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Introduction

Abstract

Background: Carpal tunnel syndrome (CTS) is pressure on a nerve in your wrist. It causes
tingling, numbness and pain in your hand and fingers. You can often treat it yourself, but it can
take months to get better. This study evaluated the body composition of individuals with mild
to severe carpal tunnel syndrome (CTS) alongside healthy controls to assess the associated risk
factors, namely obesity and elevated body mass index (BMI).

Methods: Overall, 160 participants were recruited, including 80 CTS patients referred to the
Physical Medicine and Rehabilitation Research Center of Imam Reza hospital and 80 healthy
controls within a year. The CTS group underwent comprehensive evaluation by a physical
medicine specialist, examining physical parameters. CTS in patients was diagnosed using the
Phalen’s test, a positive Tinel sign, and electromyography-assisted examination. Additionally,
the Boston Symptom Severity Scale and Boston Functional Status Scale Questionnaire were
applied to assess the severity of CTS symptoms and their impact on daily functioning.

Results: The mean body weight and BMI of the participants in the CTS and control groups
were 83.49+11.71 and 33.76+3.76, as well as 70.78+8.29 and 28.44 +3.44, respectively.
The CTS group exhibited a significantly higher percentage of body fat, soft lean mass, and total
and segmental (arm) mass of body fat (MBF) compared to the control group. The severity of
clinical symptoms in CTS patients revealed no significant correlation with their BMI. There was
a statistically significant correlation between MBF and Boston functional status scores (r=0.317,
P=0.025).

Conclusion: In general, our findings demonstrated that CTS patients had significantly higher
BMI, total BPF, and arm segmental fat percentage than healthy controls.
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limb neurodynamic tests, can provoke its symptoms.'"*?

Carpal tunnel syndrome (CTS) occurs when the median
nerve is compressed as it travels through the wrist. It is the
most common peripheral nerve entrapment syndrome.'
This debilitating disorder affects a wide range of age and
profession groups, making it one of the most prevalent
upper limb disorders.> CTS causes different symptoms,
such as pain, numbness, tingling, and weakness, in the
distribution of the median nerve, which includes the
first three digits and the radial half of the fourth digit,
and may be worse at night, waking up affected patients
from sleep."** Due to its adverse impact on productivity
and quality of life, this syndrome has garnered significant
attention from the medical community.”*

The symptoms of CTS can manifest solely in the
wrist, impact the entire hand, or extend toward the
shoulder.>'® Several tests, such as the Phalen, Tinel,
manual carpal compression, hand elevation, and upper

However, their sensitivity and specificity are only
moderate when interpreted in the appropriate clinical
context.'"'? Electrodiagnostic is necessary for atypical
symptoms and patients with moderate-severe symptoms
that progress despite conservative treatment."* '

Many factors have been studied in the etiology of CTS,
including genetics, occupation, and repetitive motions.'¢
In recent years, the body mass index (BMI) has become
a topic of interest in CTS research.”” It has been shown
that an increase in weight can lead to CTS due to fluid
accumulation in the tissue spaces of the carpal tunnel.”
In obese patients, excess fat tissue in the carpal tunnel
narrows the tunnel and increases intra-carpal canal
pressure.'

Another studyidentified the wrist ratio, shape index, and
higher BMIasindependentrisk factors for CTS."” However,
the correlation between other measurements, such as
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Carpal tunnel syndrome and physical characteristics

wrist and waist circumferences, and CTS severity is not
completely understood yet. Our research used a two-fold
approach to compare BMI in CTS patients with a healthy
control group. This approach adds depth and innovation
to the field because most studies have traditionally focused
on individual risk factors. By examining the interaction
between BMI and CTS, this study aims to provide a more
comprehensive understanding of the origins and offer
potential approaches for more effective prevention and
treatment strategies.

As the prevalence of CTS increases worldwide, it has
become crucial to identify all potential contributing
factors to develop informed strategies for prevention and
management. Given the current obesity epidemic, BMI’s
role in CTS is of significant public health importance.
Therefore, our research seeks to fill a critical knowledge
gap by providing a deeper understanding of this
correlation and improving the patient’s quality of life. It
has been attempted to examine the association between
anthropometric indices and body composition indices
with clinical symptoms in patients with CTS.

