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Background: Carpal tunnel syndrome (CTS) is a socially relevant condition. Risk factors associated with CTS severity and work have not been 
explored.
Aims: This case-control study aims to investigate the association between CTS severity and occupational biomechanical overload considering 
personal anthropometric risk factors.
Methods: We consecutively enrolled one CTS case for two controls. CTS cases were grouped into three classes of progressive clinical and 
electrophysiological severity according to two validated scales. Job titles were coded according to the International Standard Classification of 
Occupations (ISCO 88) and grouped into two broad socio-occupational categories: blue-collar and white-collar workers.
The associations between CTS (or CTS severity) and blue-collar status were assessed using unconditional (or multinomial) logistic regression 
models adjusted for age, gender, centre and two anthropometric indexes: wrist-palm ratio and waist-stature ratio. Odds ratios (OR) or relative 
risk ratio and 95% confidence intervals (95% CI) were calculated, as appropriate.
Results: We included 183 cases and 445 controls. Blue-collar status was a risk factor for CTS (OR 2.4; 95% CI 1.5–3.8). Among job titles, vine 
and/or olive tree growers (OR 6.0; 95% CI 2.0–17.9) and food processing workers (OR 4.8; 95% CI 1.5–15.2) were at higher risk. At multi-
nomial logistic regression analysis, blue-collar status and the two anthropometric indexes were associated with moderate/severe CTS, after 
mutual adjustment.
Conclusions: Blue-collar workers showed a higher risk of CTS than white-collar workers, adjusting for anthropometric and body measures as 
well. Preventive interventions should be addressed to decrease the biomechanical overload of the upper limbs and limit the overweight.

I N T RO D U CT I O N
Carpal tunnel syndrome (CTS) is the most frequent focal periph-
eral neuropathy in the general population [1,2], especially among 
manual workers [3–5]. CTS causes hand disability, high costs of 
health care and loss of workdays [6]. Several risk factors for CTS 
have been studied including personal/anthropometric factors, 
co-morbidities, psychosocial and occupational risk factors [7–
11]. Epidemiological studies showed an association between CTS 
and exposure to biomechanical overload, which is more common 
among manual than non-manual workers [11–14]. Two pro-
spective multicentre studies carried out in Italy and USA provided 
information about the association between CTS incidence and ex-
posure to forceful exertion, peak of hand force, forceful repetition 
and hand-arm vibrations [13–15]. More recently, another cohort 
study based on exposure measurement reported an association 

between high wrist angular velocity and CTS [16]. In addition, 
personal and biomechanical risk factors along with psychosocial 
job factors were found to predict CTS-related disability [7].

We reported a case-control study on CTS and several body/
hand anthropometric measurements showing an association 
between many anthropometric indexes and CTS severity [17]. 
Among body and hand measures, the waist–stature ratio (WSR) 
and wrist–palm ratio (WPR) showed the strongest association 
with the onset and severity of CTS [18,19]. However, little is 
known about the association between occupational risk factors 
and CTS severity [20–23].

The aim of this case-control study is to investigate the asso-
ciation between CTS (and CTS severity) and occupational 
biomechanical overload considering body and hand anthropo-
metric measures as potential confounders.
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M ET H O D S
For the purpose of the present study, we reviewed the data col-
lected in a previous case-control study [24]. We enrolled one 
case for two controls regardless of age, gender and occupation 
among all patients referred to three outpatient electromyography 
laboratories (EMG labs), who performed electrodiagnostic 
testing for the first time because of upper limb complaints. The 
diagnosis of CTS was made according to clinical and electro-
physiological findings [25]. The inclusion criteria for CTS were 
those recommended by the American Academy of Neurology 
[26]. All hands with the clinical diagnosis of CTS were included 
in the ‘classic/probable’ or ‘possible’ categories according to the 
modified hand diagram [25]. Controls were selected among all 
the other patients admitted in the same period to the same EMG 
labs with upper limb symptoms other than CTS and normal 
neurography of the median nerve.

