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ABSTRACT 
 
It is known that lifting tasks are one of the risk factors of musculoskeletal disorders in the automotive industry. 
Extensive research has been carried out over the years to develop guidelines and determine safe limits in which an 
individual can lift. For this reason, the objective of this study is to determine the significant risk factors of 
musculoskeletal discomfort among manual lifting task workers in the automotive industry, and propose a 
methodological framework for future research on manual lifting tasks. The subjects of this study comprise 211 
manual material handling workers from the automotive industry. The subjects completed a set of questionnaires 
which are used to elicit information on their demographic characteristics, as well as physical factors and the 
prevalence of musculoskeletal discomfort. The Chi-Square test was used to determine the relationship between the 
risk factors and musculoskeletal discomfort. The findings of the study show that the following postures (trunk bent 
slightly forwards, hands above the knee level (p < 0.05), trunk twisted (over 45o) and bent sideways (p < 0.05) are 
the significant risk factors of musculoskeletal discomfort among manual lifting task workers in the automotive 
industry. A methodological framework on manual lifting task in the automotive industry is proposed based on the 
findings of this study. The framework is developed based on the need to model human lifting capabilities so that task 
demands can be designed to fit the workers’ capacity when performing lifting tasks. 
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INTRODUCTION 
 
Lifting task is one of the major health and safety 
hazards in the manufacturing industry1. It is also 
the most disabling and costly of all workplace 
injuries and has become a major concern in a 
large number of industries, including the 
automotive industry2. Human operators act as 
material transfer devices when loading and 
unloading products from machines or pallets to 
conveyors, or when sorting objects to and from 
moving conveyors. Most of the objects that are 
lifted in manufacturing tasks are of awkward 
sizes, loads and shapes, and consequently, the 
workers tend to adopt poor body postures. The 
excessive physical demands placed on human 
operators in such conditions are frequently 
shown to be a major contributor of Work-related 
Musculoskeletal Disorder (WRMSDs)3,4.  
 
Over the past four decades, ergonomics 
researchers have devoted considerable resources 
to solve problems associated with lifting tasks. 
Today, lifting task is still a prevailing issue which 
is of great interest among ergonomics 
researchers. One of the promising ways to 
minimize WRMSDs is to redesign the tasks such 
that the task demands are matched with the 
individual’s or worker’s capabilities. Worker’s 
capability refers to the ability of the worker to 
perform a task on a safe and dependable basis5. 
Numerous studies have been carried out to 
determine safe human lifting capacities. A 
generally accepted definition for lifting capacity 
is the maximum acceptable weight of lift (MAWL) 
that can be handled safely by an 
individual6,7,8,8,10,11. Within the context of the 

automotive industry, the weight of the parts or 
materials lifted is not heavy; however, these 
parts or materials are lifted at a relatively high 
frequency since workers are required to keep up 
their pace with the machines or conveyors. In 
practice, the weight of a material cannot be 
changed, but the frequency can be adjusted. 
Hence, the frequency of the lifting task is even 
more crucial than the load itself12. 
 
In this era of industrialization and 
modernization, the automotive sector is one of 
the key players in the manufacturing industry. It 
is inevitable that the workers in the automotive 
industry, specifically those involved in manual 
lifting tasks, are faced with a higher risk of 
suffering from WRMSDs. For this reason, it is 
imperative to conduct a detailed investigation on 
manual lifting tasks of workers from the 
automotive industry in order to minimize the 
prevalence of musculoskeletal discomfort. In 
light of the discussion above, the objective of 
this study is to determine the significant risk 
factors of musculoskeletal discomfort among 
manual lifting task workers in the automotive 
industry and propose a methodological 
framework for further research on manual lifting 
task based on the significant risk factors. 
 
