls. MUNE 
values have been identified by Koç and colleagues 
[26] to be 115.62 ± 31.39 in in a group of CTS patients 
and 150.47 ± 33.6 in the control group. The mean 
MUNE values were 48.89 ± 26.30 in the CTS group and 
94.33 ± 48.45 in the control group according to Bayrak 
and colleagues study [27].

In addition, a different study found that the patient 
group’s MUNE was 81.8 ± 33.9 which was statistically 
lower than the control’s group MUNE (136.4 ± 22.0) 
with p < 0.05, a sensitivity of 96.7% and specificity of 
85.9% [23]. Yilmaz and colleagues [1], reported that the 
MUNE technique was sensitive in determining motor 
nerve involvement in CTS patients with sensory find-
ings, particularly in the early stages of CTS that are 
seen to be silent or with the slow sensory transmis-
sion. In a recent study, the MUNE values for the con-
trol group were 134.66 ± 41.00 and 68.72 ± 32.16 for the 
CTS patients [28]. The variation in patients included in 
these studies and the use of various techniques account 
for the discrepancy in MUNE values reported in in the 
literatures.

Routine NCSs are easy to use, repeatable, and reliable, 
but their main drawback is that they cannot identify MU 
loss in its early stages. During the slowly developing clini-
cal picture of CTS, the CMAP amplitude of the relevant 
median motor nerve is typically found to be within nor-
mal limits [1]. The CMAP amplitude does not change sig-
nificantly until the axons are severely damaged because 
surviving MU axons reinnervate muscle fibers through 
collateral sprouting [29].

Since sensory NCS are almost always affected before 
motor NCS in mild CTS, median nerve motor conduc-
tion study is less sensitive than sensory conduction 
study [30]. As a result, MUNE seems to be the best 
technique for assessing motor fibers because it can 
detect MU dysfunction even in the early stages of CTS 
[23, 27]. In this regard, our study demonstrated that 
MUNE methods are more sensitive and specific than 

Table 5 Sensitivity and specificity of MUNE methods and median nerve motor amplitude in detecting motor unit loss of patients with 
CTS

AUC area under the curve; Sens. = sensitivity; Spec. = specificity; MUNE = motor unit number estimation; aMPS = adapted multipoint stimulation. (Median nerve 
stimulation and recording from the APB muscle.)

Variable AUC Sens. Spec. 95% CI Cutoff value p-value

Upper bond Lower bond

Motor amplitude, mV 0.706 61% 63% 0.633 0.780 6.85 < 0.001

MUNE method

 Incremental 0.875 84% 82% 0.824 0.926 160.5 < 0.001

 aMPS 0.886 81% 80% 0.838 0.935 203 < 0.001

Fig. 1 ROC curve for incremental and aMPS MUNE methods 
and compound muscle action potential amplitude in detecting 
a motor unit loss in patients with CTS

Table 6 Motor unit loss according to the cutoff values of 
electrophysiological findings in different grades of CTS

The data are presented as number and percent

CTS = carpal tunnel syndrome; MUNE = motor unit estimation; aMPS = adapted 
multipoint stimulation

Cutoff value CTS severity p-value

Mild (n = 33) Moderate 
(n = 44)

Severe 
(n = 36)

Motor amplitude, mV

 < 6.85 18 (54.55%) 30 (68.18%) 22 (61.11%) 0.458

 > 6.85 15 (45.45%) 14 (31.82%) 12 (33.33%)

Incremental MUNE

 < 160.5 10 (30.3%) 9 (20.45%) 1 (2.78%) 0.009

 > 160.5 23 (69.7%) 35 (79.55%) 35 (97.2%)

aMPS MUNE

 < 203 11 (33.3%) 10 (22.73%) 1 (2.78%) 0.005

 > 203 22 (66.67%) 34 (77.27%) 35 (97.2%)
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median nerve CMAP amplitude in identifying MU loss 
in patients with CTS, as shown in Fig. 1 and Table 5.

Additionally, MUNE values by the two methods were 
lower than control values across the spectrum of CTS 
severity, demonstrating that MUNE is more accurate 
than CMAP amplitude in detecting MU loss even in 
mild CTS cases, as shown in Tables 4 and 6. In agree-
ment with our findings, Cuturic and Palliyath [31] 

reported that patients with mild-to-moderate CTS had 
a clinically silent period of MU loss prior to the onset of 
clinical signs and symptoms.

In this study, it was discovered that MUNE was nega-
tively correlated with Phalen test positivity and CTS 
grading and positively correlated with median nerve 
CMAP amplitude in patients with CTS. Several publica-
tions [27, 29] also reported on these findings.

Fig. 2 Scatter plot and regression line between compound muscle action potential and incremental MUNE (left) and aMPS MUNE (right) in patients 
with CTS

Fig. 3 Scatter plot and regression line between compound muscle action potential and incremental MUNE (left) and aMPS MUNE (right) in patients 
with CTS
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The small sample size of the study, which was caused 
by patient compliance and the time required to apply the 
MUNE techniques, as well as the inclusion of only one 
age group (20–60 years) and the exclusion of endocrine 
conditions like diabetes mellitus and thyroid function 
disorders, which frequently contribute to the etiology of 
CTS, are among the limitations of this study. Addition-
ally, the MUNE method is not frequently used in the 
follow-up of CTS, so there were not enough studies to 
compare, which made this investigation difficult.

Conclusion
According to our research, MUNE is a technique that is 
more capable of detecting motor nerve involvement in 
CTS patients than traditional motor NCS. The sensitiv-
ity and specificity of the incremental and aMPS MUNE 
methods to detect MU loss are nearly identical. As deter-
mined by MUNE techniques, there was no correlation 
between handedness and the number of MUs.
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