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Abstract: Body posture is one of the most important parts when lifting an object as it can causes injury if the 

wrong technique and body posture were used. A worker will injure their low back if a bad posture is not in 

consideration. A good body posture is recommended among workers to reduce the chance of injury while 

lifting and improve their postural safety. The main objectives of this study are to observe the body posture of 

the worker during lifting and study the comparison of using lower back support when lifting.  It also 

investigates the muscle activity of the worker during heavy lifting using EMG and simulates the worker's 

movement using CATIA Software for Rapid Upper Limb Assessment (RULA) results. The selected grocery 

was chosen in Kota Samarahan, Sarawak with 7 male respondents are identified to undergo this study. The 

results show that the worker with lower back support tends to show raw EMG signal with lower muscle 

activity compared to without using lower back support. Thus, using belt support can reduce muscle activity 

by up to 67.4% compare to not wearing back support. Raw EMG signals also show 3010 amplitude (mV) 

muscle activity if postural safety of the workers improved by following the NIOSH lifting Recommendations. 
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INTRODUCTION              

Low back pain (LBP) is a serious health problem that 

must be taken care of by personnel. It is very common 

for a worker to experience symptoms of lower back pain 

in their working life. This is due to the amount of 

repetitive work that involves lifting, bending, and 

awkward position of the body that they must overcome. 

The worker that encounters lower back pain will 

contribute impact for the company, family, and 

government. The total costs of direct medical 

expenditures and loss of work productivity combined 

related to low back pain has been estimated to be as high 

as $635 billion annually in the US [1, 2]. A lot of 

expenses must be pay to give treatment to the worker 

that have low back pain in working their working place.  

Furthermore, some company productivity has 

been decreased due to workers that have to take medical 

leave due to their lower back pain problem. Lower back 

pain was the number one symptom complaint express by 

patient aged 25 to 60 years old and it is the costliest 

medical problem for the group age 30 to 60 years and it 

is also the most common health problem among older 

adults that results in pain and disability [3, 4-8]. Lower 

back pain has a direct relationship between overweight, 

duration of the employee working, age, and leisure-time 

physical activity [9]. There is also research showing that 

standing without the freedom to sit was associated with 

also related to LBP issues [9]. Other than that, different 

occupational physical, and psychosocial were factors 

also associated with LBP in sitting compared with 

standing workers [10]. 

A good postural will lead to the good safety of 

the workers. This also can prevent and reduce LBP and 

work musculoskeletal disorder (WMSD) problems 

among the workers. According to Malaysian’s Factories 

and Machinery Act (1967): Section 12 stated that no 

person shall be employed to lift, carry, or move any load 
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so heavy as to be likely to cause bodily injury to 

themselves [11]. Some research also shows that manual 

handling is one of the main causes of musculoskeletal 

injuries in the workplace [12]. Based on Malaysian’s 

Social Security Organisation (Socso) Annual Report 

(2014), the number of cases of occupational diseases 

increased from 2005 with 194 cases until 2014 had 

reached 3002 cases. Apart from that, 675 cases in 2014 

were related to occupational musculoskeletal diseases 

[13]. 

The main issue for the worker is lifting heavy 

objects during working which will lead to bodily injury. 

This problem occurs when lifting heavy objects 

manually and not by using mechanical means such as 

forklifts or hand trucks to transport items.  A study has 

been done on the acceptable weight for the human to lift 

is between, underweight (<18.5 kg/m2), normal (18.5– 

24.9 kg/m2) and overweight is (>25 kg/m2) [12]. 

Furthermore, awkward postures can be the main cause 

of body injuries for the worker during lifting [12]. By 

doing Bending and reaching the load that is away from 

the body it can cause the postural back body to undergo 

load concentrated more on the back which leads to stress 

on the lower spine and muscle fatigue [12]. Statistical 

analysis showed that workers in this study who reported 

more lifts per work shift were more likely to report 

instances of low back pain than other workers [14].   

