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Abstract
Article History: Objectives: In the furniture industry, workers operating woodworking machinery are
Received: 21 July 2025 exposed to hand-arm vibration. The present study aims to assess the occupational exposure
Revised: 01 September 2025 levels and associated health effects of vibration transmitted to the hand during the operation
Accepted: 02 September 2025 of vibrating equipment in furniture carpentry workshops.
ePublished: 22 September 2025 Methods: This case-control study was conducted on 59 carpenters (case group) and 39

painters (control group) in Malayer city, Iran. Hand-arm vibration exposure was measured in
accordance with 1ISO 5349. Symptoms related to hand-arm vibration were assessed via
questionnaire. Vascular disorders were evaluated through the hand temperature recovery test,
according to ISO 14835. Sensory function was examined using the monofilament test kit, and
grip strength of the hand and fingers, as well as hand dexterity, were measured for both
groups. The collected data were analyzed using SPSS (version 26).

Results: Based on the findings of the present research, the 8-hour equivalent acceleration of
hand-arm vibration among carpentry workers was 2.74 + 0.85 m/s . The most frequently
reported symptoms among carpenters were hand pain, tingling, and finger pruritus, while
Raynaud’s phenomenon (finger blanching) was the least frequently reported. Grip strength,
finger strength, hand dexterity, and motor skills were significantly lower in the exposed group
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Engineering, School of Public compared to the controls (P<0.05). Around 10 percent of carpenters exhibited reduced
Health, Occupational Health superficial tactile sensitivity. However, no significant difference was observed between the
and Safety Research Center, exposed and control groups in terms of vascular impairments.
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Extended Abstract

Background and Objective

Hand-arm vibrations are among the most essential
occupational hazards in industrial environments in
Iran, affecting approximately 10% of workers. This
vibration is usually caused by working with vibrating
tools, such as drills, angle grinders, electric
sandpapers, and electric hacksaws. Repeated and
prolonged exposure to vibration can lead to vascular
complications  (e.g., Raynaud  syndrome),
neurological complications (e.g., tingling and
decreased tactile sensation), and musculoskeletal
disorders (e.g., reduced grip strength and muscle
weakness). Various studies have reported a high
prevalence of complications caused by hand-arm
vibration in related occupations. Furniture and
woodworking workshops are among the main
centers of this exposure due to the widespread use
of vibrating tools. In Malayer City in Iran, the
presence of thousands of workshops and active
artists highlights the importance of the issue in this
industry. The lack of sufficient studies in the field of
furniture fabrication has made it necessary to
conduct research aimed at measuring vibration and
related complications.

Materials and Methods

Study Design and Population

The present case-control study was conducted in
carpentry workshops in Malayer (Iran) in 2024. The
exposure group consisted of 59 carpenters with at
least five years of experience and no non-
occupational hand and arm diseases, who were
selected by the census method. There was no
significant difference between the two groups in
terms of individual characteristics.

Measurement Method For Hand-arm Vibration

In the present work, hand-arm vibration was
measured using a Svantek 106 device according to
the 1SO 5349 standard in three axes and over a
frequency octave band. The sum of the weighted
accelerations of the three axes was calculated and
then converted to exposure acceleration during an
8-hour shift using Equations 1 and 2.

(M Apw = \/azhwx + azhwy + a?pw,

T
(2) Agnry = ahw\[T:O

Equation 1 is the resultant of the vibration
acceleration, where apy,x, Anyy, anw, denote the
effective accelerations for the individual axes, and
Equation 2 is the vibration acceleration for 8 hours
of exposure, where T implies the total exposure time
(h) and T, denote the limited time of interest (8 h).

Evaluation of the Effects of Hand-arm Vibration

In the present research, sensory-neurological
symptoms were determined using a monofilament
test, which uses standard filaments to examine the
sensory function of the fingers and palm. Symptoms
due to exposure to hand-arm vibration were
determined using a questionnaire including sections
on  personal information, job  exposure,
complications, and medical history, which has been
localized and validated. Hand grip strength was
measured with a hydraulic dynamometer at 90°

elbow, and finger strength was recorded with a
pinch gauge. A hand dexterity test was performed
with a Purdue Pegboard, which evaluates the ability
to move small objects quickly and accurately with
the fingers. To measure vascular disorders and
response to cold, according to the 1SO14835-1
standard, the temperature of the fingertips and palms
was recorded with a laser thermometer, and after
immersing the hands in hot and then cold water, the
time for the skin temperature to return to the initial
state was examined, which was longer in patients
with Raynaud syndrome. These tools and tests were
employed to identify the symptoms and effects of
hand-arm vibration in a relatively simple and
efficient way. Afterward, the data were analyzed
using the SPSS (version 26) software.

Results

The highest vibration of wood cutting tools was
related to the wood planer and the lowest to the
bandsaw.  The  vibration acceleration  of
woodworking tools was highest at frequencies of 40
and 50 Hz. The 8-hour equivalent acceleration of
woodworking workers exposed to hand-arm
vibration was 2.74+0.85 m/s? (with a range of 1.92
and 3.98), which is lower compared to the national
limit of 5 m/s2.

In terms of clinical symptoms, hand pain, tingling,
and itching of the fingers were the most commonly
reported, while Raynaud syndrome was the least
prevalent. Only 10% of workers showed mild
symptoms of Raynaud syndrome, and 15%
experienced numbness in some finger joints. The
average grip strength of the hand and fingers in the
exposure group was lower than that in the control
group. Moreover, the dexterity as well as dominant
and non-dominant hands in the exposure group
were significantly reduced compared to those in the
control group. A significant difference was observed
between healthy and unhealthy individuals in the
exposure group in terms of hand symptoms (pain,
tingling, numbness, trigger finger, and weakness in
grasping objects) and dexterity and agility scores.
Individuals with pain symptoms had lower grip
strength in the t-test compared to those without pain
(P<0.05). In the vascular assessment, the time for the
surface temperature of the hands in the exposure
group to return was slightly longer, but there was no
significant difference (p>0.05). There was no
significant relationship between mild symptoms of
Raynaud syndrome and the results of the hand
temperature recovery test (P>0.05). According to the
monofilament test, most workers had normal tactile
sensation, and only 10% reported a reduction in
superficial tactile sensation.

Discussion

The present study investigated the effects of job
exposure and hand-arm vibration on the health of
furniture  carpentry  workers.  The  results
demonstrated that the amount of vibration exposure
during 8 hours of work was less than the permissible
limit; however, musculoskeletal, vascular, and
neurological symptoms were still observed in some
individuals. Skin temperature recovery test indicated
blood circulatory impairment in the exposed group;
however, the difference was not statistically

significant. In addition to decreased grip strength



and hand dexterity, nerve damage, such as
decreased tactile sensation, was also reported. In
addition, hand strength and dexterity decreased with
age, which is consistent with the results reported in
the literature. Monofilament test showed decreased
superficial sensation in 10% of subjects, which is
consistent with previous findings.

Conclusion

Despite the level of exposure to vibration lower than
the permissible limit during eight hours of work,
musculoskeletal, vascular, and neurological

symptoms were observed. In addition, age was a
determining factor in hand strength and agility. The
present study is one of the first to investigate the
exposure and effects of vibration in furniture
workshops in the country; however, it involves
several limitations, including a small sample size, a
lack of measurement records, and the absence of
advanced methods. The results emphasize the need
for conducting more extensive studies and using
more accurate technologies to assess the effects of
vibration better.
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