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ABSTRACT
Railway sahayak or also known as coolie is one of the oldest occupations in India. This occupa-
tional group is continuously subjected to variousmusculoskeletal problems due to repetitive load
exertion in unnatural postures. The present research aims to examine the prevalence of muscu-
loskeletal disorders (MSDs) among Indian railway sahayaks. A cross-sectional study has been
conducted on a sample of 51 male sahayaks. With a modified Nordic questionnaire, data were
collected on their demographics, work, and musculoskeletal pain history. Electromyography
(EMG) of the upper trapezius muscle of selected 12 healthy sahayaks having no history of
neck–shoulder complaints were analyzed under different load lifting and carrying conditions.
Additionally, ergonomic risk levels were recorded using Rapid Entire Body Assessment method.
The questionnaire revealed that for the past 1 year prevalence, the most affected body regions of
railway sahayaks were neck (47%), shoulder (51%), lower back (43%), and knee (47%). The
association between age group and MSDs in different body regions were found significant
(p = 0.012 for neck, p = 0.017 for shoulder, etc.). Work experience also had a significant relation
to the MSDs in different body regions (p = 0.013 for shoulder,p = 0.023 for calf, etc.). Analysis of
variance reveals high significance level between EMG values and tasks performed by the
sahayaks. In conclusion, railway sahayaks were found to have high rate of MSDs which may be
associated with lifting/carrying heavy loads in awkward postures. Ergonomic interventions must
be implemented to reduce the risk level on this group of workers.

ARTICLE HISTORY
Received 22 August 2017
Revised 19 July 2018
Accepted 27 July 2018

KEYWORDS
Musculoskeletal disorders;
railway sahayaks; ANOVA;
EMG; posture analysis

Introduction

Musculoskeletal disorders (MSDs) associated to work
consists of conditions such as pain, inflammation,
tingling, and numbness involving tendons, muscles,
nerves, cartilage, ligaments, and joints. Often asso-
ciated to or aggravated by the work, these disorders
or injuries are termed as work-related musculoskeletal
disorders (WMSDs) [1]. This category of MSDs takes
months or sometimes even years to develop and affect
workers in a wide range of occupations [2]. These are
the reasons of worker’s absenteeism, disability, health-
care costs, and compensation claims [2]. Some of the
common MSDs are low back pain, cervical spondylo-
sis, and osteoarthritis. Such disorders cost about 23%
of the total illness cost [3].

Despite the fact that countries around the world
nowadays prefer mechanization in the industries,
workers in these industries still have to carry out
manual material handling task to earn a livelihood.
The most important risk factors attributed with such
tasks consists of (a) repetitive motions (frequent lift-
ing/carrying of loads), (b) forceful exertions (lifting/
carrying of heavy loads), (c) awkward postures (bend-
ing/twisting), (d) accumulated pressure points with
loads having sharp edges, and (e) static postures for
long duration [4]. Repeated or continuous exposure
to any of these risk factors may result in discomfort

and fatigue initially [5]. The risk level generally
depends on the duration of exposure of a worker,
the frequency of exposure to risk factors, and the
intensity of the exposure [1]. With time, the workers
are susceptible to injuries in neck, shoulders, back,
wrists, hands, or other body parts [6].

Repetitive lifting at high exertive force is a major
cause of low back injuries [7]. Generally, back pain
affects about 75–80% of the population and fre-
quently causes activity limitation in people younger
than 45 years [8,9]. Numerous studies carried out in
the past revealed a strong relation between work-
related tasks demanding forceful arm efforts and the
rate of neck disorders [10,11]. Irrespective of this,
work-related pain in shoulder occurs frequently in
many occupations requiring heavy muscular load,
such as construction workers [12], platers [13], and
welders [14]. The risk of rotator cuff tendinitis in
occupations requiring use of hands at or above
shoulder level is more in comparison to the general
workers [15].

Association between demographic characteristics
and MSDs among various workers had been con-
ducted by past researchers [16–18]. The most com-
mon tool used for studying the prevalence of MSD
problems in any occupational field is the standar-
dized Nordic questionnaire [19]. It can easily be
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employed in interviews or self-administered inter-
views, and is suitable for investigating historical
musculoskeletal problems in occupational people.
One thing worth mentioning is its dependence on
the recall memory of the study population as it
requires symptoms and problems experienced dur-
ing the past 12 months.

