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Abstract

Introduction: During the welding process and surface finishing, vibrating tools are
often used. Long-term occupational exposure to vibration may result in hand-arm
vibration syndrome (HAVS). It can either mimic or occur concomitantly with carpal
tunnel syndrome (CTS), which represents a diagnostic challenge in workers with
CTS exposed to hand-arm vibration for several years. Aim of Work: To investigate
the validity of using questionnaires in screening for hand-arm vibration syndrome
(HAVS) and carpal tunnel syndrome (CTS) among welders. Materials and Methods:
The study included two groups: an exposed and a non-exposed group. The exposed
group included 60 welders in several iron forge workshops. The control group
included 64 office workers in Cairo University Hospitals. The participants were
subjected to a questionnaire including socio demographic characteristics, and to
respond to the hand-arm vibration questionnaire (HAVQ) and carpal tunnel syndrome
questionnaire (CTSQ). QuickDASH outcome measure was used to calculate the CTS-
related disability for all participants. Results: Numbness/tingling for >20 minutes,
whitening of finger(s), decreased tolerance to cold were statistically significantly
higher among welders compared to controls (30% vs. 7.8%, 10% vs. 1.6%, 23.3%
vs. 1.6% respectively). CTS severity scale was statistically significantly higher among
welders (12.5%) compared to controls (11%). QuickDASH outcome measure revealed
.that 56.7% of welders had CTS-related disability compared to 18.8% of controls
Conclusion and Recommendations: Symptoms of HAVS, CTS and CTS-related
disability were significantly higher among welders compared to controls. HAV
Questionnaire, CTS Questionnaire, and QuickDASH may be useful in screening for
.HAVS, CTS and CTS-related disability among welders

Keywords: Hand-arm vibration syndrome (HAVS); Carpal tunnel syndrome (CTS);
QuickDASH; Welding and screnning Questionnaire.
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Introduction

Welding involves joining metals by
melting the work pieces and adding a
filler substance to form a pool of molten
material (the weld pool) that cools to
make a strong joint. Manual welding
is common in industry. During the
welding process and surface finishing,
percussive tools such as chipping
hammers and rotary tools such as
grinders are often used (ISO, 2021).

Long-term occupational exposure
to vibration may in hand-
arm vibration syndrome (HAVS)
(Gerhardsson et al. 2020). Risk factors
for HAVS include genetic predisposition
and smoking (Falkiner et al., 2003).

Manifestations of HAVS include
vibration white fingers (VWF) and
neurosensory manifestations in the
hands, including tingling, numbness,
reduced hand grip strength and reduced
manual dexterity (Gerhardsson et
al., 2020). Unfortunately, no ‘gold
standard’ diagnostic tests are available
for HAVS. It can either mimic or occur
concomitantly with carpal tunnel
syndrome (CTS) in temperate climates,
which represents a diagnostic challenge
in workers with CTS symptoms who
have history of working with vibrating
tools for several years (Falkiner et al.,
2003).

result

CTS is a condition of the hand that
occurs as a result of compression of the
median nerve at the wrist. There has
been increased public health awareness
that CTS is a disorder that is related
to some occupational tasks, especially
in the manufacturing processes

(Rosecrance et al., 2002).

Vihlborg et al., 2022 reported an
increased risk of CTS among workers
using hand-arm vibrating tools. It
has been assumed that paresthesia of
the hands at night might be the only
differentiating symptom between HAVS
and CTS (Burke et al., 2005). However,
in another study, hand symptoms at
night were associated with HAVS,
which indicates a true co-existence
between HAVS and CTS (Sauni et al.,
2009%).

It has been postulated that the causal
relationship of vibration exposure
would be weaker for neurosensory
manifestations and not as directly
proportional as for vascular symptoms
(Bovenzi, 1994). However, some studies
from tropical countries reported that
the clinical manifestations of HAVS in
warm climate areas differed from those
of temperate climate areas regarding the
occurrence of VWF (Su et al., 2011).
Neurological

manifestations  (finger
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tingling, numbness, or paraesthesia)
prevailed in most of the included studies
in their review and were obviously
more prevalent than the vascular
symptoms. VWF was not detected in
studies conducted in tropical countries.
The more prevalent symptoms in these
studies were neurological symptoms in
the form of finger tingling and numbness
(Suetal., 2012). In another study, VWF
was only found in workers with high
level of exposure to HAV such as rock

drillers (Clemm et al., 2020).

