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Abstract

Background: Bakery workers due to the nature of their job are at risk of musculoskeletal disorders caused by ergonomic
factors. The purpose of this study was to evaluate the biomechanical risk factors for musculoskeletal disorders in bakery
workers. Methods: In this study, all tasks of baking Sangak, Taftoon and Lavash in the bakeries in Gonabad were selected
based on census method, and, Hierarchical Task Analysis (HTA) method was used for task analysis and job was degraded to
tasks, actions and movements., LUBA and OCRA method was implemented to identify common risk factors in repetitive
tasks that can contribute to develop musculoskeletal disorders of upper limbs. Finally, the results were analyzed using SPSS
17. Results: According to the results of this study, the score of OCRA index for employees as Chanegir (a person who
makes dough balls) and baker investigated in 3 types of bakery was more than 4(red area). In general, LUBA score was
obtained more than 10 for the 83.33% of workers in Tafton bakeries, 100% of Sangak bakery employees and 91.66 % of
workers in Lavash bakery. LUBA score for any samples was not below 5 (action level one). Highest relative discomfort score
for Nangeer (a person who takes bread out of oven) and baker of Tafton bakery was in back area and in Chanegir was neck
and shoulder area. Highest relative discomfort score in Shater, Chanegir and Nangeer of lavash bakery is was lumbar area
and neck and in Shater and Nangire of Sangak bakery was in elbow and wrist area. The correlation results of OCRA index
and LUBA in Lavash, Sangak and Taftoon bakery were 0.26, 0.03 and 0.24 respectively. Conclusion: The results showed
that the risk of musculoskeletal disorders due to repetitive tasks was relatively high in the bakeries and ergonomic

interventions were required in order to redesign the job.
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Introduction

usculoskeletal disorders are one of the considered as one of the most important health
most important causes of disability due problems, disabilities and absenteeism in developed
to work and disability in workers.! societies, accounting for about one-third of the cost
Musculoskeletal disorders associated with work are of health care.” Studies in Europe show that
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musculoskeletal disorders have a high effect on
work absences, for example, in UK in 2007 and
2008, on average, each person suffering from upper
limb disorders was 13.3 days absent from work, for
backache 17 days and for lower limbs 17.2 days.’
There are several risk factors for musculoskeletal
disorders including repetitive work, duration of
work, vibration, inappropriate, tedious and painful
situations, moving heavy equipment , lifting heavy
things, standing for a long time and walking long
distances.*

Among the risk factors mentioned above,
repetitive work is the most common and
widespread risk factor and bad condition is the
most important factor.” When a job is in a situation
where recurring work activities become more than
capacity and ability of the worker, such activities
will cause a lesion. Trauma caused by repetitive
movements of the organ, as it has been mentioned,
has a cumulative or aggregative feature that
progresses over time and shows long-term effects as
injuries affecting the musculoskeletal —system.®
According to recent studies, more than half of the
workplace absences and one third are job loss
request.”® Work-related musculoskeletal disorders
due to exposure to risks are caused by several
occupational factors, among which physical work
(such as posture, force, movement and vibration),
psychosocial factors and individual factors can be
mentioned.”"” Musculoskeletal disorders develop as
a result of excessive biomechanical burden and have
a significant socioeconomic role due to the fact that
it is one of the major causes of disability and
absenteeism. The risk factors of these disorders are
multifactorial that are still not completely clear in
some aspects.'’ Labor pattern is one of the factors
affecting musculoskeletal disorders.'" The baker's
job is one of the jobs that due to the special
nutritional diet that exists in our country (people
eat bread in almost all meals), has led to a large

number of people working in this area. Since the

workers have to put their body in a special position
during the work period, the desirable or undesirable
posture, the duration of the work, the static or the
dynamic of the work, alone or in combination,
plays an important role in increasing this disorder."

