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Prevalence of Musculoskeletal Symptoms and 
Assessment of Working Conditions in an Iranian 
Petrochemical Industry
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Introduction

Musculoskeletal disorders (MSDs) are of 
worldwide concern and distributed among both 
the industrialized countries (ICs) and industrially 
developing countries (IDCs).1-4 In IDCs, the 
problems of workplace injuries are extremely 
serious.4 Poor working conditions and the 
absence of an effective work injury prevention 

program in IDCs have resulted in a very high rate 
of musculoskeletal symptoms.5 Risk factors of 
musculoskeletal symptoms are known to include 
workplace activities such as heavy load lifting, 
repetitive tasks, awkward working postures 
and seated static postures,6 while individual 
characteristics, psychosocial and organizational 
factors are also known to be important predictive 
variables.7-12
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 Abstract                                                                                                            
Background/Objective: Musculoskeletal disorders (MSDs) are 
one of the most common causes of occupational injuries. This 
study was conducted with the objectives of determination of 
prevalence rate of MSDs and ergonomics assessment of the risk 
of MSDs among workers of a petrochemical company.
Methods: In this study, 261randomly selected workers in a 
petrochemical company with at least one year of job tenure 
participated. Office and operational personnel were studied 
separately. In office jobs, data were collected using Nordic 
musculoskeletal disorders questionnaire (NMQ) and ergonomics 
checklist for assessment of work conditions. In operational jobs, 
NMQ and QEC (Quick Exposure Check) methods were applied 
to gather the required data. Data analysis was performed using 
SPSS software.
Results: The most prevalent MSDs symptoms were reported 
in the lower back (36.2%), upper back (31%), neck (31%) and 
knees (30.3%). The results showed that the prevalence of MSDs 
indifferent body regions of the office staff was higher than those 
of operational workers. Also, in 40.9% of the observed cases, 
total ergonomics index was in action category 1 (inappropriate 
working conditions) and 59.9% of the subjects taken in action 
category 2 (appropriate working conditions). The results of 
assessment by QEC technique among operational workers 
showed that in 82.8% of the workers studied, the level of exposure 
to musculoskeletal risks was high or very high. 
Conclusions: The prevalence of musculoskeletal disorders in the 
office staff was higher than that of operational subjects. To improve 
the working conditions, taking risk factors of the lower back, upper 
back, neck and knees into consideration seems to be essential. 
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In petrochemical industry, where petrochemical 
products are produced in a continuous process, 
employees might be exposed to diverse 
musculoskeletal risk factors.13 For instance, 
long hours of seated activities with high mental 
workload are observed among control room 
workers. Highly dynamic repetitive activities 
in maintenance operation and overhauls are 
also very common among operational workers. 
In these situations, high occurrence rate of 
musculoskeletal symptoms is expected in both 
groups of employees. 

Few ergonomic studies have been conducted 
on musculoskeletal symptoms and their work-
related contributing factors in petrochemical 
industry. The present study was, therefore, 
conducted in an Iranian petrochemical industry 
with the following objectives: 

1-Determination of the prevalence rate of 
musculoskeletal symptoms among employees 
of the petrochemical industry

2-Determination of the exposure level to MSDs 
risk factors in office and operational workers

3-Evaluation of ergonomic workplace 
conditions

It was believed that the results of this study 
could be an appropriate basis for planning 
and implementing interventional ergonomics 
programs in the workplace and improving 
workers’ health in this industry.

Methods

In this cross-sectional study, 261 randomly selected 
employees including office workers (156) and 
operational workers (105) who were nearly 20% 
of all company employees with at least one year 
of job tenure were included in the study. Workers 
with background diseases or accidents affecting 
the musculoskeletal system were excluded from 
the study.

Data Gathering Tools
-Office Employees

An anonymous self-administered 
questionnaire was used to collect the required 
data from each subject. The questionnaire 
consisted of 2 parts:

(a) Personal details (including age, job tenure, 
daily working time and education).

(b) The general Nordic Questionnaire of 
musculoskeletal (NMQ) symptoms to examine 
reported cases of MSDs in different body 

regions among the study population.14Reported 
musculoskeletal symptoms were limited to the 
past 12 months. Each participant received the 
questionnaire in person in his workplace.

