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Abstract
Purpose Work-related musculoskeletal disorders (WMSDs) are common occupational problems affecting the health and 
productivity of workers worldwide. Ergonomic intervention programs (EIPs) can play an effective role in preventing these 
disorders in the workplace. Assessing the effectiveness of an EIP is a challenge faced by both industries and researchers. This 
study was aimed at assessing the effectiveness of an EIP on human resources productivity (HRP), musculoskeletal disorders 
(MSDs), general health and occupational fatigue in a steel industry.
Methods This study was conducted in a steel industry in Isfahan, Iran, between 2018 and 2021. To assess the effectiveness 
of the EIP with a participatory approach, training and redesign of workstations, the criteria of HRP, MSDs, general health 
and occupational fatigue were investigated before and after the intervention, using HRP Questionnaire, Nordic musculo-
skeletal questionnaire (NMQ), 28-item General Health Questionnaire (28-GHQ), Swedish Occupational Fatigue Inventory 
(SOFI-20) and Occupational Fatigue/Exhaustion Recovery (OFER-15) Questionnaire, as data collection tools, respectively.
Results The implementation of EIP in the studied industry significantly led to an increase in HRP (p < 0.05). The prevalence 
of MSDs decreased significantly in most regions of the body after the interventions (p < 0.001). In addition, the program 
significantly improved general health (p < 0.001) and reduced occupational fatigue among employees (p < 0.001).
Conclusions The implementation of EIP was significantly effective in working conditions improvement. Therefore, imple-
menting EIP with participatory approach, workforce training, as well as redesigning of workstations are recommended in 
industries.

Keywords Participatory ergonomics intervention program · Human resources productivity · Musculoskeletal disorders · 
General health · Occupational fatigue

Introduction

Work-related musculoskeletal disorders (WMSDS) have 
been identified as the fourth leading cause of health costs 
worldwide (Hallman et al. 2019) and are still considered 
as one of the most important predicaments prevailed both 
industrially developed and developing countries (Choobineh 
et al. 2013a; Shahnavaz 1987). Musculoskeletal disorders 
(MSDs) mostly commence with feelings of fatigue, dis-
comfort or pain in the musculoskeletal system (Pope-Ford 
and Pope-Ozimba 2020) and, if long lasting, can adversely 
affect general health and well-being (Oakman et al. 2017), 
performance and productivity (Onishi et al. 2014), and the 
quality of life, all of which may be ultimately augmented by 
psychological problems, such as depression and job stress 
(Bosch et al. 2018). A wide range of workplace MSDs risk 
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factors (Haynes and Williams 2008; Kujerdi et al. 2021; 
Tajvar et al. 2021) impact not only employees but industry 
and society as well (Choobineh et al. 2016). Based on the 
literature, WMSDs are still rising gradually in developing 
countries, including Iran (Hosseini et al. 2019). Numerous 
factors, such as ergonomic risk factors including poor work-
station design, prolonged static sitting and manual material 
handling, etc. are well-known risk factors contributing to 
WMSDs (Bernardes et al. 2021; Hayati et al. 2021; Lawson 
et al. 2021; Ziaei et al. 2021).

Although it seems difficult to obtain accurate and reli-
able statistics related to the prevalence of WMSDs in Iran, 
in recent decades, the high prevalence of these disorders 
accompanied with the necessity of controlling their risk fac-
tors is highlighted in some previous studies (Tajvar et al. 
2021). For instance, in a study conducted on waste collectors 
in Iran, 92.5% of individuals reported symptoms of MSDs in 
at least one of their body regions (Ziaei et al. 2018). Besides, 
the results of another study on Iranian farmers showed a high 
prevalence of MSDs in the lumbar region (59.3%), knees 
(36.9%) and back (36.6%) (Momeni et al. 2020). In addition, 
Choobineh et al. in his study on Iranian settings reported 
that the prevalence of MSDs among workers could reach up 
to 87.1% (Choobineh et al. 2009). In addition, based on the 
findings of another study undertaken by Choobineh et al. 
90.3% of Iranian healthcare workers reported MSDs (Choo-
bineh et al. 2016).