Methods

Study Type and Participants

This case-control study was conducted in the Outpatient
Physical Medicine and Rehabilitation Clinic of Imam
Reza Hospital of Tabriz university of medical sciences,
Tabriz, Iran, between September 2019 and April 2020.
The controls were recruited from the clinic staff, healthy
volunteers, and their friends using a convenient sampling
method. A physiatrist evaluated CTS patients by either
Tinel’s or Phalen’s test and evidence of median neuropathy
in the nerve conduction study (NCS) at the wrist level.
Before participation, each patient provided written
informed consent. The study protocol was reviewed
and approved by the Local Ethics Committee of Tabriz
University of Medical Science, and all experiments were
conducted in accordance with relevant ethical standards.
All participants signed a detailed informed consent form
prior to the study.

Selection Criteria

Consecutive case series were recruited, consisting of
patients who had overt numbness and pain in three and
a half fingers along the radius. These patients had an
established diagnosis through positive NCS, which was
determined by reduced median nerve conduction values
(<50m/s) and/or increased motor latency (>4m/s). The
exclusion criteria for the CTS patients were a medical
history of rheumatoid arthritis, previous corticosteroid
treatment, medical history of hypothyroidism,
amyloidosis, and acromegaly, and evidence of ulnar
neuropathy at the wrist level. The other exclusion criteria
included previous wrist fractures, cervical radiculopathy,
and clinical signs or electrodiagnostic results indicating
the existence of neurological disorders such as
polyneuropathy or hereditary neuropathy.

The Boston carpal tunnel questionnaire had to indicate
no signs or symptoms of CTS for participants in the
control group, and their electrodiagnostic study had to
show no abnormal findings. The exclusion criteria for the
control group were identical to those for the case group.

Clinical Diagnostic Tests
The Phalen’s test, a common clinical diagnostic maneuver,
involves flexing the wrist at 90 degrees and holding it in
this position for 60 seconds. The onset or exacerbation
of numbness, tingling, or pain in the affected fingers is
considered a positive test.

The Tinel sign test involves gently tapping or percussing
the area over the suspected nerve compression site. A
positive test is characterized by the patient experiencing a
tingling sensation, often described as pins and needles or
an “electric shock”, radiating along the path of the tested
nerve.

Electrodiagnostic testing, including electromyography/
nerve conduction velocity tests, is used to confirm the
diagnosis. This involves assessing the electrical activity of
the median nerve and associated muscles in the affected
hand, helping identify the extent and severity of nerve
compression.*

Sample Size Calculation

The estimation of the total sample size for the study was
164 participants, which was conducted using G*Power
(version 3.1.2.). The number of participants for each
group with a ratio of controls to cases of 1:1 was calculated
to be 70 based on the data from a study conducted by
Chen et al on the correlation between BMI and CTS,
mean (m)1=25.9, (m)2=23.5, standard deviation
(SD)1=SD2=4.5, and a power of 85%.*' To account for
any unfinished surveys, an additional 15% was added to
the estimated sample size.

Data Collection

Demographic and clinical data such as age, gender,
weight, BMI, average Boston total score, average Boston
symptom severity, average Boston’s functional status
scores, and history of diseases were obtained from
all patients (Table 1). The Boston questionnaire was
applied to evaluate the functional status and severity of
symptoms.”? The Symptoms Severity Scale is composed of
11 items that evaluate the severity, frequency, time, and
type of symptoms. The Functional Status Scale measures
the impact of the syndrome on daily activities. Each item
is rated on a scale of 1 (no symptoms/difficulties) to 5 (the
most severe symptoms/unable to perform any activity).>>*
The Persian version of the Boston CTS Questionnaire
(BCTQ) is a reliable and valid tool for assessing the
functional and symptomatic aspects of CTS.»

The patients’ weight was recorded with a precision of
0.5 kg using Seca scales while wearing minimal clothing
and no shoes. The wall height meter was used to measure
height with a precision of 0.1 cm. Moreover, BMI was
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computed by dividing weight in kg by the square of
height in meters. Additionally, bioelectrical impedance
analysis was employed to measure body composition
using the Zeus 9.9 BC analyzer system, which provides
measurements of percent body fat (PBF), mass of body fat
(MBF), and soft lean mass (SLM).

Data Analysis

The data were analyzed using SPSS software (version
18.0), which was developed by SPSS Inc. in Chicago, IL.
The mean+SD was employed to present quantitative
variables, while numbers (percentages) were used to
present qualitative variables. The Kolmogorov-Smirnov
test was utilized to assess the distribution of quantitative
data. The measured variables between the two groups
were compared using the independent samples t-test
and Mann-Whitney U test. The Pearson/Spearman
correlation coefficient was applied to determine the
correlation between variables and pain severity in the
case group. Logistic regression analysis was performed
to identify factors that affect the risk of CTS. Statistically
significant values were reported as P<0.05.

