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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in 
fulfilment of the requirement for the degree of Doctor of Philosophy

SIMULATION-BASED EVALUATION OF UPPER LIMB POSTURES ACROSS 
RANGE OF MOTION THROUGH MUSCLE ACTIVITY AND ENERGY 

EXPENDITURE

By

AZIZUL RAHMAN BIN ABD AZIZ

June 2019

Chair : Assoc. Prof. Siti Azfanizam Binti Ahmad, PhD 
Faculty : Engineering 

Ergonomics assessments is an indexing approach to human work activities 
embrace postures, load and repetitions. There are studies on ergonomics 
assessments comparison which have criticized the agreement among the 
outputs of the assessment. This research rises from an investigation by Fountain 
L.J. in 2003 regarding testing on 3 different postures scored by Rapid Upper 
Limb Assessment (RULA) on muscles activity and claimed that it was 
insignificant difference between measured electromyography with RULA scores. 
The objective of this research is to evaluate muscles activity and energy 
expenditure across postures deflection differences with Malaysian male 
anthropometry subject concerned. This evaluation covers upper limb postures 
as stated by RULA section A. The research was initiated with a verification study 
on three different elbow flexion posture angles with different scores by RULA on 
the prime mover muscles activity and total energy expenditure. The result has 
identified that variables changes existence between different postures tested 
and has permit for advance detail simulation using Universiti Putra Malaysia 
AnyBody Modelling System (AMS) software with more angles precision within 
the postures range of motion. The simulation outputs concerned were the 
specific postures prime mover muscles activity, maximum muscles activity and 
potential energy. The prime mover muscles simulation result has shown the co-
contraction rhythm between the agonist and antagonist muscles. Maximum 
muscles activity represents the maximum muscles stress and potential energy 
expenditure as the fatigue tendency of specific posture. Both outputs were 
analyzed about the statistical significance using the P-value with 0.05 cut-off. 
Only the potential energy expenditure variable gives a P-value lower than 0.05 
for all postures tested. The relationship model between the potential energy and 
the angle deflected has been developed to differentiate specific postures angles 
fatigue tendency. Both variables output value also deviated into low, medium 
and high magnitudes within the range. These results have enlightened the 
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postures risk index by kinesiology magnitude reference with scores by RULA. 
Besides that, maximum muscles activity is more applicable for postures stress 
measurement compared to prime mover muscles activity which only measures 
the stress on specific muscles.
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia 
sebagai memenuhi keperluan untuk ijazah Doktor Falsafah