(c) In order to assess the ergonomic working 
conditions, a comprehensive ergonomics 
checklist was developed. The checklist was 
structured to cover ergonomic problems that 
might exist in the offices. The checklist integrated 
the available knowledge on this issue and 
provided a systematic ergonomic assessment 
tool for offices. It could also be used to provide a 
list of priorities for improving working conditions.15

The checklist consisted of three sections 
including environmental working conditions 
(EWC) (i.e. noise, illumination and climate), 
workstation design (WS) (i.e. workspace room, 
adjustability, seat, reach envelop, anti-fatigue 
mat, posture variation, etc.) and working posture 
(WP) (i.e. neck, back, wrists, arms, shoulders and 
legs). In this checklist, there were totally 47 items 
in the three sections mentioned above.15

All items of the checklist were observed by the 
researchers at the subjects’ workstations. An item 
was assessed to be either provided (yes) or not 
provided (no). The item was, then, scored 1 if it was 
provided (yes) and 0 if it was not provided (no).15

The total ergonomics (TE) index was calculated 
as a percentage of all provided items in the 
checklist. Additionally, an index was calculated for 
each section of the checklist to identify the major 
sources of problems and ergonomic bottlenecks 
in the workplace.15

The indices may vary from 0 to 100%. A low 
and a high percentage reflect poor and appropriate 
ergonomic conditions in the corresponding index, 
respectively. 

After calculating the indices, each one was 
interpreted in accordance to the action categories 
(AC) described below:

Action category 1 = Further investigation is 
needed. Corrective measures are required soon. 
Attention should be focused on priorities.

Action category 2 = Working conditions are 
acceptable, but attention should be focused on 
priorities.

Each index was categorized based on cut 
off point calculated using the receiver operating 
characteristics curve (ROC) methodology.16 
The cut off points were determined between 
0 and 100 (%)based on the prevalence rate of 
musculoskeletal symptoms. Table 1 presents 
action categories as well as cut off points for each 

Table 1: Action categories for the evaluation indices.
Action category Evaluation index

EWC (%) WS (%) WP (%) Total (%)
1 0-95 0-70.83 0-68.18 0-75
2 95.01-100 70.84-100 68.19-100 75.01-100
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assessment index.

-Operational Workers
An anonymous self-administered questionnaire 

consisting of personal details and Nordic 
Questionnaire was also used to collect the 
required data from each subject. QEC technique 
was applied to evaluate the level of exposure to 
MSDs risk factors.17-18The technique included 
the assessment of the back, shoulder/arm, 
wrist/hand and neck, regarding their postures 
and repetitive movement. In QEC, task duration, 
maximum weight handled, hand force exertion, 
vibration, visual demand of the task and subjective 
responses to the work were also considered and 
the required data were obtained from the worker. 
The magnitude of each assessment item was 
classified into exposure levels, and the combined 
exposures between different risk factors for each 
body part were calculated using a score table. 
The exposure scores for the back, shoulder/arm, 
wrist/hand and neck were categorized into four 
exposure categories including low, moderate, 
high and very high. Moderate, high and very high 
scores should be addressed urgently to reduce 
the level of exposure to risk factors. To obtain 
overall exposure score, total scores of the body 
parts were summed and the result was divided 
by the highest possible score for overall body, 
i.e. 176 for manual handling tasks and 162 for 
other tasks. Low overall exposure scores (less 
than 40%) indicated acceptable musculoskeletal 
loading (low risk). For overall exposure scores 

ranging from 41% to 50%, further investigations 
are needed and also some changes might be 
required (moderate risk). Prompt investigation and 
changes were required soon for overall exposure 
scores between 51% and 70% (high risk). Finally, 
immediate investigation and changes were 
required for overall exposure scores higher than 
70% (very high risk).

Data were analyzed using statistical tests 
including student’s t-test, Chi-square and test of 
proportion by SPSS software (Version 16.0).

Results

Table 2 summarizes personal details of the 
workers participating in this study. As shown, the 
means age, job tenure and daily working hours in 
operational workers are significantly higher than 
those of office staff (p<0.05). Additionally, the two 
groups are different as to the sex, education and 
type of employment. 

The results of NMQ showed that the lower back 
(36.2%), upper back (31%), neck (31%), knees 
(30.3%) and shoulders (25.5%) symptoms were 
the most prevalent problem among the employees 
studied including office and operational workers.

Table 3 presents the prevalence of MSDs 
symptoms in different body regions of the office 
employees and operational workers during the 
last 12 months prior to the study (2011). As 
shown, the prevalence of MSDs symptoms in all 
body regions (except elbows and thighs)is higher 
among office employees as compared to those 

Table 2: Some personal details of the workers participating in the study (n=261)
Variable Office workers (n=156) Operational workers (n-105) P value

Age (yrs): Mean(SD) 32.40 (7.23) 32.43 (7.23)
0.001*

Min–Max 23-64 19-64
Weight (kg): Mean(SD) 76.53 (10.98) 76.06 (9.57)

0.3*

Min–Max 50-118 57-103
Height (cm): Mean(SD) 174.51 (6.82) 173.73 (6.47)

0.5*

Min–Max 154-196 154-186
Job tenure (yrs): Mean(SD) 5.39 (3.16) 6.20 (3.99)

0.025*

Min–Max 1-15 1-18
Working hours per  
day (Hrs)