Electromyography (EMG) has also been widely
used over the past 50 years to gain insight into
how neural or muscular control strategies adapt to
the task requirements of an individual [20]. An
electromyographic activity is a neuromuscular
response to biomechanical activity. The most widely
used method to get the reference value of muscle
activation for normalizing EMG signals has been
the use of maximum voluntary isometric contrac-
tion [21–23]. During isometric contractions, a well-
defined relationship exists between the magnitude of
voluntary muscle activity and the EMG signal ampli-
tude [24]. In occupational workers with neck–
shoulder complaints, there was an increase in elec-
tromyographic activity of the shoulder muscles
while performing work-related tasks [25–28].

Rapid entire body assessment (REBA) is one of
the widely known ergonomic tool used to analyze
the posture adopted by employees during their
work [29]. It is done by assigning specific score to
different body postures and then comparing it with
REBA generalized score to find the current risk
level.

In Indian railways, sahayaks are directly involved
in heavy physical activity and strenuous work. Such
activities include frequent lifting of heavy weight
above shoulder height, pushing, carrying, and low-
ering of weights while adopting unnatural postures
(twisting and bending). Such situations may lead to
WMSDs in different body regions. In a study over
mill sahayaks lifting loads on head, it was found
that about 39.8% have a risk of cervical spondylosis
in which more than half (51.3%) of the cases were
in participants younger than 40 years [30]. There
are approximately 20,000 sahayaks working on the
stations under the Indian Railways [31]. They come
under the unorganized sector of workers.

To the best of our knowledge, no research has
been conducted on the health situation of the railway
sahayaks at any workplace in India, and either few or
none have been carried out to examine the prevalence
of musculoskeletal problems. The current research
work was planned and carried out at the railway
station of Rourkela city in India to assess the preva-
lence of MSD symptoms among the sahayaks and to
analyze the associated risk factors. The result of this
study is believed to help in planning and implement-
ing ergonomic intervention programs to improve
sahayaks’ health.

Methods

Study population

For this study, licensed sahayaks under Commercial
Department, Chakradharpur Division working at
Rourkela railway station were selected as they are
bound to work only on the station i.e. one job.
Under Rourkela railways, there were 72 male licensed
sahayaks working on the station. A random sample of
51 sahayaks were selected for this cross-sectional
study subject to their availability and acceptance to
take part in the study. The timing of the study was
planned according to the leisure period of sahayaks
(during no train rush) without obstructing their
work. All sahayaks in the age range of 21–76 years
(mean 36.44, median 34, SD 11.45) who participated
in this study had at least 1 year of work experience in
this profession since questionnaire was based on past
12 months recall period, except for 4 participants
who were asked to provide symptom details related
to this occupation only. The study design flow dia-
gram is shown in Figure 1.

The anthropometry data (weight and height) of
the selected participants were scaled by the weighing
and the height measuring instrument, respectively.
The body mass index (BMI) was also calculated for
all the responders. The study design was discussed

Figure 1. Schematic representation of study design.
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with the authority at South Eastern Railways,
Chakradharpur Division (zone responsible for
Rourkela Railways) prior to the study. The research
was approved by the Institute Ethical Committee.
Before starting the survey, the study design/protocol
was explained to each of the participants and were
asked to sign an informed consent sheet.

Questionnaire study

The information was collected by a modified Nordic
questionnaire through self-administered interview.
The medium of the questionnaire was English. It
was verbally translated into local language during
the interview. The questionnaire comprises of multi-
ple answer-type objective questions that involved
detailed information on the candidates’ demographic
characteristics, data on manual load handling, pre-
ferred body part to carry/lift load, general health
issues, and musculoskeletal problems in specific
body parts like neck, upper back, lower back,
shoulders, knees, and calfs. For a station sahayak,
there are no fixed daily working hours, because it
depends on the train rush hour. Therefore, they
were questioned about the average frequency of lug-
gage handling per day. Musculoskeletal complaint
was defined to them as any discomfort or pain they
experienced in their body parts, which had occurred
for at least 1 or 2 working days during the past 1 year.
The medical history and the filling of questionnaire
were administered by the research team. The study
took 8 days to complete.