PENILAIAN BERASASKAN SIMULASI BAGI POSTUR BAHAGIAN ATAS 
BADAN MERENTASI JULAT PERGERAKAN MELALUI AKTIVITI OTOT DAN 

PENGGUNAAN TENAGA 

Oleh

AZIZUL RAHMAN BIN ABD AZIZ

Jun 2019

Pengerusi : Prof. Madya Siti Azfanizam Binti Ahmad, PhD
Fakulti : Kejuruteraan

Penilaian ergonomik adalah pendekatan indeks terhadap aktiviti kerja manusia 
merangkumi postur, beban dan pengulangan. Terdapat kajian perbandingan 
yang telah mengkritik persetujuan di antara output penilaian. Penyelidikan ini 
timbul daripada penyiasatan Fountain L.J. pada tahun 2003 terhadap tiga postur 
Penilaian Pantas Bahagian Atas Badan (RULA) yang berbeza pada aktiviti otot 
dan mendakwa bahawa perbezaan tidak ketara di antara elektromilogi yang 
diukur dengan skor RULA. Objektif kajian ini adalah bagi menilai aktiviti otot dan 
perbelanjaan tenaga merentasi perbezaan pesongan postur berkenaan subjek 
antropometri lelaki Malaysia. Penilaian ini merangkumi postur bahagian atas 
seperti yang dinyatakan RULA seksyen A. Penyelidikan ini dimulakan dengan 
kajian pengesahan mengenai tiga postur lenturan siku dengan skor RULA yang 
berbeza pada aktiviti otot penggerak utama dan jumlah perbelanjaan tenaga. 
Hasilnya telah mengenal pasti bahawa perubahan pembolehubah wujud antara 
postur yang diuji dan membenarkan bagi simulasi terpeinci menggunakan 
perisian AnyBody Modeling System (AMS) Universiti Putra Malaysia dengan 
lebih ketepatan sudut dalam julat gerakan postur. Hasil simulasi yang 
bersangkutan adalah aktiviti otot penggerak utama, aktiviti otot maksimum dan 
tenaga keupayaan postur. Hasil simulasi otot penggerak utama telah 
menunjukkan irama ko-kontraksi antara otot agonis dan antagonis. Aktiviti otot 
maksimum mewakili tekanan maksimum otot dan perbelanjaan tenaga 
keupayaan sebagai kecenderungan keletihan postur tertentu. Kedua-dua output 
dianalisis kepentingan statistik menggunakan nilai-P dengan potongan 0.05. 
Hanya pembolehubah tenaga keupayaan memberikan nilai-P lebih rendah 
daripada 0.05 bagi semua postur yang diuji. Model hubungan antara tenaga 
keupayaan dan sudut telah dibangunkan bagi membezakan sudut postur 
dengan kecenderungan keletihan. Kedua-dua nilai pembolehubah juga 
diasingkan kepada magnitud rendah, sederhana dan tinggi dalam julat 
pesongan. Hasil ini telah mencerahkan indeks risiko postur dengan rujukan 
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magnitud kinesiologi bersama skor RULA. Selain itu, aktiviti otot maksimum 
adalah lebih sesuai bagi pengukuran tekanan postur berbanding dengan aktiviti 
otot penggerak utama yang hanya mengukur tekanan pada otot tertentu.
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CHAPTER 1

INTRODUCTION

This chapter expresses the basis of the research idea of evaluating the upper 
limb postures using kinesiology parameters. It discussed the reason behind this
research conceptual framework development. The absence of quantitative 
measurements in practiced ergonomics assessment has been identified in 
review studies on the assessments. Related variables from previous studies 
have been identified for research orientations. At the end of this chapter, it 
clarified regarding the research problem statements, research objectives and 
research methodologies concerned in this evaluation study.

1.1 Research Background

The contextual of this study is about the ergonomics postures assessment output 
results or index disagreement. The postures assessment is the evaluation of the 
awkwardness level (Ergoweb, 2015). Awkward postures refer to the positions of 
the body while performing work activities that deviate significantly from the 
neutral position. The occurrence of awkward position makes the muscles 
operate less efficient which require more force expended to complete the works 
task. Work activities which frequently operated or repetitive with awkward 
postures existence will cause some disorders that may be painful during work or 
at rest. Work-related musculoskeletal disorders (WMSDs) is a group of painful 
disorders of muscles, tendons, and nerves such as carpal tunnel syndrome, 
tendonitis, thoracic outlet syndrome, and tension neck syndrome. WMSDs are 
also known by other related names such as repetitive motion injuries, repetitive 
strain injuries, cumulative trauma disorders, occupational cervicobrachial 
disorders, overuse syndrome, regional musculoskeletal disorders and soft tissue 
disorders which are associated with work patterns including fixed or constrained 
body positions, continual repetition of movements, force concentrated on small 
parts of the body and a pace of work that does not allow sufficient recovery 
between movements. 

In 2004, a research stated that WMSDs involved with a median of 8 days absent 
from work compared with 6 days for all nonfatal injury and illness cases with the 
manufacturing and services industry sectors together accounted (Centers for 
Disease Control and Prevention, 2004). Furthermore, Commission on 
Behavioral and Social Sciences and Education (2011) reported WMSDs alleged 
for nearly 70 million physician office visits in the United States annually and 
estimation of 130 million total health care encounters including outpatient, 
hospital, and emergency room visits. In Malaysia from Social Security 
Organization (SOCSO) statistics in 2013, ergonomics-related cases stood at 694 
from the total 2,360 occupational disease cases with every 4 occupational cases 
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are reported to SOCSO, while one will be related to ergonomics. However, 
prevention of WMSDs can be practiced with ergonomic or human factor 
engineering tool or assessments by identifying the workplace or activities risks.

