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ABSTRACT - REZUMAT

Investigation of ergonomic working conditions of sewing and cutting machine operators of clothing industry

The textile industry is a very labour intensive industry which mainly comprises of small and medium enterprises (SMEs).
In developing countries, usually occupational health and safety programs are focused on large-scale organisations. A
cross-sectional study on evaluating ergonomics risk factors associated with task performing strategies has been carried
out at cutting and sewing units of a garment industry organisation. A reliable direct observational ergonomics risk
assessment method Rapid Entire Body Assessment (REBA) was used to find out the risk associated with working
postures adopted by the workers. Data was collected through physical observations, walkthrough, interviews, and video
recordings. Data analysis was carried out on 180 selected postures by using REBA method. It concluded that overall
working strategies were poorly designed as more than 30% of postures highlighted a high level of risk of MSDs that
necessitates immediate investigation for improvement. Major causes of risk were linked with the postural movements
attached with the wrist, lower arm, and neck. The findings of the study add to the understanding of working conditions
of cutting and sewing activities at garment manufacturing industries, these could help in the design of ergonomics
interventions for reducing musculoskeletal symptoms and improving job quality which eventually increases work
productivity.
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Investigarea conditiilor ergonomice de lucru ale operatorilor de masini de cusut si croit din industria
de imbracaminte

Industria textila este o industrie care implicad munca fizica intensiva, fiind compusa in principal din intreprinderi mici si
mijlocii (IMM-uri). In tarile in curs de dezvoltare, programele de sénétate si securitate ocupationalé se concentreazé de
obicei pe organizatii la scara larga. Un studiu transversal privind evaluarea factorilor de risc ergonomici asociati cu
strategiile de indeplinire a sarcinilor a fost realizat in sectiile de croire si de asamblare ale unei organizatii din industria
de imbracaminte. S-a folosit o metoda fiabild de evaluare a riscului ergonomic prin observare directd, respectiv
“Evaluarea rapida a intregului corp” (REBA), pentru a afla riscul asociat posturilor de lucru adoptate de lucréatori. Datele
au fost colectate prin observatii fizice, inspectie, interviuri si inregistrari video. Analiza datelor a fost efectuata pe 180 de
posturi selectate utilizand metoda REBA. S-a concluzionat ca strategiile generale de lucru au fost concepute
necorespunzétor, deoarece mai mult de 30% din posturi au evidentiat un nivel ridicat de risc privind tulburérile musculo-
scheletice (MSD), care necesitd masuri imediate pentru imbunatatire. Cauzele majore ale riscului au fost legate de
miscérile posturale la incheietura mainii, bratul inferior si gat. Rezultatele studiului faciliteaza intelegerea conditiilor de
lucru in sectiile de croire si de asamblare in industria de imbrdcdminte, puténd ajuta la proiectarea ergonomicéa pentru
reducerea tulburérilor musculo-scheletice si la imbundétéatirea calitatii locului de muncd, ceea ce creste in cele din urmé
productivitatea muncii.

Cuvinte-cheie: tulburdri musculo-scheletice, industria textild, operatorii de masini de cusut si croit, REBA

INTRODUCTION

Background and objectives of the study

Economic worth of textile and clothing sector is esti-
mated as 439.1bn $, where Pakistan is ranked as the
8th largest exporter of textile related products, and
the sector supports about 8% to the gross domestic
product (GDP). According to ILO, Garment, Textile,
and Footwear industry employ more than 43 million
people in developing Asia. At Pakistan, the textile
industry has considerable employment contribution,
i.e. 30% of the 49 million workforces of the country
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and have a competitive edge nationally [1-3]. MSDs
are very commonly observed health issue, not only in
the textile sector but also in many other sectors all
over the world. These affect the quality of work-life
and performance of individuals and organisations
[4, 5]. Jobs in garment industry involve prolonged
standing or sitting positions, repetitive movements of
hands and arms, poor working postures and bad
workplace design [6-8]. Sewing machine operators
are engaged in repetitive actions of both hands while
leaning forward to getting the focus that leads to
MSD in the upper limb, back, and neck [5].
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Currently, there is no study to understand the risk fac-
tors attached to the work practices adopted by the
sewing and cutting operators of garment industries in
Pakistan. To fill this gap, this study aims at examining
the working conditions of sewing and cutting
machines’ operators of the garment industry. To
achieve this objective, evaluation of ergonomics risk
factors associated with existing working strategies
has been carried out through Rapid Entire Body
Assessment (REBA) tool.

