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Background: To assess the contribution of ultrasound in diagnosing occupational
carpal tunnel syndrome (CTS), compare it with electromyography (EMG) results,
and evaluate the ultrasound characteristics of CTS patients.

Methods: A nine-month cross-sectional study (January—September 2021)
involved CTS patients and a control group, utilizing a structured form for data
collection. EMG was performed on the patient group (‘cases’) and ultrasound
examinations were conducted on both groups. Statistical analysis was performed
using SPSS software.

Results: Among 44 cases and 30 controls, CTS patients (mean age 44.9 years)
exhibited predominantly bilateral symptoms (90.9%). The optimal cross-
sectional area (CSA) threshold for diagnosis was 10.3 mm? (89% sensitivity,
84% specificity). Significant differences in ultrasound criteria were observed
between patient and control groups, including the “notch sign” (p = 0.012),
hypoechoic appearance (p = 0.016), and reduced median nerve mobility
(p = 0.021). Quantitatively, CSA (13.7 mm? vs. 74 mm?), flattening ratio (3.3 vs.
2.1), and retinaculum bulging (3.2 mm vs. 1.9 mm) significantly differed between
cases and controls (p = 0.0019, 0.025, and 0.01, respectively). Positive Phalen
tests correlated with higher CSA (p = 0.005) and retinacular bulging (p = 0.02).
CSA correlated with EMG parameters, indicating slower conduction velocities,
lower amplitudes, and longer latencies (p < 107 (-3), r = —0.56, —0.62, —0.36,
and —0.68, respectively).

Conclusion: This study highlights ultrasound’s diagnostic potential for CTS,
particularly in occupational settings. Its non-invasiveness and reliability advocate
for its integration into routine diagnostic protocols, supporting evidence-based
management strategies. Further research is needed to explore long-term
efficacy and broader applicability.
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1 Introduction

Carpal tunnel syndrome (CTS) is a frequent compressive
neuropathy, predominantly observed in individuals aged 45 to 60,
with a higher prevalence among women (1). According to Chammas
et al.,, around 4 to 5% of the global population is estimated to
experience CTS (2).

This disorder results from the chronic compression of the median
nerve within the carpal tunnel, an osteofibrous structure confined by
the carpal bones and the transverse carpal ligament. The median
nerve, situated within this confined space alongside the flexor tendons
of the fingers, is subjected to increased pressure, leading to CTS (2).

The origins of this condition can vary, ranging from idiopathic
CTS with no apparent cause to secondary forms resulting from
anatomical, endocrine, infiltrative, tumorous, or infectious factors (1).

Professionally induced factors play an increasingly pivotal role in
the upsurge of CTS, particularly in occupations involving repetitive
upper limb movements, sustained physical efforts, wrist torsions, and
exposure to vibrating tools (3, 4). This has sparked concern in
occupational medicine. Luckhaupt et al. reported a lifetime prevalence
0f 6.7% and a 12-month prevalence of 3.1% (approximately 4.8 million
workers) for clinically diagnosed CTS among workers, with 67.1% of
cases attributed to work (5). In Tunisia, its prevalence is estimated at
35 cases per 100,000 workers engaged in intensive manual
activities (6, 7).

Early and accurate detection of CTS is crucial for adequate
management and reducing its impact on individuals’ work capacity (8).

Electromyography (EMG) has traditionally been the gold standard
for evaluating median nerve involvement and confirming diagnoses.
However, EMG has limitations, including its sensitivity, which can
be as low as 56 to 85% (9-11), especially in the early stages of the
disease (1, 4). Additionally, EMG can be uncomfortable for patients
and may not be readily accessible in all healthcare settings (12).

These challenges have prompted the research for alternative
diagnostic methods. In recent years, ultrasound has emerged as a
promising tool for CTS assessment. This technology offers significant
advantages, including its non-invasive nature, increased availability,
and real-time insights into the carpal tunnel’s structure and potential
etiological anomalies (12). This has generated growing interest among
healthcare professionals, especially in occupational medicine, where
occupational CTS cases are rising.

This article aims to examine the contribution of ultrasound in
diagnosing occupational CTS, assess its added value compared to
EMG, and highlight its potential benefits in improving early detection
and management of this condition.

2 Materials and methods

This is a cross-sectional study conducted over nine months,
spanning from January to September 2021. Participants were selected
from patients referred to the Occupational Medicine Department of
Farhat Hached University Hospital in Sousse. All participants
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presented with symptoms evoking CTS according to the criteria of the
American Academy of Neurology (9) and whose diagnosis was
confirmed by electrophysiological examinations.

All study participants were informed about the research topic.
Their participation was contingent upon obtaining free and informed
consent, adhering to Tunisian regulations, and aligning with the
Helsinki Declaration, and UNESCO’s Universal Declaration on the
Human Genome and Human Rights. The study received approval
from the Faculty of Medicine Ethics Committee, Sousse (Assessment
244 Reference: CEFMS 244/2024).

Patients who underwent CTS surgery or treatment in the last six
months, and those with comorbidities that could cause secondary
neuropathy, ongoing pregnancy, or a history of wrist trauma or
fracture were excluded due to the lack of clear consensus criteria for
the electrodiagnosis of CTS in these conditions, as noted in previous
studies (13). A control group, consisting of individuals without any
symptoms of CTS, was carefully screened and recruited from the
radiology department at Farhat Hached University Hospital in Sousse.
These individuals were also subjected to the same exclusion criteria as
the case group, including a history of wrist trauma, previous CTS
diagnosis, or other conditions that could mimic CTS symptoms.

