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 Implication for health policy/practice/research/medical education:
This article was aimed to assess the risk factors of musculoskeletal disorders in an electric factory by “Manual Task Risk Assessment 
(ManTRA)”. This ergonomic risk factor tool can be useful for the assessment of the manual tasks for ergonomists, occupational hy-
gienists, occupational therapists, industrial designers, physiotherapists, rehabilitation specialists, and anthropologists.

Background: Work related musculoskeletal disorders (WMSDs) occur when occupation-
al loads on anatomical structures are higher than the natural anatomical strength of the 
body structures. Therefore, assessment of the risk factors involved in manual tasks of 
electric factories can be useful to prevent WMSDs.
Objectives: This study was conducted on Tehran Pars-electric factory to assess and pre-
vent manual tasks risk factors causing WMSDs.
Patients and Methods: 673 workers, which 355 (52.7%) were males (mean age: 38.9 ± 7.3 
years) and 318 (47.3%) were females (mean age: 25.6 ± 9.8 years) performing different 
manual tasks were recruited. Manual Tasks Risk Assessment (ManTRA) was set up to as-
sess risks of anybody region disorder comprising wrist-hand, shoulder-arm, neck, back, 
and lower limb on subjects performing various manual tasks in Pars electric factory 
located in Tehran. Also Nordic Musculoskeletal Questionnaire (NMQ) was used to find 
prevalence of five mentioned body region disorders, to assay the accuracy of the results 
obtained by ManTRA. 
Results: Total prevalence’s of subjects with wrist-hand, shoulder-arm, neck back and 
lower limb disorders were obtained 556 (82.6%), 352 (52.3%), 238 (35.4%), 454 (67.5%), and 
149 (22.1%) respectively (P = 0.028). The highest cumulative risk was corresponded to 
wrist-hand, and after that were cumulative risks of back, shoulder-arm, neck, and lower 
limb respectively. 
Conclusions: The results of NMQ and ManTRA were completely conforming. ManTRA is 
also a useful and an applicable tool to assess manual tasks risk in electric factories. 
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(ManTRA) as a manual tasks risk assessment tool seems 
to be an appropriate technique to assess ergonomic 
risk factors associated with manual tasks of electric fac-
tories. 

2. Objectives 
The study was conducted to investigate whether Man-

TRA is useful and applicable, not only for evaluating er-
gonomic risk factors, but also for determining cumula-
tive risks of body regions by providing ManTRA scoring 
system in such manual tasks.

3. Patients and Methods 
673 workers, which 355 (52.7%) were males (mean age: 

38.9 ± 7.3 years) and 318 (47.3%) were female, performing 
different manual tasks in television & radio production 
lines of Pars electric factory located in Tehran were re-
cruited. A new presented risk assessment tool called the 
Manual Tasks Risk Assessment (ManTRA) was used to 
gain the exposure assessment of musculoskeletal risk 
factors presented in manual tasks (4, 6). Nordic Muscu-
loskeletal. Questionnaire (NMQ) was also completed by 
all the workers examined to find the prevalence of mus-
culoskeletal disorders of anybody regions surveyed by 
ManTRA tool (10).

3.1. Manual Tasks Risk Assessment (ManTRA)

Manual Tasks Risk Assessment (ManTRA) as an ergo-
nomic risk assessment tool was proposed as a common 
proposal among University of Queensland, Curtin Uni-
versity of Technology, and Queensland Division of Work-
place Health and Safety in 2003 (9). This technique was 
planned to assess the WMSDs risk level present in dif-
ferent workplace manual tasks (4, 9). ManTRA was con-
ceptually based on Strain Index (SI) and Quick Exposure 
Check (QEC) (4, 9). ManTRA is required to total exposure 
assessment of five body regions to: repetition; exertion; 
awkward postures and vibration (4, 9). Possible pro-
posed action level thresholds are then presented for ex-
ertion only; combination of exertion and awkwardness; 
and total exposure only. Main advantage of ManTRA can 
be attributed to providing the simultaneous interac-
tions among different risk factors for anybody region 
(4, 9). ManTRA provides criteria for manual tasks risk 
assessment without the need to prior training and can 
be useful for workplace health and safety inspectors (9). 
The most important purpose of ManTRA is to provide an 
exposure risk assessment to musculoskeletal risk fac-
tors of manual tasks in workplaces and industries (4, 
9). Similar to other ergonomic tools, a team work risk 
assessment comprising the employees performing the 
manual tasks and the assessors assessing the manual 
task can be helpful to achieve a correct assessment (4, 
9) Action level thresholds imply on the assessors` judg-