Thus, this preliminary study aims to investigate 

the body posture of grocery workers while doing lifting 

activities in the workplace. It is also to investigate the 

difference between using lower back belt support and 

without lower back belt support in lifting and measure 

using low-cost develop device electromyography 

(EMG) and CATIA Software. 

 

METHODOLOGY 

This study is to undergo an experiment by achieving the 

main objectives that have been list out. The selected 

methodology was used to study the back pain of the 

selected grocery workers. To get the best result, several 

factors needed to be implemented. This is to reduce the 

error occurring during taking the result. The main aim 

of this study is to observe the body posture of the worker 

during lifting and the comparison of using lower back 

support when lifting.  It also investigates the muscle 

activity of the worker during heavy lifting using EMG 

and mimics the worker using CATIA Software to get the 

Rapid Upper Limb Assessment (RULA) results.  

 

Data Collection 

To indicate the worker has experience low back pain 

before, a set of questionnaires has been done for selected 

supermarket workers that involve in the lifting process. 

From the question, the major aim is to determine the age, 

gender, and duration of work that has more likely to 

have a low back pain problem. Other factors such as the 

working environment are also being asked in the 

questionnaire to determine if this factor will contribute 

to low back pain. 

 

Video Motion Setup 

A video recording is used in this study to determine the 

worker's body posture while lifting an object. From the 

video the analysis, the body posture of the worker by 

using CATIA software. From the software, we can 

determine the RULA score analysis of the posture. From 

observation method and video recording, the analysis of 

postural safety using CATIA software the RULA results 

will indicate the critical area which has the most effect 

on the human body when the wrong technique is used.  

 

Low-Cost Electromyography (EMG) Equipment 

In this study, the low-cost EMG device that has been 

developed by the researcher was used. For the low-cost 

EMG device, the equipment that is being used is 

ESPDuino-32 and Myoware sensor. The ESPDuino-32 

board acts as the microcontroller with an integrated Wi-

Fi module for the device and the Myoware is acting as a 

muscle activity sensor data. This device is used to 

analyze the muscle activity of the worker while using 

back support and without back support. The data also 

gather in real-time with the ESPDuino-32 that is 

connected to a Wi-Fi connection and the data 

transmitted to the ThingSpeak server as an IoT analytics 

platform service. From the server, the muscle activity 

data of the worker will be displayed. A comparison is 

made from the analyzed data to determine the effect of 

using back support.   

 The low-cost smart EMG device that develops is 

shown in Figure 1. Then this low-cost EMG device was 

attached to the workers. Figure 2 shows the placement 

of the device to the worker's back body. 

Fig 1: Low-cost EMG Device 

Fig 2: Low-Cost EMG Device on worker back body 
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RESULT AND DISCUSSION 

The process of restocking the goods start from 

unloading it from the lorry and transport the good to the 

store on the second floor of the building. To restock the 

goods in the grocery, the same process is involved. 

Figure 3 shows the worker restocks stored on the second 

floor of the building. 

 

 

 

 

 

 

 

 

 

 

Fig 3: Worker restocks in the grocery store 

 

A total of 7 male respondents with the range age of 20 

until 29 years has been participated to contribute to the 

questionnaire. All the respondents had their own 

experience with low back pain during lifting objects. 

Figure 4 shows the weight that has been lifted by the 

workers every day to restock goods in the supermarket. 

From Figure 4, about 72% of the workers carrying or 

lifting goods weigh between 10-20 kg per trip. This 

shows the average weight of the works for the workers 

to lifting. 

 

Fig 4: Weightlift by worker 

 

Figure 5 shows the results from Likert scale 1 to 5 

(strongly disagree to strongly agree) show the perfective 

of the worker about back pain in lifting. The average 

score shows that pain prevents them from lifting the 

weight off the floors, but they can manage to lift it if the 

weight is in a convenient position. This shows that the 

worker needs to use correct posture to lift the weight. 

Postural safety is one major concern by the workers.  

