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Introduction

Carpal tunnel syndrome (CTS) is a very
widespread entrapment neuropathy [1]. It is occurred
as a result of compression of the median nerve while
it passes through the carpal tunnel [2] and could
be reliably diagnosed by electrodiagnostic (EDX)

Abstract

BACKGROUND: Carpal tunnel syndrome (CTS) is the most prevalent entrapment neuropathy in the upper limb. The
most consistent risk factors are female gender, age, and obesity. The results of previous studies are conflicting, and
moreover, data from studies regarding obesity and nerve conduction velocity are not available for our Egyptian population.

AIM: This study was designed to investigate the contribution of age and body anthropometry as predictor factors to
the CTS and to identify patients at high risk for CTS among Egyptian obese women.

METHODS: The study included 120 obese women grouped according to the clinical and electrodiagnostic (EDX)
findings into two groups: 60 with CTS and 60 without CTS (non-CTS). EDX study was used in the diagnosis of
median nerve entrapment at the level of the wrist, according to the American Association of Neuromuscular and EDX
Medicine. Body weight and height were measured and then body mass index (BMI) was calculated. Waist-to-hip
ratio (WHR) was determined from the measured waist circumference (WC) and hip circumference (HC). Mid upper
arm circumference (MUAC) was measured as well. The receiver operating characteristic (ROC) curve was used to
assess the power of age and body anthropometry as predictor factors for CTS.

RESULTS: CTS obese cases showed significantly lower values of both median motor nerve conduction velocity
(MMNCYV) and median sensory nerve conduction velocity compared to those without CTS. Significantly higher median
sensory latency and median motor latency have been found in CTS cases compared to non-CTS group. Significant
differences in the mean age have been found between the two groups and a tendency for higher body anthropometry
measures in the CTS cases relative to those without CTS. Moreover, there were negative correlations between MMNCV
and obesity indices. Age showed the highest area under the ROC curve, followed by BMI, WHR WC, HC, and MUAC.

CONCLUSION: Age and obesity indices are important risk factors that can be used as predictors to CTS in obese
women. Age is a more powerful diagnostic tool relative to the anthropometric measurements. Women of age above
40 years and suffering from a high degree of obesity are at risk of developing CTS.

between CTS and occupational activities which
collected in systemic reviews that conducted by
Barcenilla et al. [5], [6].

The purpose of this study was to evaluate the
impact of age and body anthropometry on the incidence
of CTS and recognize patients at high risk for CTS
among Egyptian obese women.

(nerve conduction) studies. Symptoms involve pain
and numbness, particularly at night, at the area of
the median nerve in the affected hand which could

extend to the entire upper limb. It has been previously

Patients and Methods

observed that obesity and age over 30 years are the
main factors which increased the risk for CTS. In

addition, females, particularly pregnant, are the most
affected gender. Medical conditions that increased
the risk for CTS include hypothyroidism, rheumatoid
arthritis, and osteoarthritis. Other behavioral and
occupational factors such as typing and repetitive
hand movements are involved as well [3], [4]. There
are lots of studies that have explored the relationship

The study included 120 obese women grouped
according to their clinical and EDX findings into two
groups: 60 with CTS and 60 Non-CTS. Ninety percent
of the patients were housewives in both groups. There
was no statistically significant difference between both
groups as regards occupation.
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Inclusion criteria

Obese women their body mass index
(BMI) =30 kg/m® with CTS and had no evidence
of a generalized neuropathy or other clinical or
electrodiagnostic abnormalities.

Exclusion criteria

Women suffering from diabetes, the duration of
symptoms <1 year, pregnant woman, under-treatment of
cardiac arrhythmia, or muscle relaxant drugs and older
than 50 years of age were excluded from the study.

Anthropometric and clinical measurements

Body weight, height, waist circumference (WC),
hip circumference (HC), and mid-upper arm circumference
(MUAC) were measured for all cases. Body weight was
measured to the nearest 0.1 kg and height was measured
to the nearest 0.1 cm. BMI was calculated as weight in
kilograms divided by height in meters square (kg/m?).

A questionnaire, inquiring about age and CTS
symptoms, has been taken. Clinical examination using
both Tinel and Phalen signs, as previously described [7],
has been performed for all cases. The pain was
assessed by the visual analog scale. The linear scale
represents the range of pain that a subject thought she
might experience. Usually, the line is 10 cm in length with
one end represents “no pain,” while the other represents
the worst pain. Every woman draws a mark on the line
that represents the level of pain being experienced.