According to the European Institute for Occupational 
Safety and Health in 2020, the occurrence of MSDs may 
increase anxiety, sleep problems and general fatigue among 
workers (Tompa et al. 2021) and trigger some psycho-social 
risk factors and their adverse effects in the workplace induc-
ing decreased workers’ well-being in general (Daneshmandi 
et al. 2019). On the other hand, according to the study by 
Daneshmandi et al. occupational fatigue is not only con-
sidered as a consequence of MSDs but can increase the 
possibility of accident occurrences and sick leave in the 
workplace as well (Daneshmandi et al. 2017). Decreased 
alertness as a result of occupational fatigue can reduce safety 
level caused by failure in decision-making ability, distraction 
from intricate tasks and loss of vigilance in critical situations 
(Dohrmann and Leppin 2017; Yancheshmeh et al. 2020). 
Therefore, the prevention of WMSDs in the workplace is a 
crucial issue remarkably affect health, safety and productiv-
ity of employees (Daneshmandi et al. 2017).

Risk factors related with the WMSDs occurrences have 
been indicated to be mainly of biomechanically stressful 
innate, such as awkward postures, high force exertion and 
repetitive tasks (Emmatty and Panicker 2019; Jacobo-Gali-
cia et al. 2021; Neshastegar et al. 2019). However, psycho-
social and organizational risk factors, including lack of an 
appropriate work-rest cycle and recovery time, lack of an 
effective work program to prevent occupational injuries as 

well as the individuals’ burnout and improper working con-
ditions, i.e., poor lighting and vibration have also shown 
among risk factors increasing WMSDs and disability in 
developing countries (Choobineh et al. 2013a; Hosseini et al. 
2019). In a study, for instance, Ervast et al. showed that 
prolonged exposure (8–10 years) to heavy physical activity 
in the workplace could increase both MSDs and disability 
pensions (Ervasti et al. 2019).

Steel industry is known as a high-risk industry for devel-
oping WMSDs due to the existence of various occupational 
risk factors, including awkward postures, repetitive tasks, 
manual material handling, etc. (Choobineh et  al. 2011, 
2013b). However, a better understanding of ergonomic prin-
ciples and their applications in the workplace can have a sig-
nificant impact on both employees’ health and organization 
productivity (Bazazan et al. 2019). Many studies have con-
firmed a decreasing trend in prevalence of WMSDs through 
implementing ergonomic intervention programs (EIPs) 
including workstation redesign, training programs and the 
foundation of participatory ergonomics in the workplace 
(Motamedzade et al. 2003; Bernardes et al. 2021). Having 
implemented an EIP in a steel industry, Choobineh et al. 
assigned the need for a multi-purpose EIP to improve the 
impact of interventions on workers' health and productivity 
(Choobineh et al. 2012).

Many studies have emphasized on the utilization of pos-
tural and workstation intervention programs, some of which 
have been able to reduce the occurrence and prevalence of 
MSDs symptoms (Amick III et al. 2003). Some of these 
interventions, however, have not shown any significant 
effect (Cook and Burgess-Limerick 2004; Gerr et al. 2005). 
Literature shows that most of the participatory ergonomic 
intervention methods from passive training techniques (e.g., 
lecturing, delivering educational films, and pamphlet-mak-
ing) to performance-based techniques (e.g., workstation 
redesign by encouraging workers to participate in the pro-
cess of identifying risk factors and finding solutions) play 
an important role in decreasing WMSDs occurrences in 
the workplace (Wilson and Haines 1998; Cole et al. 2005; 
Burke et al. 2006). For example, Bernardes et al. developed 
a low-tech and low-cost solution that successfully reduced 
workers’ exposure to WMSD risk factors and found partici-
patory ergonomic interventions as a feasible and effective 
approach to decrease the exposure to work-related risk fac-
tors for WMSDs in industrially developing countries (Ber-
nardes et al. 2021).

Nevertheless, there are challenges in implementing par-
ticipatory ergonomic programs, such as insufficient interven-
tion time (Van Eerd et al. 2010). Although overcoming these 
challenges seems possible, the extent to which they affect 
the success of EIPs is still far-fetched (Van Eerd et al. 2016). 
Besides, there is little known about the effectiveness of such 
ergonomic interventions on the occurrence of WMSDs on 
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industrial workplaces. In addition, literature shows limited 
knowledge on the fact that how an effective ergonomic inter-
vention may, directly or indirectly, affect employees’ health 
and performance in the workplace in respect of general 
health, productivity, fatigue, MSDs, etc. (Rasmussen et al. 
2018). Therefore, according to the aforementioned explana-
tions, this study was conducted to assess the effectiveness of 
an EIP with a participatory approach among employees of 
an Iranian steel industry.