Data were collected using a structured form that included
information on sociodemographic and individual data (age, gender,
origin), professional data (sector of activity, occupation, occupational
seniority, specific tasks), medical data (personal history, functional
signs, clinical examination data, and medications), as well as
ultrasound and EMG data.

EMG examinations were conducted for the patients, by the same
operator, in the Neurophysiology Department at the University
Hospital Sahloul in Sousse. They were performed using a
Neurosoft-MEP 4 device, with parameters including nerve conduction
velocity, sensory response amplitude, distal motor latency, and muscle
response amplitude. The severity of CTS was classified into six grades
according to the Bland criteria (14).

All ultrasound examinations were performed using a Philips iU22
ultrasound machine equipped with a linear multifrequency L12-5
50 mm (5-12 MHz) probe. The same operator conducted all
examinations on both groups at the Radiology Department of Farhat
Hached Hospital in Sousse. Patients were positioned comfortably with
their forearms resting on the table, palms up, in a neutral position. The
palmar crease of the wrist, along with carpal bone landmarks, was
used as a reference point for probe placement. Both transverse and
longitudinal planes were used to evaluate the entire course of the
median nerve within the carpal tunnel. To ensure consistency, all
ultrasound examinations were conducted by the same operator.

A single-blind design was employed to minimize diagnostic bias.
Operators conducting the ultrasound examinations were blinded to
the patient’s clinical status and diagnosis by using a coding system that
concealed patient information until after the examinations were
completed. A centralized data management system was implemented.
Patient information was coded and kept confidential throughout the
study, preventing operators from accessing clinical details before or
during the ultrasound examinations. Regular quality control checks
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were conducted to verify the integrity of the blinding process.
Additionally, data analysis was performed by individuals who were
unaware of the patient groups, further reinforcing the blind design.

The study focused on the analysis of ultrasound criteria, including
the CSA of the median nerve, the flattening ratio, the bulging of the
retinaculum, the notch sign, changes in the echotexture of the median
nerve, and decreased mobility during flexion-extension.

Statistical analysis of the data was performed using SPSS software
version 25.0. Normality tests (Kolmogorov-Smirnov or Shapiro-
Wilk) confirmed that all data followed a Gaussian distribution
(p>0.05). This allowed for the use of parametric tests, such as
Student’s t-test, to compare continuous variables (age, weight, height,
BMI, CSA at the inlet, evolution duration of the symptoms, and CSA
at the outlet) between patients and controls.

Gender and involved sides, being categorical variables, were
analyzed using a chi-square test. Pearson’s correlation, a parametric
test suitable for analyzing the relationship between continuous
variables, was used to assess the relationships between CSA at the
tunnel inlet and weight, height, and BMI. A significance level of
p <0.05 was adopted for all statistical analyses.

Receiver operating characteristic (ROC) curves were used to
determine optimal cutoff points, assess sonographic measurements’
diagnostic accuracy, and depict sensitivity and specificity variations
with different cutoff points. Data from both right and left wrists were
analyzed cumulatively to increase the sample size and enhance the
statistical power of the analysis. This approach also acknowledges that
CTS can often affect both wrists symmetrically.

To assess differences in sensitivity and specificity, the exact
McNemar test, a non-parametric test suitable for paired categorical
data, was employed.

3 Results

A total of 44 cases and 30 controls participated in this study. The
mean age of patients was 44.9 + 7 years (range, 32-55y), and controls
had a mean age of 42.5 + 11 years (range, 28-58 y).

The majority of patients in our study were employed in
manufacturing (45.5%), followed by healthcare (25%). Common job
positions included blue-collar workers (36%), seamstresses (18%), and
nurses (13.6%). The occupational seniority of patients averaged
21.1 years (standard deviation: 6.2).

The average duration of symptoms in the patient group was
19 months (range, 3-120 mo). The majority of cases (90.9%)
experienced bilateral involvement, and four patients had unilateral
involvement. Consequently, we analyzed a total of 84 wrists in the
‘cas€’ group. Common symptoms included numbness, painful
discomfort, paresthesia, and hand weakness, localized in the
median nerve territory in 75% of cases. Clinical signs such as
Phalen, Tinel, and McMurtry signs were noted in the majority of
cases (Table 1).

An analysis was conducted to explore correlations between
ultrasound parameters and demographic characteristics. ROC curves
identified an optimal threshold for the CSA at 10.3 + 0.02 mm?, with
a sensitivity of 89% and specificity of 84%. For the flattening ratio, the
threshold was 2.35 + 0.33, with a sensitivity of 72% and specificity of
78%. The retinaculum bulging threshold was approximately
3.15 £ 0.54 mm, with a sensitivity of 65% and specificity of 80%. The
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TABLE 1 Sociodemographic and clinical characteristics of the cases and
controls.

Characteristic Patients Controls
(N = 44) (N =30)
Age, years, mean (range) ‘ 44.9 (32-55) ‘ 42.5 (28-58)
Sex, n (%)
Man 15 (34) 15 (50)
‘Woman 29 (66) 15 (50)
BMI, Kg/m? mean (range) 29.22 (22.4-39.4) 27.35(23.6-34.2)
Work seniority, years, mean, SD 21.1+6.2
The average duration of symptoms, 19 (3-120)
Months, mean, SD
Clinical signs, n (%)
Bilateral 40 (90.9)
Phalen Sign 41 (94)
Tinel Sign 39 (88.1)
McMurtry 34 (78.6)
Hyposthesia 12 (27.4)

SD, Standard deviation.

TABLE 2 Diagnostic metrics for ultrasound criteria: specificity vs.
sensitivity.