Mean(SD) 10.78 (1.95) 12.08 (2.16)
<0.001*

Min–Max 8-15 8-16
Sex: Female 10 (6.4%) 0 (0%)

<0.001†Male 146 (93.6%) 105 (100%)

Marital status: Single 30 (19.2%) 20 (19%)
0.3†

Married 126 (80.8%) 85 (81%)
Education: Under diploma 47 (30.1%) 97 (92.4%)

<0.001†Diploma/Associated D. 21 (13.5%) 4 (3.8%)
BSc or higher 88 (56.4%) 4 (3.8%)

Type of employment: Official 88 (56.4%) 9 (8.6%)
<0.001†Contract 59 (37.8%) 73 (69.5%)

Corporation 9 (5.8%) 23 (21.9%)
Working schedule: Shift working 47 (30.1%) 42 (40%)

0.1†

Day working 109 (69.9%) 63 (60%)
*Mann-Whitney U; †Chi- square



36 

Choobineh AR, Daneshmandi H, Asadi Sh, Ahmadi Sh

J Health Sci Surveillance Sys July 2013; Vol 1; No 1

of operational workers (p<0.05).

Office Employees
The lower back (53.8%), neck (45.5%), upper 

back (43.6%), knees (40.4%), shoulders (37.2%) 
and wrist/hand (30.1%) symptoms were the most 
prevalent reported problems among the office 
employees studied (Table 3).

Table 4 shows the results of ergonomics 
assessment of working conditions of the office 
staff’s workstations studied. As seen, WS and 
WP indices have the lowest means indicating 
poor conditions in these areas.

The figure 1 shows the frequency of 
assessment indices in each action category 
among office staff. 

Additionally, based on the results, in 40.9% 
of the observed cases, total ergonomics index 
was in action category 1 indicating the overall 
inappropriate working conditions. In 59.9% of the 

cases, it was in action category 2, showing the 
overall appropriate working conditions. 

Table 5 displays the relationship between 
MSDs in the upper body regions and means of 
the assessment indices. As seen in this table, the 
mean score of WS in Yes group is significantly 
less than the other group (p<0.05). This means 
that the less the WS index is, the higher the 
chance of MSDs symptoms occurrence in these 
regions will be.  

The figure 2 shows a common working posture 
among office staff.

Operational Workers 
The results revealed that the knee (22.9%), 

upper back (21%), lower back (20%) and neck 
(18.1%) symptoms were the most prevalent 
problems among the operational workers (Table 3).

As Table 6 displays, the results of assessment 
of physical exposure to musculoskeletal risks 

Table 3: Frequency of reported musculoskeletal symptoms in different body regions among office and operational staffs 
during the last 12 months (n=261).

P value*Operational workers (n=105)Office workers (n=156)Body region
%No.%No.

<0.00118.11945.571Neck 
<0.00115.21637.258Shoulders
0.18.6911.518Elbows
<0.00112.41330.147Wrists/Hands
<0.001212243.668Upper back
<0.001202153.884Lower back
0.110.51112.219Thighs
<0.00122.92440.463Knees
0.0417.11819.230Foot and Ankles

*Chi- square

Table 4: Means (M) and standard deviations (SD) of the assessment indices in office staff’s workstations studied (n=156)
MaxMinSDMIndex*

100608.9195.06EWC
88487.7569.51WS
10045.458.0368.36WP†

84.7860.874.8574.77TE
*EWC=Environmental working conditions; WS=workstation design; WP=working posture; TE=total ergonomics index; †A lower 
score represents poorer working conditions.

Figure 1: Frequency of assessment indices in each action category  among office staff (n=156).
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by QEC technique among operational workers 
showed that:

(a) in 8.6% of the workers studied, the 
calculated exposure level was less than 
40%, indicating that the level of exposure to 
musculoskeletal risks was acceptable (low risk). 

(b) in 8.6% of the workers studied, the 
calculated exposure level was between 41% 
and 50% indicating that the level of exposure 
to musculoskeletal risks needs more attention 
(moderate risk). 

(c) in 34.1% of the workers studied, the 
calculated exposure level was between 51% 
and 70% indicating that the level of exposure to 
musculoskeletal risks was high and ergonomics 
intervention to the decrease exposure level 
seemed essential (high risk).

(d) in 51.4% of the workers studied, calculated 
exposure level was higher than 70% indicating 
that the level of exposure to musculoskeletal 
risks was very high and immediate ergonomics 

intervention to decrease the exposure level 
seemed essential (very high risk).

Totally, in 82.8% of the operational workers 
studied, the level of exposure to musculoskeletal 
risks was high or very high. This indicated that 
the jobs and working conditions in the operational 
units were conducive to developing MSDs. 
Therefore, ergonomics interventions seem to be 
necessary to improve working conditions and 
decrease exposure level. 