Work-related musculoskeletal disorders are consid-
ered as a major health and safety concern which
affects workers' life [9]. The cost of work-related acci-
dents, injuries and ilinesses is considerable (3.9% of
global GDP) whereas according to WHO and ILO,
WRMSDs is an international health concern which is
found as the third major reason of disability and early
retirement [10]. Similarly, European Foundation for
the Improvement of Living and Working Conditions
(EUROFOUND) concluded that about 60 million
workers reportedly suffer from WRMSDs in Europe
[11]. WRMSDs have significant economic impact
because of lost working days, medical expenditures,
and lost productivity [12, 13]. Additionally, WRMSDs
result in injuries, symptoms of pain, and stress at
work [14, 15].

Prevalence of WRMSDs in the textile industry, espe-
cially garments manufacturing sector has been
reported because of the nature of job and working
conditions [16]. Based on the working requirements,
different body parts like neck, shoulders, back and
lower extremities are usually affected because of sit-
ting in a fixed position for prolonged hours, high
paced repetitive tasks, difficult gripping positions and
[15]. Symptoms of pain in the lower back, shoulder,
wrist, elbow, and neck have been reported frequent-
ly [17-19]. Previously, the genesis of WRMSDs con-
cluded that there were three sets of risk factors asso-
ciated with these: physical; psychosocial/organisa-
tional and individual factors [20]. In general, occupa-
tional health and safety have been highlighted as an
area of concern in the textile industry of Pakistan,
and R&D need in the textile industry has been
emphasised [21, 22]. Above discussion concludes
that symptoms of WRMSDs among the workers of
the garment industry are common due to multiple
reasons and require the attention of researchers so
that suitable interventions could be designed and
implemented. At present, there is no study to under-
stand the prevalence of MSDs and related risk fac-
tors among sewing and cutting machine operators
working in the garment industry of Pakistan.
Techniques used for the assessment of risk factors
are broadly categorised into three major domains:
self-reports; observational techniques; and direct
methods known as instrumental techniques. These
techniques are used to analyse working postures,
load or force being applied during work, frequency of
movement, time duration, exposure to vibration, etc.
[23]. The selection of an appropriate method depends
upon the requirement and purpose of the study.
Some methods like RULA (Rapid Upper Limb
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Assessment) [24], LUBA (Postural Loading on Upper
Body Assessment) [25] and ULRA (Upper Limb Risk
Assessment) [26] can only assess the upper limb or
upper body load while others like REBA (Rapid Entire
Body Assessment) [27], OWAS (Ovako Working
Posture Analysis System) [28], NIOSH Lifting
Equations [29] can be used to assess the entire body.
REBA is a valid and reliable pen-paper based obser-
vation technique that has been frequently used to
assess entire body posture along while considering
other factors like force, repetitions, and coupling, etc.
[27, 30].

RESEARCH METHODOLOGY

The study was conducted in one of the largest gar-
ment manufacturing unit located in Lahore, the
provincial capital of Punjab, Pakistan. Cutting and
sewing activities (containing 34 sub-tasks) of basic
5-pocket denim jeans emphasised for ergonomics
risk assessment. As a first step, walk-through inves-
tigations, along with the interviews and focus group
discussions were carried out for collecting informa-
tion about work processes, job requirements, work-
station design, and feelings of workers about their
job. Then working strategies against selected activi-
ties (34 sub-tasks) were video recorded. Videos were
analysed by the experts and selected snapshots
were used for further analysis. The REBA sheet [30]
was used to evaluate the selected postures for find-
ing the level of risk. Final REBA scores were calcu-
lated based on the severity of the risk, and action cat-
egories were determined. Figure 1 and table 1 further
explain the research process and REBA action cate-
gories.