Results

Baseline Characteristics

A total of 80 patients, participated in this study, including
16 male and 64 female. The case group had an average age
of 47.32 £ 8.04 years, while the control group consisted of
80 healthy individuals with an average age of 47.63+£9.46
years, out of whom 52 were females and 28 were males.
Based on the results (Tables 1 and 2), there were no
significant differences in terms of the demographic data
between the two groups (P>0.05).

Anthropometric and Body Composition Parameters
The CTS group had a mean body weight and BMI of

Table 1. Demographic Characteristics of Patients With CTS and the Control
Group

Patients Healthy

Variables (n=80) Control (n=80) P Value
Age 47.32 (8.04) 47.63 (9.46) 0.73
Gender

Female 64 (80%) 52 (55%)

Male 16 (20%) 28 (45%) o
Weight ﬁ?:‘;?) 70.78 (8.29)  <0.001
BMI 33.76 (5.06) 28.44 (3.44) <0.001
Boston total score 2.61(0.61)

Boston symptom severity score  2.19 (0.67)

Boston functional status score ~ 2.92 (0.66)

History of diseases

No 70 (87.5%) 72 (90%)

History of diabetes 8 (10%) 0.85
History of hypothyroidism 2 (2.5%)

Note. BMI: Body mass index; CTS: Carpal tunnel syndrome.

83.49+11.71 kg and 33.76+33.76 kg/m’ respectively.
Meanwhile, the control group had a mean body weight and
BMI of 70.78 + 8.29 kg and 28.44 + 3.44 kg/m?, respectively,
showing a significant difference (P<0.001). In the case
group, 10 patients (20%) were overweight, 18 patients
(36%) had obesity grade 1, 16 individuals (32%) had obesity
grade 2, and 4 individuals (8%) had obesity grade 3. Based
on the results, those with CTS demonstrated significantly
elevated levels of body composition parameters of PBF
(P>0.001), SLM (P>0.001), and MBF (arms and body,
P>0.001, P=0.006, respectively) when compared to the
control group (Table 2).

Relationship Between Body Mass Index and the Severity
of Clinical Symptoms

The obtained data revealed that there was no significant
correlation between the severity of clinical symptoms
(i.e., numbness, wrist pain, paresthesia, and tingling)
in CTS patients and their BMI (P>0.05, Table 3). The
assessment of BMI and body composition parameters’
correlation with the Boston total score, symptom severity,
and functional status scores in CTS patients represented
a weak correlation between MBF and Boston functional
status scores (r=0.317, P=0.025) (Table 4).

Discussion
Expanding our comprehension of the multifaceted
origins of CTS, our investigation explored the intricate
correlation between BMI and CTS. According to our
findings, elevated BMI had a significant association with
the occurrence of CTS. It was further revealed that CTS
patients present notably higher levels of BMI overall
and arm segmental PFB than those who are healthy.
Additionally, no substantial correlation was observed
between BMI and the severity of clinical symptoms in
patients with CTS. Our outcomes support prior research,
highlighting recent weight gain as a risk factor for CTS
caused by increased fluid accumulation within the carpal
tunnel.'”?%* Excessive adipose tissue in obese individuals
leads to increased pressure in the intracarpal canal,
compressing the median nerve.'®

CTS is a condition with an unknown cause, but several
risk factors have been identified, including diabetes,
thyroid disease, wrist fracture, age, and female gender.”®

Table 2. Comparison of Body Composition Parameters Between Patients
With CTS and Control Group

Variables Patients (n=80)  Healthy Control (n=80) P Value
PBF 36.84 (7.42) 26.41(3.37) 0.001>
MBF (arm)
Right 3.62 (1.55) 3.12(1.27)

0.001>
Left 3.71(1.79) 3.10 (1.56)
MBF (body) 31.48 (9.08) 25.46 (4.78) 0.006
SLM 47.60 (6.29) 39.45 (6.54) 0.001>

Note. CTS: Carpal tunnel syndrome; MBF: Mass of body fat; PBF: Percent of
body fat; SLM: Soft lean mass.
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Table 3. Body Mass Index and the Severity of Clinical Symptoms in Patients
With CTS

Clinical Symptoms Mean BMI P Value
Night numbness

No 31.90 (5.19)

Mild 33.36 (5.60)

Modest 39.39 (5.69) 0.79
Severe 35.08 (4.69)

Very severe 28.80

Numbness during the day

No 0(0)

Mild 33.58 (7.10)

Modest 33.25 (4.86) 0.74
Severe 34.81(7.8)

Very severe 28.80

Paresthesia and tingling

No -

Mild 31.83 (4.30)

Modest 33.28 (5.97) 0.37
Severe 35.80 (4.01)

Very severe -

Wrist pain

No 29.97 (7.44)

Mild 30.40

Modest 34.12 (5.27) 0.38
Severe 34.95 (3.87)

Very severe -

Muscle weakness

No 33.65(8.13)

Mild 30.46 (2.46)

Modest 36.61 (3.81) 0.14
Severe 32.43 (5.97)

Very severe -

Note. BMI: Body mass index; CTS: Carpal tunnel syndrome.