Materials and methods

This study aimed at assessing the effectiveness of a par-
ticipatory EIP in a steel industry, conducted in two phases 
between 2018 and 2021, in Iran. The industry was the largest 
steel maker of MENA (Middle East and Northern Africa) 
region, and one of the largest industrial complexes operat-
ing in Iran (more than 14,000 personnel). It encompassed 
manufacturing units and 6 technical and maintenance units 
as well as office departments, of which eight main units 
were selected to enter the study based on the industry occu-
pational health department suggestion. The selected units 
included “general service and welfare”, “central workshop”, 
“steel production”, “cold rolling”, “transportation”, “iron 
production”, “human resources (HR) education and develop-
ment”, and “information technology (IT)”. This study was 
conducted over 2 years: 6 months to hold training sessions 
and fulfilling the questionnaires before the EIP, 18 months 
to implement EIP measures, and 3 months to collect and 
analyze the questionnaires after the EIP. To make the study 
methodology more clarified, a brief description of the EIP 
implementation steps is also explained below. It should be 
noted that the explicit methodology explanation and findings 
of the first phase of the project including list of ergonomic 
interventions have already been presented elsewhere (Choo-
bineh et al. 2012).

Phase 1: design and implementation of ergonomic 
intervention program

In the first step, the research team gave an overview of the 
entire program including the perspective and the objectives 
of the project to the management team of the industry. Then, 
to pave the way for localizing ergonomics principles over the 
whole industry a steering committee was formed consist-
ing of ergonomics team, i.e., research team members, senior 
managers of the industry, and the heads and experts of HSE 
departments of targeted industrial units.

Then, prior to forming action groups, all necessary and 
practical contexts in ergonomics were taught to the steer-
ing committee members during regular training workshops 
through an organized and systematic schedule. The initial 

plot considered for ergonomics training was developed based 
on a cascade model (Jacobs 2002). Then, four 2 day work-
shops were attended by the steering committee members and 
the essential contexts of ergonomics, such as physical ergo-
nomics, manual material handling, biodynamics, making 
tailored checklists with ergonomics perspective, etc. were 
taught to the participants. To ensure the efficiency of training 
programs in increasing the ergonomics knowledge of steer-
ing committee members, pre-tests and post-tests were taken 
for every workshop through which all the steering commit-
tee members successfully passed the courses. In the next 
stage, action groups were purposefully formed consisting 
of at least one representative from steering committee mem-
bers, whose main aim was transferring the acquired ergo-
nomics knowledge to action groups so that active training 
centers in different targeted units could be established. As 
the most acquainted staff with the operational processes, i.e., 
shop floor workers were also invited to participate in action 
groups, technical assessments including tasks analyses were 
precisely conducted in all workstations of the targeted units 
across the industry.

Accordingly, several tailored checklists were provided for 
recognizing ergonomic problems therein. The checklists also 
utilized to make a list of priorities for promoting working 
conditions, through which the ergonomics awareness of both 
inspectors and action groups could increase. To develop the 
checklists, general working conditions, workstation design 
or redesign, individuals’ postures, manual material handling 
and hand tools were considered as ergonomics issues. In 
the development process of the checklists, different refer-
ences, including ILO checkpoints and the Finnish institute 
of occupational health were considered, together with gen-
eral knowledge concerning main ergonomics risk factors in 
targeted units (Laitinen et al. 2000; Choobineh et al. 2004b). 
Then, a list was assigned containing more than one hundred 
ergonomic problems in the industry all of which were pri-
oritized by steering committee based on the severity of the 
ergonomic problem.

After initial prioritization of the ergonomic problems, 
the steering committee members developed relevant ergo-
nomic solutions with the maximum usability for each item 
which ultimately resulted in development of strategic action 
plans with an estimated required time of 2–3 years. Then, 
the approved interventions were implemented practically in 
selected units (Choobineh et al. 2021) (Table 1). 

Phase 2: assessing the effectiveness of participatory 
ergonomic intervention program

In this phase, the methodology was focused on assessing the 
effectiveness of the EIP. Figure 1 summarizes the study steps 
from the beginning to the end.
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Table1  Examples of ergonomic challenges in targeted units and implemented solutions (Choobineh et al. 2021)

Ergonomic challenges in the workplace Corrective measures

1 Manual material handling (MMH) of trays, grill skewers, etc. in 
“general service and welfare” unit (i.e., restaurants)

Providing pallet jacks, jacked carts, and trolleys

2 Repetitive motions, awkward postures, contact with sharp edges in 
“general service and welfare” unit (i.e., restaurants)

Providing tray washing machines for cooking centers

3 Inappropriate workstation in spare-part preparation warehouse site in 
“central workshop”

Affording specialized tables with different heights for placing 
different-size parts

4 Manual transferring ladles in the “steel production unit” (refractory 
workshop)

Providing forklifts for moving and manipulating full ladles

5 Low accessibility to operation point and awkward postures adopted 
(e.g., extended trunk and toes) in transportation unit

