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Abstract— This paper presents prevalence of musculoskeletal symptoms discomfort (MSD) among Manual Material Handling (MMH) workers at 

Advanced Manufacturing Technology (AMT) particularly at Computer Numerical Control (CNC) workstation. A Cornell Musculoskeletal Discomfort 
Questionnaire (CMDQ) and Risk Factor Questionnaire (RFQ) were used. Both questionnaires were completed by 113 MMH workers at CNC workstation. 
Chi-squared tests were performed to determine if there was any association between risk factors and MSD symptoms discomfort. The result reveals that 
the highest prevalence MSD symptoms occurred at lower back (85.8%), followed by neck (85%), upper arm (right 81.4%, 77.0 left), 77.9% with forearm 
(right 78.8%, left 77.0%). There is an association between the posture and musculoskeletal symptoms. The influential posture factors include twisting the 
trunk over than 45° and bending sideways (p < 0.05), bending the trunk slightly forward with hands above knee level (p < 0.05), bending the trunk 
forward with hands below knee level (p<0.05). There is no association between individual factors (age and working experience) and musculoskeletal 
discomfort. 
 
Index Terms— Musculoskeletal Symptoms, Manual Material Handling, Advanced Manufacturing Technology, Manufacturing Industry, CNC machine, 
Cornell Musculoskeletal Discomfort Questionnaire, Malaysia. 

——————————      —————————— 

1 INTRODUCTION 
MUSCULOSKELETAL Disorders (MSDs) are a major cause of 

work-related disabilities and lost work time in developed and 

developing countries [1], [2], [3]. MSDs are the first ranking 

occupational disease in Malaysia in 2017 which accounted 

61.6% of the total disease, which affecting upper limb region 

(28.14%), lower limb region (22.7%) and trunk region (14.4%) 

and manufacturing industry recorded the highest of MSDs 

injuries rate among all industries which accounted 23.7% of 

the total injuries [4]. From the cause of reported injuries, 

10.3% of injuries were caused by manual work particularly 

manual material handling (MMH) and the numbers of injuries 

keep increasing from 2016 to 2017 by 3.3% [4] 

MMH workers exposed to high risk of MSDs especially those 

who are working at Advanced Manufacturing Technology 

(AMT) machine workstation. At this workstation, workers work 

as material mover to lift part from pallet to machine, set up part 

into workpiece and lowered part from machine to pallet. 

Hence, physical activities such as lifting, carrying, pulling, 

pushing and other awkward working postures are very 

common. In these conditions, a high rate of WMSDs is 

expected. Furthermore, workers at AMT workstation require in 

operating display terminal and control panel. Sustained arm 

posture during operating control panel reported to highest 

discomfort at shoulder and arm while neck position in looking 

at displays on a very high and very low height of control panels 

exposed workers to get neck discomfort [5].  In Malaysia, 

94.5% of AMT has been implemented in manufacturing sector 

[6]. CNC machine is one of the common AMT used in 

Malaysian manufacturing industry [7]. Working at AMT 

workstation is considered as hazardous zone and add high 

risk to MSD [8]. Moreover, injuries that involve the 

engagement of workers and machine accounted over one-

fourth of all fatal work injuries in 2015 [9].  At CNC machine, 

tasks are not self-chosen, and workers are required to 

complete tasks based on the production target which have 

been set at the machine. The presence of high speed and 

short cycle time from CNC machine require workers to move 

faster. If these situations continue in the prolonged time, it can 

be very taxing on the musculoskeletal system and 

cardiovascular system of the body and leads to 

musculoskeletal discomfort and WMSDs. The situations 

become more severe if a worker requires to operate more than 

one running machine concurrently.  

Physical factors such as awkward posture, trunk twisting, 

overhead reaching, repetitive movement, moving heavy object 

and poor working conditions are always found during loading 

part to machine, unloading part from machine and sorting 

which lead to high risk of musculoskeletal discomfort 

particularly at the back. The musculoskeletal disorders are 

most frequently recorded among manual handlers related to 

the lower back, upper back, shoulders and knees [10]. A 

scientific research has proven that manual material handling 

has a strong predictor to the development of low back 

complaints [10],[11],[12]. Studies of WMSDs at AMT 

workstation have been discovered by past researchers [5, 13, 

14]. In these researches, the characteristic of control panel 

and video display terminal at CNC machine is considered as a 

main focus. Imtiaz [13] investigate the optimum characteristic 

of control panel height, degree of panel angle and the distance 

of workers while operating CNC machine among female 

workers. He found that 33.06% of working performance 

improved when 90 cm of machine panel height and 60 

degrees is set. However, many factors influence the working 

performance and the major factor is workers discomfort. 