Research has indicated that CTS may be linked to high
BMI and could have a considerable impact on its onset.”
Komurcu et al reported that waist circumference was
significantly higher in patients with CTS thanin the healthy
group and identified a significant correlation between
CTS severity and age, BMI, and waist circumference.?”’
Our results also demonstrated that the BMI of CTS
patients was significantly higher than that of the control
group. Nonetheless, no notable association was detected
between BMI and the severity of symptoms or the level
of functional ability. This may be due to the difference in
sample size between our study and the study performed by
Komorcu et al.” According to research, having a BMI of
more than 30 kg/m? can result in the accumulation of fat in
the carpal canal. This can lead to hydrostatic pressure on
the median nerve located within the carpal tunnel in the
wrist.*® The cause-and-effect relationship between higher
BMI values and increased risk of CTS still needs to be fully
understood. Our findings confirmed that patients with
CTS had significantly higher percentages of total body fat,
SLM, and MBF arm, as well as a different body composition
of MBF and SLM compared to the healthy group. Mondelli
et al concluded that anthropometric measurements are
not effective screening tests for identifying individuals at
high risk of CTS. However, they reported that the hand/
wrist ratio has moderate accuracy in detecting at-risk
populations.’ Thiese et al revealed a significant correlation
between CTS and a square wrist.*> They also discovered
that the relationship between wrist ratios and both CTS
and abnormal NCS results was strongly influenced by
BMI.*? Based on the results of a study conducted by Razavi
et al, there was no correlation between lipid profile and
high BMI with the severity of CTS, as determined by
either the Boston CTS Questionnaire or electrodiagnostic
findings.* Nonetheless, they found a correlation between
the female gender and the severity of CTS symptoms.

Table 4. Correlation Between Body Mass Index and Body Composition Parameters With Boston Total Score, Symptom Severity, and Functional Status Scores in

Patients With Carpal Tunnel Syndrome

BMI MBF LBM SLM MBF (Arm) SLM (Arm) -0.030
Boston total score  _OTeRION g 16 0478 0009 0004  Right COTCRIOM g gy pigy  Correlation 0.836
coefficient coefficient coefficient
P-value 0.440 P-value -0.089
P-value 0424 0216 0948  0.978 Leit  Corelation 0.155 Leg ~ Cormelation 0.541
coefficient coefficient
P-value 0.283 P-value -0.068
ati lati lati
Boston symptom  Correlation ——_ yo 402 0016 -0.001  Right Corelation 0.076  Right Correlation 0.640
severity score coefficient coefficient coefficient
P-value 0.602 P-value -0.121
Correlation Correlation
P-value 0.969 0.483 0.911 0.994 Left .. 0.102 Left .. 0.404
coefficient coefficient
P-value 0.483 P-value -0.035
Boston functional 0203 0317 0004 0003  Right Corelation 0206  Right ~Corelation 0.807
status score coefficient coefficient
P-value 0.152 P-value -0.081
0158 0025 0976  0.976 Leit  Corelation 0.245 Leg ~ Cormelation 0.577
coefficient coefficient
P-value 0.087 P-value

Note. BMI: Body mass index; CTS: Carpal tunnel syndrome; MBF: Mass of body fat; PBF: Percent of body fat; SLM: Soft lean mass; LBM: Lean body mass.
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Furthermore, the results of a study by Wei et al confirmed
that wrist joint index and higher BMI were associated with
increased median distal latency in electrodiagnosis tests.
An independent risk factor for CTS in manual laborers
was a wrist joint index of greater than 0.73.%*