Ultrasound criteria Sensitivity (%) Specificity (%)
o CSA>10.3 mm* 89 84
« FR>235 72 78
e RB>3.15mm 65 80
i. Notch sign 80 78
ii. Hypoechoic appearence 77 75
iii. Decreased mobility 43 72

CSA, Cross-sectional area Values are rounded; FR, Flattening ratio; RB, Retinacular bulge.

CSA proved to be the most sensitive and specific sign. Various
qualitative signs showed specificity values ranging from 72 to 78%,
with the notch sign being the most sensitive at 80% (Table 2).

There was no correlation between the CSA and age (p > 0.05),
BMI (p > 0.05), or gender (p > 0.05).

Ultrasound criteria demonstrated significant distinctions between
patient and control groups, with the “notch sign” appearing in 71.4%
of patients versus 6% in controls, hypoechoic appearance in 77.4% of
patients versus 16% in controls, and reduced median nerve mobility
during flexion-extension in 42.9% of patients and 6% of controls
(p=0.012, 0.016, and 0.021, respectively). Quantitatively, significant
differences were observed in the median CSA (13.7 mm? vs. 7.4 mm?),
flattening ratio (3.3 vs. 2.1), and retinaculum bulging (3.2 mm vs.
1.9 mm) between cases and controls (p = 0.0019, 0.025, and 0.01,
respectively) (Table 3).

A statistically significant, moderate positive correlation (r > 0) was
observed between the duration of CTS and the CSA (p =0.04),
flattening ratio (p =0.021), and retinaculum bulging (p = 0.025)
(Table 4).

However, no statistically significant relationship was observed
between the duration of CTS evolution and various qualitative
ultrasound signs (p > 0.05).
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We conducted independent comparisons of mean values for
various quantitative indicators based on the presence or absence of
clinical signs. Positive Phalen test results exhibited statistically
significant associations with higher values in both CSA (p = 0.005)
and retinacular bulging (p = 0.02). Similarly, hypoesthesia and hand
swelling demonstrated statistically significant correlations with an
increased CSA (p = 0.004, p = 0.03 respectively) and retinacular
bulging (p = 0.016, p = 0.021 respectively) (Table 5).

Regarding qualitative ultrasound signs, we found a significant
association between the Phalen test and the notch sign (p = 0.004),

TABLE 3 Ultrasound characteristics in both groups.

Ultrasound characteristic

Total wrists studied in cases

10.3389/fneur.2024.1490873

the latter being more prevalent with a positive Phalen test. Carpal
canal content mobility decrease was more frequent in patients with a
positive Phalen test (p = 0.002). Additionally, a significant association
was found between hypoesthesia in the median nerve territory and
the ultrasound notch sign (p = 0.009). No significant correlations
were identified between the Tinel sign, McMurtry sign, muscle
atrophy in the thenar compartment, hand swelling, and various
ultrasound signs (Table 6).

Significant correlations were found between ultrasound signs
(CSA, flattening ratio, and retinaculum bulging) and EMG parameters,

Total wrists studied in

(N = 84) controls (N = 60)
Notch sign, n (%)
No 24 (28.6) 58 (96.6) 0.012
Yes 60 (71.4) 2(3.3)
Hypoechoic appearance, n (%)
No 19 (22.6) 50 (83) 0.016
Yes 65 (77.4) 10 (16)
Decreased mobility of the median nerve during flexion-extension movements, n (%)
No 48 (57.1) 58 (96.6) 0.021
Yes 36 (42.9) 2(3.3)
CSA at the inlet, mm?, threshold 13.7 [7-24] 7.4 [(6-14] 0.0019
The median flattening ratio, mean 3.3 [1.5-6] 2.1[2-4.5] 0.025
The median retinaculum bulging (mm?), mean 3.2 [2.1-5.5] 1.9 [1.8-4.5] 0.01

TABLE 4 Correlation between symptom duration and ultrasound findings in CTS.

1-12 months >12 months
Cross sectional area (mm?) 13+4.1 16 + 3.8 18.5+54 0.04
Flattening ratio 24+1.8 35+1.6 52+1.5 0.021
Retinaculum bulging (mm) 28+1.1 37+14 48+2.1 0.025

TABLE 5 Relationship between quantitative ultrasound signs and clinical signs.

Clinical sign Cross-sectional area Flattening ratio Retinacular bulge
Mean P Mean Jo) Mean P

Tinel’s sign Yes 14.11 NS 3.18 NS 3.32 NS
No 13.14 2.98 3.12

Phalen’s sign Yes 14.22 0.005 3.12 NS 3.1 0.02
No 9.6 3.01 2

McMurtry sign Yes 14.09 NS 3.21 NS 2.98 NS
No 132 2.67 2.85

Median nerve Yes 15.55 0.004 2.94 NS 2.67 0.016

hypoesthesia No 11.16 3.16 3.18

Muscle atrophy Yes 13.89 NS 2.99 NS 2.8 NS
No 13.51 3.11 2.7

Hand swelling Yes 18.25 0.03 3.63 NS 2.7 0.021
No 13.64 3.02 3.7
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TABLE 6 Relationship between qualitative ultrasound signs and clinical
signs.

Clinical Hypoechoic = Decrease
sign appearance mobility
P P

Tinel’s sign Yes 71.6 NS 77 NS 56.7 NS
No 70 80 40

McMurtry Yes 73.4 NS 79.7 NS 74.8 NS

sign No | 56 40 54

Phalens sign | Yes 788 | 0.004 81.8 NS 61.5 0.002
No | 244 61.1 11

Medial nerve | Yes 91.6 0.009 95.8 0.011 58.3 NS

hypoesthesia | N5 233 254 57.8

Muscle Yes 92 NS 92 NS 53.8 NS

atrophy No = 74 75 0.8

Hand Yes | 71.6 = NS 100 NS 66.6 NS

swelling No | 66 76 )

TABLE 7 Relationship between the CSA of the NM and the EMG
parameters.