METHODS 
 
Subjects 
The research design used in this study is a cross-
sectional survey. Ten  automotive industries from 
two geographical clusters were identified from 
the list provided by the Malaysian Industrial 
Development Authority (MIDA), and were invited 
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to participate in the survey based on their work 
process. The work process of the industries 
should involve major manual handling tasks such 
as loading and unloading materials, stamping and 
die-casting. However, only eight automotive 
industries agreed to participate in the survey, 
resulting in a participation rate of 80%. A total of 
211 questionnaires were distributed among the 
manual material handling workers who fulfilled 
the inclusion criteria. The workers were all 
involved in performing material handling tasks 
manually. 
 
Data Collection Instrument 
Self-administered questionnaires were used to 
elicit information on the subjects’ 
characteristics, employment history, physical 
risk factors at work and the prevalence of 
musculoskeletal discomfort. The Risk Factor 
Questionnaire (RFQ)13 was used to determine the 
significant risk factors of musculoskeletal 
discomfort. The questionnaire consists of three 
items which assess the postures and handling 
activities of the subjects using an ordinal 6-point 
scale of duration, and three items which assess 
the lifting loads of the subjects using a 5-point 
frequency scale. A six scale rating was used, 
consisting of ‘Never’, ‘Rarely’, ‘Sometimes’, 
‘Moderately’, ‘Constantly’ and ‘All the time’. 
 
Corlett and Bishop’s14 body part discomfort scale 
is a subjective symptom survey form that 
evaluates the respondent’s direct experience of 
discomfort at different parts of the body. These 
questionnaires were validated by taking into 
account the opinions of  local experts on 
occupational safety and health. The 
questionnaires were pre-tested in a pilot study, 
in which the Cronbach’s alpha value was found 
to be 0.876, indicating good reliability. 
 
Statistical Methods 
Statistical analysis was performed using SPSS 
software (version 21.0). Analytical statistics was 
carried out using chi-square test. Chi-square test 
was used to assess the association between the 
risk factors and musculoskeletal discomfort. 
 
RESULTS 
 
Demographic Information of the Participants 
The subjects comprise 211 male workers involved 
in manual material handling in the automotive 
industry. The mean age of the participants is 
28.8 years (S.D.: 9 years, range: 18–55 years) and 
the majority of the participants are within an 
age group of 21–30 years(41.2%). It is found that 
34.1% of the participants have been working for 
less than 1 year, 46.5% of the participants have 
been working between 1 and 5 years, and the 
remaining 19.4% of the participants have been 
working for more than 5 years. The demographic 
characteristics of the participants and their 

relationship with musculoskeletal discomfort are 
summarized in Table 1 (N = 211). 
 
Significant risk factors of lifting task in 
automotive industries 
The duration of the adopted posture during daily 
lifting activities is shown in Figure 1. It can be 
seen that most of the workers adopted the 
following postures: trunk twisted (over 45°) and 
bent sideways (34.6%), as well as  trunk bent 
slightly forwards with hands above the knee level 
(31.8%). 
 
The frequency of the daily lifting task is shown in 
Figure 2. It can be seen that 42.2% of the 
subjects lift loads weighing less than 5 kg over 30 
times within an hour. In contrast, 16.6% of the 
subjects lift loads weighing within a range of 5–
14 kg over 30 times in an hour whereas the 
remaining 11.4% lift loads weighing more than 14 
kg over 30 times in an hour. Based on the 
findings shown in Table 1, it can be deduced that 
the factors which influence musculoskeletal 
discomfort are the following postures: trunk bent 
slightly forwards with hands above the knee level 
(p< 0.05), trunk twisted (over 45o) and bent 
sideways (p< 0.05). It is somewhat astonishing 
that there is no significant association between 
lifting load, frequency of lifting task and 
musculoskeletal discomfort. This result 
contradicts the findings of2 in which there is 
significant association between load and 
musculoskeletal discomfort. A possible 
explanation for this is that even though the 
workers do not lift the loads frequently, they will 
still experience discomfort because of the 
awkward postures that they adopt on a daily 
basis. Hence, it is likely that there is an 
association between lifting load, frequency of 
the lifting task and posture. 
 