There was no significant correlation between the
average BMI and the Boston total score, Boston symptom
severity, and functional status scores in the current
study. The Boston Questionnaire was used to evaluate
the CTS group’s symptom severity and functional status.
However, since the patients were self-assessing using this
questionnaire, their responses may not have been entirely
accurate. Our findings are consistent with those of previous
research, linking the risk of CTS to BMI and weight gain.
CTS patients were found to have a considerably higher
BM]I, and its effect on CTS was mostly direct.® However,
obesity or type 2 diabetes could have an indirect impact
on the association between BMI and CTS.** Mansour et
al found that one-third of the patients with 112 CTS were
overweight or obese, while two-thirds had a normal weight.
The average age of the patients was 54 years. The study
also revealed that the incidence of obesity was 34%.” It is
important to include weight loss measures in the targeted
treatment for patients with CTS. This is because obesity
is a contributing factor to the severity and pathogenesis
of CTS.” According to a meta-analysis of 58 studies,
being overweight raised the risk of CTS by 1.5 times
(pooled confounder-adjusted odds ratio [OR] =1.47, 95%
confidence interval [CI]: 1.37-1.57, n=1,279,546), while
obesity doubled it (adjusted OR=2.02, 95% CI: 1.92-2.13,
n=1362207). Every one-unit increase in BMI increased
the risk of CTS by 7.4% (adjusted OR=1.074, 95% CI:
1.071-1.077, n=1258578).%

Our study builds on previous research by examining
the relationship between wrist and waist circumferences
and the severity of CTS, an important factor to consider
in the manifestation of CTS symptoms. While previous
studies identified wrist ratio, shape index, and higher
BMI as independent risk factors for CTS," our research
focused on specific anthropometric measures to gain a
more comprehensive understanding of CTS origins. By
comparing CTS patients with a healthy control group,
our study could contribute to the evolving knowledge of
CTS research. Our results confirm previous findings and
offer valuable insights into the multifaceted nature of CTS
etiology. Our research has public health implications, as
the rise of CTS globally is a concern. Understanding the
role of BMI in CTS is critical, and our study fills a critical
knowledge gap that could inform preventive measures
and therapeutic interventions. However, it is essential to
acknowledge the limitations of our study, including the
observational nature of our study design and the sample
size. Accordingly, future research with larger and more
diverse cohorts could further validate and expand upon
our findings.

Conclusion

It was revealed that people with CTS have higher levels
of BMI, PBF, SLM, and total and segmental (arm) MBF
compared to healthy individuals. However, no significant
correlation was observed between BMI and the severity
of clinical symptoms in CTS patients. Upcoming research
with a larger sample size and more diverse follow-ups
could further validate and expand upon our findings.
Addressing these limitations will enhance the robustness
and applicability of our findings in effective CTS
prevention and management.

Acknowledgements

The authors would like to acknowledge the Physical Medicine and
Rehabilitation Research Center staff at Tabriz University of Medical
Sciences for their invaluable support in conducting this research.

Authors’ Contribution

Conceptualization: Fariba Eslamian,Sanam Dolati.

Data curation: Mina Jafarporiane Janati,Fariba Eslamian.

Formal analysis: Soraya Babaei,Neda Dolatkhah.

Investigation: Fariba Eslamian, Tannaz Novinbbahador, Mina
Jafarporiane Janati, Soraya Babaei,Sanam Dolati, Neda Dolatkhah.
Methodology: Fariba Eslamian, Tannaz Novinbbahador, Mina
Jafarporiane Janati, Soraya Babaei,Sanam Dolati, Neda Dolatkhah.
Project administration: Fariba Eslamian, Tannaz Novinbbahador,
Mina Jafarporiane Janati, Soraya Babaei,Sanam Dolati, Neda
Dolatkhah.

Resources: Fariba Eslamian, Tannaz Novinbbahador.

Software: Sanam Dolati, Neda Dolatkhah.

Supervision: Neda Dolatkhah.

Validation: Fariba Eslamian.

Visualization: Sanam Dolati, Neda Dolatkhah.

Writing-original draft: Fariba Eslamian, Tannaz Novinbbahador,
Mina Jafarporiane Janati, Soraya Babaei,Sanam Dolati, Neda
Dolatkhah.

Writing-review & editing: Fariba Eslamian, Tannaz Novinbbahador,
Mina Jafarporiane Janati, Soraya Babaei,Sanam Dolati, Neda
Dolatkhah.

Competing Interests
The authors declare no competing interests.

Ethical Approval

The study was approved by the Local Ethics Committee of Tabriz
University of Medical Science (IR.TBZMED.REC.1397.156), and all
experiments were conducted according to the relevant guidelines.
All participants signed a detailed informed consent form prior to
the study.

Funding
The authors declare that they received no financial support
throughout the study.

References

1. Wright AR, Atkinson RE. Carpal tunnel syndrome: an update
for the primary care physician. Hawaii ] Health Soc Welf.
2019;78(11 Suppl 2):6-10.