Parameter p r

SCv* <0.001 —0.56
MCV <0.001 —0.62
SAP <0.001 ~0.36
MAP <0.01 ~0.68
DML <0.001 0.55

#SCV, MCV: sensory and motor nerve conduction velocities. SAP, MAP: amplitude of
sensory and motor action potential. DML: distal motor latency.

indicating moderate relationships. Higher CSA values were associated
with slower sensory conduction (p < 10-3, r = —0.56), and motor
conduction velocities (p < 10-3, r=—0.62), lower sensory action
(p < 10-3,r = —0.36) and motor action potential amplitudes (p < 10-3,
r=—0.68), and longer distal motor latencies (p > 10-3, r=0.55)
(Table 7).

4 Discussion

Carpal Tunnel Syndrome (CTS) is a prevalent and clinically
significant condition, often challenging to diagnose accurately. Our
cross-sectional study aimed to enhance the understanding of CTS by
comparing the diagnostic accuracy of ultrasound with nerve
conduction studies and electromyography. We also sought to evaluate
the ultrasound characteristics of CTS patients and compare these
findings with electromyography characteristics. The results revealed
differences and associations that provide valuable insights into the
diagnostic aspect of CTS.

Clinical signs, including the Phalen, Tinel, and McMurtry signs,
were substantially present in the patient group compared to the
controls, reflecting common diagnostic features observed in
this population.
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While clinical provocation tests have demonstrated low positive
predictive values, sensitivity, and specificity, the diagnosis of CTS
traditionally relies on the association of clinical data and
electrophysiological studies (15).

Electrophysiological tests, although specific, exhibit significant
variability in sensitivity (16). This variability poses challenges in
achieving consistent and reliable results. Addressing these challenges,
ultrasound has emerged as a promising diagnostic modality, offering
potential advantages in terms of sensitivity and precision. This is
evidenced by several studies comparing it to electromyography in
diagnosing CTS (17-21).

Our study highlighted a significant relationship between the
duration of symptom evolution and ultrasound metrics, showing that
alterations in ultrasound findings became more important as the
symptoms persisted. This is in line with previous studies, such as that
by Filho A-G et al. (22) and Chen S-F et al. (23), which also found a
correlation between symptom duration and the CSA of the median
nerve measured by ultrasound.

It is important to note that in our study, there was no
statistically significant relationship between age and different
quantitative and qualitative ultrasound parameters. However,
other studies have shown that age can impact the severity and
clinical presentation of CTS, with more severe electrophysiological
results in older patients (24-26). This has been explained by the
fact that the pathophysiological response to chronic nerve
compression varies with age. Indeed, in cases of severe long-term
compressive neuropathies, nerve atrophy, and axonal degeneration
have been described. This is seen more in the older adult who
reach terminal stages of the disease characterized by nerve atrophy
(26). Additionally, the
inflammatory response and the capacity for edema formation may

associated with fibrotic changes

be limited in older adult individuals. Therefore, it can be assumed
that the degree of median nerve swelling at the entrance of the
carpal canal may be reduced in older patients with moderate to
severe CTS (25-28).

Several researchers have emphasized that CTS is more common
in the obese population, with a two to three-times higher risk of being
diagnosed with CTS (29). However, our study found no statistically
significant relationship between ultrasound parameters, especially the
nerve CSA and BMI. This is consistent with other research, such as
those by Roghani R et al. (30) and Hunderfund ANL et al. (13), who
did not find a statistically significant correlation between BMI and
nerve CSA.

Our study revealed a predominance of females in the sample. The
correlation between the female gender and the risk of developing CTS
is well documented in the literature. However, our study did not find
a significant correlation between gender and ultrasound parameters,
which is in line with several other studies in the literature that did not
find an influence of gender on the nerve CSA or other ultrasound
parameters (7-9, 12).

Our findings align with previous studies in demonstrating a
strong correlation between clinical signs, particularly Phalen’s, Tinel’s,
and McMurtry’s tests, and ultrasound parameters in diagnosing
CTS. Studies by Kotevoglu et al. (31), Filho et al. (22), and El-Najjar
et al. (32) have similarly shown significant associations between these
clinical tests and ultrasound findings. Moreover, Naranjo et al. (33)
highlighted the superior diagnostic value of ultrasound compared to
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physical maneuvers alone, supporting our findings. These collective
results underscore the complementary nature of clinical examination
and ultrasound and the diagnostic value of ultrasound, particularly in
occupational settings where early detection and intervention
are crucial.

Ultrasound evaluation in our study revealed significant differences
between the case and control groups. Notable differences in the notch
sign, hypoechoic appearance, and reduced median nerve mobility
during flexion-extension movements were observed. However, the
inherent variability of qualitative parameters remains a limitation,
even with standardized examinations by a single operator. Ferrari FS
et al. showed an average sensitivity of 50% for detecting changes in the
echo structure of the median nerve in ultrasound (34). Other studies,
such as that of Wang L-Y et al., identified the notch sign as an
important ultrasound parameter after the CSA (35). Recently, a study
conducted by Akturk S et al. (36), on 41 patients and 20 controls,
revealed significant decreases in echogenicity and mobility in patients
compared to controls. These results are consistent with other studies
that observed a reduction in median nerve mobility under the
retinaculum during finger flexion or extension in CT'S patients (37,
38). However, it is important to note that this feature remains
subjective and difficult to quantify, as highlighted by Sarria L et al. (39).