Muthukumar, Sankaranarayanasamy and Ganguli [14] 

investigate the frequency, intensity of discomfort, and 

interference of the level of discomfort among 122 CNC 

workers. Results reported that shoulder and arm region have 
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the highest discomfort and workers report discomfort several 

times a day. They also reported high mean discomfort scores. 

Other discomfort study among CNC workers was also 

conducted by Muthukumar Sankaranarayanasamy and 

Ganguli [5]. They found that 53.3% of CNC machine workers 

felt highest discomfort at shoulder and arm, 45.9% at lower 

back, 41.8% at neck, 22.1% at upper-back and 21.3% of 

workers reported discomfort in the leg. Other tasks at AMT 

workstation such as MMH also give an adverse effect to the 

workers discomfort. However, these tasks were not taken as 

an important variable in the past research and the 

investigation of workers discomfort which considers the whole 

tasks including operating control panel, operating display 

terminal and manual material handling at CNC machine during 

operation in production line is still scarce. Considering the high 

risk of MSDs in this profession and the relatively new 

introduction of advance machine in Malaysian manufacturing 

industry, investigation of this problem is very crucial. The 

purpose of this study is to determine the prevalence of 

musculoskeletal symptoms among MMH worker at CNC 

machine workstation in automotive industries. The findings of 

this study would be beneficial as an early intervention to 

provide a basis for development of practical solutions to 

reduce the risk of development of MSDs symptoms among 

manual handlers. 

 

2 MATERIALS AND METHODS 
2.1 Study Design 

This cross-sectional survey was conducted among manual 

material handling workers in automotive industries. A total of 

10 automotive industries in West of Malaysia were identified 

from the Malaysian Industrial Development Authorities (MIDA) 

list and invited to involve in this survey based on the major 

work process in manual material handling of metal fabrication 

and the practices of advanced machining in their industries. 

Out of 10 automotive industries, 3 companies agreed to 

participate in this survey. The survey was conducted 

individually in the workplace during working hours. The 

workers completed the survey voluntarily. 

 

2.2 Participants 

This study involved 113 manual material handling workers at 

CNC workstation. The selected workers were those who met 

the criteria; male, more than one year working experience and 

directly engaged with manual material handling (loading and 

unloading, lifting, lowering). Detail explanation of the study 

was given to workers and written consent from workers was 

obtained prior to their participation in the study. The protocol 

and procedures employed in this study were approved by the 

University Malaya Research Ethics Committee (UMREC). 

 

2.3 Description of Task 

A worker had to handle 2 machines during the process. The 

task was initiated when a worker took one part from pallet and 

loaded it to machine 1. During this process, the worker had to 

clamp the part to the workpiece manually. Then, worker closed 

the machine’s door and pressed the start button at a control 

panel. Next, the worker walked to machine 2 and did the same 

thing as task at machine 1. When the process at machine 1 

was completed, the worker walked to machine 1. Then, the 

worker pressed the button at the control panel and opened the 

machine’s door. Next, the worker had to unload the part from 

the machine and soak it into the water. After that, the part 

would be dried and the unwanted material attached to the part 

during machining was removed by using air pressure. The 

quality of the processed part then was checked and put at the 

sorting area.  At their workplace, this process is repeated for 8-

12 hours per day. The weight of metal part handled by workers 

is usually below than 3 kg. The cycle time for each machine is 

varies depending on the operation (30s – 60s). 

 
2.4 Cornell Musculoskeletal Discomfort Questionnaire 

(CMDQ) 

This study used a Cornell Musculoskeletal Discomfort 

Questionnaire (CMDQ) [15]. The CMDQ is widely used to 

assess self-reported MSD symptoms among workers for a 

wide range occupational groups [16, 17] and it is a validated 

and reliable tool for the evaluation of musculoskeletal 

discomfort among the study population [18].  The first part of 

the questionnaire contained questions related to demographic 

features: age, height, weight, work experience and working 

hours per day. The second part of the questionnaire is related 

to the occurrence of disorders (pain, ache, discomfort) in 20 

body regions: neck, shoulders, upper back, upper arm, lower 

back, forearm, wrists, hips/buttocks, thighs, knees, lower legs, 

and foots. This questionnaire emphasizes on the frequency of 

discomfort, severity and interference to the task for the last 7 

days. 