2. Aroori S, Spence RA. Carpal tunnel syndrome. Ulster Med .
2008;77(1):6-17.

3. GenovaA, Dix O, Saefan A, Thakur M, Hassan A. Carpal tunnel
syndrome: a review of literature. Cureus. 2020;12(3):e7333.
doi: 10.7759/cureus.7333.

182 | Biomed Res Bull. 2024;2(4)


https://doi.org/10.7759/cureus.7333

Carpal tunnel syndrome and physical characteristics

Lee HJ, Kwon HK, Kim DH, Pyun SB. Nerve conduction
studies of median motor nerve and median sensory branches
according to the severity of carpal tunnel syndrome.
Ann  Rehabil Med. 2013;37(2):254-62. doi: 10.5535/
arm.2013.37.2.254.

Karatas G, Kutluk O, Akyuz M, Karaahmet OZ, Yalcin E. The
effects of carpal tunnel syndrome on sleep quality. Ann Med Res.
2020;27(1):381-7. doi: 10.5455/annalsmedres.2019.11.735.
Toopchizadeh V, Aghamohammadi D, Dolatkhah N, Asef
S, Rahbar M, Hashemian M. Diet quality is associated with
pain intensity and quality of life in a sample of patients with
knee osteoarthritis: a cross-sectional study. J Res Clin Med.
2020;8(1):6. doi: 10.34172/jrcm.2020.006.

Wolny T, Linek P, Saulicz E. Overall health status in patients
with mild to moderate carpal tunnel syndrome: a case-
control study. ] Hand Ther. 2017;30(3):293-8. doi: 10.1016/j.
jht.2016.10.003.

Ruttenberg R. The social and economic impact of carpal tunnel
syndrome among maintenance of way employees. | Ergonomics.
2019;9(1):246. doi: 10.35248/2165-7556.19.9.246.
Ekanayake GNS, Manilgama SR. Carpal tunnel syndrome with
shoulder symptoms; is it a different entity? A prospective cohort
study comparing recovery patterns following decompression.
medRxiv [Preprint]. January 25, 2023. Available from: https://
www.medrxiv.org/content/10.1101/2023.01.24.23284937v1.
Hagiwara Y, Nakamura T, Sonoki K, Moroi K, Morimoto S,
Natsume Y, et al. “Idiopathic” shoulder pain and dysfunction
from carpal tunnel syndrome and cubital tunnel syndrome.
Plast Reconstr Surg Glob Open. 2022;10(2):e4114. doi:
10.1097/gox.0000000000004114.

Nufez de Arenas-Arroyo S, Cavero-Redondo |, Torres-Costoso
A, Reina-Gutiérrez S, Guzman-Pavén MJ, Martinez-Vizcaino
V. Accuracy of the most common provocation tests for
diagnosing carpal tunnel syndrome: a systematic review with
meta-analysis. ] Orthop Sports Phys Ther. 2022;52(8):522-31.
doi: 10.2519/jospt.2022.10828.

Dabbagh A, MacDermid JC, Yong ], Packham TL, Grewal
R, Boutsikari EC. Diagnostic test accuracy of provocative
maneuvers for the diagnosis of carpal tunnel syndrome:
a systematic review and meta-analysis. Phys Ther.
2023;103(6):pzad029. doi: 10.1093/ptj/pzad029.

Lo JK, Finestone HM, Gilbert K, Woodbury MG. Community-
based referrals for electrodiagnostic studies in patients with
possible carpal tunnel syndrome: what is the diagnosis?
Arch Phys Med Rehabil. 2002;83(5):598-603. doi: 10.1053/
apmr.2002.32476.

Fowler JR. Diagnosis and clinical presentation of carpal
tunnel syndrome. In: Sotereanos DG, Papatheodorou LK,
eds. Compressive Neuropathies of the Upper Extremity: A
Comprehensive Guide to Treatment. Cham: Springer; 2020.
p. 27-35. doi: 10.1007/978-3-030-37289-7_3.

Osiak K, Mazurek A, Pekala P, Koziej M, Walocha JA,
Pasternak A. Electrodiagnostic studies in the surgical treatment
of carpal tunnel syndrome-a systematic review. ] Clin Med.
2021;10(12):2691. doi: 10.3390/jcm10122691.

Milandri A, Farioli A, Gagliardi C, Longhi S, Salvi F, Curti
S, et al. Carpal tunnel syndrome in cardiac amyloidosis:
implications for early diagnosis and prognostic role across the
spectrum of aetiologies. Eur J Heart Fail. 2020;22(3):507-15.
doi: 10.1002/ejhf.1742.

