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Effectiveness of a Participatory
Ergonomics Intervention to Improve
Musculoskeletal Health: A Solomon
Four-Group Study Among Manufacturing
Industry Workers in Selangor, Malaysia

C.S. Lim, B.B. Mohd Rafee, A.R. Anita,
A.S. Shamsul and S.B. Mohd Noor

Abstract The aim of this Solomon four-group study was to evaluate the effec-
tiveness of participatory ergonomics (PE) intervention to improve musculoskeletal
health among manufacturing industry workers. A total of 436 workers were ran-
domly assigned into four groups. Intervention groups went through PE intervention
while control groups went through hearing conservation programme. The main
outcome measures were the prevalence and intensity of musculoskeletal pain at 9
body sites, collected by questionnaires at baseline (pretested groups) and 3 months
after PE intervention (all groups). The study found that lower back has the highest
prevalence rate of musculoskeletal disorders (MSD). There was significant lower
prevalence rate of MSD at upper back, lower back and knee for intervention group
as compared to control group. There was a significant main effect of PE intervention
on the overall pain intensity at different body parts whether they are pretested or
non-pretested. In conclusion, PE intervention had effectively improved muscu-
loskeletal health among the respondents.
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1 Introduction

Work-related MSD are consistently one of the most commonly reported occupa-
tional health problem, bringing enormous pervasive impacts to the society in both
direct costs due to the medical healthcare consumption and indirect costs through
loss of work productivity [1, 2]. In Malaysia, MSD cases reported to the Social
Security Organization (SOCSO) has increased tremendously from 10 (2005) to 675
(2014) cases [3]. Given that MSD has been closely linked with physical and psy-
chological factors at work such as poorly design workstation, inappropriate work
method, and stressful environment, etc., there is an obvious need of effective
ergonomics intervention targeting at workplace improvement.

PE intervention is a promising strategy to reduce MSD [4, 5]. It is defined as the
involvement of people in planning and controlling a significant amount of their own
work activities, with sufficient knowledge and power to influence both processes
and outcomes in order to achieve desirable goals [6]. This study is the first, to our
knowledge that evaluates the effectiveness of PE intervention to improve muscu-
loskeletal health among manufacturing industry worker using Solomon four-group
design.

2 Method

The study commenced from January 2014 (enrolment) to April 2015 (posttest).

2.1 Study Design and Study Population

This Solomon four-group study was conducted at 9 manufacturing companies in
Selangor. Selangor state was selected as the study location because Selangor has the
highest number of manufacturing companies registered in Malaysia and the highest
number of MSD cases reported to SOCSO [3]. The full CONSORT diagram is
shown in Fig. 1. Among 456 workers, 436 were enrolled, 20 declined or not
meeting eligibility of study: � 18 years old, work at present company � 3 months,
not pregnant, no history of MSD due to nonwork-related factor. 436 workers were
randomized into 4 groups: pretested control group, pretested intervention group,
non-pretested control group and non-pretested intervention group. Out of 436
participants, only 324 of them completed all parts of the study, with 112 of them
loss to follow up due to turnover (loss to follow up rate = 25.7%).
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2.2 Intervention Programme and Control

The intervention programme in this study was designed based on the Participatory
Ergonomics Framework (PEF) by Haines et al. [6]. The programme involved direct
representative participation of workers from wide range of work positions to
improve their current workstations on voluntarily basis. The core element of PE
intervention was the active involvement and discussion among participants to
identify, plan, implement and decide the improvements on current workstations,
tools, equipment or work tasks in collaboration with management and researcher.
The researcher acted as trainer and facilitator to provide ergonomics training, guide
and assist the whole PE intervention programme. Overall, the PE intervention
programme could be divided into 3 phases: preliminary walkthrough survey,
Tailor-made Ergonomics training (8 h) and Follow up with mid-course workshops.