1. Background  
Work-related musculoskeletal disorders (WMSDs) 

seem to be a main cause of disabilities and workers 
compensations (1). On the one hand, the estimated 
prevalence of WMSDs vary depending on assessment 
tools and exposed population characteristics (2). On 
the other hand, high occurrence of repetitive strain in-
juries in some tasks and jobs requires the need to iden-
tify the risk factors of these disorders at workplaces (3). 
Therefore, ergonomic risk factor assessment can help 
to prevent, minimize or eliminate WMSDs. Several er-
gonomic risk assessment tools have been developed 
for this intent (3). Most of the ergonomic quantitative 
risk assessment tools which have been proposed are 
only strictly applicable in very limited situations. Sev-
eral attempts have been performed to assay the pre-
sented tools in situations to which they are uncovered 
(4). Also, the applicable problem of developing a tool 
to suit the ergonomic assessment of awkward risk fac-
tors presenting in manual tasks seems to be essential 
in ergonomic communications (4). Queensland Man-
ual Tasks Advisory Standard defined the manual tasks 
simply as: “Manual tasks are the workplace activities 
requiring the use of force exerted by a person to grasp, 
manipulate, strike, throw, carry, move (lift, lower, push, 
pull), hold or restrain an object, load or body part” (5). 
Therefore, the necessity to an efficient and applicable 
ergonomic risk assessment tool in manual tasks seems 
to be evident (6). For simultaneously multiple risk fac-
tors presenting in WMSDs causation, a proposed or de-
veloped ergonomic risk assessment tool is essential to 
provide simultaneous assessment of multiple anatomi-
cal risk factors (4). An efficient risk assessment tool has 
to integrate the independent risk factors assessment of 
different body regions (4). The condition for an assess-
ment tool to be appropriate to industries is to provide 
the guidelines respecting excessive threshold action 
levels (4). Thereby, a useful manual task risk assessment 
tool has to provide concurrent different risk factors as-
sessment, and it must not need any special equipment, 
professional staff or advanced training (4).

Four categories of ergonomic posture-based risk as-
sessment techniques have been developed to assess the 
physical exposure to WMSDs risk factors (7). These tech-
niques are: observational methods (divided into pen-
paper based observational and video-taping or comput-
er-aided observational methods including OWAS, RULA, 
REBA, HAMA, PLIBLE, OCRA, Posture targeting, Posture 
gram, Gil & Tunes method, QEC, SI, PEO, ARBAN, VIRA, 
ROTA, TRAC, HARBO, PEO, Radwin-Yen, Wells, LUBA, and 
other methods), instrumental or direct techniques, 
self-report techniques and psycho-physiological tech-
niques (7, 8). All aforementioned techniques have failed 
to meet the criteria of an appropriate manual tasks 
risk assessment tool (9). Manual Tasks Risk Assessment 
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ments regarding the need for implementation of con-
trol measures (9). Combination of the force and speed 
leads to the exertion risk, and combination of the cycle 
time and duration gives the repetition risk, and finally 
the cumulative risk score for anybody region can be 
gained by summing total time, repetition, exertion, 
awkwardness and vibration which can be ranged from 5 
to 25 (9). Prioritization of manual tasks-related control 
measures should be necessary as for anybody region, 
the combined exertion risk is 5; or the combined exer-
tion and awkwardness risk is 8 or greater; or the com-
bined cumulative risk is 15 or greater (9). 

3.2. Nordic Musculoskeletal Questionnaire (NMQ)

There are several standardized musculoskeletal ques-
tionnaires which can be useful to survey symptoms 
and pains of WMSDs. One of earliest standardized 
musculoskeletal questionnaires is ‘Nordic Musculo-
skeletal Questionnaire (NMQ)’.  This questionnaire has 
been proposed and developed by Kuorinka and his col-
leagues from Occupational Health Institute in Nordic 
(Scandinavian) Countries in 1987 (10,11). This question-
naire can well suit the surveillance intents, but comple-
mentary development of an appropriate standardized 
ergonomic risk assessment tool to ascertain symptom-
based musculoskeletal syndromes (11). This question-
naire can also be served as a useful tool for gathering 
data and information related to musculoskeletal dis-
orders like prevalence, incidence and epidemiology of 
disorders (10, 11).