Designing a portable platform to access the inner part of the 
compressor module when repairing

6 Manual handling of loops by workers contributing to injury hazards 
and awkward postures in “cold rolling” unit

Designing wheeled carts to carry loops

7 Manual lifting/carrying of heavy objects by workers on repair plat-
form in “iron production” unit

Providing tools, e.g., tailored carts to carry heavy loads on repair 
platform

8 Improper VDT workstations in “information technology” unit Redesigning VDT workstations

Fig. 1  Steps of EIP and assess-
ment of its effectiveness
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Participants

The total number of personnel working in the studied com-
plex was over 14,000, of which 2348 shop-floor workers 
were employees were enrolled and partook in the interven-
tion program. The participants were recruited based on the 
cluster-randomized method from different units of the steel 
industry. Due to the large size of population and variety of 
units in the studied complex, the population was divided by 
targeted units into clusters. A list of all clusters was made 
and investigators draw a random number of clusters to be 
included. Then, all individuals within these clusters were 
listed and another turn of random selection was run to get 
a final random sample, exactly as simple random sampling. 
The sample size of participated workers by each selected 
unit was calculated through Cochran formula before and 
after the EIP (Table 2).

In this cross-sectional study, the inclusion criteria were 
the workers’ acceptance to participate to the study as well as 
full-time working in the targeted units of the industry with 
at least 1 year job experience. The past medical history of 
workers was considered and those workers with previous 
non-work related musculoskeletal disorders or accidents in 
their health history records and any other physical or mental 
health problems which might have impact on health, i.e., 
musculoskeletal system or psychological state (except their 
work) were excluded. In addition, those participants reluc-
tant to continue partaking in this study were excluded with-
out any restriction.

To assess the effectiveness of the program, HRP, MSDs, 
general health and occupational fatigue were assessed before 
and after the interventions among the participants. In this 
regard, 430 employees of the targeted units were selected 
to participate in the study. In the next stage, after a 2 year 

intervention, 295 employees of the studied units were partic-
ipated in fulfilling the questionnaires. Apart from the restric-
tions made by COVID-19 outbreak, which led to decrease 
the number of participants after EIP, there were no any 
important organizational changes during the 2 year study. 
It should be noted that prior to fulfilling the questionnaires, 
either paper version (before the EIP) or online format (after 
the EIP), the objectives and the protocol of the study were 
explained to the participants to whom the confidentiality of 
the questionnaire’s data were assured.

Data acquisition tools

Six self-administered questionnaires including socio-demo-
graphic questionnaire, HRP, NMQ, GHQ-28, SOFI-20 and 
OFER-15 were used in the study before and after EIP as pre-
test and post-test evaluation. The questionnaires were com-
pleted by the participants in paper version before the EIP, 
while after that they were fulfilled online due to COVID-19 
outbreak restrictions. The questionnaires used before and 
after the EIP were identical in all aspects including the qual-
ity of responses and were distributed, fulfilled and analyzed 
independently (Braekman et al. 2018).

Socio‑demographic questionnaire

This questionnaire contained necessary information about 
relevant socio-demographic characteristics of the partici-
pants including age, gender, height and weight, marital sta-
tus, level of education and job tenure.

Human resources productivity (HRP) questionnaire

In the current study, HRP Questionnaire, abstracted from 
Achio model (ACHIEVE) and developed by Hershey and 
Goldsmith in 1980, was used (Hersey and Goldsmith 1980). 
This questionnaire contained 26 questions which examined 
7 dimensions of HRP defined in ACHIEVE model. The 
7 dimensions included ability, perception and cognition, 
motivation, organizational support, feedback, validity, and 
compatibility. The five-point Likert scale was used for the 
questionnaire as the scoring system (very low = 1, low = 2, 
medium = 3, high = 4, very high = 5). The validity and reli-
ability of the Persian version of this questionnaire was evalu-
ated and confirmed in a study by Nasiripour et al. (2009).

Nordic musculoskeletal questionnaire (NMQ)

The NMQ is used to survey the prevalence of MSDs. The 
NMQ was developed and administered by the Korhan 
Institute of Occupational Health to determine the preva-
lence of WMSDs (Kuorinka et al. 1987). Based on this 
questionnaire, the respondents were asked to specify 

Table 2  Sample size of workers participated in the study before and 
after the EIP by targeted unit

The targeted units Size of cluster Sample size

Before EIP After EIP

1 General service and 
welfare

484 87 65

2 Central workshop 332 65 48
3 Steel production 350 68 41
4 Cold rolling 593 109 73
5 Transportation 146 21 13
6 Iron production 260 43 32
7 Human resources (HR) 

education and devel-
opment

55 11 8

8 Information technology 
(IT)

128 26 15

Total 2348 430 295
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whether they had experienced any discomfort/pain in dif-
ferent body regions during the last 12 months and also 
during last week with the answers per region being evalu-
ated by a dichotomous scale (yes or no). In the current 
study, only the discomfort/pain in different regions of the 
body during the last 12 months was considered among 
the participants. The validity and reliability of the Persian 
version of this questionnaire was evaluated and confirmed 
by (Choobineh et al. (2004a).