Ghali J, Murugasu A, Day T, Nicholls K. Carpal tunnel
syndrome in Fabry disease. JIMD Rep. 2012;2:17-23. doi:
10.1007/8904_2011_37.

Ettema AM, Amadio PC, Zhao C, Wold LE, An KN. A

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

histological and immunohistochemical study of the
subsynovial connective tissue in idiopathic carpal tunnel
syndrome. | Bone Joint Surg Am. 2004;86(7):1458-66. doi:
10.2106/00004623-200407000-00014.

Sharifi-Mollayousefi A, Yazdchi-Marandi M, Ayramlou H,
Heidari P, Salavati A, Zarrintan S, et al. Assessment of body
mass index and hand anthropometric measurements as
independent risk factors for carpal tunnel syndrome. Folia
Morphol (Warsz). 2008;67(1):36-42.

Lataster A, van Kleef M, Mekhail N, Patijn J, Vallejo R, Janssen
M, Huygen F. Evidence-Based Interventional Pain Medicine:
According to Clinical Diagnoses. Wiley; 2011.

Chen JQ, Wang D, Liu B. Body mass index and carpal
tunnel syndrome: a case-control study. Medicine (Baltimore).
2023;102(31):€34468. doi: 10.1097/md.0000000000034468.
Meirelles LM, dos Santos JB, dos Santos LL, Branco MA,
Faloppa F, Leite VM, et al. Evaluation of Boston questionnaire
applied at late pos-operative period of carpal tunnel syndrome
operated with the paine retinaculatome through palmar port.
Acta Ortop Bras. 2006;14(3):126-32.

Multanen J, Ylinen ), Karjalainen T, Kautiainen H, Repo JP,
Hakkinen A. Reliability and validity of the Finnish version of
the Boston Carpal Tunnel Questionnaire among surgically
treated carpal tunnel syndrome patients. Scand ] Surg.
2020;109(4):343-50. doi: 10.1177/1457496919851607.
Multanen J, Ylinen J, Karjalainen T, lkonen ], Hékkinen
A, Repo JP. Structural validity of the Boston Carpal Tunnel
Questionnaire and its short version, the 6-Item CTS symptoms
scale: a Rasch analysis one year after surgery. BMC
Musculoskelet Disord. 2020;21(1):609. doi: 10.1186/s12891-
020-03626-2.

Ghayyem Hassankhani G, Moradi A, Birjandinejad A,
Vahedi E, Kachooei AR, Ebrahimzadeh MH. Translation and
validation of the Persian version the Boston Carpal Tunnel
Syndrome Questionnaire. Arch Bone Jt Surg. 2018;6(1):71-7.
Yazdani AH, Hesari P, Eghbali Khosro S, Anbarian M, Babaei-
Ghazani A. Effects of six-week exercise training protocol on
pain relief in patients with lumbar disc herniation. ] Anal Res
Clin Med. 2016;4(1):27-33. doi: 10.15171/jarcm.2016.005.
Esmaeillou M, Houshyar J, Akbarzadeh F, Aliasgarzadeh A.
Evaluation of autonomic neuropathy in newly diagnosed
and chronic type 2 diabetic patients: a retrospective cross-
sectional study. J Res Clin Med. 2020;8(1):49. doi: 10.34172/
jrcm.2020.049.

Karimi N, AbedianKenari S, Darvari F. Serum levels of
inflammatory cytokines in patients with idiopathic carpal
tunnel syndrome. Int J Neurosci. 2021;131(3):228-32. doi:
10.1080/00207454.2020.1737050.

Komurcu HF, Kilic S, Anlar O. Relationship of age, body
mass index, wrist and waist circumferences to carpal tunnel
syndrome severity. Neurol Med Chir (Tokyo). 2014;54(5):395-
400. doi: 10.2176/nmc.0a2013-0028.

Nageeb RS, Shehta N, Nageeb GS, Omran AA. Body mass
index and vitamin D level in carpal tunnel syndrome patients.
Egypt J Neurol Psychiatr Neurosurg. 2018;54(1):14. doi:
10.1186/s41983-018-0009-z.

Mondelli M, Curti S, Farioli A, Aretini A, Ginanneschi F, Greco
G, et al. Anthropometric measurements as a screening test
for carpal tunnel syndrome: receiver operating characteristic
curves and accuracy. Arthritis Care Res (Hoboken).
2015;67(5):691-700. doi: 10.1002/acr.22465.

