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Abstract. The work of cutting lightweight bricks manually with the help of 

cutting tools still leaves problems. Unnatural working postures are a form of 

problems faced by workers. This causes musculoskeletal complaints that have 

an impact on comfort at work. To overcome this, a redesign of the lightweight 

brick-cutting tool was carried out using worker anthropometric data. The 

redesign was carried out on the pedal switch and work chair because this caused 

complaints from workers. The results of the redesign reduced the 

musculoskeletal complaints of workers who did lightweight brick-cutting work 

by an average of 49.36%. This figure was obtained from measurements after 

working on the old and new tools. The decrease occurred from an average of 

62.8 when using the old tool to 31.8 after the intervention. The study results can 

be used as a guideline for workers doing manual work to create a comfortable 

and sustainable working atmosphere. 
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1. INTRODUCTION 

Musculoskeletal complaints are often experienced by workers who work manually. This is the impact of unnatural 

work postures due to the lack of compatibility between workers and their work and the work tools used. Unnatural 

and unusual work postures cause musculoskeletal complaints, and exposure increases the risk of work injuries [1, 

2]. Applying anthropometric data to manual work, such as in lightweight brick-cutting workers, can produce a 

natural work posture. Existing work tools are redesigned with data on the body dimensions of workers as users to 

reduce the occurrence of musculoskeletal complaints. This is part of ergonomic measures to prevent sources of 

disease through engineering.   

By redesigning work tools based on workers' anthropometric data, engineering is needed as an ergonomic 

intervention step so that work postures become more natural. The decrease in musculoskeletal disorders (MSDs) 

is currently widely the impact of ergonomic interventions [3]. Complaints in the musculoskeletal system are 

complaints in the skeletal muscle felt by a person, ranging from very mild to very painful. Complaints that result 

in permanent injuries are usually called musculoskeletal disorders (MSDs) or injuries to the musculoskeletal 

system. Creating an effective, comfortable, safe, healthy, and efficient work atmosphere resulted from 

anthropometric data in creating a match between users and the tools used [4]. Anthropometric data is measured 

based on measurements of important body dimension parts according to the work tool to be designed. This is to 

determine the workers' interaction with their work equipment so that it is ergonomic and in accordance with the 

workers' body dimensions. Decreased levels of pain, risk of work posture, and increased productivity as a result 

of improvements in workstations [5]. Musculoskeletal disorders during manual handling, such as activities that 
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produce vibrations, lifting, lowering, pushing, and pulling, indicate that workers have high ergonomic issues that 

can be helped through ergonomic equipment categorization to select specific task risk analysis and posture analysis 

[6]. Manual work carried out by workers using tools that are not to the worker's posture is common. Some factors 

that cause musculoskeletal complaints include excessive muscle stretching, for example, pushing or pulling; 

repetitive activities, for example, hoeing; unnatural work postures, for example, squatting, bending, out of reach; 

and combinations, for example, working under exposure to the hot sun. This is due to workers' low knowledge 

regarding ergonomic work postures, experience, and carelessness. In addition, workers pay less attention to the 

comfort and sustainability of the work being done. The production process carried out manually or manual 

handling, if done incorrectly, causes disorders of the nervous system, tendons, bones, and muscles, which are 

referred to as musculoskeletal disorders [7]. Manual material handling that occurs in small and medium industries 

causes musculoskeletal disorders experienced by workers [8]. Lower and upper back pain, hands, shoulders, neck, 

wrists, ankles, knees, and elbows as symptoms of musculoskeletal disorders and can be reduced by training 

workers in ergonomics and alternating work postures [9, 10]. Work, as shown in Figure 1, is classified as manual 

with the help of work tools that are not yet ergonomic. This can be seen from the worker's less natural posture, 

especially in the feet and hands, which affects the sitting position. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Workers and lightweight brick-cutting tools 

 

Based on Figure 1, the pedal switch is located quite far from the reach of the feet, so workers experience complaints 

such as sore left legs after working. In addition, the sitting work position causes complaints in the waist because 

the seat used is not by the worker's working posture. Based on preliminary data collection using the Nordic Body 

Maps (NBM) questionnaire, the average level of musculoskeletal complaints was found to be above 60 points. 

According to Tarwaka [11], a score of 50-70 is in the moderate risk category, and corrective action is needed. 

Repairs were made to work tools that caused musculoskeletal complaints to workers. Measurement of the level of 

musculoskeletal complaints is part of the application of ergonomic principles. A production process like this 

requires ergonomic handling to reduce complaints due to unnatural working postures. The ergonomic approach, 

through the application of anthropometric data on rice threshing machines, can reduce operator musculoskeletal 

complaints from 60 to 12 [12]. The application of ergonomics with worker anthropometric data in the design of 

work tools for small farmers, such as mangosteen harvesters, solar hybrid dryers, drying chambers, and metal 

liquid pouring tools, can reduce musculoskeletal complaints and increase productivity [13, 14, 15, 16]. 