Experimental task

The task for experimentation was designed after
observing the real work scenario of railway sahayaks.
Tasks of lifting and carrying loads on head, hands,
and in both simultaneously were performed on
straight line (task 1) and staircase (task 2) tracks for
a defined distance at the railway platform. Figures 2
and 3 represent the pictorial sequence of experimen-
tal tasks. Three different load criteria: (a) 20 kg on
head, (b) 10 kg each in both hands, and (c) 20 kg on
head with 10 kg in dominant hand were considered.
Pre-weighed loads in the form of luggage and hand
bags were made available. For both the tasks, a total
of 6 trials were recorded for each participant. These
tasks were designed for low physical demand and
fatigue in order to prevent unexpected injury.

Electromyography

EMG data were recorded for 12 sahayaks lifting and
carrying luggages as per the designed tasks. The parti-
cipants in the sample size had no history of neck–
shoulder complaints. The upper Trapezius muscle of

shoulder of the dominant hand was assessed through
EMG while performing tasks. Trained research scho-
lars were utilized to perform the EMG recordings. For
all the sahayaks, the dominat hand was the most pre-
ferred choice to pick the luggage. The reason behind
the selection of this particular muscle was its associa-
tion to the neck–shoulder pain, its responsiveness to
stress [27,32], and its superficial position, which make
it easy to perform surface EMG. An in-lab constructed
single-channel EMG biopotential amplifier has been
utilized for the recordings [33]. Proper care has been
taken to make the participant familiar with the equip-
ment before the starting of experiment. The desired
muscle site was prepared by abrading the skin and
cleaning the area with alcohol. Following the cleaning,
the bipolar surface EMG electrodes were positioned on
the upper trapezius muscle in line with the spinous
process C7 to the acromion process [34]. The electro-
des were placed at a distance of 20 mm (Ag-AgCl
electrodes, Easytrode, Coimbatore, India). The refer-
ence electrode was positioned over spinous process C7.

For normalizing purpose, bilateral 90° arm
abduction was performed three times to produce
voluntary isometric contractions while EMG activity
was recorded [35].The participants were asked to
produce maximum possible force and hold it for
minimum 2–3 s. The maximum voluntary contrac-
tion (MVC) was calculated as the highest mean RMS
value obtained with 1 sec window moving in 100 ms
steps [36]. The raw EMG signals were band-limited
to 28–742 Hz. The signals were amplified 1150 times
and sampled at 1000 Hz. During the recordings, the
signal quality was inspected visually before initiating
the measurements and in between. When excessive
noise was present, the skin was recleaned and the
electrodes were changed, so that good quality signal
can be obtained. The signals were acquired in a
laptop using a 14-bit data acquisition module (USB
4704-AE, Advantech, Taipei, Taiwan). The acquired
EMG signals were processed using a laboratory
developed LabVIEW (13.0, National Instruments,
Austin, TX, USA) program. The study took 7 days
to complete wherein EMG data were recorded for a
maximum of two participants each and every day.

Posture analysis

REBA method was implemented for the analysis of var-
ious body postures adopted by railway sahayaks during
their work. It was proposed that REBA method can be
used as a means to analyze posture whose continuous
adoption may lead to WMSDs [29]. In this method, the
most frequent postures adopted by sahayaks during their
work were considered and scores were calculated to
assess the risk level of concerned postures. To assign
scores, stick diagrams were drawn using photographic
records of sahayaks during their work.
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Data evaluation

The data collected through questionnaires were
finally edited and evaluated. IBM SPSS tool 24.0 was
used to statistically analyze the collected data. Chi-
square test was performed to study the associations
between age, body mass index, duration of occupa-
tion, and musculoskeletal symptoms of railway
sahayaks. The adopted significance level was p < 0.05.

EMG readings recorded during the experiments
were also analyzed. The MVC was calculated by tak-
ing mean of the RMS value obtained during max-
imum voluntary isometric contraction activity with
1 sec window moving in 100 ms steps. The EMG data
obtained during the experiment were first converted
into RMS value by taking 100 ms window. The RMS
value was then divided by the maximum contraction
value. This gave us the values in %MVC. These %

MVC values were then added for each and every task
to get a whole value. This was done for each partici-
pant’s recorded data. In the end, we had 72% MVC
values. The experiment was a two-factor (3 × 2)
design. These factors were the loads and the tracks,
respectively. Here, two-way Analysis of Variance
(ANOVA) for EMG (%MVC), loads, and tracks was
conducted to analyze the effect of latter two on first.
IBM SPSS tool was used to perform ANOVA. The
adopted significance level was p < 0.05.