Furthermore, in this study, the CSA of the median nerve at the
carpal tunnel inlet emerged as a significant metric, significantly larger
in CTS patients compared to the control group. This aligns with
previous research by Buchberger et al. (40), describing anatomical
changes visible in ultrasound. They suggested that the thickening of
the nerve at the proximal part of the canal and its non-physiological
flattening at the distal part are the two most reliable parameters for
ultrasound diagnosis of CTS. As per the literature, various diagnostic
criteria have been proposed, and the main ultrasound sign in favor of
CTS is the thickening of the median nerve evidenced by an increase
in the value of its CSA in its intra-canal course (41). However, there is
currently no consensus on the threshold value of the CSA for a
positive diagnosis. Pathological thresholds vary between 9 mm? and
15 mm?* according to different studies. In this study, an optimal
threshold value of 10.3 mm? was found, providing a sensitivity of 89%
and a specificity of 91%. The sensitivity and specificity of ultrasound
have been assessed in various studies, showing varied results. For
example, one study found a sensitivity of 67% and a specificity of 97%
for ultrasound in the diagnosis of CTS, comparable to EMG (42).
Another suggested a CSA threshold of 10 mm? for a sensitivity of 82%
and a specificity of 87% (43). A Tunisian study showed a sensitivity of
93% for the diagnosis of CTS by ultrasound (37).

The variability in results between these studies can be attributed
to several factors, such as patient and control selection criteria, the
standard reference for CTS diagnosis, electrodiagnostic methods, and
differences in ultrasound techniques, including nerve CSA
measurement levels (44, 45).

Visser et al. found that, among 28 patients with negative EMG, 16
had positive sonograms (17). Sonography showed 78% sensitivity and
91% specificity, while EMG tests for Distal motor latency of the
(DML) median nerve >3.8 msec demonstrated 74% sensitivity and
97% specificity. Additionally, according to Kele et al., ultrasound
demonstrated a higher predictive value with a CSA >0.11 cm?,
showing 89.1% sensitivity and 98% specificity (46). This aligns with
our study, reinforcing the utility of ultrasound in assessing nerve
health with notable sensitivity and specificity values.
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As previously noted, ultrasound offers significant advantages,
including its low cost, portability, non-invasive nature, and real-time
insights into the carpal tunnel’s structure and potential etiological
anomalies (12). These characteristics make ultrasound a valuable tool
for early detection and prevention of CTS in occupational settings.

To further enhance the relevance of this study in occupational
health, it is important to highlight the specific types of jobs that are
most affected by CTS. Studies have consistently identified occupations
involving repetitive hand movements, forceful gripping, and awkward
postures as significant risk factors for CTS (3, 4). Examples of high-
risk industries include manufacturing, healthcare, and office work,
particularly jobs involving computer use for extended periods.

Incorporating ultrasound as a regular diagnostic tool in these
high-risk occupational settings could significantly improve early
detection and prevention of CTS. This could involve conducting
ultrasound screenings for employees in targeted job roles, especially
those with a history of wrist symptoms or those who engage in
repetitive hand movements. Early identification of CTS would enable
timely intervention, such as ergonomic adjustments, physical therapy,
or in severe cases, surgical treatment, thereby reducing the impact of
the condition on employee health and productivity.

The implementation of ultrasound in workplace health policies or
routine screenings could be a valuable tool for preventing severe
complications, absenteeism, and productivity decline associated with
CTS (8). According to Karabeg et al., the non-invasive nature of
ultrasound aligns seamlessly with the primary goal of occupational
health and safety—ensuring employee well-being and maintaining
optimal productivity levels (8).

The present study has both strengths and limitations. Among its
strengths, this study stands out from previous ones by adopting a
case—control approach, unlike many studies that have mainly focused
on symptomatic patients. Furthermore, the study goes beyond the
simple evaluation of the CSA of the median nerve in the carpal canal
by including quantitative and qualitative measurements, thus
providing a more comprehensive diagnostic contribution. Operators
performed both ultrasounds and electromyography, reducing inter-
observer variability, while the short interval between the two
examinations minimizes potential influences on the results. Moreover,
the sample size is adequate for reliable statistical analysis. Participant
selection criteria were carefully chosen to minimize selection biases.
Finally, the implementation of a ‘single-blind’ approach in our study,
wherein operators conducted examinations without prior knowledge
of patients’ clinical information, adds a robust layer to the
methodology, minimizing potential biases and enhancing the
objectivity of the findings.

However, the study has some limitations. Although asymptomatic
controls were included, electrodiagnostic were not performed on these
subjects, limiting the comparison to symptomatic patients. Furthermore,
the comparison between imaging data and electrodiagnostic data is
complex due to the lack of imaging diagnostic standards.

In summary, our cross-sectional study highlights the significant
diagnostic potential of ultrasound in CTS. By correlating clinical
manifestations with ultrasound metrics, we identified associations and
differences, emphasizing the value of a multimodal diagnostic
approach. The study supports the inclusion of ultrasound in routine
diagnostic protocols, particularly in an occupational context, where
early intervention could mitigate complications. While recognizing
the study’s strengths, we acknowledge limitations and advocate for
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further research to explore the long-term efficacy and broader
applicability of ultrasound in CTS diagnosis. This work contributes to
advancing evidence-based strategies for the effective management of
CTS in at-risk populations.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found in the article/supplementary material.

Ethics statement

The studies involving humans were approved by Faculty of
Medicine Fthics Committee, Sousse. The studies were conducted in
accordance with the local legislation and institutional requirements.
The participants provided their written informed consent to
participate in this study.