Redesigning work tools is needed through collaboration between the ergonomics and mechanical engineering 

fields, which is called ergo-mechanical. Work problems related to work tools, ergonomics, and occupational health 

and safety can be overcome by implementing ergo-mechanical [17]. Modifying work equipment with ergonomic 

interventions in the production process has an impact on reducing unnecessary movements, physical demands, 

workers' compensation costs, and injury rates [18]. The application of Ergo-mechanical to redesign or design work 

tools is a system of implementing integrated ergonomic and mechanical principles to create ergonomic work tools, 

namely technical standards such as service requirements, products, and materials, as well as comfortable use by 

workers [19]. In the study, work tools and seats were redesigned according to the posture of workers cutting 

lightweight bricks. Redesign based on input from workers to create comfortable, safe work and easy-to-operate 

work tools. 

 

2. METHODS  

The study used tools and materials such as lightweight brick cutting tools, lightweight bricks, workers as samples, 

Nordic body maps questionnaires, anthropometers or meters, anthropometric tables, and percentile tables. It was 

conducted through a case study in one of the industries that produces lightweight bricks in Batunyala, Central 
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Praya, Central Lombok Regency-Lombok. The application of anthropometry is measuring the dimensions of the 

worker's body according to the needs of the redesigned work tools and worker seats. 

The worker anthropometric data was measured for a sitting position because the work was done with a 

sitting posture. In this study, a redesign of the lightweight brick-cutting tool was carried out, especially on the 

pedal switching, worker seat, and the addition of a footrest. The location of the pedal switching, as in Figure 1, is 

far from the reach of the worker's feet, causing complaints such as pain in the left leg. The pedal switching was 

redesigned by changing the position and dimensions. A footrest was added to support the workers' feet so they 

would not fall into the existing channel. The worker's seat was redesigned by changing the dimensions and adding 

armrests and foam. Worker anthropometric data was used in redesigning the work tool by measuring important or 

needed body dimensions in the redesign, determining the user population, in this case, workers who cut lightweight 

bricks, calculating percentile values, and applications in the redesign of the tool. Anthropometric data and 

percentile values used include popliteal height and 5th and 95th percentile values; popliteal buttock distance with 

50th percentile value; shoulder width with 50th percentile value; hip width with 95th percentile value; shoulder 

height with 50th percentile value; elbow height with 5th and 95th percentile values; arm width with 95th percentile 

value; arm length with 50th percentile value; foot length using 95th percentile value; foot width using 50th 

percentile value. The number of samples based on workers working in the lightweight brick-cutting section is 5 

men. The calculation of the 5th, 50th, and 95th percentile values is as presented in Equations 1-3 sequentially. 

 

Percentile 5 =  x̅ − (1,65 x SD)                                                 (1) 

Percentile 50 =  x̅                                                               (2) 

Percentile 95 =  x̅ + (1,65 x SD)                                                (3) 

with 𝑥̅ the mean and SD is the standard deviation, as shown in Equation 4. 

SD =  √∑(xi−x̅)2

n−1

                            (4) 

xi is the measurement data, x̅ is the average of the measurement data, and n is the number of measurement data. 

 

3. RESULTS AND DISCUSSION 

 Table 1 presents the results of measuring workers' body dimension data or anthropometry. Measurements are made 

based on static anthropometric measurements of workers in a sitting position. Body dimension data are measured 

based on workers who do lightweight brick-cutting work. Age and length of service are 26-33 years and 3-4 years, 

respectively. 

Table 1. Body Dimension Data for Lightweight Brick-Cutting Workers 

No  Data Type Sample (cm)   

1 2 3 4 5 Mean Standard 

Deviation 

1. Popliteal Height 39.7 39.2 44.5 38.9 41 40.6 2.2919 

2. Buttock-popliteal Distance 41.3 42.7 46.1 39.8 43.2 42.62 2.3531 

3. Shoulder Width 42.1 42.9 46.2 40.4 44.6 43.24 2.2412 

4. Hip Width 37.7 37.6 42.9 41.5 41 40.14 2.3776 

5. Shoulder Height 50.1 49.9 56 49.3 51.9 51.44 2.7273 

6. Elbow Height 18 18.5 20.2 17.9 19.7 18.86 1.0359 

7. Arm Width 8.2 8.1 8.4 7.3 8 8 0.4183 

8. Arm Length 27.9 28.1 29.1 25.5 28.3 27.78 1.3535 

9. Length of the Sole of the 

Foot 

23.5 24.1 25.3 23.1 25.4 24.28 1.0402 

10. Foot Width 9.4 9.3 10 9.2 9.7 9.52 0.3271 

 
From the data in Table 1, the percentile value calculation is carried out to obtain the dimensions applied to redesign 

the work tool. The results of the calculation of the 5th percentile (P5), 50th percentile (P50), and 95th percentile 

(P95) values are presented in Table 2. The redesign uses data from Table 2 and as the dimensions of the new work 

tool. The results of the redesign are as presented in Figure 2. For the chair height, the design will add 10 cm to the 

height according to the footrest height. 
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Table 2. Data for calculating the percentile value of lightweight brick-cutting worker 