28‑Item general health questionnaire (GHQ‑28)

To investigate the effect of the ergonomics interventions 
on overall well-being of the participants, the GHQ-28 was 
used. The GHQ-28 asks participants to report the total 
quality of their health over the past few weeks through 
which certain behavioral items with a 4-point scale includ-
ing “not at all”, “no more than usual”, “rather more than 
usual” and “much more than usual” are assessed. The scor-
ing system of this questionnaire is based on the Likert 
scale from 0 to 3. Indeed, each individual's total score 
can vary from 0 to 84. Higher GHQ-28 scores indicate 
higher levels of distress. It is suggested that participants 
with total scores of 23 or below should be classified as 
non-psychiatric, while participants with scores of 24 or 
more may be classified as psychiatric (Taghavi 2002). The 
validity and reliability of the Persian version of this ques-
tionnaire was investigated and confirmed by (Javanmard 
and Mamaghani (2013).

Swedish occupational fatigue inventory (SOFI‑20)

In this study, the SOFI-20 questionnaire was used to assess 
the physical, mental and some other aspects of work related 
occupational fatigue. This questionnaire is a multidimen-
sional tool developed by Ahsberg et al. (1997) to assess the 
quality and severity of perceived occupational fatigue (Åhs-
berg et al. 1997). The 20-item version of this questionnaire 
consists of five dimensions: “Physical exertion”, “Physical 
discomfort”, “Lack of motivation”, “Sleepiness” and “Lack 
of energy” each of which is measured with four items using 
11-point Likert scale from zero (not at all) to 10 (strongly 
agree). The dimensions of “physical exertion” and “physical 
discomfort” indicate physical fatigue, and the dimensions 
of “lack of motivation” and “sleepiness” show work-related 
mental fatigue. These four dimensions are called the specific 
dimensions of fatigue. The “lack of energy” dimension is the 
general dimension of fatigue that describes the qualitative 
resultant of physical and mental fatigue. The validity and 
reliability of the Persian version of this questionnaire was 
evaluated and confirmed by Javadpour et al. (2015).

Occupational fatigue/exhaustion recovery 
(OFER‑15) questionnaire

In this study, OFER-15 was used to assess occupational 
fatigue/exhaustion recovery. This questionnaire consists of 
15 questions that retrospectively examine the three dimen-
sions of chronic fatigue, acute fatigue and inter-shift recov-
ery, on a 7-point Likert scale, from “Zero: strongly disa-
gree” to “6: strongly agree”. Finally, comparable values are 
obtained for each dimension in the score range from 0 to 
100. A higher score in each of these dimensions would indi-
cate a “higher” intensity of occupational fatigue. The valid-
ity and reliability of the Persian version of this questionnaire 
was evaluated and confirmed in previous studies (Winwood 
et al. 2006; Javadpour et al. 2014).

Statistical analysis

The Shapiro–Wilk test was used to check data normality. In 
addition, to compare the sociodemographic data of the two 
independent groups (before and after the interventions), Chi-
square tests (gender, marriage and education level) and inde-
pendent t test (age, work experience and body mass index) 
were used. In addition, independent t test was used to com-
pare the two study groups for the variables of HRP, general 
health, occupational fatigue and all their related dimensions 
(Grove and Cipher 2019). In addition, the non-parametric 
method of Mann–Whitney U test was used to compare the 
prevalence of MSDs in body regions in the last 12 months 
between the two study groups as the data distribution was 
not normal (Upadhyay et al. 2015; Stevens et al. 2019). The 
Statistical Package for Scientific Science (SPSS), version 
22.0 software was used for the analyses.

Results

The socio-demographic characteristics of the participants 
before and after ergonomic interventions are presented in 
Table 3. 

The results of assessing the effectiveness of the EIP 
with a participatory approach in the studied industry are 
as follows:

Human resources productivity (HRP)

The results of the dimensions of HRP among the two inde-
pendent groups are presented in Table 2. Independent t test 
showed that HRP increased significantly after the interven-
tions (p < 0.001) (Table 4). As it can be observed, all HRP 
dimensions showed an improvement after the intervention, 
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out of which the mean scores of perception and recognition, 
organizational support, motivation and validity were signifi-
cantly different (p < 0.05). 