Results

This study reports on the prevalence of MSDs in
railway sahayaks of population sample size of 51.
The selected respondents were male with 72% of
them below 40 years of age. More than 90% of
them prefer to lift load on their head.

Figure 2. Pictorial sequence of task 1 (straight path): (a) Pick up a load; (b) Put it on desired body part; (c) Carry it over a
distance of 20 m; (d) Stop; (e) Put it down.
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Musculoskeletal prevalence was found in 33 out of 51
sahayaks (65%). No musculoskeletal symptoms were
reported in 18 out of 51 sahayaks (35%). Table 1
summarizes the demographic characteristics of the
railway sahayaks who participated in this study.

Table 2 represents the prevalence of MSDs in
different body parts of the sahayaks during the past
1 year. The primary affected body parts were lower
back (43%), neck (47%), shoulders (51%), upper back
(27%), thighs/hips (26%), and knees (47%). Two
interesting findings were ankle/feet (35%) and calfs
(31%). Figure 4 represents the prevalence of muscu-
loskeletal symptoms reported by railway sahayaks in
different body regions according to the age group.
Two out of 13 (15%) sahayaks in the age group
21–30 years had suffered from neck disorder. It was
found that, with an increase in age, the prevalence of

Figure 3. Pictorial sequence of task 2 (staircase path): (a) Pick up a load; (b) Put it on desired body part; (c) Carry it while
climbing 16 steps; (d) Stop; (e) Put it down.

Table 1. Demographic characteristics of railway sahayaks
(N = 51).
Variable Number Percentage

Age group in years
21–30 25 25%
31–40 24 47%
41–50 8 16%
>50 6 12%
BMI (kg/m2)
<18.5 15 29%
18.5–24.9 31 61%
25–29.9 5 10%
Literacy level
Illiterate 6 12%
Primary school 21 41%
High school 23 45%
Degree 1 2%
Years in work
<1 4 8%
1–5 23 45%
5–10 19 37%
>10 5 10%
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musculoskeletal symptoms goes on increasing, i.e. 12
out of 24 (50%) responders in age group 31–40 years,
6 out of 8 (75%) in 41–50 years, and 5 out of 6 (83%)

in >50 years age group had neck disorders in the past
1 year. Similarly, prevalence increased in other body
parts with an increase in age (Figure 4).

Figure 5 shows the distribution of railway sahayaks
with musculoskeletal symptoms in various body parts
according to their work experience. Two out of 4
(50%) sahayaks in the work group of less than
1 year had suffered from neck disorder. With an
increase in experience, the prevalence also goes on
increasing, i.e. 8 out of 23 (35%) in experience group
1–5 years, 12 out of 19 (63%) in group 6–10 years,
and 4 out of 5 (80%) in the group >10 years had neck
disorders in the past 1 year. One interesting fact was
found that 10 out of 16 (62.5%) cases of calf pain
were reported in the group 1–5 years.

Table 2. Prevalence of MSDs in various body parts during the
past 1 year.
Body Regions Frequency Percentage (%)

Neck 24 47%
Shoulder 26 51%
Elbow 6 12%
Wrist/Hand 4 8%
Upper Back 14 27%
Lower Back 22 43%
Thigh/Hip 13 26%
Knee 24 47%
Ankle/Foot 18 35%
Calf 16 31%

Figure 4. Prevalence of MSDs reported by railway sahayaks as per the age group.

Figure 5. Prevalence of MSDs reported by railway sahayaks as per the work experience.
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Table 3 shows the association between age, body
mass index, and work experience with musculoskele-
tal prevalence in various body parts. A significant
association between age and work tenure with mus-
culoskeletal symptoms in various body parts was
found. The body mass index had no any significant
association with musculoskeletal symptoms in var-
ious body parts except for neck which had a signifi-
cance of 0.009, well below than our adopted
significance level of 0.05.