Author contributions

SB: Supervision, Writing - review & editing. AM: Data curation,
Methodology, Writing - original draft, Writing - review & editing.
MBo: Methodology, Supervision, Writing — original draft, Writing -
review & editing. NB: Conceptualization, Investigation, Software,
Writing - original draft. IA: Data curation, Investigation, Methodology,

References

1. Gervasio A, Stelitano C, Bollani P, Giardini A, Vanzetti E, Ferrari M. Carpal tunnel
sonography. J Ultrasound. (2020) 23:337-47. doi: 10.1007/540477-020-00460-z

2. Chammas M, Boretto J, Burmann LM, Ramos RM, dos Santos Neto FC, Silva JB.
Carpal tunnel syndrome - part I (anatomy, physiology, etiology and diagnosis). Rev Bras
Ortop Engl Ed. (2014) 49:429-36. doi: 10.1016/j.rboe.2014.08.001

3. Hassan A, Beumer A, Kuijer PPFM, van der Molen HE. Work-relatedness of carpal
tunnel syndrome: systematic review including meta-analysis and GRADE. Health Sci
Rep. (2022) 5:¢888. doi: 10.1002/hsr2.888

4. Haute Autorité de Santé. (2023). Syndrome du canal carpien: Optimiser la pertinence du
parcours patient. Available online at: https://www.has-sante.fr/jcms/c_1365548/fr/syndrome-
du-canal-carpien-optimiser-la-pertinence-du-parcours-patient

5. Luckhaupt SE, Dahlhamer JM, Ward BW, Sweeney MH, Sestito JP, Calvert GM.
Prevalence and work-relatedness of carpal tunnel syndrome in the working population,
United States, 2010 national health interview survey. Am J Ind Med. (2013) 56:615-24.
doi: 10.1002/ajim.22048

6. Brahem A, Boughattas A. (2021). Evolution et tendances des troubles musculo-
squelettiques Evolution et tendances des TMS du membre supérieur reconnus par la
CNAM dans la région du centre Tunisien. Editions Universitaires Européennes (EUE).
Available from: https://my.editions-ue.com/catalogue/details/fr/978-620-2-55081-9/
evolution-et-tendances-des-troubles-musculo-squelettiques

7. Slimane NB, Elleuch M, Gharbi E, Babay H, Hamdoun M. Le Syndrome du Canal
Carpien dorigine Professionnelle. A Propos de 27 Cas. Tunis Med. (2010):88.

8. Karabeg R, Jakirlic M, Dujso V, Alic E, Obradovic G. Importance of early diagnosis
of carpal tunnel syndrome - computer hand. Acta Inform Medica. (2011) 18:222-2.

9. Jablecki CK, Andary MT, Floeter MK, Miller RG, Quartly CA, Vennix MJ, et al.
Practice parameter: Electrodiagnostic studies in carpal tunnel syndrome [RETIRED]:
report of the American Association of Electrodiagnostic Medicine, American Academy
of Neurology, and the American Academy of physical medicine and rehabilitation.
Neurol Wolters Kluwer Health. (2002) 58:1589-92. doi: 10.1212/WNL.58.11.1589

10. Ghasemi M, Abrishamchi F, Basiri K, Meamar R, Rezvani M. Can we define
severity of carpal tunnel syndrome by ultrasound? Adv Biomed Res. (2015) 4:138. doi:
10.4103/2277-9175.161537

Frontiers in Neurology

10.3389/fneur.2024.1490873

Writing - original draft. GS: Investigation, Writing - original draft. AC:
Supervision, Writing - review & editing. MBe: Writing - original draft.
AA: Writing - review & editing. IK: Writing - review & editing. MM:
Supervision, Writing - review & editing. HK: Supervision, Writing —
review & editing. OE: Supervision, Writing — review & editing. HM:
Supervision, Writing - review & editing. SC: Supervision, Writing —
review & editing. AB: Validation, Writing - review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

11. Klauser AS, Halpern EJ, De Zordo T, Feuchtner GM, Arora R, Gruber J, et al.
Carpal tunnel syndrome assessment with US: value of additional cross-sectional area
measurements of the median nerve in patients versus healthy volunteers. Radiology.
(2009) 250:171-7. doi: 10.1148/radiol.2501080397

12. Bouchal S, Midaoui AE, Berrada K, Zahra AFE, Aradoini N, Harzy T, et al.
Comparaison des données de Iéchographie par rapport a lélectroneuromyogramme
dans le diagnostic de syndrome de canal carpien. Pan Afr Med ]. (2019) 34:50. doi:
10.11604/pam;j.2019.34.50.7772

13. Hunderfund ANL, Boon AJ, Mandrekar JN, Sorenson EJ. Sonography in carpal
tunnel syndrome. Muscle Nerve. (2011) 44:485-91. doi: 10.1002/mus.22075

14. Hirani S. A study to further develop and refine carpal tunnel syndrome (CTS)
nerve conduction grading tool. BMC Musculoskelet Disord. (2019) 20:581. doi: 10.1186/
512891-019-2928-y

15. MacDermid JC, Wessel J. Clinical diagnosis of carpal tunnel syndrome: a
systematic review. ] Hand Ther. (2004) 17:309-19. doi: 10.1197/j.jht.2004.02.015

16. Roll SC, Case-Smith J, Evans KD. Diagnostic accuracy of ultrasonography vs.
electromyography in carpal tunnel syndrome: a systematic review of literature.
Ultrasound Med Biol. (2011) 37:1539-53. doi: 10.1016/j.ultrasmedbio.2011.06.011

17. Visser LH, Smidt MH, Lee ML. High-resolution sonography versus EMG in the
diagnosis of carpal tunnel syndrome. J Neurol Neurosurg Psychiatry. (2008) 79:63-7. doi:
10.1136/jnnp.2007.115337