According to the
published by the Society of
Occupational Medicine HAVS Special
Interest Group (SIG) as a resource to
assist those involved in the diagnosis
and management of workers with
HAVS, or at risk of developing HAVS,
should be
the periodic

guidelines

screening questionnaires
repeated annually in
medical surveillance for workers at
risk but with no symptoms of HAVS.
The questionnaire can be a useful tool
for early detection of potential cases of
HAVS and for providing suitable advice
on management (Lawson and Poole,
2019).

In a previous prospective study, the
results showed a sensitivity of 85% for
the scored questionnaire in the diagnosis

of CTS with a positive predictive value
of 90% (Kamath and Stothard, 2003).

Moreover, the results of surgical
CTS
improvement in workers exposed to

treatment for showed less
HAYV, which shows the importance of
early detection of CTS among HAV-

exposed workers (Stirling et al., 2020).
Aim of Work

To investigate the applicability of
using questionnaires in screening for
manifestations of hand-arm vibration
syndrome and carpal tunnel syndrome
due to exposure to vibration among
welders.

Materials and Methods

- Study design: This is a cross-
sectional comparative study.

- Place and duration of the
study: The study group included 60
welders in iron forge workshops in
15" of May City, Cairo, Egypt and 64
office workers from Cairo University
Hospitals. The duration of the study
was 6 months from July to December
2023.

- Study The
included an exposed and a non-exposed

sample: study

group. The exposed group included 60
welders in iron forge workshops in 15
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of May City, Cairo. Their work involved
making iron doors, windows, and
fences. Their work consisted mainly of
welding iron that requires working with
hand-held vibrating tools. The non-
exposed (control) group included 64
office workers from Cairo University
Hospitals, with no history of exposure
to any type of vibration or chemicals.
The control group was matched with
the exposed group as regards their age,
gender (all participants were males),
and smoking habits.

Sample size calculation:

Sample size was calculated by

power and sample size calculator
P.S. version 3.1.2. A previous study
reported that carpal tunnel syndrome in
a group of low exposure index to HAV
was diagnosed in 27% of participants,
meanwhile, in a group with high
exposure index to HAV, CTS was
diagnosed in 64% of participants (Sauni
etal.,2009%). So based on comparison of
the two proportions using uncorrected
chi square test, at type I error 0.05 and
power of the study 0.8, 56 participants

are needed in this study.

Inclusion criteria of the exposed
group: Workers had work duration of
at least one year in their current job.
Inclusion criteria of the non-exposed

group: The control group was recruited
from office workers in Cairo University
Hospitals who agreed to participate
in the study and who had no history
of exposure to any type of vibration
or chemicals at work or outside the
workplace.

Exclusion criteria of the studied
group: Workers with other types of
exposures from other jobs, or with
previous injuries or surgeries of the
hands or arms, who had a history of
neurological diseases or diabetes.

Study Methods:

Both  groups
non-exposed) were
questionnaires including the following:

A - Socio demographic
characteristics: age, special habits as

(exposed  and

subjected to a

smoking

B- Medical and occupational
histories each
participant in private by an occupational

were taken from
physician to clarify workplace hazards
in full details and duration of exposure
to those hazards especially using hand-
held vibrating tools.

C- Hand-Arm Vibration
Questionnaire (HAVQ) was filled by
interviewing each participant in private

using the questionnaire provided
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by Health and Safety Executive in
United Kingdom (HSE publication
L140, 2019), under supervision of an
occupational physician. The HAVQ
included questions about feeling tingling
and numbness in the hands, whitening
of fingers, decreased tolerance to cold
and difficulty in picking up very small
objects e.g. screws or buttons.

D-Carpal Tunnel Syndrome
questionnaire (CTSQ) was filled by
interviewing each participant using
the CTSQ questionnaire (Levine et al.,
1993). The CTSQ included questions
concerning pain in the wrists during
night and daytime, tingling and
numbness in the hands especially at
night, weakness in the hands or wrists
and difficulty in grasping small objects

e.g. keys or pens.