Manufacturing companies in Selangor (N=9)
Eligible workers (N=456)

Pretested control
group

(N=108)

Pretested 
intervention group

(N=115)

Non-pretested 
intervention group

(N=106)

Non-pretested 
control group

(N=107)

Randomization (N=436)

Excluded (N=20)
Not meeting inclusion criteria(N=16) 
Declined to participate (N=4) 

Pretest: sociodemographic data, work information, 
prevalence of MSD, pain intensity (N=223)

Ergonomics intervention: training workshops, 
midcourse workshops

Hearing conservation 
program

Hearing conservation 
program

Posttest after 3 months: sociodemographic data, work information, prevalence of MSD, pain intensity
(N=324)

Loss to 
follow-up due 

to turnover 
(N=35)

Pretested control 
group

(N=73)

Pretested 
intervention group

(N=82)

Non-pretested 
intervention group

(N=77)

Non-pretested 
control group

(N=92)

Loss to 
follow-up due 

to turnover 
(N=33)

Loss to 
follow-up due 

to turnover 
(N=29)

Loss to 
follow-up due 

to turnover 
(N=15)

Fig. 1 CONSORT flow diagram
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Preliminary walkthrough survey was a very important phase to know the process
and work activities of the company in detail. During walkthrough survey, pho-
tographs and videos of ergonomics risk factors, good points and potential
improvements were taken to be used as training materials for ergonomics training
and as baseline information for comparison after PE intervention.

Ergonomics training was the key element of PE intervention. All the trainings were
tailor-made according to the information collected during preliminary walkthrough
survey. Generally, the topics covered in the training includedworkstation design, work
posture,workmethod, lifting technique, etc. The action-oriented ergonomics training in
this study adapted suggestions and constructive ideas fromwork improvement in small
enterprises (WISE) project [7, 8], which emphasized on practical ideas rather than
general theory. In the first session of training, participants were taught to identify risk
factors and hazards with the mechanism of injury, followed by practical and potential
improvements by using local good examples from all the participating companies. The
training involved a lot of discussion and group works with participants. In the second
session of training, the participants were divided into groups (6–8 person per group)
according to their production line. They were asked to identify strenuous tasks and risk
factors at their workstations. Through group discussion, they prioritized top three risk
factors identified and subsequently brainstormed about the potential improvements that
could be done. All the ideas and decisions were generated through group discussion
facilitated by researcher and were written in an action plan. Participants were given
6 months to implement changes and improvements as in the action plan.

During these 6 months, the researcher contacted with the safety and health
personnel of the company to follow up on the progression of the action plan every
month. All the changes were implemented voluntarily using company fund.
Optional mid-course workshops were conducted on request to give supports on
improvement. The researcher facilitates the workstation improvement by providing
technical advices and feasible suggestions. Participants in the control group were
given hearing conservation programme, which includes hearing test and training on
hearing protection devices usage.

2.3 Data Collection and Outcome Measures

Data were collected before intervention (pretest) among pretested intervention and
control group (N = 223) and after intervention (posttest) among all the respondents
(N = 324) using self-administered questionnaire. The primary outcome measure
was the prevalence and pain intensity of MSD using modified Nordic Questionnaire
[9]. MSD were measured on 9 anatomical sites: neck, shoulders, upper back, lower
back, elbows, hands, thighs, knees and foot. The respondents were asked if they
experienced musculoskeletal pain on any of the sites within the past 3 months with
the aid of illustrations on body sites and marked on a 10 cm Visual Analogue Scale
for pain intensity on painful sites. Socio-demographic data and work information
were also included in the questionnaire.
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3 Results

Table 1 summarizes the characteristics of respondents in the socio-demographic and
work information with the prevalence and pain intensity of MSD at 9 anatomical sites
as reported in the posttest (N = 324). Significant differences between intervention and
control group were observed for age, t(322) = 5.18, p < 0.05, gender, x2(1) = 59.59,

Table 1 Socio-demographic and work information of respondents with the prevalence of MSD
(posttest data; N = 324)

Variable(s) Control group
(N = 165)

Intervention group
(N = 159)

N (%) M (SD) N (%) M (SD)

Age* (years) 34.9 (8.2) 30.4 (7.6)

Gender*

Male 147 (89.1) 79 (49.7)

Female 18 (10.9) 80 (50.3)

Highest education level

Primary 3 (1.8) 2 (1.3)

Secondary 140 (84.8) 109 (68.6)

Diploma 19 (11.5) 30 (18.9)

Degree 3 (1.8) 18 (11.3)

BMI (kg/m2) 24.8 (4.8) 24.2 (3.5)

BMI categories*

Underweight 10 (6.1) 6 (3.8)

Normal weight 87 (52.7) 103 (64.8)