Neurophysiological examination

EDX study has been used in the diagnosis
of median nerve entrapment at the level of the wrist,
according to the American Association of Neuromuscular
and EDX Medicine [8]. The median nerve, both motor
and sensory, conduction studies to all cases have
been performed as well as needle electromyography of
the abductor pollicis brevis muscle to selected cases
for evaluation of CTS severity using Deymed TRU-
TRACE EMG NCV 4 Channel System machine (AU7-
12060002) at the EMG unit of the Medical Center of
Scientific Excellence of NRC.

Comparison tests with neighboring nerves have
been performed to cases showed clinical symptoms of
CTS but normal or equivocal results of median sensory
distal latency and motor distal latency.

The recommended comparative tests are the
median-ulnar palmar mixed comparison study, the
median-ulnar ring finger sensory study, or the median-
ulnar second lumbrical-interossei study. The diagnosis
of CTS was confirmed if one, and preferably two, of
these tests, were abnormal. If the results of these tests
are normal, CTS is almost excluded [9].

Ethical approval

The research was approved by the Ethical
Committee of NRC (No: 16361) and followed the
World Medical Association’s Declaration of Helsinki.
Furthermore, each participant in the study signed a
written consent after a full description of the study.

Statistical analysis

The Kolmogorov—Smirnov test was used to
test the sample distribution. The appropriate test, either
Student’s t-tests or Mann-Whitney, was used for the
continuous variables and the Chi-square and Fisher
exact tests were used for percentages.

The receiver operating characteristic (ROC)
curve was used to determine the predictive value of age
and body measures for the diagnosis of CTS and to
compare their diagnostic power in discriminating CTS
from non-CTS.

Results

The present data revealed that bilateral carpal
tunnel CTS was found in 31.8% of cases and unilateral
in 68.2%. Most of them were right-sided. The dominant
hand was affected first and produces the most severe
pain.

A significant difference in the mean age has
been found between the two studied groups and a
tendency for higher body anthropometry measures in the
CTS compared to non-CTS cases, as shown in Table 1.

Table 1: Age and body anthropometry in CTS and non-CTS cases

Variables CTS (MeantSD) Non-CTS (Mean+SD) p-value

Age (years) 4212+46 346173 0.001
BMI (Kg/m?) 33.9+65 30.9 +8.0 0.13
WHR 0.84 +0.04 0.77 +0.05 0.10
WC (cm) 96.77 £ 12.1 88.00 +14.3 0.06
HC (cm) 117.06 £ 11.9 109.94 + 13.7 0.12
MUAC (cm) 334+4.2 30.93 + 6.4 0.2

BMI: Body mass index, WHR: Waist-hip ratio, WC: Waist circumference, HC: Hip circumference,
MUAC: Mid upper arm circumference.

CTS cases showed significantly lower values of
median motor nerve conduction velocity (MMNCV) and
median sensory nerve conduction velocity relative to the
non-CTS group. Significantly higher values of median
sensory latency and median motor latency have been
found in CTS compared to non-CTS cases, as presented
in Table 2.

Table 2: Median nerve conduction parameters in CTS cases
and non-CTS individuals\

Median nerve conduction parameters CTS (MeanSD) Non-CTS (MeanSD)

MMNCV (m/s) 49.59 £ 7.7 59.23+4.1
MML (ms) 4.84 1.3 3.23+03
MSNCV (m/s) 46.31£7.1* 53.01+4.3
MSL (ms) 4.6+1.4* 3.1+0.09

MMNCYV: Median motor nerve conduction velocity, MML: Median motor latency, MSNCV: Median sensory
nerve conduction velocity, MSL: Median sensory latency. *p<0.05, **p<0.01.
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Table 3 shows the partial correlations between
body anthropometry and the nerve conduction
parameters. Negative correlations were found between
MMNCYV and anthropometric measures.

Table 3: Partial correlations between body anthropometry and
median nerve conduction findings, adjusted for age

Median nerve conduction findings  BMI(r)  WHR(r) WC () HC () MUAC (r)
MMNCV -0.42* -0.72* -0.51"* -0.27 -0.32
MML -0.09 0.16 0.02 -0.05 0.014
MSNCV 0.13 -0.12 0.051 0.13 0.04
MSL -0.14 0.17 —0.05 -0.15 —0.06

MMNCYV: Median motor nerve conduction velocity, MML: Median motor latency, MSNCV: Median sensory
nerve conduction velocity, MSL: Median sensory latency, BMI: Body mass index, WHR: Waist-hip ratio,
WC: Waist circumference, HC: Hip circumference, MUAC: Mid upper arm circumference. r=correlation
coefficient, p<0.05, "p<0.01.