E-The QuickDASH
measure (Beaton et al., 2005) was

outcome

calculated by the authors for each
participant. The participants were asked
to answer the questions on a scale from
1 to 5 for each question in order to
determine the difficulty in performing
some daily activities with hands either
at work or at home, and also to grade the
severity of their symptoms, if any, such
as pain, tingling in the hands, wrists,
shoulders or arms, and whether these

symptoms interferes with their sleep.
The score was calculated according to
the following equation:

QuickDASH  disability/symptom
score = [Sum of responses -1] x25 n

(Where n =
completed responses)

the number of

The resulting score determined
whether the worker had disability
from CTS or not, and the severity of
the disability, if present. A participant
with a zero score was considered not
disabled, while any participant with a
score above zero was considered having
a certain degree of disability.

Consent

A written consent to participate
in the research and to answer the
questionnaires was voluntarily obtained
from all participants. Also consent was
taken from the managers of iron forge
workshops in 15" of May City, Cairo,

Egypt.
Ethical Approval

Prior to the study, the Research
Ethics Committee of the Faculty of
Medicine, Cairo University approved
the study protocol (N-146-2023).

Data Management

Pre coded data was entered on the
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computer using the statistical package
for social sciences (SPSS), version
23, to be statistically analyzed. Data
was summarized using median and
interquartilerange (IQR) for quantitative
variables, and number and percent for
qualitative variable. The Shapiro test
of normality was used to check normal
Mann-Whitney

test was used for comparison of

distribution of data.

quantitative variables between groups
for data which were not normally
distributed.

qualitative variables was done using

Comparison  between
chi square test for qualitative variables.
Fisher’s exact test was used instead of
chi-square when expected count in cell
is less than 5. Other statistical tests were
used when appropriate. P value < 0.05
was considered statistically significant.

Results

Table (1) Comparison between exposed and non-exposed groups as regards

their age and smoking habits

Exposed Control Test value | p-value | Test of significance
(No=60) (No =64)
Age Median 57 55.5 1704 0.277 Mann Whitney
(IQR)* (55-58.5) (53-58)
Smoking status
No (%)
-smok
Non-smoker 14 (23.3) 18 (28.1)
0.371 0.542 Chi square
Smok
mmoker 46 (76.7) 46 (71.9)
Smoking 20 20
(Pack-year) (20-30) (15-30) 1032 0.834 Mann Whitney
median (IQR) *

#IQR: Interquartile range

Table 1 showed that no statistically significant differences were found

between the exposed and control groups regarding their age and smoking habits

(p>0.05).
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Table (2): Comparison between the studied groups as regards their

responses to the hand-arm vibration questionnaire (HAVQ).

. Test of

Questions of HAVQ Group — Test l significance
_ ontrols p-value
No. (%) Welders (No=60) (No =64) value
No. (%)

V-Q.0 NO 0(0) 57(89.1)
(Usi‘n vibrating tools) 124 <0001 Chi square

& & Yes 60 (100) 0(0)
V-Q NO 42 (70 59 (92.2)
(Numbness/tingling>20 min. Yes 18 (30) 5(18) 10.091 0.001 Chi square
after exposure)
V-Q2 NO 46 (76.7) 56 (87.5)
iil\lnils;lbness/tmghng at any Yes 14(233) 8 (12.5) 249 0.115 Chi square
V-Q3 NO 50(83.3) 59 (92.2)
illi’;lrtl;tmghng/numbness at Yes 10(167) 5(18) 2283 0.131 Chi square
V-Q4 NO 54 (90) 63 (98.4)

Whitening finger(s) on cold 4.139 0.042* Chi square
ixposure)g ger(s) Yes 6(10) 1(1.6) q
VQ5 NO 46 (76.7) 63 (98.4)

E]glzc)reased tolerance to Ves 1403.3) 1(16) 13.803 <0.001* Chi square
V-6 NO 42 (70) 63 (98.4)

Any other problems in 19.302 <0.001* Chi square
flam{ o) P Yes 18 (30) 1(16) 1
V-Q7 NO 58(96.7) 63 (98.4)

(Difficulty in picking up 0.411 0.518 Fisher Exact
small objects) Yes 2(33) 1(1.6)