We excluded all patients with diabetes, connective and thy-
roid diseases, renal failure, gout, polyneuropathy, amyotrophic 
lateral sclerosis, onset of symptoms during pregnancy or lacta-
tion, history of alcoholism, wrist and hand trauma, upper limb 
surgery, malignancy in the previous 5 years, and previous intake 
of medication considered toxic to the peripheral nervous system.

Current occupational activity was recorded in two out of 
three EMG labs participating in the original study. These data 
were reviewed for the present analysis. Specifically, three occupa-
tional physicians (C.S., A.A. and S.M.), blinded to case/control 
status, independently evaluated the descriptions of the occupa-
tional activities reported in the medical records, and classified 
them according to the International Standard Classification 
of Occupations (ISCO 88) [27]. An occupational physician 
(S.M.), blinded to case/control status, grouped these subjects 
based on the amount of occupational biomechanical overload 
in two broad socio-occupational categories: blue-collar workers 
and white-collar workers [28]. Considering that the amount of 
biomechanical overload experienced by Italian housewives is 

partially comparable to that experienced by specific blue-collar 
jobs (like domestic cleaners) [29], we decided to include them 
in the blue-collar category. As previously reported, the typical 
housework tasks encountered by Italian housewives were char-
acterized by repetitive/similar movements (for >2 h/day) along 
with ≥30° bending of the wrists, ≥45° stretched wrists, ≥30° 
ulnar stretches and manual force [29]. The study was approved 
by the local ethics committee of the Local Health Unit ‘Toscana 
Sud-Est’ and of the University Hospital of Siena on 4 October 
2010 (code STC-MANO-2010).

Electrophysiological methods included the study of motor and 
sensory conduction velocities (SCV) of the median and ulnar 
nerves and the differences between the two nerves in SCV of the 
fourth digit-wrist segment and in distal motor latencies (DML). 
In case only one of the aforementioned electrodiagnostic tests 
was abnormal, we measured the difference between the latencies 
of the median and ulnar nerves in the 8 cm palm-to-wrist seg-
ment, the differences between the median and radial nerves in 
SCV of the first digit-wrist segment, and the difference between 
DML recorded from the second lumbrical–second interosseous 
muscles [24]. If at least one absolute and one comparative 
electrodiagnostic test, or two comparative tests of the median 
nerve were abnormal, a patient with CTS symptoms was in-
cluded among the cases. Patients who had symptoms suggestive 
of CTS but normal electrodiagnostic testing were excluded 
along with those patients with asymptomatic delay in distal con-
duction velocity of the median nerve.

During the electrodiagnostic study, the following anthropo-
metric measurements were taken: height, weight, waist and hip 
circumferences, width and depth of the wrist, length of the palm, 
of the third digit and of the hand and width of the palm. Derived 
ratios were calculated as well.

The inter-examiner agreement for all body and hand meas-
urements was measured in 17 volunteers as previously reported 
elsewhere [24].

If bilateral symptoms were present, the hand with the most 
severe symptoms was measured or, if there were no differences 
between sides, the dominant hand was selected.

Using a validated five-stage scale, we evaluated the clinical 
severity of CTS by assessing the timing of any type of paraes-
thesia that occurred within the last 2 weeks, the objective sen-
sory deficits, the thumb opposition and abduction strength, 
and the status of the thenar eminence muscles [30] (Table 1). 
Moreover, we assessed the electrophysiological severity of CTS 
using a validated five-stage scale [31]. This evaluation involves 
the presence or absence of motor and sensory response, normal 
or abnormal SCV, DML of the median nerve and comparative 
nerve conduction velocity testing (Table 1).

Descriptive statistics were presented as mean and SD or 
number and percentage, as appropriate. The main analysis was 
focussed on the active working population (i.e. ≤65 years old). 
Subjects without any data on occupational activities, retired 
subjects, subjects older than 65 years old and unemployed 
subjects were excluded from the main analysis. As mentioned 
before, subjects were grouped into two broad socio-occupational 
categories based on occupational biomechanical overload, 
namely white-collar and blue-collar workers (including house-
wives) [28,29]. Considering that body and hand variables, as 

K e y  l e a r n i n g  p o i n t s

What is already known about this subject:
• Several risk factors for carpal tunnel syndrome (CTS) 

have been investigated; however, the association between 
CTS severity and work has not been explored.