Table 4 represents ANOVA evaluation results for
EMG (%MVC) data recorded for the designed para-
meters (various loads and tracks). The load had sig-
nificant effect on EMG (%MVC) for upper trapezius
muscle having p value almost equal to 0 (0.000). The
track also had a significant effect on EMG (%MVC)
having p value almost equal to 0 (0.001). The com-
bined effect of both load and track on EMG (%MVC)
for upper trapezius muscle was found insignificant
(p = 0.789). Table 5 represents mean %MVC values of
the upper Trapezius muscle obtained while perform-
ing experimental tasks. The highest mean %MVC
value (53.06) was found while carrying 20 kg load
on the head with another 10 kg in the dominant hand
and climbing the staircase. The lowest mean %MVC
value (38.9) was found while carrying 10 kg loads in
each hand and walking on straight track.

Table 6 depicts the working posture analysis of
railway sahayaks using REBA method. Results in
terms of REBA scores acquired for body postures
frequently adopted during work are compared to
pre-defined risk levels [29]. The scores obtained
comes in the level of 8–10, which is under the

category of high risk and thus immediate corrective
actions are desired. Prolonged adoption of such poor
postures may lead to musculoskeletal complaints.

Questionnaire studies (Figure 6) represent that
apart from MSDs, most of the sahayaks also suffered
from gastrointestinal problems (49%), 15 out of 51
(29%) suffered from cardiovascular disease, and 8
(16%) suffered from respiratory problems (shortness
of breath and asthma).

Discussion

In India, the health issues of the workers working in
various unorganized sectors are given less impor-
tance. Very limited provision exists for occupational
health services in such sectors. Sahayaks are mostly
male and belongs to a low socioeconomic class. They
have to carry out tough physical tasks while working
in a hazardous and unhealthy environments. Despite
the fact that they stay long at the station working,
their earning is very low. The present study aimed to
represent the problem of WMSDs among railway
station sahayaks in India. The study also focuses on
the EMG analysis of the upper trapezius muscle to get
an overview of how a shoulder muscle of a railway
sahayak reacts when subjected to load lifting/carrying
during their work. In developed countries, it is not
common to carry heavy loads/luggages on shoulders
and head.

The research revealed that a considerable propor-
tion (65%) of the railway sahayaks in Rourkela suf-
fered from musculoskeletal problems, the reason may
be the nature of their occupation. Various organiza-
tions around the world have performed investigative
studies on the possible effects of manual material
handling on different body parts, but no such study
had been conducted on railway sahayaks in India
before, resulting in a lack of data on prevalence of
work-related musculoskeletal symptoms. It was found
that major affected body regions were neck (47%),
shoulder (51%), lower back (43%), and knee (47%).
The outcomes of this study were found to be in good
agreement with findings of other authors/scholars on
manual material handling and WMSDs [16,30].
However, any difference is possibly due to the reason
that the number of respondents in our case was low.

The results of this study present a strong relation
between manual load lifting/carrying and the preva-
lence of musculoskeletal symptoms in various body
parts. Results suggest that in comparison to general

Table 3. Association between demographic factors and mus-
culoskeletal problems in various body parts (p value).

Demographic
factors

Body regions

Neck Shoulder
Lower
back Knee

Ankle/
Feet Calf

Age 0.012 0.017 0.028 0.018 0.002 0.005
BMI 0.009 0.424 0.311 0.205 0.472 0.089
Work
experience

0.026 0.013 0.018 0.045 0.015 0.023

Table 4. ANOVA for EMG (%MVC) recordings on experimental
tasks.

Source
Sum of
Squares df

Mean of
Squares F

Significance
(p value)

Load 146,572,530.80 2 73,286,265.41 20.877 0.000
Track 41,998,719.43 1 41,998,719.43 11.964 0.001
Load*Track 1,669,100.741 2 834,550.371 0.238 0.789

Table 5. Mean %MVC values of upper trapezius muscle for experimental tasks (N = 12).