No Data Type P5 (cm) P50 (cm) P95 (cm) Application 

1 Popliteal Height 38.8 - 42.54 Chair Height 

2 Buttock-popliteal Distance - 42.62 - Chair Length 

3 Shoulder Width - 43.24 - Backrest Width 

4 Hip Width - - 42.1 Seat Width 

5 Shoulder Height - 51.44 - Backrest Height 

6 Elbow Height 18 - 19.72 Armrest Height 

7 Arm Width - - 8.33 Armrest Width 

8 Sleeve Length - 27.78 - Armrest Length 

9 
Length of the Sole of the 

Foot 
- - 25.14 Footrest Width 

10 
Width of the Sole of the 

Foot 
- 9.52 - Width of Pedal Switching 

 

 

 

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

 

Figure 2. a) Results of work tool redesign, b) and c) technical drawing (millimeter)  

 Figure 2 is the result of the redesign of Figure 1 using anthropometric data of male workers working in lightweight 

brick cutting. From Figure 2, it can be seen that the results of the redesign include changes in the position of the 

pedal switch on and improvements to the work chair. This redesign provides changes in the level of 

musculoskeletal complaints in workers. The results of tests conducted on the level of musculoskeletal complaints 

of workers using the Nordic body maps questionnaire showed a decrease in the level of complaints from using the 

new redesigned tool compared to using the old tool. This is shown in Figure 3. 
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Figure 3. Comparison of levels of musculoskeletal complaints among workers 

 

The decrease in musculoskeletal complaints in workers based on the condition of completion or after work was an 

average of 49.36%. When workers finish or work using old tools, the level of musculoskeletal complaints reaches 

an average of 62.8, with a range of 61-66. While using new tools gave a level of musculoskeletal complaints of an 

average of 31.8 with a range of 31-33. The level of musculoskeletal complaints with a total individual score of 50-

70 has a moderate risk level and requires corrective action [11]. This shows that workers experience a moderate 

risk level and require corrective action on the tools used. The measurements before working on the old and new 

tools showed an average level of musculoskeletal complaints of workers of 29.4 with a range of 28-31 and 28.8 

with a range of 28-30, respectively. This shows workers do not experience musculoskeletal complaints before 

working on the old or new redesigned tools. The level of musculoskeletal complaints with a total individual score 

of 28-49 has a low risk level [11]. Redesigning work tools based on workers' anthropometric data has been shown 

to have an impact on reducing workers' musculoskeletal complaints, in this case, in lightweight brick-cutting work. 

Workers do their work with a natural posture. This study is on the results of [20], which states that to minimize 

musculoskeletal injuries through natural work postures. In addition, the use of workers' anthropometric data creates 

an effective, comfortable, safe, healthy, and efficient work atmosphere [4]. The emergence of a natural work 

posture due to the application of ergonomics through measuring workers' anthropometric data, so that the level of 

musculoskeletal complaints can be reduced. This is in line with Olowogbon et al., that musculoskeletal disorders 

arise due to poor working posture in manual handling [9]. 

Harmony between work tools and workers is created by training workers in ergonomics. Based on the 

International Ergonomics Association, it is explained that ergonomics is a science related to the relationship 

between humans and other elements of a system and a profession that applies methods, data, theories, and 

principles to design in order to optimize the overall results of the system and human welfare [21]. The application 

of ergonomic principles to design work tools provides a sustainable, effective, comfortable, safe, healthy, and 

efficient way of working, and does not cause new problems after the tool is applied in a production process. 

Reducing musculoskeletal complaints can affect the level of productivity and quality of life of workers.This is in 

accordance with productivity calculated physiologically, namely the level of productivity influenced by production 

results compared to the level of musculoskeletal complaints. If the level of musculoskeletal complaints can be kept 

low, then the level of productivity will also be maintained optimally. 

 

4.  CONCLUSION  

The application of anthropometric data to the redesign of lightweight brick-cutting tools resulted in a decrease in 

the level of musculoskeletal complaints in workers. The redesign was carried out only on the pedal switch and 

work chair because this was what caused complaints from workers. The changes made were able to reduce the 

level of musculoskeletal complaints in workers by 49.36%. Measurements using the Nordic body maps 

questionnaire showed that before working on the old and new tools, workers did not experience musculoskeletal 

complaints and were at a low-risk level. The average level of musculoskeletal complaints was 29.4 and 28.8, 
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respectively. Workers using the tool before the intervention had an average level of musculoskeletal complaints 

of 62.8. Corrective action was needed regarding the tools used in the work. The improvements made to the pedal 

switch on the cutting tool and work chair were able to have an impact on the level of musculoskeletal complaints 

at a low risk level reaching an average of 31.8. This condition provides a comfortable working situation and a 

natural working posture. The results of the work tool redesign in this study can be applied in other places provided 

that the work tool conditions are similar and the workers are male. A wider sampling is needed with variations in 

male and female workers. 
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