What this study adds:
• This case-control study investigated the association be-

tween CTS severity and occupational biomechanical 
overload adjusting for body and hand anthropometric 
measures.

• An association between moderate/severe forms of CTS 
and occupational biomechanical overload was found.

What impact this may have on practice or policy:
• Identifying risk factors for CTS severity is important to 

develop preventive strategies.
• Effective preventive interventions should be targeted to 

decrease the biomechanical overload of the upper limbs 
and limit overweight.
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well as their derived ratios, are often co-related to each other 
and might cause multiple collinearities in multivariable analysis, 
we chose to include in our analyses two indexes: (i) WPR (i.e. 
wrist depth/palm length), which refers to hand dimensions and 
(ii) WSR (i.e. waist circumference/height), which is a measure 
of the body size. These two indexes reported the highest sensi-
tivity and specificity in discriminating subjects with CTS from 
those without CTS, while their accuracy tended to increase with 
CTS severity [18,19]. Considering the differences by gender in 
hand and body measurements, WPR and WSR were included as 
binary variables using predefined cut-off values: (i) WPR: 0.385 
for women and 0.397 for men and (ii) WSR: 0.540 for women 
and 0.569 for men [18].

At first, we fitted univariate and multivariable unconditional 
logistic regression models to study the association between 
selected personal factors and the risk of CTS. Multivariable 
analysis included socio-occupational status (i.e. blue-collar and 
white-collar workers), WPR category and WSR category as 
well as age group (coded in three categories, ≤45, 46-55, 56–65 
years), gender and enrolment centre. In addition, to evaluate 
the risk associated with job titles a multivariable unconditional 
logistic regression model was fitted controlling for age group, 
gender, enrolment centre, WPR category and WSR category. 
White-collar workers were taken as the reference category. We 
estimated odds ratios (OR) and 95% confidence interval (95% 
CI) according to Breslow and Day [32].

Due to limited sample size, we grouped both clinical and 
electrophysiological severity scale of CTS into two-level clas-
sification: (i) mild CTS (Stages I or II) and (ii) moderate/se-
vere CTS (Stages III or IV or V) and three-level classification: 
(i) mild CTS (Stages I or II); (ii) moderate CTS (Stage III) 
and (iii) severe CTS (Stages IV or V) (Table 1). We then fitted 
multinomial logistic regression models to study the association 
between clinical and electrophysiological severity of CTS and 
broad socio-occupational categories. We estimated relative risk 
ratios (RRRs) and 95% CI considering people without CTS as 

the base outcome. All analyses were performed using STATA 17 
software package. An alpha error of 0.05 was accepted.

R E SU LTS
The original database included 1117 patients: 370 cases (68% 
women) and 747 controls (64% women). All patients were 
Caucasians. After the exclusion of (i) subjects without detailed 
information on occupational history (mainly outpatients from 
one of the three EMG labs included in the study), (ii) retired and 
unemployed subjects and (iii) subjects older than 65 years old, 
we included in the main analysis 183 cases (46.4 ± 9.3 years; 
132 women and 51 men) and 445 controls (43.2 ± 10.9 years; 
276 women and 169 men).

Table 2 reports univariate and multivariable analysis of socio-
occupational categories and individual factors. At multivariable 
unconditional logistic regression analysis, risk factors were 
blue-collar status (OR 2.4; 95% CI 1.5–3.8), WPR ≥ cut-off 
(OR 3.3; 95% CI 2.2–4.9) and WSR ≥ cut-off (OR 1.6; 95% 
CI 1.1–2.4). At gender stratification (Table 1, available as 
Supplementary data at Occupational Medicine online), blue-collar 
status and WPR ≥ cut-off turned out to be stronger risk factors 
for men (OR 4.2; 95% CI 1.5–12.0 and OR 4.6; 95% CI 2.2–9.9, 
respectively) than for women (OR 1.9; 95% CI 1.2–3.3 and OR 
2.8; 95% CI 1.7–4.5, respectively).