4. Results 
673 subjects aged 19-49 years (32.3 ± 11.9 years) perform-

ing different manual tasks in Pars electric factory were 
studied, including 355 (52.7%) males aged 25-49 years 
(38.9 ± 7.3 years), and 318 (47.3%) females aged 19-33 years 
(25.6 ± 9.8 years). The male/female ratio was 1:1.1 (Table 
1). The list of the tasks assessed by completing NMQ 
and implementing ManTRA has been shown in Table 2. 
Most of workers were involved in task of chassis control 
aided monitor with the total frequency of 31 subjects 
(15 males and 16 females), and the least was related to 
the task of tape assembling with total frequency of 14 
subjects (8 males and 6 females). Also the table showed 
that the highest and the lowest mean age in male popu-

lations was related to the tasks of bobbin wrapping and 
placing TV image lamp in cabin correspondingly. On 
the other hand, the highest and the lowest mean age 
in female populations were related to the tasks of ra-
dio assembling and TV channel regulating respectively. 
The occurrence of ‘anamnestic cases’ by task type and 
body regions disorders has been demonstrated in Table 
3 was wrist-hand, back, shoulder-arm, neck and lower 
limb. The prevalence of the wrist-hand disorders had 
the highest rates among other body regions and after 
that were the back, shoulder-arm, neck and lower limb 
disorders respectively. Thereby, it is seen from the table 
that the total prevalence of wrist-hand, shoulder-arm, 
neck, back and lower limb disorders were obtained 
556 (82.6%), 352 (52.3%), 238 (35.4%), 454 (67.5%), and 149 
(22.1%) respectively (P = 0.028). According to Table 3, the 
most and the least prevalence for most body regions 
disorders were related to the tasks of “TV frame prepar-
ing” and “tape assembling” respectively. 

The task data and information for the assessment of 
risk factors o calculate cumulative risks (setting up the 
Manual asks Risk Assessment tool) has been illustrat-
ed in Table 4. As observed, five mentioned risk factors 
(include: total time (Tr), repetition risk (Rr), exertion 
risk (Er), awkwardness (A), and vibration (V)) were sur-
veyed and assessed for five aforesaid body regions. The 
corresponding data is achievable from the table. Only 
submitted final scores of any risk factors for avoiding 
complicacy and better understanding. The table also 
shows that the highest scores were related to the wrist-
hand region and after that were back, shoulder-arm, 
neck, and lower limb regions. The combined cumula-
tive risk calculated for anybody region assessed in var-
ious tasks and comparison of the calculated cumula-
tive risk to the predicted threshold limit value (TLV) (15 
or greater) for proposing further actions for body re-
gions that their calculated cumulative risks exceeded 
TLV, has been shown in Table 5. As seen, the highest cu-
mulative risks calculated in various tasks were related 
to the wrist-hand region and after it, back, shoulder-
arm, neck, and lower limb regions had been gained 
the highest cumulative risks orderly. There was only a 
task that cumulative risks calculated for any five body 
regions exceeded TLV and there must be placed in the 
prioritization of tasks for control and performing 
further actions and measurements. The correspond-

Workers, No. (%) Age

Minimum Maximum Mean ± SD

Male 355 (52.7) 25 49 38.9 ± 7.3

Female 318 (47.3) 19 33 25.6 ± 9.8

Total 673 (100) 19 49 32.3 ± 11.9

Table 1. Distribution of Studied Workers for Gender and Age
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Task Code Worker Frequency, No. (%) Worker Age, Mean ± SD

