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Background: Work-related musculoskeletal disorders (WMSDs) are one of the most important factors for occupational injuries and
disabilities, with the back injuries being the most common work-related injuries in different industries in many developing countries.
Objectives: The objectives of the present study were determination of the prevalence of WMSDs symptoms, identification of major risk
factors associated with WMSDs symptoms and ergonomics interventions to reduce these disorders.

Patients and Methods: This follow-up and interventional study was carried out in a lead mine. Forty persons participated in this study.
The Nordic musculoskeletal questionnaire was used to study the prevalence of WMSDs and the quick exposure check (QEC) method was
used toassess the physical exposure to risks. Ultimately, data was analyzed using McNamar’s and Cochran’s tests by SPSS version 11 software.
Results: The results revealed that the highest prevalence of musculoskeletal disorders was reported in lower back (57.5%) and knees (50%)
during the 12 months prior to the study. After ergonomics interventions, significant reductions in WMSDs were observed at the time of
follow-up. According to Cochran’s test, significant differences between the pre, four and nine months after the intervention in lower back
and knee were observed (P < 0.005).

Conclusions: Consistent reductions were observed for all WMSDs disorders at the ninth month of the follow-up. It can be inferred
that the use of practical and low-cost methods of engineering and administrative interventions together and monitoring the proper
implementation of these interventions during a long time may achieve desired results in reducing musculoskeletal disorders in small
scale and poor industries in developing countries.
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1. Background

In many countries, small-scale industries are the main
providers of new employment.In addition, these industries
play an outstanding part in the economic development of
countries by producing export products. There is no inter-
nationally accepted definition of a small-scale industry and
different countries have provided different definitions for
such industries. For instance, Germany, Italy and France de-
fine small-scale enterprise if it employs fewer than 500 em-
ployees (1). However, in Iran enterprises, employing fewer
than 10 employees is categorized in this group (2).

International labor office (ILO) has provided a worldwide
program to help a wide range of industries to improve
their working conditions and ergonomics programs are
one of them (3). Although ergonomics in developing coun-
tries is very essential in efficient use of technology for in-
dustrialization, the attention and interest among organiza-

tions and industrial leaders in these countries is very low.
Lack of awareness of hidden benefits of these programs is
one of the main reasons for the low application of the prin-
ciples of ergonomics. However, there is no doubt that the
use of micro-and macro-ergonomics to improve the work-
ing conditions, system performance, and improved quality
of work life in developing countries is essential (4).

In Iranian industries, like most developing countries, the
knowledge of the ergonomics applications that can elimi-
nate the development obstacles and increase the industrial
efficiency is very low (4). Due to these reason, musculoskel-
etal disorders are one of the most important job diseases in
this country (2, 5-7). Extensive efforts to introduce ergonom-
ics and its benefits to Iranian industries started systemati-
cally in several phases, under the auspices of the center for
ergonomics of developing countries (CEDC) during 1993
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to 2003 (8). Due to the researchers’ efforts, ergonomics in-
terventions in the Iranian industries gradually expanded.
Among these interventions, Choobineh and Helali studies
in various industries can be cited (4, 9,10).

In March 2012, the management of a mine located in
Arak, a central city of Iran considered musculoskeletal
disorders in various parts of the body such as low back;
after consultation with the supervisor and safety health
undertakings of the company, the request for this study
was applied. In this mine, lead and zinc are extracted. In
this research, due to the poor nature of the industry, engi-
neering interventional method combined with manage-
ment interventional approach with a low cost was used.

Engineering controls are the first interventional ap-
proaches to reduce the risk factors that cause musculo-
skeletal disorders, such controls that can be noted in
workstation, work methods, tools and equipment de-
signs. Administrative controls not only are the second
line of defense to reduce the exposure to work-related
musculoskeletal disorders (WMSDs) risk factors, but can
also be used as a supplement method in addition to engi-
neering controls. Administrative methods such as train-
ing, job rotation and exposure time management can be
noted. Engineering controls with training is one of the
most important interventional approaches to reduce the
exposure to WMSDs risk factors (11-13).