Evidence is that many musculoskeletal disorders
are preventable.”” In fact, prevention is an effective
means of reducing disorders, and measures such as
screening and monitoring in the workplace are
successful tools for prevention. There are currently
several ways to assess occupational exposure to the
risk factors for musculoskeletal disorders. In
assessing  stresses from posture, observational
methods are most widely used in industries,
including OWAS, RULA and REBA." In
observational methods, articular posture is scored
on the score of discomfort, and the postures in
which the joints have the most deviations from the
normal state have the highest scores. The number of
risk factors that are evaluated by each of these
techniques is very diverse. Some of these
techniqueslike LUBA method, merely evaluates the
posture of different parts of the body, while some
other important physical factors, such as force,
repetitive motion, etc., should also be evaluated.
The strengths of the LUBA method is that it shows
some perceptions about job postures in general, it's
easy to make, scoring is based on physiological data,
numerical output in this way makes it easier to
make decisions than the qualitative results andit
also requires close contact with workers for
diagnosis of confrontation. Due to the fact that
there were limited studies in ergonomics in Iran
related to the bakery profession, and this profession
was rapidly growing in the country, this study was
considered necessary. The present study was carried
out in the bakeries of Gonabad city in Khorasan
Province. The main objectives of this study were to
assess the risk factors of musculoskeletal disorders in
the bakery profession and provide suggestions for

improving the work status of the workers in this
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profession. This study also aimed at prioritizing
ergonomic corrections based on LUBA and OCRA
indicators, assessing job postures based on the
LUBA index and determining the correlation of the
results of evaluation of workstations by the two

methods.

Methods

This study is a cross-sectional descriptive-analytic
study. The research population in this study was all
bakeries in Gonabad city, including 8 Taftoon
bakeries, 8 Lavash bakeries and 12 Sangak bakeries,
which were studied by census method. In this
study, a combination of 3 methods for collecting
data including observational method (for analysis of
jobs and tasks with repetitive movements),
interview method (for questions about the type of
work performed and the complexity of the work),
and the ergonomic assessment of the upper limbs
(in order to determine the true risk levels of
repetitive tasks and their evaluation) were used. To
evaluate ergonomic status of workstations OCRA
and LUBA method were used.
LUBA method (Postural Loading on the Upper-
Body Assessment) is an observational and
macroscopic technique presented by Kay and
Karovsky in 2001, and aims at assessing postures in
the upper limbs of the body. OCRA Indicator
(Index of Exposure to Occupational Repeat
Activities) is considered as one of the most
complete methods for evaluating upper limb end
points with repetitive movements.'*'¢

To calculate the indicators of exposure to
repetitive occupational activities, samples were
collected using a filming method and after
analyzing different occupations and tasks and
determining the coefficient related to each of the
occupational risk factors, using the instructions for
each one, ergonomic evaluation of upper limb, the
magnitude of each of the indicators, as well as risk
levels of each occupation and taskswere calculated

and ranked according to the instructions of each
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technique. In this study, all duties of bakers were
identified, and then duties were sub-tasked and
subordinated to working cycles and work cycles to
work activities. To analyze each task for a complete
cycle of work, the worker was photographed/filmed
at the desired work station according to the
instructions of each method and the films were
analyzed according to the techniques described.
Filming of work cycles continued until the time
multiple cycles were not repeated constantly. In
order to assess the potential risk of musculoskeletal
disorders in the end part of upper limb, OCRA
index was used.

OCRA method is proposed to analyze the
exposure of workers to tasks with a risk of various
factors in upper limbs. The purpose of this
indicator is to determine the exposure of the worker
to tasks such as repetitive movements of the upper
limbs.!” Moreover, for other purposes, the division
of multiple job scenarios is in accordance with their
exposure to WMSDs.

In general, OCRA indicator is calculated of the
total proportion of technical activity actually
performed during the shift to the total number of
recommended technical activities during the shift."”
In OCRA method, the risk levels are divided into
four categories:

After specifying tasks, due to the repetition of
some tasks from other tasks, randomly the film was
produced and after reviewing the films, OCRA index
was calculated for both hands separately. Finally,
according to OCRA index score, factors were ranked
in terms of risk."”

The macro-posutral LUBA method was used to
determine the positional pressure index of the upper
limbs and to determine the prevalence of
musculoskeletal disorders. The data needed to
implement LUBA method was collected through
direct viewing and filming of the target people, jobs
and duties. This method is a pencil-paper-viewing

technique.
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Table 1. Risk rating based on scores obtained from OCRA index

Type of risk Area Risk level OCRA
indicator score
Lack of risk Green Risk level 1 1>0CRA
Risk of Green/ Risk level 2 2 > OCRA>1
insignificance yellow