The figure 3 shows two workers are involved 
in manual handling of heavy loads.

Discussion

The study population was relatively young with a 
mean age and job tenure of 33.01 (8.03) and 5.57 
(3.48) years, respectively. Most of the subjects were 
male workers (96.6%) and married (82.1%).

The NMQ questionnaire showed that 
symptoms from the musculoskeletal system were 

Table 5: Mean of ergonomics indices in with and without musculoskeletal symptoms in the upper body regions (n=156)
P value*Upper body symptoms†

Ergonomics index No (n=85)Yes (n=71)
SDMSDM

110.1894.477.195.78EWC
0.057.6970.637.6568.14WS
0.66.8168.569.3368.12WP
0.084.8975.394.7374.01TE

*Mann-Whitney U; †neck, shoulder, wrist/ hand, back and lower back; EWC=Environmental working conditions; WS=workstation 
design; WP=working posture; TE=total ergonomics index

Figure 2: A very common working posture among office staff. Shoulders, upper arms and elbows are in awkward postures. 
Head, neck and back are rotated.

Table 6: QEC level of risk exposure among the operational workers 
studied (n=105).

PercentFrequencyRisk level
8.69Low
8.69Moderate 
31.433High 
51.454Very high
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common among the studied employees. Back, 
neck, knees, shoulders and wrists symptoms 
were found to be the most prevalent problems 
among the workers studied.

Prevalence rates of MSDs in different body 
regions of office staff were higher than those 
of operational workers. This could indicate that 
eliminating MSDs risk factors among office staff must 
be a high priority. Although it seemed that working 
conditions in operational units were heavier, but the 
nature of tasks in the office environment which was 
mainly sedentary and static for long periods of time 
contributed to the occurrence of MSDs among office 
staff. In operational workers, dynamic nature of work 
reduced the exposure of individuals to sustained 
posture which could be considered as a MSDs risk 
factor. This might partly explain the lower prevalence 
of symptoms among operational employees.

Generally, comparison of the results of this 
study results with those of the National Health 
Survey of Iran19 revealed that the prevalence 
of musculoskeletal problems was higher in 
this company than in the general Iranian male 
population. This indicates that the petrochemical 
company should be considered as a high-risk 
industry for developing musculoskeletal disorders.

Office Employees
Mean working hours per day in office 

employees was found to be 10.78 (1.95) hours 
which was more than the standard 8 hours 
daily working time. Some studies have shown 
that prolonged working time is associated with 
MSDs prevalence rate.11,20 This might, therefore, 
be considered as a contributing factor for the 
occurrence of MSDs among office workers.

As the results of this study demonstrated, the 
prevalence of MSDs in different regions of the 
body is almost high in office staff. This result is in 
agreement with those of other studies.15

The results revealed that WP and WS indices 
had the lowest means. This indicated poor 
conditions in these areas necessitating adequate 

ergonomics solutions. In some studies, the 
relationship between poor workstation design, 
awkward working postures and musculoskeletal 
disorders has been proved.21-23

In contrast, EWC had the highest mean 
indicating relatively appropriate environmental 
conditions. 

Based on the results, the main problems of 
WP and WS indices originate from:
- bent head and neck
- awkward postures of shoulders and upper arms 
(abduction, extension and flexion) 
- lack of table with adjustable height
- lack of foot rest in the workstation 
- inappropriate seat backrest
- lack of seat with adjustable height
- inappropriate position of monitors

Operational Workers
Based on the results of risks assessment 

by QEC, in 82.8% of the workers studied the 
level of exposure to musculoskeletal risks was 
high or very high. Also, as presented in Table 
3, the most prevalence of MSDs was observed 
in the knee, upper back and lower back. This 
indicated that the jobs and working conditions in 
the operational units were conducive to develop 
MSDs. This result is almost in the same line 
with the results obtained from other studies.20,24 
Therefore, ergonomics interventions seem to be 
necessary to improve working conditions and 
decrease exposure level.

The exact assessment of working conditions 
using ergonomics checklist in office workers is 
the strong point of this study.

In this study, a large number of subjects were 
male workers (93.6%). Thus, the result of this 
study does not apply to female workers and their 
working conditions.

Conclusion

The most prevalent MSDs symptoms were 

Figure 3: Two workers are involved in manual handling of heavy loads. Total QEC score is 82% indicating very high risk level.
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reported in the lower back, upper back, neck and 
knees. So, to improve the working conditions, 
risk factors of these regions must be taken 
into account. The prevalence rates of MSDs in 
different body regions of office employees were 
higher than those of operational workers. Based 
on this finding, it could be concluded that reducing 
risk factors of MSDs in office workers was very 
important and should be considered with priority. 
Operational workers’ level of exposure to MSDs 
risks was high. Taking corrective measures 
for reducing the risk level into consideration is 
necessary. 
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