Thiese MS, Merryweather A, Koric A, Ott U, Wood EM,
Kapellusch J, et al. Association between wrist ratio and carpal
tunnel syndrome: effect modification by body mass index.

Biomed Res Bull. 2024; 2(4) | 183


https://doi.org/10.5535/arm.2013.37.2.254
https://doi.org/10.5535/arm.2013.37.2.254
https://doi.org/10.5455/annalsmedres.2019.11.735
https://doi.org/10.34172/jrcm.2020.006
https://doi.org/10.1016/j.jht.2016.10.003
https://doi.org/10.1016/j.jht.2016.10.003
https://doi.org/10.35248/2165-7556.19.9.246
https://www.medrxiv.org/content/10.1101/2023.01.24.23284937v1
https://www.medrxiv.org/content/10.1101/2023.01.24.23284937v1
https://doi.org/10.1097/gox.0000000000004114
https://doi.org/10.2519/jospt.2022.10828
https://doi.org/10.1093/ptj/pzad029
https://doi.org/10.1053/apmr.2002.32476
https://doi.org/10.1053/apmr.2002.32476
https://doi.org/10.1007/978-3-030-37289-7_3
https://doi.org/10.3390/jcm10122691
https://doi.org/10.1002/ejhf.1742
https://doi.org/10.1007/8904_2011_37
https://doi.org/10.2106/00004623-200407000-00014
https://doi.org/10.1097/md.0000000000034468
https://doi.org/10.1177/1457496919851607
https://doi.org/10.1186/s12891-020-03626-2
https://doi.org/10.1186/s12891-020-03626-2
https://doi.org/10.15171/jarcm.2016.005
https://doi.org/10.34172/jrcm.2020.049
https://doi.org/10.34172/jrcm.2020.049
https://doi.org/10.1080/00207454.2020.1737050
https://doi.org/10.2176/nmc.oa2013-0028
https://doi.org/10.1186/s41983-018-0009-z
https://doi.org/10.1002/acr.22465

Eslamian et al

33.

34.

35.

Muscle Nerve. 2017;56(6):1047-53. doi: 10.1002/mus.25692.
Razavi AS, Karimi N, Bashiri F. The relationship of serum
lipid profiles and obesity with the severity of carpal tunnel
syndrome. Pan Afr Med J. 2021;39:90. doi: 10.11604/
pamj.2021.39.90.27234.

Wei J, Tian L, Zhang ZC, Wang HZ, Liu N, Sun XH.
[Relationship of BMI and wrist joint index with carpal tunnel
syndrome in manual laborers]. Zhonghua Lao Dong Wei
Sheng Zhi Ye Bing Za Zhi. 2019;37(1):30-3. doi: 10.3760/cm
a.j.issn.1001-9391.2019.01.006. [Chinese].

Kouyoumdjian JA, Morita MD, Rocha PR, Miranda RC,
Gouveia GM. Body mass index and carpal tunnel syndrome.
Arq Neuropsiquiatr. 2000;58(2A):252-6. doi: 10.1590/50004-

36.

37.

38.

282x2000000200008.

MiJ, Liu Z. Obesity, type 2 diabetes, and the risk of carpal tunnel
syndrome: a two-sample mendelian randomization study. Front
Genet. 2021;12:688849. doi: 10.3389/fgene.2021.688849.
Mansoor S, Siddiqui M, Mateen F, Saadat S, Khan ZH, Zahid
M, et al. Prevalence of obesity in carpal tunnel syndrome
patients: a cross-sectional survey. Cureus. 2017;9(7):e1519.
doi: 10.7759/cureus.1519.

Shiri R, Pourmemari MH, Falah-Hassani K, Viikari-Juntura
E. The effect of excess body mass on the risk of carpal
tunnel syndrome: a meta-analysis of 58 studies. Obes Rev.
2015;16(12):1094-104. doi: 10.1111/0br.12324.

184

| Biomed Res Bull. 2024;2(4)


https://doi.org/10.1002/mus.25692
https://doi.org/10.11604/pamj.2021.39.90.27234
https://doi.org/10.11604/pamj.2021.39.90.27234
https://doi.org/10.3760/cma.j.issn.1001-9391.2019.01.006
https://doi.org/10.3760/cma.j.issn.1001-9391.2019.01.006
https://doi.org/10.1590/s0004-282x2000000200008
https://doi.org/10.1590/s0004-282x2000000200008
https://doi.org/10.3389/fgene.2021.688849
https://doi.org/10.7759/cureus.1519
https://doi.org/10.1111/obr.12324

