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Abstract
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In the present study, we compared ultrasonography (USG), electromyography (EMG), and clinical outcomes of patients exhibiting clinical findings suspected of
carpal tunnel syndrome (CTS). This comparison included individuals diagnosed with CTS through control examinations involving electrodiagnostic tests, as well
as those who were not diagnosed with CTS. The study included 50 patients who applied to the Physical Medicine and Rehabilitation and Orthopedics and Trauma-
tology outpatient clinics at Elazig Fethi Sekin City Hospital with complaints of hand numbness and pain, raising suspicion of CTS and were subsequently diagnosed
with CTS through EMG between January 2022 and June 2022. In addition, the records of 50 control patients were reviewed; these individuals were also suspected
of CTS and had undergone EMG, but their results were determined to be normal upon interpretation. All patients completed the Boston CTS questionnaire, while
a radiologist with seven years of experience employed a linear probe within a 5-13 MHz frequency range to measure and record the cross-sectional area (CSA) of
the wrist median nerve. The patient group comprised the evaluation of 87 wrists, whereas the control group included 79 wrists under assessment. The mean age for
the patient group stood at 49.94+8.9 years, while the control group exhibited a mean age of 51.61+9 years. There was a significant correlation between the median
nerve CSA measured by USG and the corresponding EMG data. In our study, we concluded that both EMG and USG are effective in the diagnosis of CTS, with

USG exhibiting greater effectiveness compared to EMG.
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Introduction

Carpal tunnel syndrome (CTS) is the most common peripheral
entrapment neuropathy that develops after the compression of
the median nerve in the carpal tunnel, presenting with numbness,
tingling, and pain in the hand. The condition is mostly seen in
women [1,2].

The carpal tunnel is the anatomical space bounded by the
carpal bones dorsally and the fibrous flexor retinaculum on the
volar side; CTS develops with the compression of the median
nerve within this space [3]. The transverse carpal ligament puts
pressure on the carpal tunnel in flexion and extension of the wrist
and causes compression in the tunnel. Surgical intervention often

involves the release of the transverse carpal ligament [4].

Most cases of CTS are idiopathic. CTS symptoms are estimated
to be bilateral in up to 73% of cases, although they may not
occur simultaneously. The condition has been associated
with pregnancy, overuse of the hand or wrist, trauma, obesity,
hypothyroidism, kidney failure, diabetes mellitus, inflammatory
arthropathies, and various other causes [1,5].

Many methods, including splinting, prednisolone administration,
physical therapy exercises, therapeutic ultrasound, and surgical
decompression, have been described in the treatment of CTS
[6,7].

While pain, tingling, and numbness developing in the median
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nerve distribution constitute the clinical symptoms, it is essential
to confirm these symptoms with electromyography (EMG).

Research indicates that clinical tests like the Tinel, Phalen,
reverse Phalen, and carpal compression tests, employed in
the clinical assessment of CTS, exhibit greater sensitivity in
diagnosing tenosynovitis compared to diagnosing CTS [8].

There are instances where electrodiagnostic testing indicates
carpal tunnel abnormalities, but clinical confirmation is lacking.
As a matter of fact, the symptomatic prevalence was 3.8% in
clinical examinations, while it was 4.9% in the electrodiagnostic
study; meanwhile, the prevalence in which a definitive diagnosis
of CTS was established through both clinical examination and
electrodiagnostic tests was reported as 2.7% [2].

While CTS is often diagnosed with EMG clinically,
ultrasonography (USG) has progressively emerged as a
valuable diagnostic tool. USG is better tolerated, less expensive,
offers insights into the condition's severity, and allows for the
differentiation of anatomical variations [4,9].

The cross-sectional area (CSA) of the median nerve measured
by USG is strongly correlated with the symptoms and severity of
CTS. In a particular study, the most significant finding on USG
in CTS patients was identified as swelling in the median nerve.
Furthermore, within the same study, a median nerve CSA over 9
mm? exhibited a sensitivity of 82% and a specificity of 97% [10].

Material and Methods

The study included 50 patients who applied to the Physical
Medicine and Rehabilitation and Orthopedics and Traumatology
outpatient clinics at Elazig Fethi Sekin City Hospital with
complaints of numbness and pain in the hand, raising suspicion
of CTS and were subsequently diagnosed with CTS through
EMG between January 2022 and June 2022. In addition, the
records of 50 control patients were reviewed; these individuals
were also suspected of CTS and had undergone EMG, but their
results were determined to be normal upon interpretation.

Patients younger than 18 years and older than 65 years, patients
with systemic inflammatory rheumatic disease, patients with
sociocultural communication difficulties, patients with acute or
pre-existing clinically ambiguous conditions at the time of study
(malignancy, thyroid, or endocrine disorders, etc.), and pregnant
patients were not included in the study. The patients who met
these criteria were reached by phone and the patients who
agreed to participate in the study were invited to the hospital.
All patients were asked to fill in the Boston CTS questionnaire,
while a radiologist with seven years of experience employed
a linear probe within a 5-13 MHz frequency range to measure
and record the CSA of the wrist median nerve (Figures 1 and 2).
Informed consent of the patients and ethics committee approval
(date: March 18, 2021, no: 04-32) were obtained for the study.