The results indicate that the current trend in 
manual lifting tasks in the automotive industry is 
gearing towards low force tasks with high 
repetitions in an awkward posture environment. 
In this case, awkward posture refers to a posture 
in which the trunk is bent slightly forwards with 
the hands above the knee level or the trunk is 
twisted over 45o. According to Fox 15, future 
studies on lifting tasks will be more focused on 
tasks with light loads and high repetitions. 
Hence, it is important to investigate the 
significant risk factors which will lead to 
musculoskeletal disorders among workers 
involved in manual lifting tasks, particularly 
those involving light loads with high repetitions. 
In light of this, human lifting capabilities need to 
be considered when designing a work system for 
manual lifting tasks. The results of this study 
highlight the need to formulate a new framework 
model on human lifting capabilities in order to 
reduce healthcare costs and loss of productivity 
due to musculoskeletal discomfort problems.
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Table 1 – Association between risk factor and musculoskeletal discomfort 
 

Risk factors (n) Musculoskeletal discomfort Statistics Significance 

 Discomfort 
(n=174)% 

None 
(n=37)% 

Chi square  

Age 
<20 (16) 
   21–30 (87) 
   31–40(78) 
>40 (30) 

 
(15)7.11 
(75)35.55 
(66)31.28 
(25)11.84 

 
(1)0.47 
(12)5.69 
(12)5.69 
(5)2.37 

 
χ2 = 1.08, dƒ = 3 

 
P > 0.05 

Job tenure 
<1 year (72) 
   1–5 years (98) 
>5 years (41) 

 
(57)27.01 
(86)40.75 
(38)18 

 
(15)7.1 
(12)5.69 
(3)1.4 

 
χ2 = 4.5, dƒ = 2 

 
P > 0.05 

Trunk bent slightly forwards, hands 
above the knee level    
   Never (39) 
   Rarely (41) 
   Sometimes (26) 
   Moderately (23) 
   Constantly (15) 
   All the time (67) 
Trunk bent slightly forwards, hands 
below the knee level    
   Never (59) 
   Rarely (61) 
   Sometimes (23) 
   Moderately (21) 
   Constantly (9) 
   All the time (38) 
Trunk twisted (over 45o) and bent 
sideways 
   Never (33) 
   Rarely (46) 
   Sometimes (29) 
   Moderately (17) 
   Constantly (13) 
   All the time (73) 
Lifting loads weighing less than 5 kg 
   Almost never (62) 
   Less than once in an hour (9) 
   1–10 times in an hour (27) 
   11–30 times in an hour (24) 
   Over 30 times in an hour  (89) 

 
 
(27)12.79 
(35)16.59 
(24)11.37 
(21)9.95 
(14)6.63 
(60)28.44 
 
 
(45)21.33 
(55)26.06 
(21)9.95 
(20)9.48 
 (9)4.27 
(31)14.69 
 
 
(23)10.90 
(44)20.85 
(24)11.37 
(16)7.58 
(13)6.16 
(61)28.91 
 
(50)23.70 
 ( 8)3.79 
(24)11.37 
(18)8.53 
(74)35.07 

 
 
(12)5.69 
 (6)2.84 
 (2)0.95 
 (2)0.95 
 (1)0.47 
 (7)3.32 
 
 
(16)7.58 
 (6)2.84 
 (2)0.94 
 (1)0.47 
 (0)0 
 (7)3.32 
 
 
(10)4.74 
  (2)0.95 
  (5)2.37 
  (1)0.47 
  (0)0 
(12)5.69 
 
(12)5.69 
  (1)0.47 
 (3)1.42 
(6)2.84 
(15)7.11 

 
 
χ2 = 11.7, dƒ = 5 
 
 
 
 
 
 
 
χ2 = 9.49, dƒ = 5 
 
 
 