Musculoskeletal disorders (MSDs)

The results of the prevalence of MSDs in the last 12 months 
using the NMQ before and after the interventions are pre-
sented in Table 3. Due to the qualitative innate of the MSDs 
variables, Mann–Whitney U test was used to compare the 
prevalence of MSDs in different body regions between the 
two study groups. The statistical analyses showed that the 

prevalence of disorders was decreased in the last 12 months 
after the interventions (Table 5). 

General health

Table 6 shows the results of the GHQ before and after the 
interventions. Statistical analyses using independent t test 
showed a significant difference of the mean general health 
between the two groups (p < 0.001). Overall, these findings 
indicate that the mean of overall general health and all its 
related dimensions (i.e., somatic symptoms, anxiety, social 
dysfunction and depression) were decreased in the post-
intervention group. Considering the fact that reducing the 
mean of dimension scores in this questionnaire means better 
situation, it can be inferred that the dimensions of the GHQ 
have significantly improved in the post-intervention group. 

Occupational fatigue

Occupational fatigue was compared between the two study 
groups (Table 7). Independent t test showed that there was a 
significant difference in total occupational fatigue between 
the two groups (p = 0.004), so that it was decreased and 
improved after the interventions. The mean scores of the 
relevant dimensions (lack of energy, physical discomfort 
and sleepiness) also was decreased significantly after the 
interventions (p < 0.05).

Discussion

The aim of this study was to assess the effectiveness of 
an EIP on HRP, MSDs, general health and occupational 
fatigue in a steel industry. The findings of this study showed 
the positive effect of the program on increasing HRP and 
general health as well as decreasing MSDs prevalence and 
occupational fatigue among the employees. Although the 
direct positive effects of EIP on WMSDs were not clear, 
the shop floor workers reported fewer musculoskeletal pain 

Table 3  Socio-demographic characteristics of the participants

AD  Associate’s degree; BSc  Bachelor of science degree; MSc  Master 
of science degree
*Independent t test; **Chi square test

Variables Before the 
intervention 
(n = 430)

After the 
intervention 
(n = 295)

p value*

Age (years) (M ± SD) 38.09 ± 7.02 37.28 ± 6.57 0.335
BMI (Kg/m2) 

(M ± SD)
26.37 ± 15.7 24.4 ± 2.6 0.143

Job tenure (years) 
(M ± SD)

9.96 ± 4.16 8.84 ± 5.54 0.178

p value**
Gender 0.933
 Male 419 (97.44) 289 (97.96)
 Female 11 (2.56) 6 (2.03)

Marital status 0.923
 Married 362 (84.18) 247 (83.72)
 Single 68 (15.82) 48 (16.28)

Education level
 Primary school 54 (12.55) 43 (14.57) 0.193
 Diploma 170 (34.34) 126 (42.71)
 AD 45 (10.46) 25 (8.47)
 BSc 153 (35.58) 96 (32.54)
 (MSc) and higher 8 (1.86) 5 (1.69)

Table 4  Comparison of the 
mean scores of HRP among the 
study groups before (n = 430) 
and after the interventions 
(n = 295)

*Independent t test

HRP Before intervention
Mean (SD)

After intervention
Mean (SD)

p value*

Ability 10.36 (2.34) 10.30 (2.80) 0.705
Perception and cognition 11.37 (2.80) 11.89 (3.33) 0.024
Organizational support 11.26 (3.17) 11.99 (3.83) 0.005
Motivation 8.99 (3.32) 10.23 (4.13)  < 0.001
Feedback 12.27 (2.97) 12.63 (3.91) 0.166
Validity 11.08 (3.59) 11.85 (4.03) 0.009
Compatibility 10.23 (2.76) 9.83 (3.19) 0.072
Total HRP 75.18 (15.64) 80.71 (17.56)  < 0.001
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and fatigue after the EIP. The integration of training work-
shops, participatory approach, and workstation redesign 
could considerably boost the effectiveness of any interven-
tion program. Permanent participatory efforts for solving 
ergonomic problems also require basic knowledge of ergo-
nomics accompanied with remarkable expertise in teamwork 
as action groups.