The areas under the ROC curve were
presented in Table 4 with age showed the highest
areas under the ROC curve, followed by BMI, waist-
to-hip ratio (WHR) WC, HC, and MUAC. ROC curves
of the age and body anthropometry in detecting the
presence of CTS in Egyptian women are shown in
Figure 1 and Figure 2.

Table 4: Area under the receiver operating characteristic curve
(AUC) for age, anthropometric measurements of the studied
participants

Variables AUC Cutoff points Sensitivity (%) Specificity (%)
Age (years) 0.811 40.5 77 75
BMI (Kg/m®) 0.680 30.25 75 59
WHR 0.680 0.796 82 53
WC (cm) 0.671 91 75 65
HC (cm) 0.662 113.5 69 71
MUAC (cm) 0.642 30.5 69 53

AUC: Area under the curve, BMI: Body mass index, WHR: Waist-hip ratio, WC: Waist circumference,
HC: Hip circumference, MUAC: Mid upper arm circumference.
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Figure 1: Receiver operating characteristic curve of age in detecting
the presence of carpal tunnel syndrome in Egyptian women
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Figure 2: Receiver operating characteristic curve of body mass index,
waist-hip ratio, mid-upper arm circumference, waist circumference,
and hip circumference in detecting the presence of carpal tunnel
syndrome in Egyptian women.

Discussion

The incidence of CTS was previously estimated
in different populations. A very wide occurrence range
has been reported where the prevalence is varied in
different populations and highly affected by the type of
occupation [10]. EDX studies have been considered as
a gold standard for CTS diagnosis [11], [12], [13]. CTS
is typically presented with pain and/or dysesthesia of
the fingers that might spread throughout the hand and
radiate to the wrist. Symptoms usually become worse at
night or in the early morning. In severe cases, atrophy
of the thenar eminence and/or weakness of thumb
abduction and opposition could be observed [13].

Results of the present study showed significant
age differences between the two groups; CTS cases
were significantly older compared with non-CTS. We
found that age >40.5 years (area under the curve
[AUC]=0.81, 77% sensitivity and 75% specificity) is a
very importantrisk factor for CTS in obese females. Ithas
been previously found that the age of 41-60 years is an
independent risk factor for CTS which agreed with our
results [3]. Although in the present study there were no
significant differences in anthropometric measurements
between the two groups, the CTS group tends to have
higher anthropometric measurements (BMI, WC, WHR,
HC, and MUAC). This might indicate the association
between the severity of obesity and the developing
of CTS. It has been previously shown that body mass
index and obesity are strongly associated with CTS,
with every one-unit increase in body mass increasing
the risk of the condition by 8% [14]. The statistically
significant correlation between age, obesity, and CTS
has been reported previously by Tung and Glngen
(2017). The association between obesity and CTS
might be explained as follow; the compressive effect on
the median nerve could result from the accumulation
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of fat tissue inside the carpal tunnel or an increase in
hydrostatic pressure through this canal [3]. Moreover,
the high carpal tunnel pressure may lead to fibrosis
and thickening of the subsynovial connective tissue
in the canal [15], [16]. The association between body
anthropometry and CTS has been previously found;
however, the anthropometric measurements were
of low accuracy and had limited value as diagnostic
tools for CTS [17]. This is consistent with our results
where the AUC for the anthropometric measurements
is ranging from 0.64 to 0.68.

Factors that have also been suggested to
increase the risk for CTS include females in their first
menopausal year and those taking the oral contraceptive
pill or taking hormone replacement therapy [18].

Regarding the relationship between
anthropometric measurements and median nerve
conduction parameters, the present study showed
that anthropometric measurements are negatively
correlated with MMNCV. WHR is the anthropometric
measurement that showed the strongest correlation.
However, a study that has been done by Majumdar
et al. [19] found negative correlations between BMI,
WHR, and MMNCV in a sample of obese subjects
who are not suffering from CTS. Hence, it has been
suggested that obese individuals might suffer from the
slowing of motor nerve conduction and this biological
factor should be considered [19]. We can suggest that
anthropometric measurements and age have to be taken
into considerations while interpreting nerve conduction
studies and they can be measured as important factors
in CTS cases under the same occupational settings
and stresses.

There are some limitations to this study. The
relatively small sample size and only investigated
women.

Conclusion

Age and obesity are age and obesity indices
can be used as predictors to CTS in obese women for
CTS; age is more valuable as a diagnostic tool, though.
Women with a high degree of obesity and above
40 years of age are particularly at high risk for CTS.
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