 

2.5 Risk Factor Questionnaire (RFQ) 

The Risk Factor Questionnaire (RFQ) [19] was used to 

investigate the physical risk factors that may be associated 

with work related musculoskeletal disorders. In this 

questionnaire, the participants were asked about the 

frequency of posture adopted during MMH activities in working 

time. These postures include lifting, pushing, pulling and 

carrying that have been adopted in the workplace. Six scores 

were used as a rating scale which include never, rarely (10% 

of working time), sometimes (25% of working time), 

moderately (50% of working time), constantly (75% of working 

time and all the time (100% of working time). 

 

2.6 Statistical Method 

The SPSS (Version 20.0) was used for statistical analysis. 

Descriptive statistics of demographic features and 

musculoskeletal discomfort were presented in the form of 

numbers, percentages, means and standard deviations. Chi-

squared tests were performed on all categorical variables to 

determine if any associations between risk factors and 

musculoskeletal discomfort existed.  

 

3 RESULT 
 

3.1 Demographic Characteristics 
The average age of the surveyed workers was close to 26 

years (25.88 ± 6.59 years) and majority of the workers age is 

between 21-30 years (53.1%). Most of workers have less than 

1 year working experience (48.7%), followed by 1-5 working 

experience (44.2%) and 7.1% workers have more than 10 

years working experience. Their working experience as 

manual material handler ranged from half a year to 24 years. 

Majority of workers (97.3%) were right-handed. Detailed of 

demographic information is presented in Table 1. 

 

 

TABLE 1 
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DEMOGRAPHIC CHARACTERISTIC OF MMH WORKER (N=113) 

 
Variable Mean 

(standard 
deviation) 

Range Distribution  

Age (years) 25.88 (6.59) 18-50 < 20 years: 25.7% 
21- 30 years: 53.1% 
31- 40 years: 17.7% 

> 40 years:3.5% 
 

Working 
Experience 
(years) 

2.73 (4.06) 0.5-24 < 1 years:48.7% 
1-5 years:44.2% 
> 10 years: 7.1% 

 
Working 
hours per 
day (h) 

10.72 (1.95) 8-12 1-8 hours: 18.6% 
9 to 12 hours:81.4% 

 

3.1 Musculoskeletal Symptoms 
The prevalence of self-reported musculoskeletal symptoms 

during the last seven days was 78.8%. The frequency of 

musculoskeletal symptoms among the surveyed MMH workers 

in each of the body regions was shown in Table 2. During the 

last seven days, 85.8% of the MMH workers had problems 

with the lower back, 85% of with the neck, 79.6% with upper 

back, 79.2% with upper arm (right 81.4%, left 77.0%), 77.9% 

with forearm (right 78.8%, left 77.0%), 77.5% with shoulders 

(right 78.8%, left 77.5%). Least workers had problems with 

knee which was 72.2% (right 70.8%, left 73.5%). 

 

TABLE 2 

THE PREVALENCE (%) OF MUSCULOSKELETAL SYMPTOMS AMONG 

MMH WORKERS (N=113) 

Body region  
(R-right; L- left) Symptoms last seven days 

Neck 85.0 

Shoulder R/L 78.8/76.1 

Upper Back 79.6 

Upper Arm R/L 81.4/77.0 

Lower back 85.8 

Forearm R/L 78.8/77.0 

Wrist R/L 74.4/72.6 

Hip 77.0 

Thigh R/L 78.8/70.8 

Knee R/L 70.8/73.5 

Lower leg R/L 70.8/76.1 

Foot R/L 72.6/75.2 

 

3.2 Working posture at CNC workstation 
Fig.1 represents the percentage of workers adopted posture 

during the daily activities at CNC workstation. The result 

indicates that 45.1% of workers adopted the whole day of their 

working time with trunk twisted (over 45°) and bending 

sideways, 43.1% of workers adopted trunk slightly bent and 

hands above the knee and 13.3% of workers adopted trunk 

slightly bent below the knee level during their working time. 

Most of workers adopted trunk twisting as their main activity 

during working. 