V-Q8 NO 53(88.3) 64 (100)

(Any other health problems 7913 0.001* Chi square
e.g. diabetes, hypertension) ves 7aL7) 00

*Statistically significant (p<0.05) V-Q: Vibration question
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Table (2) showed that concerning the response of the studied group to the hand-
arm vibration questionnaire (HAVQ), all welders (100%) endorsed their use of
vibrating tools, with a statistically significant difference compared to the control
group, as none of them was exposed to HAV (p<0.001).There was also a statistically
significant difference between exposed and controls as regards numbness/tingling
for >20 minutes after exposure, whitening finger(s) on cold exposure, decreased
tolerance to cold and other problems in the hands and/or arms or any other health
problems. Meanwhile, feeling numbness and/or tingling at any time and pain,
tingling and/or numbness at night were more common among welders compared
to controls, yet the difference was not statistically significant (p=0.115). Difficulty
in picking up small objects did not represent a problem for either group, with no
statistically significant difference.

Table (3): Comparison between the studied groups as regards carpal tunnel
symptom severity scale.

Carpal tunnel symptom | Exposed | Control |Test value| p-value | Test of significance
severity scale (No=60) | (No =64)
Median 12.5 11 )

1115 <0.001* Mann Whitney
(IQR)# (11-22) (11-11)
*: Statistically significant (p<0.05) #IQR: Interquartile range

Table 3 showed that carpal tunnel syndrome severity scale among welders had
a median of 12.5, with a statistically significant difference compared to the control
group, in which the median of the severity scale was 11 (p<0.001).
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Table (4): Comparison between the studied groups as regards carpal tunnel
index (The QuickDASH outcome measure).

QuickDASH Exposed Non exposed Test of
Test value | p-value .
(No =60) (No =64) significance
No disability 26 (43.3%) 52 (81.3%)
19.079 0.001* Chi square
Disability 34 (56.7%) 12 (18.8%)
QuickDASH disability 18.2 6.8
score median## 156 0.229 Mann Whitney
(IQR) # (9.1-27.3) (2.3-38.6)
*: Statistically significant (p<0.05) #IQR: Interquartile range

##: QuickDASH disability score median was calculated for patients with disability (34 of exposed

and 12 of control)

Table 4 showed that there was a statistically significant difference between
exposed and controls as regards carpal tunnel index (The QuickDASH outcome
measure) as 56.7% of the exposed group had disability resulting from carpal tunnel
syndrome. But, when comparing the QuickDASH score for patients with disability
(34 of exposed and 12 of control), no significant difference was found between the
exposed and control groups as regards the severity of disability (P= 0.229).

Quick Dash

T T
Exposed hon exposed
Graup

Figure (1): Comparison between the studied groups as regards the
QuickDASH outcome measure

Figure 1 showed that the median (black arrow) of the exposed
group subjects with CTS-related disability was 34 compared to the
median of the control group subjects with CTS-related disability (12),
but the IQR was wider in the control group reaching a maximum of
38.6. However, the IQR was narrower in the exposed group reaching
a maximum of 27.3 (Table 4).



10 El-Sherif GH and Helmy NM

Discussion:

Exposure to hand-arm vibration
may affect the blood vessels together
with the nervous system of the upper
limbs, leading to the hand-arm vibration
(HAVS). The
manifestations include whitening of

syndrome vascular
fingers on exposure to cold. Peripheral
neuropathy  manifestations include
tingling and/or numbness of the fingers,
decreased grip force, and impaired
manual dexterity. The manifestations of
carpal tunnel syndrome (CTS), which
are paresthesia of the hand and muscular
weakness, may simulate HAVS. Thus,
HAVS may be misdiagnosed as CTS,
but both conditions may co-exist (Sauni
et al.,2010).

The current study included an
exposed group of 60 welders and a
non-exposed group (64 office workers).
Hand-arm  vibration  questionnaire
(HAVQ) (HSE L140
2019), and carpal tunnel syndrome

publication

questionnaire (CTSQ) (Levine et al.
1993) were used as screening for
manifestations of HAVS and CTS due
to exposure to vibration among welders.
QuickDASH outcome measure (Beaton
et al. 2005) was used to evaluate the
degree of disability in workers with
carpal tunnel syndrome.

