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ABSTRACT
Introduction: The majority of women workers is performing spinning task espousing an awkward posture. Work-related
musculoskeletal disorders (WRMSDs) are major problems associated with repetitive and demanding working awkward
posture. Objective: The aim of this study to determine WRMSDs among the power-loom industry women workers
performing spinning task from Solapur City, Maharashtra, India. Methodology: The WRMSDs indications were
identified through questionnaires using the Nordic Musculoskeletal Questionnaire (NMQ) and from observational
techniques by using a postural analysis tool, Rapid Upper Limb Assessment (RULA). Result: On the basis for each
classification was outlined and measured in evaluating the severity, frequency, and duration of work-related
physiological discomfort. NMQ results revealed that the highest rate of disorders was found in the Upper Arm (60%)
wrist (52%), neck (42%), and Trunk (64%) respectively. Moreover, the ANOVA showed that age and work experience
had a significant correlation with the prevalence of MSDs (P < 0.01, P < 0.05, respectively). The consequences of the
RULA method showed that the highest level of risk in the region of Upper Arm (risk level 4) and in the Trunk (risk level
3.5). Conclusion: The results of this study showed that the health of spinning operators was highly affected due to
improper body postures and workload. These postures require them to work in a non neutral position that increases the
overall discomfort and pain in the lower back, neck and shoulder, the working posture is not correct ergonomically and
modification is required.
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INTRODUCTION
The Work-related musculoskeletal (WMSDs) issue is a word used to express an agonizing or disabling injury
to the muscles, ligaments or nerves caused or aggravated by work [1]. WMSDs are preventable or at least can
be delayed [2]. WMSDs were first noticed by Bernardino Ramazzini, who recognized the disorders that he
saw in workers with “insistent and irregular movements in unnatural postures.” WMSDs of the neck,
shoulder, lower back, upper limbs and locomotor organs continue to be of the interest to workers, researchers
and companies due to the significant temporary or permanent disability of workers; symptoms such as pain,
numbness and tingling; time off from work; reduced productivity; increased worker’s compensable costs; and
the increasing number of associated cases coming before the courts, these disorders are widespread in many
countries, with substantial costs and impacts on the workers’ quality of life. They also constitute a major
proportion of all registered and/or compensation-eligible, work-related diseases in many countries. [3].
WMSDs are also reported to cause lost work time or absenteeism, increment work limitation, exchange to
another job [4-5], or handicap than some other gathering of infections [6,7,8] with an extensive financial toll
on the individual, the association and the society as a whole [9]. WMSDs have become a major problem in
many industrialized developing countries [10]. WMSDs may occur because of continuously performing
repetitive tasks, working in repeated and sustained or difficult postures, performing strenuous physical work,
and using forceful exertion [11].The experimental science and epidemiology indicate that job features that
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increase the risks of work-related WMSDs are heavy lifting, repetitive hand motions, static work in which the
body is maintained in a fixed posture, vibrations and any of these in combination along with an undesirable
psychosocial work environment[12].

.

Fig.1: Demonstration of RULA Assessment on worker of spinning using  ErgoMasterTM

There are many researchers studied on the discomfort working postures by using different methods.
According to Razlan et al. [13] in their study of batik workers of Kelantan more than half (60.2%) of the
workers had been troubled with musculoskeletal systems at work. The risk of musculoskeletal injury related
with the recorded posture(s), with regards to a full ergonomic working environment evaluation, can be a main
consideration for implementing change [14]. Studies in Iranian hand woven carpet industry have reported a
high prevalence of musculoskeletal problem among weavers due to the constraints of working postures, poor
design of loom, working time, repetitive work and seat type [15-16]. Physical and psychosocial load, poor
climatic conditions, and vibrations have been recognized as hazard factors that add to creating MSDs among
agricultural workers [17]. In machine manufacturing plant [18] and textile weavers[19] , high physical
demands, poor postures and insufficient recovery time are the contributing factors to develop low back pain.
In spite of an apparently similar occupational pattern of work do exist in the prevalence and severity of
WMSDs and perception of work as stressors. Most of the manually energized operations in these industries
are carried out using such postures. One such industry is the cotton spinning industry where operators are
mostly women and 91% of them suffer from WMSDs [20]. A Dutch Musculoskeletal Questionnaire (DMQ)
was used to evaluate 40 operators regarding work related musculoskeletal disorders WMSDs. 50% operators
were suffering with musculoskeletal complaints due to working conditions [21]. Cotton spinning is an
important operation in small scale and power-loom industries in India. A large number of women workers in
these industries perform cotton spinning task adopting squatting posture in traditional workshops [22].