In their study using the Boston CTS questionnaire, Ilhan et al.
(2008) concluded that the Turkish version of the questionnaire
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is an effective tool for following patients in both clinical and
scientific studies and that it can be used easily and safely [11].

RIGHT MEDIAN NERVE

Figure 1. View of the right median nerve view using the linear probe in the 5-13
MHz frequency range

Figure 2. View of the right median nerve CSA measured using the linear probe
in the 5-13 MHz frequency range

Statistical analysis

The SPSS 25.0 for Windows (IBM Corp., Armonk, NY, USA)
software was used in statistical analyses. Descriptive statistics
included standard deviation, mean, minimum, and maximum for
numerical variables, while categorical variables were presented
as numbers. The statistical significance level was set at p<0.05.

Results

Fifty patients diagnosed with CTS (46 women, 4 men) and 50
control patients (48 women, 2 men) whose EMG results were
determined to be normal were included in our study. The patient
group comprised the evaluation of 87 wrists, whereas the control
group included 79 wrists under assessment.

The mean age for the patient group stood at 49.9448.9 years, while
the control group had a mean age of 51.61+9 years, exhibiting no
significant difference. There was also no significant difference in
terms of body mass index (BMI) between the two groups.

Findings related to the symptom severity scale (SSS) and
the functional status scale (FSS) domains of the Boston CTS
questionnaire, motor amplitude, sensory nerve conduction
velocity, distal motor latency, and median nerve CSA were
significantly higher in the patient group than in the control group
(Table 1).

Upon analysis of the EMG and USG outcomes concerning the
median nerve, a correlation between the clinical findings and
the Boston symptom severity scale, sensory conduction velocity,
median nerve CSA, and distal motor latency was observed. In
addition, there was a significant correlation between the MN-
CSA measurements obtained by USG and the EMG data (Table
2).

Following a ROC analysis of our CTS patients and control group
(Figure 3 and Table 3).
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1. We found the area under the ROC curve in USG measurement
as 0.994 (95% confidence interval: 0.988-1), signifying its
substantial significance in diagnosing CTS.

2. Motor latency was calculated as 0.987 in EMG evaluation,
indicating its significant efficacy in identifying CTS.

3. In the control group, no EMG activity was observed except
for sensory velocity.

4. We can assert that USG is more effective than EMG.
Considering the limited number of patients in our study,
we anticipate that a more comprehensive evaluation will be
necessary.

Table 1. Comparison of the two groups by age, body mass index, median nerve
cross-sectional area, and electrophysiological measurements

Sensitivity
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ROC Curve
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Control group Patient group p
Age (years) 49.80+8.87 50.78+9 0.585
BMI (kg/m?) 28.60+4.52 27.40+4.60 0.192
Boston SSS 13.26+2.12 34.74+9 0.001
Boston FSS 10.26+2.12 24.86+7.12 0.001
MA 9.36+2.35 7.54+2.74 0.001
SNCV (ms) 58.48+2.39 40.68+4.16 0.001
DML (ms) 2.56+0.38 3.96+0.62 0.001
MN-CSA (mm?) 7.2+0.78 11.14£1.17 0.001

MN-CSA: median nerve cross-sectional area, SNCV: sensory nerve conduction
velocity, DML: distal motor latency, MA: motor amplitude, SSS: symptom
severity scale, FSS: functional status scale

Table 2. Correlation between EMG and USG results of the median nerve and
clinical findings and the correlation between EMG and USG results

MN-CSA (mm?») MA DML (ms) SNCV (m/sn)
Boston r 0.302 -0.214 0.314 -0.493
FSS p 0.033 0.136 0.026 0.000
Boston r 0.456 -0.322 0.511 -0.547
SSS p 0.001 0.022 0.000 0.000
MN-CSA T 1 -0.407 0.762 0.762
(mm?) p 0.003 0.000 0.00

MN-CSA: median nerve cross-sectional area, SNCV: sensory nerve conduction
velocity, DML: distal motor latency, MA: motor amplitude. SSS: symptom
severity scale, FSS: functional status scale

Table 3. ROC analysis of the CTS patients

USG EMG
0, 0,
Area under 95% Area under 95%
confidence confidence
the curve . the curve .
interval interval
USG 0.994 0.988-1 0.005 0.00-0.012
MA 0.33 0.246-0.413 0.670 0.02-0.024
DML 0.987 0.976-0.998 0.013 0.362-0.5
SNCV 0.02 0.-0.006 0.998 0.994-1

SNCV: sensory nerve conduction velocity, DML: distal motor latency,
MA: motor amplitude, USG: ultrasonography, EMG: electromyography

00 T T T
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Diagonal segments are produced by ties.
Figure 3. ROC analysis of the CTS patients

Discussion

CTS exhibits a common occurrence within the 40-60 age range,
with its frequency escalating as individuals age [2,12]. In our
study, both groups displayed a comparable mean age, with the
patient group averaging 49.80+8.87 years and the control group
averaging 50.7849 years, thus achieving group homogeneity.