Risk level 3 4 >0CRA>2
Risk level 4 4<0OCRA

Low risk amount Yellow
Availability of risk ~ Red

The physical parts to be evaluated include wrists,
elbows, shoulders, neck and waist. This method is
based on empirical data on perceived dysfunctions,
which is expressed as a numerical ratio for a set of joints
movements including hands, arms, neck and waist.
Body condition is evaluated based on the angle at
which the upper limbs (wrist, elbow, shoulder, neck
and waist) are taken during work, by an index called
postural pressure. This method is based on the amount
of discomfort caused by the movements of the upper
limb joints and also the quantitative evaluation of the
pressure on the body posed by the posture. Then, in
order to measure the status pressure index, the camera
shot at the work cycle of each task using a Sony digital
camera. The camera was angled at a distance of one
meter, which was detectable by about three post-
exposure postures. After the film was completed, LUBA
method was used to determine the posture of the body
that had the highest working time, or the most frequent
repetition. After choosing the posture, for each limb,
the movements of each joint and the angle of the joint
and appropriate to that discomfort score were
determined. After determining the discomfort score of
each of the limbs, the total of these scores was estimated

according to Formula 1.

Formula 1:

postural load index = z X z Sij
i=1 i=1

I: the thirteenth joint, j: j is the first joint, n is the
number of points to which the score is assigned, mj is
the number of movements studied in the j j, Sij: the
discomfort score of ithmove from the j th joint (if the
relative discomfort score is equal one, Sij = 0)

The discomfort of five body joints, including wrists,
elbows, shoulders, neck and waist, was collected in a
standing and sitting position. The discomfort was also
measured at 5 levels of 0, 25, 50, 75, and 100% of the
range of joint motion. As the joint deviation increases
from its normal position, the degree of discomfort isalso
increased. Finally, based on the state of pressure
indicator, each person's physical condition was placed
in one of four levels of corrective action.

In general, the use of LUBA method consists of five
steps. At first a camcorder is used to record job postures
over several cycles and then the postures for evaluation
is selected. After that, movements of each joint are
observed in the selected posture and the respective
tables are given a discomfort score.The score of all
joints is collected to achieve postural LOAD. Postures
selected on the basis of the corresponding equation are
calculated in the method of status bar index. and finally
after calculation of status bar index, corrective action

required is determined by grouping the table.

Results

The results of the ergonomic evaluation of different
types of bakery job by left and right hand based on
OCRA and LUBA indices are shown in Tables 3.

Table 2. A corrective action group in LUBA procedure according to the load index

Corrective action Group
Postures with a load index of 5 or less. These posters are acceptable. Except in certain circumstances such as repetition and
likelihood for a long time and similar cases, there is no need for corrective action. Gt

9 ;

Postures with a 5 to 10-degree load index. These postures need further examination and corrective changes during subsequent Group 2
examinations, but there is no need for immediate intervention.
Postures with a load index of 10 to 15. These postures require corrective action to be taken by redesigning the work Group 3
environment or working methods soon.
Poses with a load index of 15 or more. This group of postures needs to be considered for immediate remedial action. Group 4
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Table 3. Risk Assessment of Biomechanical Factors of Musculoskeletal Disorders of Bakeries Based on OCRA Index

Taftoon Bakery Sangak Bakery Lavash Bakery Type of bakery OCRA Index
Nangir Baker Chuckle Nangir Baker  Nangir  Baker Chanegir Duty
3.25 8.61 7.85 3.19 7.95 3.33 8.62 8.35 Right hand
3.05 5.21 4.81 3.00 4.30 3.02 5.50 4.90 left hand
Table 4. Results of Occupational Postures (LUBA) Status Pressure in Bakeries
Indicator Lavash Bakery Sangak Bakery . Taftoon Bakery
coefficients Chanegir Baker  Nangeer Cha?egl Baker  Nangeer  Chanegir Baker
Wrist score Right hand 1.60 1.87 1.62 2.70 2.58 1.42 1.87 1.50
left hand 1.00 1.12 1.00 218 3.00 1.00 1.25 1.25
Elbow score Right hand 1.70 3.00 2.75 3.00 2.83 1.85 2.75 3.00
left hand 1.50 2.50 2.50 221 3.00 1.00 2.62 2.25
Shoulder score Right hand 2.50 1.75 3.00 2.00 2.00 3.00 1.50 2.50
left hand 1.00 1.00 1.00 3.00 2.08 1.12 1.00 1.25
Neck score Right hand 275 2.00 3.00 217 2.16 3.00 1.25 3.00
left hand 275 2.00 3.00 1.00 2.00 3.00 1.25 3.00
Score the waist Right hand 2.50 275 3.25 2.66 2.16 1.57 3.25 6.25
left hand 2.50 2.75 3.25 1.00 2.16 1.50 3.25 6.25
Total score Right hand 12.25 12.75 12.25 13.75 12.91 10.75 10.87 16.25
left hand 8.00 10.25 9.50 12.36 10.33 7.87 9.50 13.37