Load Type

Track Type

Straight Stair

20 kg (on head) 41.2 50.8
10 kg (each in both hands) 38.9 47.45
20 kg (on head) + 10kg (in dominant hand) 46.42 53.06
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workers, railway sahayaks are subjected to a higher rate
of MSDs. One of the main reasons of pain in the upper
part of the body is lifting and carrying of heavy loads
above shoulder height [37]. The lifting guidelines
recommended by the National Institute of
Occupational Safety andHealth (NIOSH), USA, suggest
23 kg as the maximum load for the entire working
population [38]. The recommended weight limit is to
be reduced by multipliers depending on the distance of
the load from the body, its vertical height, body twist-
ing, and the grasping strength. Nevertheless, in no con-
dition, the weight should exceed 23 kg.

Data on the EMG analysis of load/luggage carriers
are limited, hence no direct comparison can be made.
Muscular discomfort is the pain arising from effort
and postures involved [39]. But, higher significance
level shows that there is an increase in muscle activity
of the upper trapezius muscle of the sahayaks when
carrying out manual material handling tasks. The
higher levels of %MVC value were evidence of the
risk factors involved in the work activities of Indian
railway sahayaks. It seems logical that the shoulder
abduction while carrying 20 kg load on the head
produced higher %MVC values in comparison to

Table 6. Work posture analysis of railway sahayaks using REBA technique.
Activity details Posture REBA score Risk level Action

Picking up of load 10 High Necessary soon

Carrying load on head 8 High Necessary soon

Putting load on the ground 10 High Necessary soon

Carrying load on stairs 9 High Necessary soon

Putting load under the seats 10 High Necessary soon

Load stacking on head 8 High Necessary soon
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the straight hand carrying a 10 kg load because of bad
posture and higher load. This study tells us, with an
increase in load/weight, there is an increase in muscle
activity and bad posture also influences the output of
EMG analysis.

The study evidently revealed that a major proportion
of railway sahayaks were suffering frommusculoskeletal
problems in different body regions. In addition to this,
sahayaks have to face some other problems like cardio-
vascular, respiratory, and gastrointestinal problems.
Results of the current research must be interpreted
according to the limitations of this study. The place of
study was selected as per the convenience, so occur-
rence of MSDs in railway sahayaks cannot be general-
ized. The study was conducted only on the current
working sahayaks and due to lack of past data, the
prevalence of musculoskeletal symptoms in this occu-
pational group may not be completely estimated.

Conclusion

After observing and analyzing the results, it can be
concluded that the railway sahayaks are subjected to a
high rate of MSDs. The practice of carrying heavy loads
and adoption of awkward postures may be the reason
behind this prevalence. The primary affected body
regions are neck, lower back, shoulder, knee, and
ankle/feet. The EMG (%MVC) results confirmed that
with an increase in load, there was an equivalent
increase in muscle activity. Consequently, it can cause
fatigue in sahayaks after carrying out such tasks [40,41].
The normal physical activity of the sahayaks can get
affected due to their working conditions and a possible
consequence may be the development of serious MSDs
in long run. The REBA scores also revealed that pos-
tures adopted were at high risk level and need immedi-
ate ergonomic interventions to improve work-related
postures. Apart from highlighting the plight of the
sahayaks, few design interventions should be empha-
sized, like automated hook system to transfer luggage
from one station to another, innovative body armor to

distribute loads on other body parts instead of only
head and shoulder, etc. Further study should be per-
formed on a larger population based on sahayaks work-
ing in different regions of India in order to find out a
more generalized trend of MSDs for implementation of
necessary preventive measures. A detailed and more
comprehensive study can also be performed over
other sectors where similar or different lifting techni-
ques are employed to gain a more generalized results.
Multi-channel sophisticated EMG device should be
used to assess other neck–shoulder muscles apart from
upper trapezius muscle.

Ergonomic interventions

Given below are some suggestions or immediate
ergonomic interventions which must be implemented
in order to reduce risk level and consequently, occur-
rence of MSDs in railway sahayaks:

(a) Manual material handling limit on railway
stations must follow NIOSH recommended
material handling model.

(b) Job rotation should be followed to reduce
strain level.

(c) Mechanical trolleys should be used to move
loads above 23 kg.

(d) Sahayaks should perform stretching exercise
before starting work in the morning.

(e) Proper ergonomic program should be held by
Indian Railways every year to make sahayaks
familiar with good postures during work.

(f) Proper physical training/yoga programs should
be held for railway sahayaks to encourage/
enlighten them to adopt a healthy work life.
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