Table 3 reports the analysis by job titles. Raised ORs were ob-
served for vine and/or olive growers (OR 6.1; 95% CI 2.0–18.1), 
food processing workers (OR 4.9; 95% CI 1.5–15.4), cleaners 
and domestic helpers (OR 3.9; 95% CI 1.7–9.0), drivers and 
mobile plant operators (OR 3.1, 95% CI 1.2–8.1) and metal 
workers (OR 2.7, 95% CI 1.0–7.0).

Table 4 shows the distribution of white- and blue-collar 
workers according to the five-stage scale for clinical and elec-
trophysiological severity of CTS [30,31]. The proportion 
of white-collar workers classified as having severe CTS was 
lower than among blue-collar workers. Out of 193 white-collar 

Table 1. Clinical and electrophysiological severity scales for CTS

Stage Three-level 
classification

Description

Clinical severity scale [30]
  I Mild Paraesthesia only at night and/or on waking in any part of the hand innervated by the median nerve
  II Mild Paraesthesia during the day even in case of transient diurnal symptoms after repetitive movements 

or prolonged postures
  III Moderate Any degree of sensory deficit in any region of the hand supplied by the median nerve
  IV Severe Hypotrophy and/or motor weakness of the median-supplied thenar muscles
  V Severe Atrophy and/or plegia of the same muscles
Electrophysiological severity scale [31]
  I Mild Normal digit-wrist segment (M3 and M4 SCV) and abnormal comparative median/ulnar or me-

dian/radial nerves neurographic tests
  II Mild Slowing of median digit-wrist segment SCV and normal DML
  III Moderate Slowing of digit-wrist segment SCV and DML delay
  IV Severe Absence of SNAP in digit-wrist segment (at least M4) and DML delay
  V Severe Absence of SNAP and CMAP

CMAP, compound muscle action potentials; M3, third digit-wrist segment of the median nerve; M4, fourth digit-wrist segment of the median nerve and SNAP, sensory nerve action 
potential.
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workers, two were classified with severe CTS according to the 
clinical severity scale, while one was classified as such according 
to the electrophysiological severity scale of CTS. Conversely, out 
of 435, blue-collar workers with severe CTS were 13 (3%) for the 
clinical severity scale and 19 (4%) for the electrophysiological 
severity scale. Of note, housewives (n = 57 female subjects, 9% 

of all the study population) had the highest proportion of severe 
CTS in the clinical and electrophysiological severity scales (27% 
and 30% of all the severe cases of CTS, respectively).

Table 5 presents the RRRs estimated through multinomial 
logistic regression models according to clinical and electro-
physiological severity scale (two-level classification). Blue-collar 

Table 2. Risk factors for CTS in terms of socio-occupational categories and personal anthropometric factors

Cases
N = 183

Controls
N = 445

Univariatea

OR (95% CI)
Multivariableb

OR (95% CI)

Occupational categories
  White-collars 31 162 1.0 1.0
  Blue-collars 152 283 2.8 (1.8–4.4) 2.4 (1.5–3.8)
WPR categories
  <Cut-offc 74 297 1.0 1.0
  ≥Cut-off 109 148 3.7 (2.5–5.5) 3.3 (2.2–4.9)
WSR categories
  <Cut-offd 100 315 1.0 1.0
  ≥Cut-off 83 130 2.1 (1.5–3.1) 1.6 (1.1–2.4)

aUnconditional logistic model adjusted for age group, gender and enrolment centre.
bUnconditional logistic model adjusted for age group, gender, enrolment centre, white-/blue-collar status, WPR category and WSR category.
cWPR predefined cut-off: 0.385 for females and 0.397 for males [18].
dWSR predefined cut-off: 0.540 for females and 0.569 for males [18].