Mining jobs are such that workers are exposed to nu-
merous ergonomic risk factors such as poor postures, use
of improper tools, and excessive force in different parts
of the body (14, 15). Such risk factors in this occupational
group have led to many problems for them. For example,
studies have shown that the mining industry had the
second highest incidence ratio for low back disorders (1.5
claims/100 workers), trailing only to the construction in-
dustry (1.6 claims/100 workers) (14). Therefore, evaluating
these jobs with the purpose of design and implementa-
tion of appropriate ergonomic interventions for improv-
ing their working conditions seems to be necessary.

2. Objectives

The aim of this study was to provide simple, practical and
effective control strategies, to reduce the workers’ exposure
to WMSDs risk factors among the employees of a lead mine.

3. Patients and Methods

This follow-up and interventional study was carried out
in a lead mine located in Markazi Province with 50 em-
ployees. Twenty five persons were in the flotation unit, 15
worked in the pharmacy unit, and 10 were security and
administrative personnel. The initial evaluation of the
lead mine based on the interviews and safety and health
department documentation indicated that the most com-
mon complaints were in pharmacy and flotation units
and security and administrative personnel had proper
states. As a result, administrative and maintenance staff
were excluded. Subsequently, in this research, all the per-
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sonnel who worked eight hours in flotation and pharmacy
units were engaged in this study. The study flow chart is
presented in Figure 1. Before the study, all the participants
filled out and signed informed consents. The main task of
the people employed in the flotation unit was machines
and ponds supervising. These people were responsible for
checking the operation of the machines while shoveling
the tanks and ponds and may face with risk factors such as
long-time standing and improper postures while working.
Pharmacy is a unit to which bags of chemicals required for
lead and zinc extraction are transported and emptied in
a hole which is the input mixer. These people are also ex-
posed to risk factors such as awkward postures during car-
rying load and excessive force. At the first step, a meeting
with the management team of the company was formed,
and regarding the purpose of this study and its benefits
such as creation of proper ergonomic condition with the
purpose of job satisfaction and higher productivity, the
conversations were conducted. A participatory ergonomics
approach was initiated through an ergonomic committee
after the management team’s commitment for supporting
this research (16). The ergonomic committee involved the
management, workers’ representatives, health and safety
engineers and researchers. The current problems reviewed
by the committee members to select appropriate methods
of assessment and intervention were discussed. Due to the
poor nature of the industry and the management recom-
mendations for achieving success to reduce musculoskele-
tal disorders, easy and low cost (the most important factor)
methods were used. Finally, three phases including initial
evaluation, intervention, and assessing the effectiveness of
interventions phases were planned and carried out.

Assessed for eligibility

(3 units)
o | Excluded
- (1unit)
Y
Census sampling
(2 units)

40 participants

v

Received intervention
(2 units)
40 participants
40 retuened questionnaires

Baseline

Received intervention
40 participants
40 retuened questionnaires

4 Months

Received intervention
40 participants
40 retuened questionnaires

9 Months

Figure 1. Study Flow Diagram Showing the Steps of the Study
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3.1. Phase I; Preliminary Work Evaluation

A) Data were collected via nameless questionnaires
such as Persian version of general nordic musculoskel-
etal questionnaire (NMQ) to examine the reported cases
of WMSDs among the study population. Reported WMS-
DS symptoms were limited to the 12 months prior to the
study. The questionnaires were completed on the basis of
an interview with each worker (17). Demographic charac-
teristics such as age and work experience of employees
were added in the questionnaire.