[ Downloaded from aoh.ssu.ac.ir on 2025-10-29 |

Based on the results of Table 3, OCRA index for
employees employed as Chanegir and bakers of
Lavash, bakers of Sangak, as well as Chanegir and
bakers of Taftoon is more than 4 (red area). OCRA
indicator for the employed as Nangir in all three
types of bakery is at risk level 3 (yellow area) with
low risk. Comparison of the results of Table 2 with
Table 3 indicates that the index score for all people
working in bakeries is at least 3, and all individuals
are at risk of musculoskeletal disorders. The highest
rate of relative discomfort was in Taftoon bakery
Nangir in the waist and the least in the wrist. Also,
the highest relative discomfort score was found in
Taftoon bakeries bakers in the waist area and in
Taftoon bakery Chanegirs in the shoulder and neck
area. The highest rate of relative discomfort was
found in Lavash bakers, Chanegir and Nangeer in
the waist and neck area. The highest rate of relative
discomfort was found in slaughtered individuals and
slaughterers in the elbow and wrists area. In this
study, none of the samples in group 1 were subjected
to corrective measures. The results of the study of
occupational postures (LUBA) in the baker's staff are

presented in Table 4.
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Results of assessment of risk of musculoskeletal
disorders in subjects assessed by LUBA method
indicated that:

(A) The contact level calculated for any of
Sangak, Taftoon and Lavash bakeries' occupations was
not less than 5 points (priority level 1 corrective
action).

(B) None of Sangak bakeries staff, 16.66% of
Taftoon bakery staff and 8.33% of Lavash bakery
staff under study scored between 5 and 10. Which
means that further studies should be conducted and
there is no need for rapid intervention (priority level
of corrective action 2)

(C)  33.33% of Sangak bakeries staff, 58.33% of
Taftoon bakery staff and 70.83% of Lavash bakery
staff scored between 10 and 15, which means that
this category requires. postural modification as soon
as possible by redesigning work stations or modifying
work practices (priority level 3 of corrective action)

(D) 66.66% of Sangak bakery staff, 25% of
Tahtoon bakery staff and 17.87% of the Lavash
bakery staff scored more than 15 points, which
means that immediate changes should be made

promptly (Priority level 4 of corrective action).
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Table 5. Correlation between results of OCRA index and LUBA method in determining the ergonomic status
of bakery workers in Lavash, Sangak and Taftoon

OCRA

Spearman correlation coefficient

LUBA
Lavash Bakery Sangak Bakery Taftoon Bakery
0.24 0.30 0.26
0.09 0.03 0.07

P-Value

Significant level below 0.05

Overall, 83.33% of Taftoon bakery staff, 100% of
Sangak bakery staff and 91.66% of Lavash bakery
staff have LUBA score of over 10. The Kolmogorov-
Smironov test (K-S) was used to determine the
normal or abnormal measurement data. Then,
Spearman test was used to determine the correlation
between LUBA and OCRA scores. Results of
correlation between the results of OCRA index and
LUBA method in determining the status of
ergonomics of bakery workers are shown in the table
below.

Spearman correlation test showed that there was a
significant relationship between the results of OCRA
and LUBA in determining the ergonomic status of
Sangak Bakery workers, and the correlation with
LUBA index in Lavash, Sangak and Taftoon is about
0.26, 0.30 and 0.24.

Discussion
High prevalence of risk factors for musculoskeletal

disorders, especially in neck, back and shoulders, and
high status pressure index and level of ergonomic
measures 3 and 4 in 83% of bakery employees are
among the important findings of this study. The
purpose of this study was to evaluate the posture and
determine the postural pressure index using LUBA
method. The results of the evaluation showed that
score 10 was obtained for 83.33% of Tahftoon
bakery staff, 100% of Sangak bakery staff and
66.91% of Lavash bakery staff. These results
represent a high level of risk. The results of this study
showed a high incidence of musculoskeletal disorders
risk factors in Gonabad bakery business. More than

83% of all subjects were in the level of ergonomic

measures 3 and 4 (status pressure index higher than
10). High levels of pressure stress indicate high levels
of risk for musculoskeletal disorders and the need for
intervention and immediate corrective action.