Radio chassis assembling T1 21 (3.12) 38.3 ± 1.22

TV chassis assembling T2 22 (3.26) 39.6 ± 1.13

Electrical parts soldering T3 19 (2.82) 31.8 ± 3.89

Observational chassis control T4 25 (3.71) 36.2 ± 1.76

Chassis control aided ACT computer T5 19 (2.82) 30.8 ± 2.33

Chassis control aided monitor T6 31 (4.61) 35.9 ± 4.91

Tuner  production T7 22 (3.26) 40.1 ± 3.7

Bobbin wrapping T8 21 (3.12) 30.3 ± 4.61

Loud speaker production T9 20 (2.97) 37.7 ± 3.57

Coil  Gaznik  production T10 19 (2.82) 40.3 ± 2.11

Electric parts repairing T11 25 (3.71) 37.1 ± 2.65

TV frame preparing T12 28 (4.16) 41.6 ± 3.13

TV image lamp preparing T13 27 (4.01) 33.7 ± 2.71

Placing TV image lamp in cabin T14 21 (3.12) 45.1 ± 2.12

Placing chassis in cabin T15 21 (3.12) 36.2 ± 3.10

TV technical control T16 19 (2.82) 43.2 ± 3.8

Radio technical control T17 23 (3.42) 41.1 ± 2.01

Placing radio back cover T18 17 (2.7) 39.6 ± 1.08

Placing  TV back cover T19 19 (2.82) 40.8 ± 2.22

Manual controlling and tapping T20 17 (2.7) 41.2 ± 2.16

TV cabin preparing T21 21 (3.12) 40.6 ± 1.67

Radio and tape record production T22 21 (3.12) 35.4 ± 1.88

Resistance inserting T23 18 (2.67) 38.9 ± 2.72

Wires connecting T24 21 (3.12) 35.3 ± 3.29

ICS inserting T25 17 (2.7) 32.7 ± 2.19

TV assembling T26 17 (2.7) 30.5 ± 3.44

Radio assembling T27 21 (3.12) 38.8 ± 2.84

Radio waves regulating T28 21 (3.12) 38.3 ± 3.14

TV channel regulating T29 26 (3.86) 33.4 ± 3.17

Tape assembling T30 14 (2.08) 39.7 ± 2.12

Radio final control T31 20 (2.97) 39.1 ± 1.07

TV  final control T32 20 (2.97) 43.1 ± 1.45

Table 2. List of Tasks Assessed With Two Mentioned Methods (Man TRA and NMQ) for Frequency and Age

ing task was radio technical control. The tasks such as 
radio chassis assembling, chassis control aided moni-
tor, tuner production, and bobbin wrapping had only 
cumulative risks exceeded TLV for wrist-hand that the 
tasks must be placed in the end of prioritization clas-
sification for correcting work conditions. The highest 
cumulative risks for wrist-hand (24), shoulder-arm 
(19), neck (16), back (19), and lower limb (17) were re-
lated to the tasks of loud speaker production, radio as-
sembling, TV channel regulating, loudspeaker produc-
tion, and radio technical control respectively. Also the 

lowest cumulative risks for wrist-hand (15), shoulder-
arm (11), neck (7), back (11), and lower limb (7) were cor-
responded to the tasks of TV technical control, bobbin 
wrapping, , chassis control aided monitor, and chassis 
control aided ACT computer respectively. 

5. Discussion 
NMQ results showed the highest prevalence about wrist-

hand, back, shoulder-arm, neck and lower limb respec-
tively. Therefore, very high prevalence of the disorders for 
anybody regions of workers performing different manual 
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task were evident. ManTRA showed notably the similar re-
sults to NMQ. The highest cumulative risks for wrist-hand, 
shoulder-arm, neck, back and lower limb were allocated to 
the loud speaker production, radio assembling, TV chan-
nel regulating, loudspeaker production, and radio tech-
nical control respectively. Therefore, further action mea-
sures and controls should be considered to these tasks to 
optimize risk factors involved in WMSDs in manual tasks. 
While the lowest cumulative risks for five body regions 
of wrist-hand, shoulder-arm, neck, back, and lower limb 
were also related to the tasks of TV technical control, bob-
bin wrapping, chassis control aided ACT computer, chassis 
control aided monitor, and chassis control aided ACT com-
puter respectively. Radio technical control was a unique 
task which its cumulative risks calculated for all five body 

regions were excessive TLVs, so that ergonomic control 
measures must be implemented primarily for this task be-
fore any further measurements. 