B) The evaluation of ergonomic risk factors that cause
musculoskeletal disorders and risk levels determina-
tion in the subjects were conducted. For this purpose,
the standard method of quick exposure check (QEC) was
used. QEC is a pen and paper observational method de-
veloped firstly by Li and Buckle in 1998 and enhanced by
David et al. in 2003 (cited in David et al. (18)). QEC analy-
sis produces scores for the back, shoulder/arm, wrist/
hand, and neck, regarding their positions and repetitive
movements. In QEC, the task duration, maximum weight
handled, hand force exertions, vibration, visual demand
of the task and subjective responses to work are also cal-
culated, whereas the essential data are obtained from
the worker. In QEC, to achieve an overall score, the total
scores obtained from four body parts are added and the
product is divided by the maximum possible score, i.e.,
176 for manual material handling tasks and 162 for oth-
ers. Low scores (< 40%) indicate satisfactory loading (low
risk). For 41% to 50%, further investigation is needed and
changes may be required (moderate risk). Timely inves-
tigation and changes are required soon for scores of 51%
to 70% (high risk); crucial exploration and changes are
required for scores over 70% (very high risk). Finally, QEC
offers four categories for estimating the risk level. These
risk levels named from 1 to 4 are corresponding to low,
moderate, high and very high risk level, respectively (18).
After the investigation of the prevalence of musculo-
skeletal disorders and determining the risk levels of the
tasks, appropriate interventions were implemented.

3.2. Phase II; Interventions

Due to the most current important risk factors such as
improper lifting methods, poor staff awareness of how to
properly do the job, standing for a long time (flotation
units), manually lifting excessive loads (40 kg) and inap-
propriate workstation conditions (high input mixer) in
this research, engineering and administrative control
methods were used together to intervene the tasks. After
reviewing various methods, simple and low-cost inter-
ventions were selected as follows:

1- Theoretical and practical workshops and face-to-face
training during work. The content of the training includ-
ed: training workers and supervisors about the correct
and incorrect working postures, correct lifting and carry-
ing, training stretch exercises for preventing musculoskel-
etal disorders. 2- Job rotation between the two units were
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studied to reduce the monotony of work, increased nec-
essary time for muscle recovery after lifting heavy loads
and preventing muscular strain, low back pain, repetitive
strain, excessive fatigue. 3- Changing the sizes of trans-
ported objects (minimize the size of the bags containing
chemicals for extraction of zinc and lead. 4- Changes in
weight of the objects transported (decreasing the weight
of bags from 40 kg to less than 20 kg according to the rec-
ommended limits in psychophysical tables (19). 5- Increas-
ing the height of the unloading bags in the entrance of the
mixer from 40 cm to 90 cm (adjusting the work surface
to elbow height or a little below that). All these solutions
were chosen from the ergonomics checkpoint provided by
the international labor organization (ILO) (3).

3.3. Phase III; Evaluation of the Effectiveness of
Interventions

At four and nine months after the interventions, the
risk factors that cause musculoskeletal disorders and the
prevalence of musculoskeletal disorders were evaluated
again via QEC method and Nordic questionnaire, respec-
tively, and the effectiveness of ergonomics interventions
were determined and compared with the previous data.
Statistical analyses were performed using SPSS version 11.
McNamar’s and Cochran’s tests were used to compare the
groups before and after the intervention in terms of mus-
culoskeletal symptoms.

4.Results

Table 1 summarizes the personal details and demo-
graphics of the employees participating in the study. The
result of the risk assessment of ergonomics risk factors
using QEC before and after the intervention is presented
in Table 2. As seen, most of the workers in the phase be-
fore the interventions were in risk level 3; but after the
intervention, the risk level improved.

Table 3 presents the prevalence of musculoskeletal disor-
ders before and after the ergonomics interventions in differ-
entbodyregions during the12 months prior to the study. The
results revealed that the highest rates of WMSDs were in the
lower back(57.5%), knees (50%), neck (30%), shoulders (27.5%),
and wrists (25%). These disorders in lower back, shoulders,
hand wrists and knees decreased after four months of fol-
low-up, but this reduction was not significant according to
McNamar's test. Nine months after the intervention, the re-
sults showed a greater reduction in the incidence of WMSDs
in various body regions. According to McNamar's test, most
of the decline was in the lower back region (P = 0.002). In
addition, the reduction of WMSDS in knees was significant
according to McNamar’s test after the lower back decline (P
= 0.008). The reduction in discomfort in different areas of
the body in prior, four and nine months after the interven-
tions in different regions, such as shoulders, wrists, lower
back and knee indicated significant differences according
to Cochran’s test. Most of the decline was observed in lower
back (P=0.001) and then in the knee (P=0.002).
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Table 1. Individual Data and Demographics of the Employees Participated in the Study

Action Groups

No.