Previous studies have also confirmed the positive effect 
of EIPs on employees’ health and system’s efficiency. There-
fore, it seems that the simultaneous use of participatory 
ergonomics approach with long-term follow-up and bet-
terment of working conditions can improve the chance of 
accepting ergonomics principles and the success of EIPs in 

the workplace (Heidarimoghadam et al. 2020). Hermawati 
et al. in a review study assigned three approaches through 
which ergonomists could partake in betterment of working 
conditions within industrial workplaces. The first of these 
approaches concentrates on implementing the participatory 
ergonomics, which enables workers to become engaged in 
improving their workplace by working together with the 
top managers of industries. The two other approaches con-
centrate on providing necessary grounds for persuading the 
production of local technology and tools for industrial work-
places, as well as the ‘proper modification of ergonomics 
tools’. Local technology refers to as a regional production 
of necessary tools. In addition, the aim of implementing EIP 
in the workplace was considering two predicaments includ-
ing the need to implement the participatory ergonomics in 
the workplace and decrease the commonly implemented 
top–bottom approach (Lawson et al. 2021), both of which 
could be tackled in the current study.

Human resource productivity (HRP)

Significant differences were found between the scores of 
HRP before and after the ergonomics interventions so that 
after ergonomic interventions, HRP improved. Many stud-
ies, such as the study of Lawson et al. have confirmed that 
the enthusiastic participation of the management team and 
shop floor workers could mostly make them feel decision 
making responsibility and a sense of usefulness leading to 
increasing HRP (Lawson et al. 2021; Pascual et al. 2021). 
In addition, Martimo et al. showed that reducing physical 

Table 5  Comparison of the prevalence of MSDs before (n = 430) and 
after the interventions (n = 295)

Mann–Whitney U test

Body regions Before 
intervention
number (%)

After 
intervention
number (%)

p value*

Neck 170 (39) 46 (18.6) 0.001
Shoulders 134 (30.7) 45 (18.2) 0.105
Elbows 77 (17.7) 15 (6.1) 0.002
wrist/hands 107 (24.5) 27 (10.9) 0.006
Upper back 137 (31.4) 27 (10.9)  < 0.001
Lower back 203 (46.6) 58 (23.5) 0.001
Thighs 58 (13.3) 23 (9.3) 0.001
Knees 142 (32.6) 46 (18.6) 0.008
ankle/foot 138 (31.7) 41 (16.6) 0.020

Table 6  Comparison of mean 
scores of GHQ dimensions 
among the study groups 
before (n = 430) and after the 
intervention (n = 295)

*Independent t test

General health dimensions Before intervention After intervention p value*
Mean (SD) Mean (SD)

Somatic symptoms 4.81 (2.51) 3.54 (3.20)  < 0.001
Anxiety/insomnia 5.12 (3.38) 2.95 (3.56)  < 0.001
Social dysfunction 12.65 (3.76) 10.04 (6.80)  < 0.001
Severe depression 1.90 (2.63) 1.26 (2.81)  < 0.001
Total general health 24.48 (8.00) 18.16 (11.64)  < 0.001

Table 7  Comparison of the 
mean scores of dimensions of 
SOFI among the participants 
before (n = 430) and after the 
interventions (n = 295)

*Independent t test

Occupational fatigue dimensions Before the interventions
Mean (SD)

After the interventions
Mean (SD)

p value*

Lack of energy 14.32 (9.96) 10.65 (10.53) 0.001
Physical exertion 9.36 (7.97) 7.65 (9.07) 0.065
Physical discomfort 11.40 (9.41) 8.65 (9.62) 0.009
Lack of motivation 9.68 (8.12) 7.99 (8.19) 0.061
Sleepiness 11.26(9.63) 7.92 (9.01) 0.001
Total occupational fatigue 54.79 (38.62) 45.70 (41.95) 0.004
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workload caused the productivity of workers with a history 
of upper extremities diseases to be improved. This improve-
ment could be due to the workstation redesigns and correct-
ing employees’ inappropriate work styles (Martimo et al. 
2010; Sohrabi and Babamiri 2021). The results of the study 
of Faraji Kojerdi et al. also showed the positive effects of the 
EIP with a participatory approach on improving the work-
place condition (Kujerdi et al. 2021).

Musculoskeletal disorders (MSDs)

According to the findings, the interventions implemented in 
the studied industry yielded a descending trend in the preva-
lence of MSDs in different body regions of the participants 
compared to those reported before the interventions. This 
decrease was statistically significant for the neck, elbows, 
hand/wrists, upper back, lower back/hip, knee and ankle/
feet. According to the previous studies, ergonomic corrective 
actions in industries, including training ergonomics princi-
ples to employees, redesigning workstations and applying 
the creative ideas of employees in an organization, each in 
turn can improve both working postures and workplace con-
ditions (Jain et al. 2018; Colim et al. 2020; Zare et al. 2020; 
Jadhav and Arunachalam 2021; Kujerdi et al. 2021).