ManTRA seems to be an appropriate tool for the evalua-
tion of ergonomic risk factors leading to WMSDs in manual 
tasks, since the gained results from this tool are consistent 
with biomechanical evidence which support the theory 
that prolonged and repetitive exposure to ergonomic risk 
factors can lead to WMSDs in manual tasks (9). These awk-
ward risk factors in ManTRA are mainly consisted of force-
ful exertions, awkward and static postures and vibration 
which can help to accumulate the risks of WMSDs (9). De-
termination of body structural loading excessive TLVs is dif-
ficult due to the body anatomical and biomechanical com-
plexities. Therefore, ManTRA is an appropriate assessment 

Task Type Cumulative Risk

Lower Limb Back Neck Shoulder/Arm Wrist/Hand

Radio chassis assembling 11 14 10 12 19

TV chassis assembling 11 16 11 15 18

Electrical parts soldering 9 16 10 12 19

Observational chassis control 11 15 11 13 21

Chassis control aided ACT computer 7 17 7 16 22

Chassis control aided monitor 10 11 12 13 23

Tuner  production 8 14 8 8 20

Bobbin wrapping 8 14 9 11 21

Loud speaker production 9 19 12 16 23

Coil Gaznik production 9 17 9 16 20

Electric parts repairing 11 15 11 15 22

TV frame preparing 8 14 11 13 18

TV image lamp preparing 9 15 10 14 20

Placing TV image lamp in cabin 12 17 12 16 20

Placing chassis in cabin 10 16 11 18 18

TV technical control 12 16 12 17 15

Radio technical control 17 17 15 17 21

Placing radio backcover 12 17 13 15 19

Placing TV backcover 12 15 13 17 18

Manual controlling & tapping 11 15 12 13 16

TV cabin preparing 11 15 14 16 18

Radio and tape record production 13 18 13 18 19

Resistance inserting 10 13 13 16 18

Wires connecting 12 17 13 16 21

ICS inserting 12 15 14 16 21

TV assembling 10 15 13 14 18

Radio assembling 12 16 13 19 18

Radio waves regulating 14 16 14 17 19

TV channel regulating 13 16 16 17 18

Tape assembling 11 15 13 16 17

Radio final control 10 16 12 15 17

TV final control 9 15 12 14 18

Table 5. Combined Cumulative Risk Calculated for Anybody Region Assessed in Various Tasks Compared to TLVs
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tool for combining separate interactions among different 
involved risk factors to an integrated cumulative risk which 
have direct association with epidemiological data  of WMS-
Ds prevalences (4, 9). Unique advantage of ManTRA is its ca-
pability to assess the interactions which may be occurred 
among physical risk factors and also among physical, envi-
ronmental and psychophysical risk factors in manual tasks 
(9). However, defining exact TLVs for ergonomic risk factors 
involved in manual tasks is not only very difficult, but also 
somewhat impossible (4, 9). Therefore, strict precautions 
should be considered in interpreting the cumulative risk 
scores obtained from ManTRA (9). Appropriate training 
to ManTRA users as well as employees’ and management’ 
contribution to task analysis and risk assessment process 
can help to gain the precise risk assessment results (4, 9). 
ManTRA suggests that the tasks with cumulative risk scores 
excessive TLVs should be considered to suffer further mea-
surements or actions to reduce obtained cumulative risk 
scores to TLVs to prevent WMSDs occurrences (9, 12). Preven-
tive measures should be exerted on the manual tasks that 
have cumulative risk scores excessive TLVs for minimizing 
WMSDs occurrences of anybody regions (13). Preventive 
measures on manual tasks excessive TLVs can be catego-
rized into three classes including structural, organizational 
and educational measures (13). These assorted measures 
should be implemented whenever any manual task risk as-
sessment assessed by ManTRA showed the cumulative risk 
scores excessive TLVs (13). Structural measures generally in-
clude redesigning the manual task area and ergonomically 
furnishing the layout of task components, hand tools and 
equipments (13). Structural measures can lead to modify 
the risk factors of excessive force exertion and poor pos-
tures (13). Organizational measures are mainly referred to 
task redesigning (including tasks distribution, task speeds 
and task rests or breaks) (13). Organizational measures can 
result to correct the risk factors related to frequent activi-
ties or repetition, insufficient recovery times and extremely 
lengthy tasks (13). Organizational measures can be possible 
by lowering the the frequency of repetitive tasks to TLVs, 
identifying a suitable ergonomic plan and risk reduction 
schedule and monitoring the cost-effectiveness of imple-
mented plans (13). Educational measures use the special ed-
ucation and training contents for fitting the tasks demands 
to the employees’ needs (13). 
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