Overweight 40 (24.2) 37 (23.3)

Obesity 28 (17.0) 13 (8.2)

Monthly income (RM)

� 1500 94 (57.0) 93 (58.5)

1501–3000 58 (35.2) 58 (36.5)

>3000 13 (7.9) 8 (5.0)

Work position*

Operator 65 (39.4) 94 (59.1)

Supervisor 34 (20.6) 23 (14.5)

Executive 17 (10.3) 9 (5.7)

Others 49 (29.7) 33 (20.8)

Work duration weekly* (h)

<35 10 (6.1) 10 (6.3)

35–40 36 (21.8) 35 (22.0)

41–48 45 (27.3) 71 (44.7)

>48 74 (44.8) 43 (27.0)
(continued)
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p < 0.05, BMI categories, x2(1) = 7.84, p < 0.05, work position, x2(3) = 12.89,
p < 0.05 and weekly work duration x2(3) = 13.95, p < 0.05.

3.1 Prevalence and Pain Intensity of MSD

The overall prevalence rate of MSD (� 1 pain site) was 75.8% for control group
and 75.5% for intervention group. Highest prevalence rate of MSD was reported at
lower back, followed by upper back and foot for both groups. There were signif-
icant lower prevalence rates of MSD at upper back, x2(1) = 6.50, p < 0.05, lower
back, x2(1) = 10.31, p < 0.05 and knee, x2(1) = 10.13, p < 0.05 for intervention
group as compared to control group. Highest pain intensity was observed at lower
back, followed by upper back and foot. Intervention group shows significant lower
pain intensity compared to control group at upper back t(322) = 2.52, p < 0.05,
lower back t(322) = 3.76, p < 0.05, and knee t(322) = 1.65, p < 0.05.

Table 1 (continued)

Variable(s) Control group
(N = 165)

Intervention group
(N = 159)

N (%) M (SD) N (%) M (SD)

Prevalence of MSD at 9 anatomical sites

Neck 69 (41.8) 55 (34.6)

Shoulder 73 (44.2) 56 (35.2)

Upper back* 96 (58.2) 70 (44.0)

Elbow 38 (23.0) 15 (15.7)

Hand 54 (32.7) 36 (22.6)

Lower back* 105 (63.6) 74 (46.5)

Thigh 41 (24.8) 23 (14.5)

Knee* 57 (34.5) 30 (18.9)

Foot 75 (45.5) 58 (36.5)

Overall prevalence of MSD (at least 1 pain
site)

125 (75.8) 120 (75.5)

Pain intensity at 9 anatomical sites

Neck 2.7 (2.6) 2.4 (2.0)

Shoulder 2.8 (2.5) 2.4 (2.0)

Upper back* 3.7 (2.9) 3.0 (2.4)

Elbow 1.6 (2.1) 1.5 (1.7)

Hand* 2.2 (2.5) 2.0 (2.1)

Lower back* 4.2 (3.0) 3.1 (2.5)

Thigh* 1.9 (2.3) 1.5 (2.0)

Knee* 2.5 (2.6) 1.6 (2.1)

Foot 3.2 (3.1) 2.6 (2.7)

*p < 0.05
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As shown in Fig. 2, intervention group shows a clear pattern of reduction in the
prevalence of MSD at posttest. At pretest level, intervention group shows signifi-
cantly higher overall prevalence rate of MSD, specifically at neck, shoulder, upper
back, elbow and hand. At posttest level, intervention group reported significantly
lower prevalence rate of MSD at knee.

3.2 Effects of Pretesting and Intervention

The effects of pretesting and intervention on musculoskeletal health were examined
using conditional sequence of successive analyses for Solomon four-group sug-
gested by Braver and Braver [10]. Pain intensities at 9 anatomical sites were the
dependent variables. First, a 2 (pretested � non-pretested) � 2 (interven-
tion � control) multivariate analysis of variance (MANOVA) was conducted on
the dependent variables to know the main effect of intervention on overall pain
intensity. The Wilks’ Lambda test revealed significant main effect of intervention,
Wilk’s K = 0.94, F(1,320) = 2.36, p < 0.05, no significant main effect of pretest-
ing, Wilk’s K = 0.54, F(1,320) = 0.54, p > 0.05 and no significant main effect of
interaction (pretesting � intervention), Wilk’s K = 0.94, F(1,320) = 0.1, p > 0.05
on the overall pain intensity. The intervention had a significant effect on pain
intensity of respondents whether they are pretested or non-pretested.