18. Beekman R, Visser LH. Sonography in the diagnosis of carpal tunnel syndrome:
a critical review of the literature. Muscle Nerve. (2003) 27:26-33. doi: 10.1002/
mus.10227

19. Duncan I, Sullivan P, Lomas FE. Sonography in the diagnosis of carpal tunnel
syndrome. Am J Roentgenol. (1999) 173:681-4. doi: 10.2214/ajr.173.3.10470903

20. Alemén L, Bernd JD, Reus M, Martinez F, Doménech-Ratto G, Campos M.
Reproducibility of sonographic measurements of the median nerve. J Ultrasound Med.
(2008) 27:193-7. doi: 10.7863/jum.2008.27.2.193

21. Tannicelli E, Almberger M, Chianta GA, Salvini V, Rossi G, Monacelli G, et al. High
resolution ultrasonography in the diagnosis of the carpal tunnel syndrome. Radiol Med.
(2005) 110:623-9.

frontiersin.org


https://doi.org/10.3389/fneur.2024.1490873
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1007/s40477-020-00460-z
https://doi.org/10.1016/j.rboe.2014.08.001
https://doi.org/10.1002/hsr2.888
https://www.has-sante.fr/jcms/c_1365548/fr/syndrome-du-canal-carpien-optimiser-la-pertinence-du-parcours-patient
https://www.has-sante.fr/jcms/c_1365548/fr/syndrome-du-canal-carpien-optimiser-la-pertinence-du-parcours-patient
https://doi.org/10.1002/ajim.22048
https://my.editions-ue.com/catalogue/details/fr/978-620-2-55081-9/evolution-et-tendances-des-troubles-musculo-squelettiques
https://my.editions-ue.com/catalogue/details/fr/978-620-2-55081-9/evolution-et-tendances-des-troubles-musculo-squelettiques
https://doi.org/10.1212/WNL.58.11.1589
https://doi.org/10.4103/2277-9175.161537
https://doi.org/10.1148/radiol.2501080397
https://doi.org/10.11604/pamj.2019.34.50.7772
https://doi.org/10.1002/mus.22075
https://doi.org/10.1186/s12891-019-2928-y
https://doi.org/10.1186/s12891-019-2928-y
https://doi.org/10.1197/j.jht.2004.02.015
https://doi.org/10.1016/j.ultrasmedbio.2011.06.011
https://doi.org/10.1136/jnnp.2007.115337
https://doi.org/10.1002/mus.10227
https://doi.org/10.1002/mus.10227
https://doi.org/10.2214/ajr.173.3.10470903
https://doi.org/10.7863/jum.2008.27.2.193

Braham et al.

22.de Jesus Filho AG, do Nascimento BE, Amorim MC, Naus RAS, Loures EA,
Moratelli L. Comparative study between physical examination, electroneuromyography
and ultrasonography in diagnosing carpal tunnel syndrome. Rev Bras Ortop. (2014)
49:446-51. doi: 10.1016/j.rboe.2014.09.002

23.Chen S-E Lu C-H, Huang C-R, Chuang Y-C, Tsai N-W, Chang C-C, et al.
Ultrasonographic median nerve cross-section areas measured by 8-point “inching test”
for idiopathic carpal tunnel syndrome: a correlation of nerve conduction study severity
and duration of clinical symptoms. BMC Med Imaging. (2011) 11:22. doi:
10.1186/1471-2342-11-22

24. Blumenthal S, Herskovitz S, Verghese J. Carpal tunnel syndrome in older adults.
Muscle Nerve. (2006) 34:78-83. doi: 10.1002/mus.20559

25. Aghda AK, Asheghan M, Amanollahi A. Comparisons of electrophysiological and
clinical findings between young and elderly patients with carpal tunnel syndrome. Rev
Neurol (Paris). (2020) 176:387-92. doi: 10.1016/j.neurol.2019.11.001

26. Mulroy E, Pelosi L. Carpal tunnel syndrome in advanced age: a sonographic and
electrodiagnostic study. Muscle Nerve. (2019) 60:236-41. doi: 10.1002/mus.26496

27. Moschovos C, Tsivgoulis G, Kyrozis A, Ghika A, Karachalia P, Voumvourakis K,
et al. The diagnostic accuracy of high-resolution ultrasound in screening for carpal
tunnel syndrome and grading its severity is moderated by age. Clin Neurophysiol. (2019)
130:321-30. doi: 10.1016/j.clinph.2018.12.005

28. Miwa T, Miwa H. Ultrasonography of carpal tunnel syndrome: clinical significance
and limitations in elderly patients. Intern Med Tokyo Jpn. (2011) 50:2157-61. doi:
10.2169/internalmedicine.50.5771

29. Werner RA, Jacobson JA, Jamadar DA. Influence of body mass index on median
nerve function, carpal canal pressure, and cross-sectional area of the median nerve.
Muscle Nerve. (2004) 30:481-5. doi: 10.1002/mus.20125

30. Salman Roghani R, Hashemi SE, Holisaz MT, Gohari E, Delbari A, Lokk J. The
diagnostic accuracy of median nerve ultrasonography in elderly patients with carpal
tunnel syndrome: sensitivity and specificity assessment. Clin Interv Aging. (2018)
13:1953-62. doi: 10.2147/CIA.S177307

31. Kotevoglu N, Giilbahce-Saglam S. Ultrasound imaging in the diagnosis of carpal
tunnel syndrome and its relevance to clinical evaluation. Joint Bone Spine. (2005)
72:142-5. doi: 10.1016/j.jbspin.2004.03.012

32. El-Najjar AR, Abu-Elsoaud AM, Sabbah DA, Zeid AF. Emerging role of ultrasonography
in the diagnosis of carpal tunnel syndrome: relation to risk factors, clinical and
electrodiagnostic severity. Egypt Rheumatol. (2021) 43:341-5. doi: 10.1016/j.€jr.2020.07.006

33. Naranjo A, Ojeda S, Mendoza D, Francisco E, Quevedo JC, Erausquin C. ‘What is
the diagnostic value of ultrasonography compared to physical evaluation in patients with
idiopathic carpal tunnel syndrome? Clin Exp Rheumatol. (2007) 25:853-9.