Various ergonomics analysis tools are available nowadays to assess the 
exposure to risks associated with WMSDs. These tools contemplation analysis 
can be the either qualitative, semi-quantitative or quantitative based 
measurement. Qualitative analysis tools gather basic observational data about 
a task related to discomforts. This kind of analysis tools generally requires the 
least amount of effort for the ergonomist. Job analysis checklists are an example 
of qualitative ergonomic tools with simple ergonomics analysis assesses 
whether a risk factor is existing. Semi-quantitative analysis tools include both 
judgment data and simple quantitative data. 

Research has determined the ergonomics analysis tools likelihood used in the 
United State of America (USA) industries (Pascual & Naqvi, 2008). The 
ergonomic analysis tools used in USA result collected was Snook tables, the
American Conference of Governmental Industrial Hygienists (ACGIH), Hand 
Activity Level (HAL), Threshold Limit Value (TLV), Washington Industrial Safety 
and Health Act (WISHA), Hand-Arm Vibration Analysis, National Institute of 
Occupational Safety and Health (NIOSH) lifting equation, the Moore-Garg Strain 
Index (SI) and biomechanical analyses. This research has used survey method 
to count the likelihood of ergonomics analysis tools and methods used by the 
certified professional ergonomists in America yet investigating which tools were 
mostly practiced in the industries and the easiness of those tools to be used by 
the ergonomist as a WMSDs assessment tool. Figure 1.1 shows the result of 
ergonomic tools has been used in USA industries adapted from the research
survey.

Figure 1.1: Ergonomics Tools Level of Use in USA’s Manufacturing 
Industry (Pascual & Naqvi, 2008)
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1.2 Problem Statement

From the literature review conducted across ergonomics assessments, interest 
has been raised to investigate concerned parameters in indexing WMSDs used 
by the ergonomic assessments. Comparative studies among ergonomic 
assessments have identified some gaps which require additional details about 
indexing the effort or risk on the human body. Likewise, there was also a lack of 
initiative in embedding other disciplines of human study to achieve the 
ergonomics assessments objectives of WMSDs prevention. A study by Roman-
Liu (2014) had begun a comparative analysis of techniques in measuring 
WMSDs. Ten ergonomics assessments had been considered as the samples or 
subjects to be grouped according to the assessment’s focus which also 
compared to their specific features and results. The ergonomics assessments 
compared were key item method (KIM), NIOSH Lifting Equations, ovako working
posture analysis system (OWAS), postural loading on the upper body 
assessments (LUBA), occupational repetitive actions (OCRA), strain index (SI), 
upper limb risk assessments (ULRA), rapid upper limb assessments (RULA) and 
rapid entire body assessment (REBA). This study concluded that the concepts 
of measuring risk in dissimilar approaches can be used to develop solutions 
leading to a comprehensive method suit for all work tasks and all parts of the 
body. It also has suggested for additional studies were obligatory to verify the 
accepted output result and to set some parameters standardization that would 
make consolidation possible.

Another research by Rowshani et al. (2013) has compared RULA with SI and 
Nordic questionnaire intentionally to investigate the agreements between both 
assessments on high-risk level task. This cross-section study has been 
conducted on 50 workers form the assembly line to be evaluated by those 
ergonomics assessments. Rendering to RULA method, 52% of the cases for the 
right hand and 54% for the left hand were at grade 3 and 2% for both hands were 
at grade 4. In the automatic PC board tester job 25% of the cases in both hands 
were at grade 4. According to the SI scoring, 64% of the cases in the right hand 
and 42% of them in the left hand were unsafe. More than that, the most common 
sicknesses were seen in waist and shoulder (48%), neck (28%) and back (24%). 
There was a correlation between work experience and shoulder pain (P=0.016) 
and leg pain (P=0.032) and between the results of the SI method in the left hand 
and shoulder pain (P=0.002). Kappa coefficient showed the agreement between 
the results of both RULA and SI methods.