Table 1
REBA SCORES AND ACTION CATEGORIES
Level REBA Action required
Score

0 1 Negligible risk

1 2-3 Low risk: changes may be needed
Medium risk: further Investigation.

2 4-7
Change soon

3 8-10 High rsk: investigate and implement
change

4 1+ Very high risk: implement change
NOW

DATA ANALYSIS

The feedback provided by the workers during walk-
through, interviews and focus group discussions con-
cluded the presence of the symptoms of muscu-
loskeletal disorders. Sitting position workers
complained about pain at their neck, back, wrist and
shoulders; whereas standing position workers com-
plained pain at their trunk, legs, and feet. It was also
observed that injuries at fingers were a widespread
problem. Some other work organization and
workspace design-related issues were also highlight-
ed by the workers; for example, long working hours,
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Fig. 1. Research process

repetition of tasks and congested workspace.
Especially for sitting workers, workstation design had
been found very poor where seats were provided
without back support and movement of products
were not on a streamlined path. Workers were to
move the whole body for picking the material. All
these findings helped in selecting appropriate
tasks/activities which are physically strenuous for
which video recordings were carried out.

Recorded videos were observed by the experts care-
fully, and snapshots were selected for further analy-
sis. Finally, 180 snapshots were selected for final
data analysis. In the REBA score chart, postural
codes are assigned against the positions of different
body parts like the neck, trunk, leg, upper arm, lower
arm, and wrist. Posture score A was calculated with
the help of table A and posture score B was calculat-
ed with the help of table B. Final score A and B were
calculated after incorporating load/force score and
coupling score to posture scores A and B respective-
ly. Combining score A and B in table C gives score C,
which is finally converted into final REBA score after

adding activity score. Details about REBA score cal-
culation can be seen in the literature [27, 30]. Final
REBA score provides information regarding the
severity of the level of risk in a working posture (table
1). It's important to mention that the selection of pos-
ture scores against the neck, trunk, leg, upper arm,
lower arm, and wrist are based purely on the degree
of flexion, extension, abduction, adduction, bending,
side flexed, twist and their combinations. Postural
movements containing combinations, for example,
bent and twist have a relatively higher level of risk
and scored high in the scheme.

Figure 2 shows a worker performing the task. It can
be seen that the worker is picking up the bundle from
the basket placed at the ground. The neck is flexed
greater than 20° with a twist, so according to REBA
risk assessment worksheet, the score for the neck
will be 3. Scores against trunk and leg can be found
as 4 and 1 respectively. Posture score A can be cal-
culated by combining scores against the neck, trunk,
and leg; whereas final Score A will be calculated by
adding load/force score in posture score A, which is
6. Posture code B can be calculated by finding
scores against the movements of upper-arm (2),
lower-arm (2) and wrist (2). Score B can be calculat-
ed by adding a coupling score (1) into posture score
B, found to be 4. Final REBA score is found to be 8
in this case after combining score A and B and adding
activity score (1). As per the given picture, REBA
score 8 will fall under the category of ‘High Risk’
where an immediate investigation is required.

RESULTS AND DISCUSSION

The analysis concluded that the majority of postures
fall in the categories of medium, high and very high
risk, where more than 30% fall in the category of high
and very high risk. Postures falling under high risk cat-
egories (action categories 3 and 4) were further anal-
ysed so that a more in-depth insight about possible
causes of risk could be investigated. Results concluded

2
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Posture $cove A Poiture Scode B Lower Arm
+ L] a Ll o 2
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Fig. 2. Calculating REBA score against adopted working posture
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that body parts like wrist, lower arm and neck were
more vulnerable to risk as significant percentage of
postures (84.41%, 79.31%, and 67.24% respectively)
falling under action categories 3 and 4 belong to
these body parts, shown in figure 3. Postural posi-
tions of the trunk and upper arm also played an
important role. Complete summary of the analysis is
shown in table 2. Descriptions of the code (in table 2)
describe the postural position of a specific part of the
body. For example, neck posture (code 3 for the neck
as per REBA scores) caused high risk is a
combination of >20° in extension or flexion with twist
or side flexed movement. Some sample postures for
the trunk, arm and unprotected fingers are shown in
figure 4 respectively.