The objective of this study is to determine the WMSDs of upper extremities among workers at a
spinning section of power-loom industries at which these disorders have frequently been seen.

MATERIALS & METHODS
This is a cross-sectional study conducted on a spinning section of power-loom industries from Solapur City,
Maharashtra, India. For this study, 100 female workers age ranging from 18 to 60 years (Age=32.24 ±4.03) of
anthropometric and demographic data were selected. Rapid Upper Limb Assessment (RULA) techniques were
used to assess the posture, force and movement of the neck, upper & lower back, trunk, shoulders associated
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with cotton spinning task and to measure the body posture, forces used, type of movement or action,
repetition, and coupling respectively and (NMQ) were used to measure the magnitude and analyze the risk of
WMSDs among cotton spinning operators. The statistical analysis of response data has been analyzed using
SPSS software. In this study, it was used to identify the high risk group for different body regions. Descriptive
statistics, student t-test, Pearson Chi-Square and Pearson Correlation analyses were used.

RESULTS
Field Survey:
The existing workstation has been studied. All operators were women operators and used to carry out their
work in a continuous manner for 8 to 10 hours per day with a rest pause of 15 to 30 minutes. Plant layout
provides insufficient gaps between the workstations which causes inadequate space for relaxing legs while
operating the device. Improper ventilation and lack of illumination intensity (325 Lux) provides a poor
working environment. Operators have to handle two types of spinning machines.

Socio-Demographic Characteristics of Study Subjects
Table 1 shows a total of 100 female subjects were studied. The mean age was 32.24 ±4.03years; mean height
was 152.26 ±2.69 cm and mean weight being 52.2 ±5.48kg. The mean work experience was 11.4±2.4 years.
On an average, they worked for 10.0±2.8 hours every day.

Table 1: Socio-demographic characteristics of study subjects
Variable Mean SD Range
Age (Yr) 32.24 ±4.03 2.05 18-60

Height (cm) 152.26 ±2.69 2.78 145-165
Weight (kg) 52.2 ±5.48 1.03 45-60

Work Experience (Yr) 11.4±2.4 4.07 1-18
Weekly Working Hours 52.5±00 4.76 45-60

RULA analysis
RULA (Rapid Upper Limb Assessment) is a survey method developed for use in ergonomic investigations of
workplaces where work-related upper limb disorders are reported. [23]. Table 2 shows the final grand score
for the task1 was 7 which indicates an action level 4 attention, i.e. immediate investigation and changes are
required in existing workstation. For task 2, the grand score was found to be 5 which indicate an action level 3
i.e. prompt investigation and changes are required in existing workstation.

Table.2 Final scores of RULA

Sr.
No.

Body
Parts

Upp
er

Arm

Lower
Arm Wrist Wrist

Twist

Wrist/
Arm

Postur
e

Wrist/
Arm

Muscl
e

Neck Trunk Leg
Trunk
Postur

e

Trunk
Muscl
e

Trunk
Load

1

Guiding
in

Spinnin
g

5 1 4 1 5 0 4 4 2 7 0 0

2

Loading
in

Spinnin
g

3 3 4 1 7 0 2 3 2 5 1 0

3
RULA
Total
Score

8 4 8 2 12 0 6 7 4 12 1 1
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Nordic Musculoskeletal Questionnaire (NMQ) Analysis
A Nordic Musculoskeletal Questionnaire (NMQ) were used for the assessment of work for measuring
physical discomfort.NMQ is a standardized screening and surveillance tool to find out the body regions
affected by musculoskeletal symptoms relatively inexpensive & easy[24]. There is no need of any technical
equipment to conduct this survey. Responses were collected from the workers and statistical analysis was
carried out using SPSS software.