One of the barriers in implementing ergonomic inter-
ventions is insufficient intervention time and its follow-
up process, which may affect the results (Lidegaard et al. 
2018). However, it seems that with more involvement of 
the employees in participatory ergonomic interventions, this 
challenge would be partially tackled (Stevens et al. 2019). 
Therefore, greater participation in decision-making and a 
positive understanding of ergonomics in the workplace are 
associated with higher productivity and lower prevalence of 
MSDs (Lawson et al. 2021). The study of Loisel et al. also 
showed that participatory interventions, even in a short term 
(e.g., 6 months) could increase the rate of return to work of 
those workers with a history of sub-acute occupational low 
back pain due to increasing awareness of those ergonomic 
risk factors contributing to low back injury (Loisel et al. 
2001). However, another study examining the effect of a 
participatory ergonomic intervention on the prevention of 
MSDs among kitchen workers found no evidence for the 
effectiveness of the intervention in preventing MSDs and 
reducing perceived physical workload, which could be likely 
due to the low participation of workers in the intervention 
(Haukka et al. 2008).

General health

In this study, participatory ergonomic interventions showed 
a positive and significant effect on general health of the 
participants after the interventions. In general, the previ-
ous studies confirm that some physical, mental and general 

health factors were associated with the prevalence of MSDs 
(Barzideh et al. 2014). A study conducted in an oil industry 
showed that low back pain was associated with symptoms 
of anxiety and abnormalities in social, physical and gen-
eral health (Mohammadi 2020). The results of the study by 
Daneshmandi et al. also confirmed the positive effects of 
reducing MSDs on improving psychosocial factors and per-
formance of individuals (Daneshmandi et al. 2017).

Occupational fatigue

After performing ergonomic interventions in the steel indus-
try, occupational fatigue showed a significant decrease and 
fatigue exhaustion recovery was significantly improved. 
Based on the literature, general fatigue as a sign of decreased 
work performance would be mostly reduced through improv-
ing various aspects of work, such as work organization, 
working with the body’s neutral posture in balance with the 
body’s ability and reducing workload. These improvements 
can be made on the basis of participatory ergonomic inter-
ventions (Cervai and Polo 2018). In a study by Haghshenas 
et al. some psychosocial parameters were evaluated to meas-
ure the effectiveness of a participatory ergonomic interven-
tion. The parallel results of this study with the results of the 
present study indicated that an organized participatory ergo-
nomic intervention could positively affect perceived fatigue 
reduction followed by job satisfaction as a sense of useful-
ness. However, compared to our study, the efficiency of their 
intervention on perceived fatigue was less, which could be 
possibly due to their study follow-up time limit (Haghshe-
nas et al. 2018). Motamedzadeh et al. examined MSDs by 
evaluating muscle fatigue and concluded that MSDs in the 
neck and shoulders were more common than other areas of 
the body (Motamedzade et al. 2016).

In general, the findings of the present study indicated 
improvement of HRP, MSDs, general health, and occupa-
tional fatigue following the implementation of the EIP and 
working conditions betterment. Given the sufficient dura-
tion of the intervention (more than 2 years), and considering 
the establishment of a localized system for improving ergo-
nomic conditions in the steel industry, which was achieved 
by implementing a comprehensive participatory program, 
obtaining such results was expectable. Nevertheless, the 
present study had also some limitations.

First, although assessments indicated fewer complaints 
on MSDs among the workers after the EIP, WMSDs were 
statistically difficult to be precisely assessed as they were 
multifaceted and required more caution to be interpreted. 
Second, due to the crisis of COVID-19 outbreak, the number 
of individuals who filled out the questionnaires in the post-
intervention assessment was lower than those participating 
in the pre-intervention stage. However, it was statistically 
valid, sufficient and comparable.
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Conclusion

The findings of the current study showed that the imple-
mentation of the EIP, using participatory ergonomics, train-
ing and redesign of workstations was effective in increasing 
HRP and general health as well as decreasing MSDs and 
occupational fatigue. One of the most important factors in 
the success of this EIP was the involvement of all layers of 
the organization from the management team to the shop floor 
workers and the enthusiastic participation of them accom-
panied with the action groups of different units in providing 
operational and cost-effective ideas to solve ergonomic prob-
lems. Assessing the effectiveness of ergonomic interventions 
seems to be very useful to persuade industrial managers to 
incorporate ergonomic programs in policy and management 
planning. Implementing an EIP with a similar approach and 
with the simultaneous use of participatory ergonomics, 
training and redesign of workstations is recommended for 
different industries.
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