The results of the univariate ANOVAs as reported in Table 2 show that there
were significant main effects of intervention on pain intensity at 3 anatomical sites,
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Fig. 2 Prevalence of MSD at 9 anatomical sites for pretested intervention group (N = 82) and
pretested control group (N = 73)
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upper back, F(1,320) = 6.02, p < 0.05, lower back F(1,320) = 13.31, p < 0.05,
and knee, F(1,320) = 9.86, p < 0.05. Further analysis shows that intervention
group experienced lower pain intensity at upper back (M difference = 0.73), lower
back (M difference = 1.13) and knee (M difference = 0.84) as compared to control
group.

Since there were no significant main effects of intervention and interaction on the
other anatomical sites, the next step in the sequential analysis was to conduct
analysis of covariance (ANCOVA) on posttest pain intensity at other anatomical
sites among pretested respondents using pretest pain intensity as covariates.
The ANCOVA found significant effect of intervention on the pain intensity at neck,
F(1,152) = 5.64, p < 0.05 and foot, F(1,152) = 10.93, p < 0.05. The pain intensity
for intervention group reduced significantly at neck (M difference = 0.82) and foot
(M difference = 1.35). The next sequential analysis involved the testing of inter-
vention effect on non-pretested group using independence t test at the rest of the
anatomical sites which were not significant in ANCOVA. Independence t test found
no significant effect of intervention (p > 0.05) on non-pretested group.

The final step in the sequential analysis was to combine the results from 2
negative tests of intervention effect on pretested and non-pretested group using
meta-analytic approach. Using Stouffer’s z-method, the p value from previous tests
was converted into z-score and combined into a single zmeta value. The
meta-analytic results were significant for shoulder (zmeta = 2.19, p < 0.05) and
elbow (zmeta = 1.97, p < 0.05), leading to the conclusion that intervention had
reduced the pain intensity of shoulder and elbow.

4 Discussion

In this study, we found that the overall prevalence of MSD among participants for
the last 3 months is very high (>70%), consistent with other studies done among
manufacturing workers in Malaysia [11, 12]. Lower back was found to have the
highest prevalence rate of MSD, similar with studies locally and globally [13, 14].

A systematic review concluded that PE interventions have a positive impact on
musculoskeletal symptoms [5]. Our principal finding was consistent with the
review, suggesting that PE intervention was effective in improving musculoskeletal
health of respondents by reducing the overall pain intensity at different body parts.
There are several possible explanations for the effective intervention. The first
explanation is the involvement of workers from different positions such as opera-
tors, leaders, supervisors and executives. A systematic review suggested that
workers, supervisors and specialists or advisors represent the right mix of skills or
knowledge to progress through the PE process [15]. Second, tailor-made ergo-
nomics training could have played a significant role. As different work process or
job nature would have different ergonomics risk factors, it is important to have the
training tailored to suit the task and work environment for different work popula-
tion. Tailored interventions were found to be more effective in promoting behaviour
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change and reducing self-reported musculoskeletal discomfort [1]. Another expla-
nation would be the focus on low-cost improvements. According to Kogi [4], PE
interventions that focus on low-cost solutions are proven effective for improving
workplace.

Sequential analyses further concluded that PE intervention was effective in
reducing pain intensity at all anatomical sites except for knee and hand. Pain
intensity of knee slightly missed the margin of significance but not pain intensity of
hand. We found that it might be due to unchanged workload [16]. As most of the
improvements targeted at workstation modification, repetitive movement of hands
is unavoidable as long as workload maintained. One of the strengths of our study
was the use of Solomon four-group design. In addition to high internal validity for
testing the effects of intervention, it has the ability to assess whether the effects of
intervention are different among pretested and non-pretested subjects, thus
increasing the external validity and generalizability of the study [17]. This phe-
nomenon is called pretest sensitization, where the experimental results may partly
be a result of the sensitization to the content of the treatment when pretest is
administered [18].

5 Conclusion

The results of current study showed that PE intervention had effectively reduced the
overall prevalence rate and intensity of musculoskeletal pain among manufacturing
industry workers in Selangor, Malaysia.
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