Based on the results of this study, OCRA index
for the staff employed as Chanegir and baker in each
of the 3 types of bakery was more than 4 (red area).
OCRA index for those employed as Nangir in all
three types of bakery was at risk level 3 (yellow area)
with low risk. Comparing the results of Table 2 with
Table 1 indicates that the index score for all people
working in bakeries was at least 3, and all individuals
were at risk of musculoskeletal disorders. In a similar
study by Tajvar et al. on four types of rotary and
traditional Taftoon, Sangak and Baguette bread in
Kerman, the most significant OCRA index of left
and right handed was related to the duty of baker in
Sangak bakery, and 56.5%, 67.4%, 77.3% and 75%
of all work tasks in rotary Tahfton, traditional
Tafton, Sangak and Baguette were in the red zone or
in danger respectively. It also showed that the level of
risk of Chanegir and baker tasks in all four types of
bakeries was in the red zone or risk'® which
corresponds to the results of the present study. The
results of LUBA index showed that the highest
relative discomfort score was Nangir in Taftoon
bakery Nangirand baker in waist and the least in
wrist, and in Taftoon Chanegir was in shoulder and
neck area. The highest rate of relative discomfort was
found in Lavash Chanegir and baker in waist and
neck area. The highest rate of relative discomfort was
found in Sangak Chanegir and Nangir in elbow and
wrists area. A further study by Tajvar et al. in bakery
profession was found on 298 CTDs in 4 areas of
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neck, shoulder, arm / wrist and waist, of which 91
cases were related to chiners, 149 cases related to
Shakes, 10 items of bread, 6 cases related to the
seller, 42 items related to bread / seller.” Based on
this, it is recommended to use a redesign method to
correct their working conditions. In a study, Lumia
et al. revealed that the upper limb had the highest
incidence of waist circumference with 8.55%, and
the prevalence of abdominal pain in the shoulders
and waist region was higher in baker than in other
occupational groups.”® One of the main causes of
increasing tension and pressure on the joints is the
force applied to them. To reduce the pressure caused
by excessive force, when there is no possibility of
power reduction and weight loss of equipment,
people can be rotated in different tasks or use more
individuals in that task to divide the pressure

' By creating rest breaks, it is

between people.”
possible that the muscles involved have the
opportunity to rest and return to the normal
condition.” To reduce the repetition of activities per
minute and also the speed of movement in
stations,more people with high repeatability and
automation of production are necessary part of the
process.” The results of this study indicated that
hand / wrist improper posture can be considered as a
risk factor for musculoskeletal disorders. Qamari et
al. study showed that 42% of job postures in bakery
workers in Arak were inappropriate. And 5.1% of
the people have dangerous bending and 4.3% have
dangerous trunk rotation and 2.8% have dangerous
and harmful rotation and bending.23 In other studies,
the impact of using ergonomic control methods in
reducing musculoskeletal disorders related to wok is
proved.””

In a study by Tajvar et al., the most cases of pain
and discomfort were related to two areas of waist and
knees, and the least reported cases were elbow, back
and neck. The main cause of the high back pain was

the inappropriate working conditions, bending and

repeated spinning, as well as the lack of adequate
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resting time. The main cause of the high prevalence
of pain in the knee area can be attributed to working
in a standing position for a long time. It was also
determined that height, age, weight, history of work,
marital status, educational status, type of bakeries,
and type of work duties are considered as effective
factors in the prevalence of symptoms of
musculoskeletal disorders. Furthermore, the results
of this study showed that the prevalence of
symptoms of musculoskeletal disorders reported in
different parts of the body, especially in the waist,
hands, wrists and knees of the bakers, was high,
while the majority of participants in this study were
young and had little work experience and therefore,
if this issue is not addressed seriously , we will
probably face a crisis in the near future."®

According to the findings, most of the work tasks
were at medium and high risk levels, so further
investigation is necessary to prevent and control
measures to improve working conditions, since
workers who carry out these tasks have the potential
of musculoskeletal disorders if they continue this
work pattern. And it is necessary to act as soon as
possible to reduce or eliminate the impact of these
factors on work stations. Based on the results of this
study, most people working in these types of
bakeries are prone to musculoskeletal disorders.
Considering the fact that musculoskeletal disorders
are one of the most common and important
diseases that can lead to disability,26 and since these
disruptions accumulate over time and are
aggravated by aging and physical and mechanical
stresses, we have to think about solutions to
improve this situation.We should makethe best use
of the ergonomic control method, which is
considered as the most important part of any
ergonomic program, and its effect in reducing the
amount of musculoskeletal disorders associated with
the work that has been proved so far.””**
It is suggested that the following steps be taken to

reduce the musculoskeletal complications of bakers.
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1.Redesign the bakery's job posts so that workers
can do their job activities without additional,
dangerous moves easily.