Frontiers in Neurology

08

10.3389/fneur.2024.1490873

34. Ferrari FS, Della Sala L, Cozza S, Guazzi G, Belcapo L, Mariottini A, et al. High-
resolution ultrasonography in the study of carpal tunnel syndrome. Radiol Med. (1997)
93:336-41.

35. Wang L-Y, Leong C-P, Huang Y-C, Hung J-W, Cheung S-M, Pong Y-P. Best
diagnostic criterion in high-resolution ultrasonography for carpal tunnel syndrome.
Chang Gung Med ]. (2008) 31:469-76.

36. Aktirk S, Biyiikaver R, Ersoy Y. Median nerve ultrasound in carpal tunnel
syndrome with normal electrodiagnostic tests. Acta Neurol Belg. (2020) 120:43-7. doi:
10.1007/s13760-018-0963-3

37. Younes M, Zrour-Hassen S, Touzi M, Béjia I, Hammouda SB, Said M, et al. Apport
de léchographie dans le diagnostic du syndrome du canal carpien. Rev Rhum. (2006)
73:1258. doi: 10.1016/j.rhum.2006.10.661

38. Mohammadi A, Ghasemi-Rad M, Mladkova-Suchy N, Ansari S. Correlation
between the severity of carpal tunnel syndrome and color Doppler sonography findings.
AJR Am ] Roentgenol. (2012) 198:W181-4. doi: 10.2214/AJR.11.7012

39. Sarria L, Cabada T, Cozcolluela R, Martinez-Berganza T, Garcia S. Carpal tunnel
syndrome: usefulness of sonography. Eur Radiol. (2000) 10:1920-5. doi: 10.1007/
5003300000502

40. Buchberger W, Schon G, Strasser K, Jungwirth W. High-resolution ultrasonography
of the carpal tunnel. ] Ultrasound Med. (1991) 10:531-7. doi: 10.7863/jum.1991.10.10.531

41. Wiesler ER, Chloros GD, Cartwright MS, Smith BP, Rushing J, Walker FO. The use
of diagnostic ultrasound in carpal tunnel syndrome. ] Hand Surg. (2006) 31:726-32. doi:
10.1016/j.jhsa.2006.01.020

42. Nakamichi K-, Tachibana S. Ultrasonographic measurement of median nerve
cross-sectional area in idiopathic carpal tunnel syndrome: diagnostic accuracy. Muscle
Nerve. (2002) 26:798-803. doi: 10.1002/mus.10276

43. Ziswiler H-R, Reichenbach S, Vogelin E, Bachmann LM, Villiger PM, Jiini P.
Diagnostic value of sonography in patients with suspected carpal tunnel syndrome: a
prospective study. Arthritis Rheum. (2005) 52:304-11. doi: 10.1002/art.20723

44. Mondelli M, Filippou G, Gallo A, Frediani B. Diagnostic utility of ultrasonography
versus nerve conduction studies in mild carpal tunnel syndrome. Arthritis Rheum.
(2008) 59:357-66. doi: 10.1002/art.23317

45. Yesildag A, Kutluhan S, Sengul N, Koyuncuoglu HR, Oyar O, Guler K, et al. The
role of ultrasonographic measurements of the median nerve in the diagnosis of carpal
tunnel syndrome. Clin Radiol. (2004) 59:910-5. doi: 10.1016/j.crad.2004.03.020

46.Kele H, Verheggen R, Bittermann H-J, Reimers CD. The potential value of
ultrasonography in the evaluation of carpal tunnel syndrome. Neurology. (2003)
61:389-91. doi: 10.1212/01.wnl.0000073101.04845.22

frontiersin.org


https://doi.org/10.3389/fneur.2024.1490873
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1016/j.rboe.2014.09.002
https://doi.org/10.1186/1471-2342-11-22
https://doi.org/10.1002/mus.20559
https://doi.org/10.1016/j.neurol.2019.11.001
https://doi.org/10.1002/mus.26496
https://doi.org/10.1016/j.clinph.2018.12.005
https://doi.org/10.2169/internalmedicine.50.5771
https://doi.org/10.1002/mus.20125
https://doi.org/10.2147/CIA.S177307
https://doi.org/10.1016/j.jbspin.2004.03.012
https://doi.org/10.1016/j.ejr.2020.07.006
https://doi.org/10.1007/s13760-018-0963-3
https://doi.org/10.1016/j.rhum.2006.10.661
https://doi.org/10.2214/AJR.11.7012
https://doi.org/10.1007/s003300000502
https://doi.org/10.1007/s003300000502
https://doi.org/10.7863/jum.1991.10.10.531
https://doi.org/10.1016/j.jhsa.2006.01.020
https://doi.org/10.1002/mus.10276
https://doi.org/10.1002/art.20723
https://doi.org/10.1002/art.23317
https://doi.org/10.1016/j.crad.2004.03.020
https://doi.org/10.1212/01.wnl.0000073101.04845.22

	Exploring ultrasound and electromyography for carpal tunnel syndrome diagnosis: a comprehensive comparative study and implications for occupational medicine
	1 Introduction
	2 Materials and methods
	3 Results
	4 Discussion

	References