The problem of injuries at fingers was investigated
and found that this was because of unguarded cut-
ting blades and lack of the use of protective equip-
ment for fingers. In light of the above results in which
primary causes of MSDs have been determined, fur-
ther recommendations have been developed. It's
clear that in garment sewing and cutting activities,
major causes of risk are the postural positions of the
wrist, lower arm, neck, upper arm, and trunk.
Workers usually adopt awkward working postures
that include simultaneous bend and twist move-
ments. Additionally, injuries at fingers are caused due
to improper design of cutter and unavailability of pro-
tective equipment specific to the cutting activity.
From all this, we may conclude recommendations for
avoiding injuries and symptoms of
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MSDs of garment industry workers per-
forming sewing and cutting operations.
For example, improvement in work-
place design by providing adequate
supports for sitting and standing posi-
tions, ergonomically designed chairs,
the appropriate height of the table, etc.
6.9 Simultaneous twist and bend move-
LOETFMQ ments of different body parts like neck,
trunk, arms, and wrist can be avoided

Fig. 3. Role of different body parts as a cause of risk (REBA action

categories 3 & 4)

by the smooth flow of materials among
the workstation. Proper provision for
the placement of materials must be

Table 2
POSTURAL DESCRIPTION OF DIFFERENT BODY PARTS (REBA ACTION CATEGORIES 3 & 4)
Posture Code Postural description
Neck 3 Combinations of >20" in extension or flexion with twist or side flexed
Trunk 45 Differ.ent combinations of 20° — 60°, >60° in flexion or extension and twist or side
bending
Leg 3,4 Bilateral or unilateral weight-bearing with knee flexion 30° — 60° or >60°
Load/Force 3 >10 kg
Upper Arm 45 i(riorr;:it;ien(jatri)(z)r;?t ii(;]r?IUde 45° —90°, >90° flexion with abduction, rotation or shoulder
Lower Arm 2 <60° flexion or >100° flexion
Wrist 2,3 Combinations of 0 —15° or > 15" flexion or extension with deviation or twist

—
il

.

v
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Fig. 4. Captured working strategies showing postural positions
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ensured. Protective equipment for fingers must be
ensured along with guarding the cutters. Other
issues being highlighted during interviews and focus
group discussions might be resolved through flexible
working hours and job rotation.

CONCLUSIONS

The findings of this research highlighted that a signif-
icant number of working strategies adopted by
sewing and cutting machine operators of garment
industry showed a high level of risk for MSDs. The
findings revealed that postural positions of the wrist,
lower arm, upper arm, trunk, and neck are highly vul-
nerable to risk. Workers had to adopt working strate-
gies that include simultaneous bend and twist move-
ments due to poor workstation design. Cutting
machine operators were exposed to injuries at their
fingers because of unguarded cutters and unavail-
ability of customised protective equipment. This
research improves the understanding of ergonomics
risk factors linked with the working conditions of
sewing and cutting machine operators of the garment

industry. Moreover, the study helps the managers
and designers to consider associated risk factors
while designing workplaces and assigning tasks to
workers. Furthermore, some interventions have also
been discussed for improving overall working condi-
tions and well-being at work.

This study also has some limitations. For example,
data has been collected from one industry, and
results may differ for other industries. The study can
be further extended to consider the impact of work
organization, organizational culture, and environ-
mental issues on the well-being in general and mus-
culoskeletal disorders in particular. Further research
can be carried out to conduct a comprehensive
empirical study for multiple garment industries so that
the most reliable significant ergonomics risk factors
could be identified.
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