Nevertheless, concluded in another study by Jones & Kumar (2010) about 
demonstrated limited agreement between RULA, REBA, SI, OCRA and 
American Conference of Governmental Industrial Hygienist’s threshold limit 
value for mono-task handwork (ACGIH TLV) methods used to assess four at-
risk sawmill jobs. This study used workers 18 to 65 years of age performing four 
sawmill occupations observed to be associated with upper extremity WMSDs. It 
was recruited from four sawmill facilities in Alberta, Canada. 93 workers 
volunteered to take part in the study out of the population of 93 (100% 
participation rate). Relatively large differences version in the ability to identify 
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jobs as at risk was identified between methods. This difference in agreement 
present when the jobs were thought about individually points shows the 
appropriateness of the methods may be affected by the exposure profile of the 
job.

A study by Kee & Karwowski (2007) compared 3 observational techniques for 
assessing the postural load, namely, OWAS, RULA, and REBA. The comparison 
was based on the evaluation results generated by the classification techniques 
using 301 working postures. All postures were sampled from the iron and steel, 
electronics, automotive, and chemical industries, and a general hospital. While 
only about 21% of the 301 postures were classified at category level 3 or 4 by 
both OWAS and REBA, about 56% of the postures were classified into action 
level 3 or 4 by RULA. The method reliability for postural load category between 
OWAS and RULA was just 29.2%, and the reliability between RULA and REBA 
was 48.2%. These results showed that compared assessments of RULA, 
OWAS, and REBA generally underestimated postural loads for the analyzed 
postures, irrespective of industry, work type, and if the body postures were in a 
balanced state.

Reinforced by another comparison study by Drinkaus et al. (2003) which 
compared RULA with SI assessments about the output result agreement. The 
ergonomic risk of upper extremities on 244 automotive assembly plant tasks was 
evaluated using RULA and SI. The results of each tool were compared for each 
task. This study provides practical insight into the methods used in each tool 
which compared only the ergonomic risk outputs from each tool and yet the study 
did not track the question of which tool best predicts injury. The kappa score was 
0.11, indicating little agreement between the outputs of those tools. This is
supported by the lack of monotonicity with a gamma score of 0.1. These results 
revealed assessment tools for the upper extremities do not agree between RULA 
and SI with only 75% agreement for high risk and 61% for low risk.

A study by Fountain L. J. (2003) has correlated a musculoskeletal stress 
quantitative variable that varies the working conditions awkwardness referred to
as human physiology with an ergonomic assessment. This study has examined 
RULA by muscle activity measured using electromyography (EMG). This study 
has been conducted with RULA which is based on surveys of postures 
discomfort sampling tool used to specifically score the individual worker's 
postures discomfort level. The experiment was conducted on 20 participants 
where each subject performed a 30-min typing task on a computer in 3 working 
postures based on different RULA scores. The surface EMG measurement was 
done onto 4 muscles which are upper trapezius, anterior deltoid, biceps brachii 
and forearm extensor. The result of this study has concluded that there was no 
significant difference between the arrangement of the RULA score with EMG 
muscle activity testing where the P-value for each muscle readings was larger 
than 0.05. This research has led in evaluating kinesiology variables 
measurement with discomfort scores by RULA.
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RULA was developed to evaluate the exposure of individual workers to 
ergonomic risk factors associated with upper extremity WMSDs. RULA 
ergonomic assessment tool has considered biomechanical and postural load 
requirements of job tasks or demands on the neck, trunk and upper extremities. 
Revised with ergonomics tool study published by Budnick (2012) has specified 
RULA occupied with a strong focus on posture, but a weak focus on force, 
repetition and duration. The researcher found the duty cycle to be so important 
in predicting upper extremity risk that could derive an equation using only the 
duty cycle to predict acceptable levels of force exertion for repetitive tasks. 
Therefore, it is significant that RULA does not adequately consider duration so 
in single-handedly it is weak recognition of force and repetition. It is best applied 
to jobs characterized by static postures with lower anxiety for force and repetition 
factors. It is easy to overestimate the risk of a job with RULA if the analyst 
focuses only on extreme postures especially if those extremes have short 
durations. In other cases, regarding jobs involving forces, repetition, and 
durations RULA may underestimate the risk occupy on the workers. Figure 1.2 
shows the illustration of the previous research summary about the ergonomics 
assessment conclusion and recommendation proposing for detailed justification 
research.

Figure 1.2: Related Research’s Result Timeline

(Rowshani et al., 2013) -
The unsafe cases in the SI 
method and the high-risk 
levels in RULA method are 
considerable. 