 
 
 
 
χ2 = 14.31, dƒ = 5 
 
 
 
 
 
 
χ2 = 2.7, dƒ = 4 

 
 
P < 0.05* 
 
 
 
 
 
 
 
P > 0.05 
 
 
 
 
 
 
 
P < 0.05* 
 
 
 
 
 
 
P >0.05 

Lifting loads weighing from 5 to 14 
kg 
   Almost never (133) 
   Less than once in an hour (20) 
   1–10 times in an hour (21) 
   11–30 times in an hour (2) 
   Over 30 times in an hour (35) 

 
 
(104)49.29 
  (17)8.06 
(20)9.48 
(1)0.47 
(32)15.17 

 
 
(29)13.4 
(3)1.42 
(1)0.47 
(1)0.47 
 (3)1.42 

 
 
χ2 = 6.76, dƒ = 4 

 
 
P > 0.05 

Lifting loads more than 14 kg 
   Almost never (156) 
   Less than once in an hour (19) 
   1–10 times in an hour (11) 
   11–30 times in an hour (1) 
   Over 30 times in an hour (24) 

 
(127)60.19 
  (16)7.58 
(10)4.74 
(1)0.47 
 (20)9.48 

 
(29)13.74  
(3)1.42 
(1)0.47 
(0)0 
(4)1.9 

 
χ2 = 0.53, dƒ = 4 

 
P > 0.05 

χ2 = Chi square, dƒ = degrees of freedom 
* p< 0.05 = statistically significant at 5% level ** p < 0.01 = statistically significant at 1% level 
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Figure 1 - Physical risk factor in lifting task 
 
 

 
 

Figure 2 - Lifting frequency 
 
 
Methodological framework on human lifting 
capabilities 
The proposed methodological framework used to 
determine human lifting capabilities shown in 
Figure 3. The framework was adapted 
fromDempsey16, Council17 and Karwowski18. The 
Dempsey model16 is basically a systems approach 
used to define the task demand to worker 

capacity ratio for manual material handling 
systems. The model consists of two basic 
elements as well as the factors which play a key 
role in manual material handling tasks. These 
factors need to be considered when optimizing 
the system. 
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29.4%
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11-30 times in an hour Over 30 times
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Figure 3– Methodological framework on human lifting capabilities 

 
However, this model does not indicate the 
pathways and factors that contribute towards 
musculoskeletal health. On the other hand, the 
National Research model17 is rather generic and 
therefore, it is not specific to particular job or 
task. Even though this conceptual framework 
indicates the pathways and factors that 
contribute towards WMSDs, it does not explicitly 
represent human capabilities in the system and 
how a certain task is performed (i.e. the 
postures adopted by the workers. The Karwowski 
model18 shows the importance of human 
capabilities and limitations which should be 
considered in systems design. However, this 
model is rather complex and its application is 
more on systems design.  
 
The methoological framework in Figure 3 serves 
as a basis of the methodology used to validate 
the hypotheses in this study. It shall be noted 
that the several elements involved in the analysis 
of the activities proposed in the methodology are 
based on our previous studies19,20,21. This 
framework shows the relationship between the 
elements, which provides insight on how the 
elements may be used effectively to determine 
human lifting capabilities. In this model, the task 
demand is centered on five significant variables: 
(1) load, (2) frequency (repetitiveness), (3) 
posture, (4) working height and (5) work  