Values @

Minimum

Maximum

Pharmacy,y
Age
Job tenure
Flotation, y
Age
Job tenure
Total,y
Age

Job tenure

15
15

25
25

40

40

35.4+21

49*1.4

351%£25
43+1.7

35.2+23

45%1.6

32.0
3.0

31.0
2.0

31.0
2.0

39.0
7.0

40.0
8.0

40.0

8.0

2 Dataare presented as mean + SD.

Table 2. Results of Ergonomic Risk Assessment Before and After the Intervention @

Job Groups

QEC Levels

Flotation Unit

Pharmacy

Total

Before Interventions
Level 1
Level 2
Level 3
Level 4
After interventions
Level 1
Level 2
Level 3

Level 4

6(15)
19 (47)

11(27)
4(10)

25(62.5)

6 (15)
30 (75)
4(10)

40 (100)

2 values are presented as No. (%).

Table 3. The Prevalence of Musculoskeletal Disorders Before, Four and Nine Months After the Intervention @

Before
Interventions

Body Region

Four Months After
Interventions

Nine Months After
Interventions

PValue P

P Value ¢

P Value 4

Neck 12 (30)

Shoulder 11(27.5)
Elbow 3(7.5)
Wrist 10 (25)
Lower back 23(57.5)
Hip 8(20)
Knee 20(50)

Foot 6(15)

13(32.5)
9(22.5)
3(7.5)
7(17.5)
21(52.5)
6(15)
16 (40)

6(15)

9(22.5)
6 (15)
2(5)

5(12.5)

13(32.5)
6 (15)

12 (30)

5 (12.5)

0.5

0.25

0.5

0.5

0.125

0.25

0.062

0.062

0.002

0.5

0.008

0.39
0.022
0.717
0.022
0.001
0.135
0.002

0.368

2 Values are presented as No. (%).

McNamar’s test with a 95% confidence interval of discomfort between before and four months after the interventions.
€ McNamar’s test with a 95% confidence interval of discomfort between before and nine months after the interventions.

Cochran’s test with a 95% confidence interval of discomfort between before, four and nine months after the interventions.
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5. Discussion

Theresults of theriskassessment factors causing muscu-
loskeletal disorders showed that after the interventions,
the risk levels determined by the QEC method decreased
from levels 3 and 4 to level 2. This would represent the
relative improvement in the ergonomic situation of the
employees in the present study. The implementation of
ergonomic interventions in this study could improve the
working postures, appropriate judgment about the ap-
plied force to the body, and the Satisfaction of load weigh
and reduce the work frequency, and ultimately lead to a
reduction in the final risk levels by the QEC method.

The results of the prevalence of musculoskeletal dis-
orders showed that the disorders in knees, back, shoul-
ders and wrists significantly decreased in the time of
follow-up. These findings represented the importance
of the implementation of ergonomics, engineering and
management interventions simultaneously, leading to
a significant disorders reduction in those areas. The lack
of primary management attention to the ergonomics
problems of work environments as well as the insuffi-
cient knowledge of ergonomics managers, supervisors
and workers of the basic issues of ergonomics, caused
an increase in workers’ musculoskeletal disorders in this
study. As was shown after the interventions, these dis-
orders somewhat decreased, which would suggest that
these interventions can reduce such disorders in employ-
ees. It should also be considered that the interventions
used in this study were the least actions that could be
performed in a working environment due to the existing
restrictions in the industry such as the poor industry, and
therefore these interventions could not be considered as
complete actions to reduce musculoskeletal disorders.
Although simple and low-cost methods were used in this
study, a significant decrease was shown in musculoskel-
etal disorders in some organs.