The risk of CTS is increased in obese patients [1,5]. There was
no significant difference between the groups in terms of the
BMI measurements of our patients. Obesity did not affect the
comparison of the two groups.

Numerous studies have concluded that manual tests for assessing
patients’ symptoms and clinical diagnosis are insufficient in CTS
[2,4,8,9]. As a matter of fact, our control group was assembled
from individuals whose symptoms and clinical presentation
raised suspicion, yet their EMG outcomes did not suggest CTS.
This underscores the necessity of additional diagnostic tests.

However, EMG findings consistent with CTS were observed in
70% of patients with clinically established CTS, 46% of patients
with paresthesia in the median nerve trace, and even in 18% of
patients with no discernible symptoms [2].

Electrodiagnostic studies may exclude other conditions such
as polyneuropathy and radiculopathy, while also measuring
the extent of CTS severity; however, it has been reported that a
normal EMG does not rule out CTS. Electrodiagnostic studies
have a sensitivity of 56-85% and a specificity of 94-99% for
CTS [13]. In our study, the distal motor latency efficiency was
significant in the EMG evaluation performed in the CTS group,
while in the control group, only sensory velocity activity was
observed.

A particular study measured median nerve enlargement in CTS
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cases, averaging 10.8 mm? via USG [12]. In a meta-analysis,
a median nerve CSA measuring 9 mm? or more demonstrated
87.3% sensitivity and 83.3% specificity for CTS diagnosis [14].

In another study, when patients with and without EMG-confirmed
CTS were compared, the mean median nerve CSA was found
15.58+3.83 mm? and 9.42+2.81 mm?, respectively (p<0.001).
When categorizing patients as exhibiting normal, mild, moderate,
and severe CTS, the USG median nerve CSAs were measured at
9.442.8, 13.442.5, 15.843.8, 18.2+3.9, respectively, establishing
a significant correlation between the severity of CTS and USG
outcomes [15]. However, many studies still argue that the
correlation between CTS severity and EMG findings is uncertain
[8,16-18]. Our study did not incorporate CTS severity scaling.

There are also studies that use USG elastography in the diagnosis
of CTS and argue that tissue stiffness and the level of stiffness
hold significant implications for both the diagnosis and severity
of CTS [19,20].

In a recent study, the highest sensitivity (87%) and specificity
(91%) were recorded at the threshold of 11.5 mm? within a
range of different cut-off values (8.5-12.5 mm?) examined for
the median nerve’s CSA [21]. However, there are also studies
asserting that there is presently inadequate evidence to advocate
for the routine integration of USG [22].

A study; It has been shown that High Resolution Ultrasound-B
measures intraneural vascularity better than Doppler Ultrasound
and gives a better correlation than EMG [23]. With High
Resolution USG, nerve shape, size, echogenicity and neural blood
flow can be detected [24]. Shear wave eclastography measures
tissue stiffness and is more sensitive than strain elastography
[25].

A meta-analysis reported that USG has satisfactory diagnostic
accuracy in the diagnosis of CTS, the threshold value for median
nerve width in the general population can be said to be 9-10.5
mm?, and it can show the increase in median nerve stiffness
and vascularity reflecting the severity of the disease. They also
reported that EMG may miss the diagnosis of CTS in patients
with classic symptoms and noticeable swelling at the tunnel
entrance. However, they advocated performing EMG in patients
with unclear symptoms and stated that EMG and USG are
complementary to each other and that both should be applied at
every stage of CTS [26].

Another meta-analysis found that ultrasound has good sensitivity
and is comparable to EMG; however, it has shown to have
slightly higher specificity than EMG. Therefore, he stated that
it can be used as an alternative to electrodiagnostic testing as
a confirmatory test for CTS. USG is useful for the diagnosis of
CTS because it is cost-effective, rapid diagnosis and painless, but
it cannot be said to replace electrodiagnostic tests. Additionally,
no literature has been able to correlate ultrasound measurements
with the severity of CTS; therefore, further research is needed to
investigate these correlations [27].

Another study is; found that the simple correlation between
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symptomatic and electrophysiological severity was comparable
to previous studies, but that this relationship was stronger than
previously reported and strong enough to be clinically useful
[28].

In our study, the mean median nerve CSAs measured by USG
were 11.14£1.17 mm? and 7.2+0.78 mm? for our patient and
control groups, respectively (p<0.001). The area under the ROC
curve in USG measurement was 0.994 (95% confidence interval
0.988-1), signifying its significant effectiveness in diagnosing
CTS. We can assert that USG is more effective than EMG.

Conclusion

Upon examining the EMG and USG outcomes concerning
the median nerve, we observed a clear correlation between
the clinical findings and the Boston SSS, median nerve CSA,
sensory nerve conduction velocity, and distal motor latency. In
addition, there was a significant correlation between the MN-
CSA measured by USG and the corresponding EMG data.

Both USG and EMG have significant efficacy in diagnosing
CTS. No EMG activity was observed in the control group, except
for sensory velocity. Accompanied by all these findings, we can
conclude that USG is more effective than EMG in diagnosing
CTS.
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