Table 3: Scores are obtained directly from power looms workers the using Nordic Musculoskeletal
Questionnaire (NMSQ): N is Population Size

Sr. No Pain in Different
Body Region

Spinning
N=100

1 Lower Back 67

2 Shoulder 64

3 Upper Arm 56

4 Upper Back 50

5 Knee 25

6 Thigh 8

7 Ankle 23

8 Wrist 52

9 Neck 42

10 Elbow 21

11 Fingers 17

Figure 2: Pain by body parts in workers from Spinning departments of power loom industry
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Table 4: Obtained chart for comparing factors between RULA Wizard and NMSQ
RULA/REBA NMSQ

1 Upper Arm Shoulder + Upper Arm

2 Wrist+ Wrist Twist Wrist

3 Trunk Upper Back+ Lower Back

4 Neck Neck

5 Lower Arm Elbow

6 Leg Thigh + Knee + Ankle

Table 5: Using Table 4 recomputed the RULA and NMSQ for 6 Body Regions.

Sr. No Body Parts RULA NMSQ

1 Upper Arm 4 60

2 Wrist/Wrist Twist 2.5 52

3 Trunk 3.5 58.5

4 Neck 3 42

5 Lower Arm 2 21

6 Leg 2 18.67

Table 6: Significance relation between RULA analyzed from images and NMSQ obtained from
Workers

Methods Spinning

Pearson’s 0.8763

0.0110

Spearman’s 0.92763

0.00767

Student’s T -5.23008

0.000192

Regression 19.68R-
13.74

Goodness of
Fit

0.7680

9.877

Perceived Pain Status
Table 3 shows the related results in the percentage of worker experienced pain in different the region of the
body in this occupation. The majority of the study subjects, i.e. 67% have experienced pain in Lower Back
whereas Shoulder pain was experienced by 64%. Right wrist/hands, Upper Arm and Upper back 52, 56 and50
% were the second most painful site observed in the study population. The results of this investigation
revealed that the cotton spinning operators participate in delayed forward bending posture in their working
condition. The study showed that 47.23% as an average value of the subjects suffering from at least one work-
related musculoskeletal pain. A similar study was done by Montreuils, Laflames and Pellier on textile tufting
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workers handling thread cone and have reported that 64.9% had one work related musculoskeletal pain [25].
The majority of the subjects in our study had shoulder, back and wrist pain which could be due to repetitive
nature of the job and the poor working posture. Similar findings had been reported by Punnelt, Robin
Keyserling in female garment workers [26]. This is a significant support to our study. In addition to the
percentage of musculoskeletal complaints this study also reflected the working posture analysis using RULA.
The similar work is carried out by Tirthankar Ghosh, Banibrata Das, Somnath Gangopadhyay related to
posture adopted by the goldsmiths in their working conditions in India [27]. For cotton spinning occupation, it
has been observed that Age is having an influence over generations of MSDs in the body regions like Elbow
(21%), Knee (25%) and Ankle/ Feet (23%). Health status in general is found to be influenced on Neck (42%),
Thigh (12.47%) and Ankles/Feet (12.35%). As reported in the NMQ questionnaire, past working in squatting
and standing posture was observed. The analysis shows more impact of past working posture on Ankle/Feet
(23%). It has been reported that the present work is also carried out under shoulder level and in an
uncomfortable posture. It has significant influence over generations of MSDs in Elbow (21%), Neck (42%)
and Upper Back (50%) radiating pain from neck and shoulder were found to be very significant in the
prevalence of MSDs in the elbow. The overall weight of the body and dynamic loads led to the development
of pain in the knee, for which 12% of operators had visited the hospital.

CONCLUSION
This research has proved that the health of the operators in the cotton spinning occupation were significantly
affected and there exists a very high degree of risk that these operators would develop MSDs in Neck, upper
back and Lower back seems to be prominent due to the repetitive nature of the job and awkward posture. The
obtained results indicate the areas of improvement in the posture of spinning operators and the workstation
design. The analysis tools used are RULA which are able to determine the condition of the workers in the
critical areas which are not ergonomically designed. The RULA (7) score indicates that the posture is poor
and needs urgent attention for modification. Sudden repetitive movements and BMI are also contributing to
the generation of MSDs in almost all 9 response variables. Pains in Lower back, Neck, upper back, hips are
majorly influenced by BMI and duration of occupation.
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