The most important reason that makes these interven-
tions effective was a combined use of engineering and
management techniques during a long period. Because
of this approach, the most important and effective action
is to improve the ergonomics situation of the working
environment (20-22). Besides, the management’s com-
mitment and the collaboration of workers and supervi-
sors can be another reason for the effectiveness of these
interventions (16). The achieved results in this study are
in accordance with other studies indicating that ergo-
nomics interventions reduce musculoskeletal disorders.

In a study by Choobineh et al. on the staff working in an
oil refinery, educational interventions as well as improve-
ment in the working environment such as purchasing
ergonomic chairs, improving the existing seats, adjust-
ing the height of keyboard and monitor according to the
characteristics of each person and the use of a wrist sup-
port for the administration staff were applied. Repeat-
ing these assessments six months after the start point of
specific interventions application showed a significant
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reduction of musculoskeletal disorders in parts of back,
lower back, ankle and foot in the intervention group
compared to the control group (9).

One of the most important results of the present study
was reviewing the effectiveness of interventions in two
different periods. In the first phase (four months after the
intervention), despite the reduction in the prevalence
of some of the disorders, none of them were meaning-
ful with respect to McNamar's statistical test. However,
checking again nine months after the start of the inter-
ventions, a remarkable disorder reduction in the lower
back, knees, shoulders and wrists were shown; these re-
ductions in the back and knees in terms of statistics were
more meaningful.

Besides assessing the concurrent disorders in the ar-
eas reviewed in previous interventions, four and nine
months after the start of interventions, significant disor-
ders reductions in the shoulders, wrists, back and knees
were shown. This reduction rate according to Cochran’s
test was significant. The reason behind this issue can be
somewhat related to the nature of the creation of these
disorders. As known, if there is an inappropriate ergo-
nomic condition in the workplace, disorders can be
caused gradually, and therefore, if the environmental er-
gonomics condition improves through appropriate and
effective interventions, the disorders recovery will also
require the passage of time (23).

In the present study, although the assessment before
the interventions showed inappropriate ergonomics
conditions in the workplace, the commitment and sup-
port of manager and the Partnership of workers, as well
as the use of the least engineering and administrative
interventions led to the improvement of the ergonomics
situation compared to the time before the implementa-
tion of interventions. The correct implementation of
these interventions and continuous monitoring in a long
period of time led to a significant disorder reduction in
nine months, although the reduction was not that sig-
nificant after four months.

One of the results of this study was increase of neck
pain after four months of intervention (increase in one
person) and its reduction over the nine months of inter-
vention (reduction in four people). It seems that the most
important achievement of these results may be consis-
tent with the low sample size in this study, because this
sample size may not reflect the change of the prevalence
of musculoskeletal disorders such as neck pain.

Other points could be discussed in the present study is
the concomitant use of engineering and management
interventions. In this respect, some studies at the inter-
national level and in particular in developing countries
have been conducted, which applied the simultaneous
use of these methods for improving the ergonomics of
working environments. For example, in a study that Hela-
li and associates conducted in one of Iranian industries,
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using concurrent engineering and management control
such as holding multiple ergonomics training courses
for workers, supervisors and managers, improving light-
ing and ventilation of the working environment, ap-
propriate design of workstations, using the appropriate
tools and chairs and reducing the load weight, they were
able to improve the ergonomic situation in the studied
factory (10).

The Benefits of this study would be the simultaneous
application of these methods and the simple design of
the interventions as well as the use of low-cost and ef-
fective interventions. Its proper effectiveness is also
the strengths of this study. One of the most important
restrictions in this study was gathering information in
the form of selfreporting (Nordic questionnaire). This
method may have had negative effects on the study (9).
Justifying the managers and staff to cooperate in the
study, economic restrictions in design and selection of
interventions, the long time needed for this research
and continuous monitoring can be mentioned as other
restrictions.

Finally, according to the results of this study, it can be
understood that in developing countries, by increasing
the knowledge of managers, supervisors, and employees
as well as applying the correct principles of ergonomics,
using simultaneous basic, simple and cheap engineer-
ing, and management controls, the musculoskeletal dis-
orders would reduce. This should also be considered that
the participation of employees as well as the managers’
support and commitment seems essential in achieving
the desirable results in using intervention methods.
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