 

 
 
 

Fig. 1. The percentage of workers adopted posture during 100% 

of working time 
 

3.3 Association of individual factor and physical factor to 

musculoskeletal discomfort 
Table 3 represents the association of individual factor (age and 

working experience) and physical factor (posture) to 

musculoskeletal discomfort.  Result indicates that all older 

workers whose age are more than 40 years experienced 

discomfort on all body regions compared to young workers 

with workers age 31-40 years (80.0%), workers age 21-30 

years (75%) and workers age less than 20 years (82.8%). 

Workers who have working experience more than 10 years 

tend to have more discomfort compared to younger workers 

(100%) while workers who has less than 1 year working 

experience (80%) and 1-5 years working experience (74%).  

According to the observation, the older workers and more 

experience workers prone to get more discomfort. Age and 

working experience have no association with musculoskeletal 

discomfort.  

The result also indicates that influential physical factors 

(posture) that affect the musculoskeletal discomfort are 

adoption of the following postures: bending the trunk slightly 

forward with hands above knee level (p < 0.05), bending the 

trunk forward with hands below knee level (p<0.05), twisting 

the trunk more than 45° and bending sideways (p <0.05). 
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TABLE 3 

ASSOCIATION BETWEEN RISK FACTOR AND MUSCULOSKELETAL DISCOMFORT 

 
χ2=chi square, dƒ = degrees of freedom  
* p< 0.05= Correlation is statistically significant at 0.05 level (2-
tailed) 
** p< 0.01= Correlation is statistically significant at 0.01 level (2-
taile

Risk Factors (n) Musculoskeletal discomfort (%) Chi-Square Significant 

 Discomfort None Discomfort   

Age   x
2
 = 0.597, dƒ =3 p >0.05 

less than 20 (29) 82.8 17.2   

21-30 years (60) 75.0 25.0   

31- 40 years (20) 80.0 20.0   

more than 40 years (4) 100 0   

     

Experience   x
2
 = 0.236, dƒ =2 p >0.05 

<1 year (55) 80.0 20.0   

1-5 years (50) 74.0 26.0   
>10 years (8) 100 0   

     

Bending the trunk forward slightly, hands 

above knee level  

  
x

2
=19.427, dƒ =5 p <0.05* 

never (2)  100.0 0   
rarely (1) 9.1 90.9   
frequently (12) 16.7 83.3   
moderate (12) 86.2 13.8   
constant (37) 87.5 12.5   
all the time (49) 94.6 5.1   
     
Bending the trunk forward, hands below 
knee level 

  
x

2
=11.421, dƒ =5 p <0.05* 

never (40) 87.5 12.5   
rarely (25) 64.0 36.0   
frequently (15) 60.0 40.0   
moderate (11) 100.0 0   
constant (7) 80.0 14.3   
all the time (15) 78.8 20.0   
     
Twisting the trunk (over 45

o
) and bending 

sideways  
  

x
2
=18.284, dƒ =5 p <0.005* 

never (1) 100 0   
rarely (1) 100 0   
frequently (17) 41.2 58.8   
moderate (14) 92.9 7.1   
constant (29) 79.3 20.7   
all the time (51) 86.3 13.7   
     

Pushing/pulling loads   x
2
=9.367, dƒ =5 p >0.05 

never (19) 89.5 10.5   
rarely (25) 60.0 40.0   
frequently (11) 72.7 27.3  

 
moderate (11) 90.9 9.1   
constant (6) 66.7 33.3   
all the time (41) 85.4 14.6   
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4 DISCUSSION 
The research shows that the prevalence of MSD symptoms 

among MMH workers at CNC workstation is a serious 

problem. Among 113 MMH workers surveyed, 87.61% of MMH 

workers rates more than 10 body regions experienced 

discomfort during last seven days. The highest rates of MSD 

symptoms were recorded for the lower back, neck and upper 

back. High rates also were obtained for the upper arms, 

forearms and shoulders. This might be due to the activities at 

CNC workstation which requires more interaction of upper 

body to machine compared to lower body region. It results in 

exposing the upper region to be affected with discomfort. This 

finding is supported by previous research from [10, 14] which 

found that the highest prevalence occurred among CNC 

workers was at lower back region. The lower back is the body 

region which is most exposed to the high MSD risk. This might 

be caused by the working posture during engagement of 

workers to machine.  Almost all the time, workers adopted 

trunk twisting (over 45°) and bending sideways. This also 

recorded in the result which was 45.1% of workers throughout 

a day with this posture. These postures are required for them 

to take part on the table beside the machine and load them to 

the machine. In addition, they are also required to twist their 

trunk to take part on a table and load to CNC machine and 

unload part from CNC machine and put on the same table. 