Table 3. Job titles and risk of CTS

Job-titles ISCO codes Cases
N = 183

Controls
N = 445

Univariatea

OR (95% 
CI)

Multivariableb

OR (95% CI)

White-collar workers 1, 21, 22 (not 2230), 23, 24, 311, 312, 315, 
341, 346, 3471, 41 (not 4142), 42 (not 
4211), 516

31 162 1.0 1.0

Tree (mainly vine and/or 
olive) growers and horti-
culturists

6112, 6141 12 7 12.7 (3.9–41.5) 6.1 (2.0–18.1)

Food processing workers 741, 827 7 9 6.2 (1.9–19.8) 4.9 (1.5–15.4)
Cleaners and domestic 
helpers

913 18 16 4.3 (1.8–9.9) 3.9 (1.7–9.0)

Miscellaneous service 
workers

3475, 4142, 4211, 5141, 5220, 9111, 9141, 
9142, 9162

16 25 3.3 (1.5–7.3) 3.0 (1.4–6.7)

Drivers and mobile plant 
operators

3415, 832, 833 9 22 3.9 (1.4–11.0) 3.1 (1.2–8.1)

Leather, shoes and textile 
workers

7433, 7437, 7441, 826 7 8 4.4 (1.4–14.1) 3.0 (0.9–9.4)

Crops and animal pro-
ducers

6111, 6121, 6122, 6130, 9211 8 9 4.7 (1.5–14.8) 2.8 (0.9–8.5)

Metal workers 7212, 7221, 7223, 7231, 7233, 8211, 8212, 
8281

10 18 4.5 (1.6–12.3) 2.7 (1.0–7.0)

Nurses and paramedical 
workers

2230, 3226, 5132, 5133 9 18 2.4 (1.0–6.0) 2.2 (0.9–5.7)

Miscellaneous blue-collar 
workers

7111, 7113, 7122, 713, 7142, 724, 7313, 732, 
7422, 8131, 8139, 8143, 8159, 8221, 8240, 
828, 9151, 9312, 9322, 9333

26 89 1.8 (1.0–3.4) 1.5 (0.8–2.9)

Housewives 5121 20 36 1.8 (0.8–3.7) 1.9 (0.9–3.9)
Cooks and bartenders 5122, 5123 10 26 1.8 (0.8–4.3) 1.7 (0.7–4.1)

aUnconditional logistic model adjusted for age group, gender and enrolment centre.
bUnconditional logistic model adjusted for age group, gender, enrolment centre, job-title categories, WPR category and WSR category.

D
ow

nloaded from
 https://academ

ic.oup.com
/occm

ed/advance-article/doi/10.1093/occm
ed/kqae120/7906778 by Fernando Proietti user on 27 N

ovem
ber 2024



S. CURTI ET AL.: CARPAL TUNNEL SYNDROME SEVERITY AND WORK • 5

status and the two anthropometric indexes were associated with 
mild and moderate/severe forms of CTS, after mutual adjust-
ment. The multinomial logistic regression models performed 
according to the three-level classification of clinical and electro-
physiological severity scale (Table 2, available as Supplementary 
data at Occupational Medicine online) showed that WPR cat-
egory was a risk factor also for the more severe forms of CTS 
with the strength of association increasing across clinical and 
electrophysiological severity strata.

D I S C U S S I O N
This study investigated the association between occupational 
category and clinical and electrophysiological severity scale of 
CTS. Our findings confirm the association between blue-collar 
status and CTS [28,33]: the risk was doubled for this occupa-
tional category with respect to white-collar workers.

Blue-collar work, overweight and narrow carpal tunnel are 
independent risk factors that can potentiate each other: the 
point estimate for overweight blue-collar workers with narrow 
carpal tunnel in comparison to slim/normal-weight white-collar 
workers with large carpal tunnel is an OR of 16.9 (95% CI 7.4–
38.8) (data not shown).