(Roman-Liu, 2014) - Studies 
are necessary to verify the 
accepted premises and to 
introduce some 
standardization that would 
make a consolidation 
possible.

(Jones & Kumar, 2010) -
Limited agreement between 
published ergonomic risk 
assessment methods used 
to assess four at risk 
sawmill jobs. 

(Kee & Karwowski, 2007) -
Results showed that 
compared to RULA, OWAS,
and REBA generally 
underestimated postural 
loads for the analysed 
postures, irrespective of 
industry, work type, and 
whether the body postures 
were in a balanced state. 

(Drinkaus et al., 2003) -
Results indicate that the risk 
assessment outcome of 
RULA and SI assessment 
tools for the upper 
extremities do not agree. 

(Fountain, 2003) - Result 
indicate there is no 
significant differences in 
muscles activity EMG 
measurement and score 
points in RULA 
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1.3 Research Questions

Referring to the previous problem statement, inquiries or questions have been 
raised which can be crossed with further detail parameters analysis. These 
questions acting as the fundamental core of the research. Following are the 
research questions imposed on postures condition variety assessment.

i. What are the postures prime mover muscles according to the kinesiology 
field?

ii. How do specific postures differentiate by the quantitative measurement of 
prime mover muscles activity and kinematics positioning potential energy 
along with the postures range of motion? 

iii. Regarding the disagreement between ergonomic assessments, how do 
both kinesiology variables (muscles activity and energy expenditure) values 
statistically indexed?

1.4 Research Objectives

From the research questions above, the aim has been arranged for the 
evaluation of upper limb postures within the deflection range using simulation, 
followed by verification and validation. These research objectives were.

i. To analyze specific upper limb postures including shoulder flexion, 
abduction, external rotation, elbow flexion, wrist flexion, abduction and
pronation prime mover muscles activity.

ii. To develop statistical based risk index by muscle activity and kinematic 
potential energy expenditure regarding specific upper limb postures range 
of motion (ROM).

iii. To develop the model of kinematic potential energy expenditure across 
upper limb posture deflection angles.

1.5 Research Scopes

This research has focused on Malaysian male subject since this group 
composed 61.1% of total Malaysian workers (Mahidin, 2018). Similarly, the 
evaluation was concentrated only on specific upper limb postures as mentioned 
in RULA section A. The testing was conducted on a specific single joint 
displacement in a standing condition to refine the effects of the combination of 
variations. The testing period was fixed at 30-minutes to replicate the study 
duration by Fountain L. J. (2003) with the static and free-load condition to 
distinguish only the postures positioning among the upper limb.
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1.6 Significance of the Study

Beholding at limited agreement among ergonomic assessments, 
recommendations have projected for additional quantitative measurement to 
differentiate the upper limb postures risk index. This relationship evaluation of 
upper limb working postures and kinesiological parameters analysis believed to 
be an additional reference on how much precisely the muscles activity variable 
varies with the working postures deflections diversity. The specific postures 
muscles activity was considered as stress onto the muscles or the human body. 
Reinforced by another variable of energy expenditure which also represents the 
effort of the human body to upkeep the postures kinematic changes. 
Development of a quantitative based relationship model or equation can be 
compared to existing working postures assessments which will provide a 
comprehensive and clearer evaluation of ergonomics risk factor.

1.7 Thesis Layout

Chapter 1 has discussed regarding the research origin, intentions and the 
scopes considered to answer the questions developed from problem statements 
founded. The literature and studies cited in Chapter 2 challenge the different 
concept, understanding, ideas and different development related to study the
enrolment from the past up to the present and which serves as the research 
method in developing the research methodology or design. Chapter 3 presents 
the methods to be used in this study. Here also describes the subjects of the 
study, the instruments used, the procedure of data gathering, and the statistical 
treatment of the data. Continue with Chapter 4 which discussed the collected 
data with the analysis and statistical treatment. The discussions were mapped 
to answer the research questions extracted initially. The thesis was then closed 
with Chapter 5 consist of the research objectives achievement with founded 
results discussed and the recommendation for future research interest. This 
chapter has summarized the points captured along the research methodology. 
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