2.To prevent excessive bending, bending and
twisting of the trunk in bakers and Chanegir, the
distance between access to dough and tools should be
shortened. In this way, the dough bag is close to the
worker and at the same time a crate or dough
containing dish should be placed on the platform or
pallet so the worker is not forced to damp or twist
(preferably the pallet or platform is adjustable).

3.For Nangir duties, the stance-sitting method
should be used to prevent incontinence in the waist
and the knee, which can be used in suitable seats
such as horse saddle™

4.To prevent disturbances caused by movement of
the arm in shoulder, especially in Chanegir and
baker, it is necessary to lower the width of the device
a bit lower than the shoulder.

5.To prevent bending and torsion in the posture
of the waist, which may lead to disturbances in waist
area, due to the large distance between the platform
or the table, or the tray containing the dough balls
(in the longitudinal and transverse directions), the
longitudinal and cross-section of the platform is
determined suitable to Chanegir.

6.Reduce the time spent doing work and the
schedule of work and rest, in a way that the worker
can have more rest periods at certain intervals.

7.Given the low level of workers' awareness
regarding the principles of ergonomics, educating
workers and informing them about the proper way of
doing work, proper postures, the importance of rest
periods, shifting loads can be effective in preventing
labor damage. Occupational examinations are also
recommended for the early diagnosis and treatment of
musculoskeletal disorders. Since many studies have
shown that using a combination of these methods has
led to better results,”” it is recommended that a

combination of these methods be used as much as

possible to improve the work environment in the

bakery business.

Conclusion
In summary, according to the presented materials,

most of investigated risk factors are at an unsafe level.
According to OCRA and LUBA index, bakery
workers are at high risk of musculoskeletal injuries,
with ergonomic and pediatric intervention. Taking
ergonomic principles with the use of standard
equipment, making the right changes in how to do
things, modifying tools and work posts can be done
in a more efficient and optimal way, with the least
damage to the musculoskeletal system. As a result,
many expenses and injuries, as well as the absence

from work will be prevented.

Acknowledgments
This study has been registered as a research project

at No. 1/468 / P at Gonabad University of Medical
Sciences Vice-Chancellor's  Office. The author
expresses his gratitude to the Vice-Chancellor of

Gonabad University of Medical Sciences.

Moral Confirmation
No case has been reported by the authors.

Conflict of Interests
No case has been reported by the authors.

Funding
This article is the result of a bill approved by the
Vice-Chancellor for Research of Gonabad University

of Medical Sciences.

References

1. Merlino LA, Rosecrance JC, Anton D, Cook TM. Symptoms of
musculoskeletal disorders among apprentice construction workers.
Applied occupational and environmental hygiene. 2003; 18(1):57-
64.

2. Wanave S, Bhadke M. An Ergonomics intervention in a
transformer manufacturing industry to improve the productivity.
IOSR journal of mechanical and civil engineering. 2014:52-7.

223



https://aoh.ssu.ac.ir/article-1-107-en.html

[ Downloaded from aoh.ssu.ac.ir on 2025-10-29 |

Musculoskeletal disorders in Bakers

3. Schneider E, Irastorza X. OSH in figures: Workrelated
musculoskeletal disorders in the EU-Facts and figures. Office for
Official Publications of the European Communities; 2010.

4. Haynes S, Williams K. Impact of seating posture on user comfort
and typing performance for people with chronic low back pain.
International journal of industrial ergonomics. 2008;38(1):35-46.

5. Mattila M, Viki M. OWAS Methods In: Karwowski W, editor. The
occupational ergonomics handbook: Interventions, controls, and
applications in occupational ergonomics. New York: CRC Press; 2006.

6. Mattioli S, Brillante R, Zanardi F, Bonfiglioli R. Occupational (and
non-occupational) risk factors for musculoskeletal disorders. La
Medicina del lavoro. 2006; 97(3): 529-34.