Blue-collar workers are exposed more frequently than 
white-collar workers to manual work and to biomechanical over-
load of the upper arm [28,33]. Blue-collar work can determine 

exposure to repetitive and forceful movements of hand and 
wrist, powerful grip, non-neutral posture of the wrist, palmar 
compression and hand-arm vibration [11,16]. The increased 
tension of the flexor tendons of the fingers, the contraction of 
the lumbrical muscles and the incursion of the muscles ‘flexor 
digitorum superficialis and profundus’ into the carpal tunnel 
during forceful movements of hand able to increase the carpal 
tunnel pressure, especially in short and wide hands and in 
squared wrists that match with deep and narrow carpal canal 
[34]. The analysis by job title confirmed that many occupational 
activities could be considered at risk for CTS, including not only 
assembly-line duties, commonly represented in industrial set-
tings, but also tasks encountered in agriculture and in service 
sector [28]. Of note, in the Province of Siena, many farmers 
are vine and/or olive growers. In this specific case, pruning and 
harvesting exposed them to repetitive and forceful movements 
of hand and wrist, powerful grip, non-neutral posture of the 
wrist and palmar compression. This could explain the 6-fold in-
creased risk of CTS (Table 3). Of note, in a recent descriptive 
study on CTS diagnosed with clinical and electrodiagnostic 
findings, it has been shown that CTS was more severe among 
landscapers, textile workers, musicians and among those who 
carry out household tasks [22]. In the present study, the high 
proportion of moderate/severe cases among housewives (12 
out 56 and 15 out 56 in clinical and electrophysiological severity 
scale, respectively) supports the hypothesis that biomechanical 

Table 4. Distribution of white- and blue-collar workers among different stages of clinical and electrophysiological severity scales of CTS

Stage Three-level 
classification

Two-level classification Clinical severity scale [30] Electrophysiological severity scale [31]

White-collar 
workers
N = 193
n (%)

Blue-collar 
workers
N = 435
n (%)

White-collar 
workers
N = 193
n (%)

Blue-collar workers
N = 435
n (%)

0 Absence of CTS Absence of CTS 162 (84) 283 (65) 162 (84) 283 (65)
I Mild CTS Mild CTS 10 (5) 34 (8) 7 (4) 25 (6)
II 8 (4) 53 (12) 5 (3) 25 (6)
III Moderate CTS Moderate/Severe CTS 11 (6) 52 (12) 18 (9) 83 (19)
IV Severe CTS 1 (1) 11 (3) 0 (0) 17 (4)
V 1 (1) 2 (1) 1 (1) 2 (1)

Stage ‘0’ corresponds to control subjects.
Percentages do not total 100, due to rounding.

Table 5. Risk factors for CTS severity

Clinical severity scale  
(Two-level classification)a [30]

Electrophysiological severity scale  
(Two-level classification)a [31]

Mild CTS
N = 105

Moderate/severe CTS
N = 78

Mild CTS
N = 62

Moderate/severe CTS
N = 121

RRR (95% CI) RRR (95% CI) RRR (95% CI) RRR (95% CI)

Blue-collar workers 2.5 (1.4–4.4) 2.0 (1.0–4.0) 2.3 (1.2–4.6) 2.4 (1.4–4.2)
bWPR ≥ cut-off 2.3 (1.4–3.7) 5.4 (3.0–9.7) 2.4 (1.4–4.3) 4.1 (2.5–6.6)
cWSR ≥ cut-off 1.2 (0.7–2.0) 2.4 (1.4–4.0) 1.2 (0.7–2.1) 1.9 (1.2–3.1)

aMultinomial polytomous logistic regression models adjusted for gender, age group, enrolment centre, white-/blue-collar workers, WPR category, WSR category; control subjects as 
base outcome.
bWPR predefined cut-off: 0.385 for females and 0.397 for males [18].
cWSR predefined cut-off: 0.540 for females and 0.569 for males [18].
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loads experienced during housework should be considered (not 
only among housewives) while analysing data from epidemio-
logical studies on CTS aetiology [29].