Another posture which contribute to the lower back discomfort 

is trunk slightly bent and hand above the knee level. These 

postures are required for workers to clamp the part to the 

workpiece. This condition sometimes exposes workers to 

overreaching posture. This will affect the back discomfort. 

Furthermore, the workers are also exposed to bend trunk 

forward with hand below the knee level. At CNC workstation, 

workers adopt this posture when they are required to transfer 

part to the pallet.  All of these postures are continuously 

repeated during their 8-12 hours of working. In more severe 

cases, they are required to perform these tasks between two 

or more machine in 1-minute cycle. Due to this variety of 

working conditions adopted in the prolonged time, it can affect 

the musculoskeletal systems and expose workers to high risk 

of MSD. Neck is recorded as the second highest of MSD 

symptoms after lower back regions. MMH workers involve in 

this study perform repetitive tasks especially during cleaning 

and inspection task. They are required to hold parts while 

cleaning process which usually need them to bend more than 

20°of their neck. Furthermore, the variation of height of control 

panel and display mounted at CNC machine is related to the 

degree of neck discomfort [5]. Another body region which is 

affected with high rates of MSD symptoms are upper arm and 

forearms. This result is in line with study conducted by 

Muthukumar, Sankaranarayanasamy and Ganguli [5] which 

found that the arm is among the highest MSD reported. It is 

occurred since MMH tasks at CNC machine cover loading and 

unloading part process which involve hands particularly using 

greater function of upper arm and forearm for transferring 

parts. In addition, prolonged holding parts during cleaning 

process, carrying part when transferring part to inspection 

table and sorting station also result discomfort at the upper 

arm and forearm regions. Furthermore, the pace of task at 

CNC machine is not self-chosen and workers are required to 

perform the tasks based on CNC machine demand. Workers 

are required to move faster with the short cycle time set at the 

machine even when they cannot continue to perform the task. 

Musculoskeletal system and cardiovascular system will be 

directly affected if this situation continues in the prolonged time 

[11]. Furthermore, high rate of MSD at upper arm and forearm 

regions is due to the sustained arm posture during operating 

control panel and video display terminal. Older workers 

presented the higher musculoskeletal discomfort in various 

body parts throughout 8-12 hours of working time. Compared 

to young workers, the result presents that all workers aged 

more than 40 years feel musculoskeletal discomfort during 

working time. It is reported that the musculoskeletal symptoms 

can be a problem among young and older workers, but it tends 

to be more severe in older workers than younger workers [20]. 

Furthermore, it is important to remember that the technology 

such as CNC is relatively new, thus age does not mean 

greater exposure to the work condition [5].  There were 

significant association between the postures and 

musculoskeletal symptoms. Awkward posture and repetition 

put high risk of musculoskeletal symptoms and it became 

more severe when there are bending and twisting posture at 

the same time. Handling light load (≤3kg) in awkward posture 

(bending trunk slightly forward while hands above the knee 

level (94.6% throughout 8-12 working hours; trunk twisted over 

than 45° (86.4% throughout 8-12 working hours)) while 

sideway bending repetitively results in high risk of developing 

musculoskeletal symptoms.  This could be due to most of 

working methods at CNC workstation require workers to do 

horizontal arm handling tasks which require transferring parts 

from pallets or table to machines or transferring parts from 

machines to pallets.  

 

5 CONCLUSION 
The study concludes that the prevalence of self-reported 

MSDs symptoms among MMH workers at CNC workstation 

was 78.8%. Highest MSD symptoms occur at the lower back 

(85.8%). Neck, upper arm and forearm are the next most 

frequent parts having discomfort. The mentioned postures 

have significant association with musculoskeletal discomfort (p 

< 0.05). The postures include trunk twisted over than 45° and 

bending sideways, trunk slightly bent forward with hands 

above knee level and trunk bent forward with hands below 

knee level. The findings of this study would be useful as an 

initial action to cater the MSDs problem among MMH workers 

at AMT workstation. An appropriate preventions and 

intervention strategies could be suggested to ensure a 

healthier working environment and consequently improve 

productivity of AMT workers.   It is suggested that; further 

studies can be conducted to find the strength of the posture 

factors that affect to musculoskeletal discomfort. Furthermore, 

future studies are recommended to include psychosocial 

factors and its association to WMSDs. A similar study also can 

be conducted on wider population to find out the impact factors 

on the occurrence of musculoskeletal discomfort.  
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