Comparison  between  welders
exposed to hand-arm vibration and
non-exposed control group as regards
their age and smoking habits revealed
no statistically significant differences
between the two groups (Table 1), which
confirms the matching of the exposed
and non-exposed group, and that age
and smoking habits can no longer be

considered as confounding factors.

As regards the responses of the
studied population to HAVQ, there
were a significantly higher percentage
of welders with positive symptoms of
HAVS compared to the control group
(Table 2). The symptoms included
numbness and/or tingling for >20
minutes after exposure (30%), whitening
of finger(s) on exposure to cold (10%),
decreased tolerance to cold (23.3%),
any other hands and/or arms problems
(30%), and any other health problems
such as diabetes and hypertension
(11.7%). These results agreed with those
reported by a previous study on the
association between vibration exposure
and hand-arm vibration symptoms in a
Swedish mechanical industry (Vihlborg
et al. 2017). They found that workers
exposed to hand-arm vibration suffered
from HAVS
intermittent numbness and/or tingling

symptoms including
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(57%), occasional attacks of whiteness
of one or more fingers (22%), and
decreased tolerance to cold (9%).

In another study done by
Gerhardsson et al., 2020 on vibration-
induced injuries in workers exposed to
transient and high frequency vibrations,
they found that VWF

prevalence of 30% and the prevalence

showed a

of neurosensory findings was 70%
among male workers after a mean
exposure of 14 yrs. They explained
their findings by the fact that perception
of vibration in the skin is mediated by
mechanoreceptors, e.g. Meissner’s and
Pacinian corpuscles, which transmit the
information through large, myelinated
A-f fibres. Exposure to vibration
may also affect small, myelinated
A-0 fibres and unmyelinated C-fibres,
which transmits information about
temperature. Thus, temperature-related
symptoms are part of the manifestations
in vibration-exposed workers.

CTSQ revealed that the exposed
had

severity scale compared to the controls

workers significantly  higher
(Table 3). Moreover, calculation of
QuickDASH outcome measure for
the studied population revealed that
56.7% of the exposed workers had
a CTS-related disability, which was

a significantly higher percentage
compared to prevalence of disability
among controls (18.8%) (Table 4).
The mechanism that HAV exposure
can cause CTS is still unclear, but
the combination of both vibration
exposure and other ergonomic factors
may explain it (Vihlborg, et al., 2022).
In a study done by (Sauni et al. 2009%)
on Finnish metalworkers who were
exposed to hand-arm vibration (HAV),
they found that stressful postures of
the wrist can lead to the occurrence of
median nerve compression in the carpal
tunnel, and the proportion of CTS cases
was 29% of vibration-exposed workers

who also had HAVS.

On the other hand, comparison of
the median and IQR for the patients
with disability (34 of exposed and
12 of control) showed no statistically
significant difference (Table 4). This
may indicate that higher prevalence
of CTS-related disability was found
among vibration-exposed  workers,
however, the degree of disability was
not affected by whether the cause of
CTS was exposure to vibration or
not. These results were in line with a
previous study by Vihlborg et al., 2022
on CTS among HAV-exposed workers,
they found an overall increased risk of
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CTS in association with HAV exposure.

In another study done by Eren et
al., 2018 on the relationship between
QuickDASH
electrophysiological findings in CTS,

score, clinical and

a statistically significant positive

correlation found between
QuickDASH score, disease duration

and clinical severity of CTS.

was

Conclusion

The results of the current study
showed that using vibrating tools is
common among welders. Symptoms
of HAVS were more common among
welders compared to the control group.
CTS symptoms and related disability
were more prevalent among welders
compared to controls. Meanwhile, the
degree of disability among CTS patients
was not related to the causative factor.

The key results of the study showed
that the HAVS and CTSQ together with
QuickDASH score helped in screening
for HAVS and CTS in welders and
determining the degree of disability
resulting from CTS in the studied
population.

Recommendations

From the current results, it is
recommended to use the HAVQ and
CTSQ together with QuickDASH

outcome measure as easy, non-invasive,
and inexpensive methods in the
screening for HAVS and CTS among

workers exposed to vibration.
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