An incidence study based on hospital discharge records of 
surgically treated cases of CTS reported a 4-fold higher rate for 
blue-collar workers in comparison to white-collar workers [3]. 
More recently, another study based on surgically-treated cases of 
CTS showed a 3-fold risk for farmers and manual workers as com-
pared to clerical workers [5]. In addition, a case-control study re-
ported a 7-fold risk of operated CTS among blue-collar workers, 
after adjusting for non-occupational risk factors [28]. Patients 
who undergo surgical treatment for CTS are usually those who 
have a more severe clinical and electrophysiological profile [35]. 
Consequently, these findings may support a higher risk for se-
vere CTS with respect to mild or moderate CTS for blue-collar 
workers in the electrophysiological severity scale. However, in 
the stratum of severe CTS, the number of patients was too small 
to reach the statistical power needed to detect a meaningful dif-
ference (Table 4 and Table 2, available as Supplementary data 
at Occupational Medicine online). Previously, two studies (one 
based on EMGs and another based on symptoms) were in fa-
vour of a higher risk of severe CTS among blue-collar workers 
[20,21], but a third study did not support it [23]. With respect to 
other risk factors, the study by Ghasemi et al. did not find an as-
sociation of overweight or wrist measurements with more severe 
CTS among blue-collar workers; on the other hand, Tonga et al. 
reported an association with BMI [20,23]. In our multivariable 
analysis, high WSR (i.e. larger waist circumference as compared 
to stature) was a relevant risk factor for moderate and severe 
CTS, while high values of WPR (i.e. ‘stubby hands’, squared wrist 
with short and wide hand) increased the risk of all the stages of 
CTS severity, in particular moderate and severe CTS categories.

The main strengths of the present study are the thorough 
assessment of anthropometric characteristics as well as the 
rigorous protocol for the diagnosis of CTS. In particular, the 
anthropometric measurement was based on standardized and 
reproducible methods [24]. For this study, we selected two 
ratios: one of the body sizes and one of the hand configur-
ations that had the highest sensitivity and specificity to identify 
subjects with CTS [18]. We used a rigorous diagnostic protocol 
for the identification of CTS cases based on restrictive selec-
tion criteria, since it included the coexistence of symptoms and 
neurographic abnormalities. We enrolled CTS patients with 
clinical symptoms and two electrophysiological abnormal-
ities, considering that one abnormality on electrophysiological 
testing could be due to chance. Subjects with CTS symptoms 
and normal electrodiagnostic tests and subjects with asymp-
tomatic delay of distal conduction velocity of the median nerve 
were excluded from the study. Therefore, our inclusion criteria 
reduced the number of false positive cases. The analyses were 
adjusted for age and gender, considering that age is related to 
the severity of CTS and anthropometric measures are different 
in men and women. Other potential confounding factors re-
lated to medical history did not affect our findings because 
cases and controls with co-morbidities were excluded a priori 
from the enrolment.

Our study has also some limitations that need to be con-
sidered. First of all, the small amount of CTS cases in the IV and 
V stages of the clinical and electrophysiological severity scales 

limited the statistical power regarding the association between 
risk factors and severe CTS.

Even if our EMG labs admitted only unselected and unsoli-
cited patients, our cohort might differ from the general popu-
lation. In particular, control subjects were enrolled among the 
patients admitted to the same EMG labs as cases because of 
upper limb complaints other than CTS. More than 70% of them 
had no diseases of the peripheral nervous system and consid-
ering that diseases/disorders of hand, elbow, neck and shoulder 
may potentially be more frequent among blue-collar workers, 
our results could be underestimated [36]. Furthermore, we did 
not assess the individual level of biomechanical exposure, but we 
used the job titles to classify workers as blue- or white-collars, 
hence with higher or lower occupational biomechanical load. In 
addition, we did not evaluate the exposure to non-occupational 
biomechanical overload including leisure time activities as well 
as domestic chores. This should be taken into account in fur-
ther studies. In conclusion, we found that blue-collar workers 
were more at risk of CTS with respect to white-collar workers, 
adjusting for anthropometric and body measures as well. Our re-
sults support an association between moderate/severe forms of 
CTS and occupational biomechanical overload.

Blue-collar work and anthropometric measures (of body and 
hand/wrist) are independent risk factors that can potentiate 
each other in generating not only CTS cases [5], but also mod-
erate/severe cases of CTS. Although it is not possible to modify 
hand/wrist anthropometric measures, preventive interventions 
should be addressed to decrease the biomechanical overload of 
the upper limbs and limit overweight.

Further studies with a large number of severe cases of CTS 
will contribute to provide conclusive evidence on the relation-
ship between occupational biomechanical overload and CTS 
severity.
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