7. Larson BA, Ellexson MT. Blueprint for ergonomics. Work. 2000;
15(2): 107-12.

8. Choobineh A, Tabatabaei SH, Mokhtarzadeh A, Salehi M.
Musculoskeletal problems among workers of an Iranian rubber
factory. occupational health. 2007; 49(5): 418-23.

9. Jalali A, Nasl-seraji J. The ergonomical study of the postures of
doing in tailors, shoe markers, saddlers and carpet makers by ocra
analysis method. Scientific journal of forensic medicine.
2006;12(1):8-13.

10. Rowshani Z, Mortazavi SB, Khavanin A, Mirzaei R, Mohseni M.
Comparing RULA and Strain index methods for the assessment of
the potential causes of musculoskeletal disorders in the upper
extremity in an electronic company in Tehran. Feyz Journals of
Kashan University of Medical Sciences. 2013; 17(1):61-70.

11.  Larson BA, Ellexson MT. Blueprint for ergonomics. Work 2000;
15(2): 107-12.

12. Marras WS, Karwowski W, editors. The occupational
ergonomics handbook. Philadelphia, PA: Taylor and Francis;
2006. P:447-59.

13. Health and Safety Executive. Self Reported Work Related
liness and Workplace Injuries. Available at: URL:
http://www.hse.gov.uk/statistics/Ifs/Ifs0809.pdf. Accessed
September 2008.

14.  Keikha Moghaddam AA. Ergonomic Assessment Methods.
Selection ans application guide (physical assessment methods).
1th ed. Tehran: Fannavaran; 2012.

15. Apostoli P, Sala E, Gulino A, Romano C. Comparative
analysis of the use of 4 methods in the evaluation of the
biomechanical risk to the upper limb. Giornale italiano di medicina
Del lavoro Ed ergonomia. 2004; 26(3):223-41.

224

16. PinaGoda H. Fundamentals of human factors review.
(Translated by Rashad Mardokhi) Tehran: International Labor
Office; 2012. P:270-2. [Persian]

17.  Tehran AEM. Body mechanics and principles of work station
design (Ergonomics). Tehran: Omid Majd; 2007. P:253-7.
[Persian]

18. Ghamari F, Mohammadbeigi A, Khodayari M. Work stations
revision by ergonomic posture analyzing of Arak bakery workers.
Zanjan University of medical sciences. 2010;18(70):80-
90.[Persian]

19. Tajvar AH, Hasheminejad N, Jalal A, Ghashghav H. Evaluation
of risk factors causing work-related musculoskeletal disorders
(WMSDS) in Kerman bakery workers by OCRA Index method. Iran
occupational health journal. 2009; 6(3):44-51.[Persian]

20. Mardokhi R. Ergonomic sciences. Tehran: International Labor
Office; 2012. P:280-2.

21. Habibi E, Karime S. Hasan Zadeh H. Arzyabeye risk
factorhaye ergonomics nashi AZ kar AZ tarighe barraseye
shakhese ocra dar senate montazh. Majaleye salamate kare Iran;
1387, 5(1, 2). (Persian).

22. Chubineh A. Posture analysis methods in occupational
ergonomics. Tehran: Fanavaran publication. 2004;1383:2-50.

23. Gordon C, Johnson EW, Gatens PF, Ashton JJ. Wrist ratio
correlation with carpal tunnel syndrome in industry. American
journal of physical medicine & rehabilitation. 1988; 67(6):270-2.

24.  Tayyari F, Smith JL. Occupational ergonomics: principle and
applications. Chapman and Hall. 1997;11:54-9.

25. Jalali M. The risk assessment of related factors of hand
activities in automotive industry. Iran occupational health.
2012;9(2):18-26. [Persian]

26. PinaGoda H. Fundamentals of human factors review.
(Translated by Rashad Mardokhi) Tehran: International Labor
Office; 2012. P:172-4. [Persian]

27. Tayyari F, Smith JL. Occupational ergonomics: principles and
applications. US: CRC; 1997.

28. Silverstein B, Clark R. Interventions to reduce work-related
musculoskeletal disorders. Electromyography and kinesiology.
2004;14(1):135-52.

29. Burdorf A. The role of assessment of biomechanical exposure
at the workplace in the prevention of musculoskeletal disorders.
Scandinavian journal of work, environment & health. 2010;36(1):
1-2.


http://www.hse.gov.uk/statistics/lfs/lfs0809.pdf
https://aoh.ssu.ac.ir/article-1-107-en.html
http://www.tcpdf.org