 
procedure. It is perceived that the combination 
of these variables will largely determine whether 
a work situation will increase or decrease the 
risk of musculoskeletal health. The whole 
concept is simple. If the lifting load is extreme, 
this leads to an immediate injury to the worker. 
However, if the load is low, the onset of injury is 
dependent on the number of times per day the 
person is exposed to the lifting load. Awkward 
postures, combined with lifting loads and 
repetitions, will further accelerate injuries 
compared to postures that are more natural or 
neutral. It is understood that as the load of an 
object increases, the amount of mechanical work 
also increases. Assuming that the efficiency of 
the human body is constant, more energy will be 
needed to perform the additional work. Several 
researchers7,8,11,22,23 have studied load and its 
relationship to metabolic and cardiovascular 
responses. They concluded that an increase in 
metabolic energy expenditure results from an 
increase in the load to be lifted. Hence, it is the 
combination of lifting load, frequency of the 
lifting task and posture that contributes to 
musculoskeletal health. In manual lifting tasks, 
load, frequency, posture, working height and 
work procedure change constantly. Thus, 
workers who adopt unusual or restricted postures 
while working often experience higher rates of 
musculoskeletal injury. If awkward postures are 
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unavoidable in a workplace, then the tasks 
should be designed to match the lifting 
capabilities observed in these postures. With this 
in mind, it is deemed beneficial to use the 
variables identified in the proposed 
methodological framework when describing a 
system in future studies. In general, it can be 
expected that task demands will produce 
external loads (e.g. from lifting light loads with a 
high degree of repetitiveness) and this results in 
the transmission of muscular activity to the 
tendons and articulations24. This transmission 
consists of internal loads (biomechanical forces). 
These internal loads induced from task demands 
within the human body results in acute 
physiological and psychological responses, which 
may exceed the physiological and psychological 
tolerance of the worker. The acute physiological 
and psychological responses represent the 
workload during work as well as several hours 
after performing the work. Such responses may 
include short-term development of fatigue, 
discomfort or pain. When acute responses occur 
over a longer term, this will have an adverse 
effect on musculoskeletal health. Westgaard and 
Winkel25 classified acute responses into two 
categories: physiological and psychological 
responses. Physiological responses include 
muscle activity, heart rate and energy 
expenditure, whereas psychological responses 
are perceived fatigue and the level of comfort 
experienced by the workers. 
 
Human lifting capability refers to an individual’s 
ability to perform a lifting task in a safe and 
dependable manner5. Biomechanical, 
physiological and psychophysical approaches will 
be used to establish the recommended human 
lifting capabilities. Biomechanical exposure plays 
a key role in musculoskeletal disorder causation 
and this has been highlighted by a number of 
researchers26,27,28. However, recent studies have 
begun to unravel systematic links between 
biomechanical, psychophysical and physiological 
approaches. A recent study by Fisher and 
Dickerson29 reveals that there are important links 
between biomechanical limitations and 
psychophysical force acceptability as well as 
between perceived effort and moment loading at 
the shoulder. These findings support the ongoing 
use of psychophysical and biomechanical 
methods and implore future developments to 
improve their use to establish the recommended 
human lifting capabilities. Human lifting 
capabilities are related to the workers’ 
diagnosed conditions and the broad clinical 
picture of their biomechanical, neurological and 
musculoskeletal capacities that can be obtained 
by initial observations with the workers. Such 
knowledge will provide us with useful insight 
regarding the workers’ potential for change as 
well as the precautions which need to be 
considered as feedback during intervention. 
Human lifting capabilities should be integrated 

with the design of lifting tasks and equipment in 
order to ensure safe and effective operation. 
 
CONCLUSION 
 
This study contributes to the existing knowledge 
by addressing two important issues. Firstly, the 
following postures (trunk bent slightly forwards 
with hands above the knee level, and trunk 
twisted over 45o), as well as low loads with high 
frequency of repetitions are the significant risk 
factors of musculoskeletal disorders among 
workers involved in manual lifting tasks in the 
automotive industry. A methodological 
framework has been proposed based on the 
findings in this study, and it can be used to 
determine human lifting capabilities while 
accounting for the significant risk factors of 
musculoskeletal disorders among workers 
involved in manual lifting tasks in the automotive 
industry. This methodological framework serves 
as a basis for future studies on manual lifting 
tasks in the automotive industry in order to 
minimize musculoskeletal discomfort. 
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