 

Fig 5: Workers perfective about back pain in lifting 

 

While for low-cost EMG device results, the 

comparison between without used back support and 

used back support was discovered. Figure 6 shows the 

raw EMG signal without the use of back support during 

lifting. The EMG Signal gathered from real-time data in 

ThingSpeak. The workers that are being tested have a 

normal body mass index in this experiment. This result 

is taken during peak hours of their working task. During 

peak hours, the staff handle a lot of loading and 

unloading grocery stock average of 10kg to 20kg from 

the store to the shop. Based on the graph, it shows the 

maximum value of 4600 amplitude (mV) of muscle 

activity when lifting an object without back support and 

incorrect body posture.  

Fig 6: Raw EMG signal of workers without back 

support for loading weight average 10kg – 20kg 

 

Figure 7 shows the raw EMG signal of the same 

workers but this time by using lower back support. The 

data show less muscle activity happens when using the 

belt support. The EMG signal show to be more constant 

with 1500 amplitude (mV). Thus, using belt support can 

reduce muscle activity by up to 67.4% compare to not 

wearing back support. 

Fig 7: Raw EMG signal of workers with back 

support for loading weight average 10kg – 20kg 
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Fig 8: RULA Score for workers lift an object  

 

Based on the video observation of the worker, Figure 

8 shows the body posture created in Human Builders 

with CATIA software. Then the RULA score can be 

determined to form the current body posture and 

evaluate with EMG to evaluate the body posture [15]. 

The final score of the RULA score is 6 which is still a 

medium risk for the worker. Even though it is a medium 

risk, but the body posture of lifting needs an 

improvement for the safety of the worker.  

Fig 9: Improve RULA Score for workers 

 

Figure 9 shows the improved body posture of the 

worker while lifting goods in the store. The correct body 

posture is needed to reduce back pain and lowered 

muscle activity. The total improves RULA score is in an 

acceptable range which is 3 or below 3 for good posture. 

The differences between improve body posture and bad 

body posture are that the knee is bend and the back 

section is in a straight position. This is the acceptable 

body posture for lifting an object that is lower than knee 

level. The most affected area of the boy is the wrist only 

which has a RULA score of 3, where all aspects of body 

posture in the future need to consider. Other lifting 

equipment or engineering control and good ergonomic 

design will help to improve the quality of the 

comfortable feeling to humans [16].  

As for raw EMG signal comparison, Figure 10 shows 

the differences of electromyography signals between a 

good posture and a bad posture while lifting.   

 

 

Fig 10: Raw EMG signal for bad and good posture 

 

As the raw EMG signal is the train of Motor Unit 

Action Potential (MUAP) showing the muscle response 

to neural stimulation [16]. The amplitude range of the 

raw EMG signal is 0-10 mV (+5 to -5) before 

amplification [16]. In this study, the raw EMG signals 

are not decomposition through MUAP, and noise factors 

are not included as known that acquires noise while 

traveling through different tissue [17]. The blue line on 

the graph represents good body posture and the orange 

line indicates bad body posture. The peak point of the 

blue line is 3010 amplitude (mV) and the lowest 

electromyography signal it reaches is 1243 amplitude 

(mV). While the orange line, the peak point of the graph 

is 4095 amplitude (mV) and the lowest point is 2451 

amplitude (mV). This shows a difference between good 

and bad posture and the effect of muscle in lifting. This 

can help to reduce the back pain of workers if they 

follow the NIOSH Lifting recommendations [18].  

 

CONCLUSION 

The worker should be aware of their body postural 

safety and the importance of wearing a kind of lower 

back support when lifting a heavy object in the 

workplace. It is important to study the correct body 

posture as it will prevent injury such as lower back pain 

to happen. The manager of the grocery store also should 

give awareness about the importance of body postural 

safety and provide their worker with lower back support 

when working. Less injury to the worker will give more 

benefit to the company as they do not have to pay for the 

treatment fees.  Future research with filtration of EMG 

Noise signal factors could be studied to investigate the 

muscle activity of the worker. 
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