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Abstract

Background: Proper training on how to correctly handle loads
is one key point for prevention of low back disorders. This
study was conducted with the objectives of assessing manual
material lifting activities and comparing two methods of training
intervention in a porcelain company.
Methods: In this randomized controlled trial which was
conducted in a porcelain company, all male employees with
lifting activities (n=204) participated. The data were collected
using Nordic Musculoskeletal Disorders Questionnaire and Lift/
Lower Force Risk Assessment software for assessing manual
material lifting. Intervention methods included booklet and oral
training. Data were analyzed using Mann-Whitney U and Chisquare tests using SPSS software (Version 17.0).
Results: The most prevalent musculoskeletal disorders
symptoms were reported in the knee (52.5%), feet (45.1%), and
lower back (43.6%). Risk assessment before intervention showed
that in 62.7% of the workers studied, the level of exposure to
musculoskeletal risks was in Action Level (AL) 1, 31.9% in AL 2
and 5.4% in AL 3. The risk assessment after intervention showed
that in 77.5% of the workers studied, the level of exposure to
musculoskeletal risks was in Action Level (AL) 1, 20.6% in AL
2 and 2% in AL 3 (P<0.001). Also, statistical analysis revealed
that oral training (24.5%) was more effective than the booklet
training (11.8%) (P=0.018).
Conclusion: This study showed that training intervention could
be effective in correction of methods of manual material lifting of
workers. It seems oral training for workers of porcelain industry
is more effective than the booklet training.
Trial registration number: IRCT2015050322071N1.
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Introduction
Despite the current knowledge on work-related
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musculoskeletal disorders (WMSDs), many occupations
are still associated with strenuous working postures and
movements combined with a heavy physical work load.1
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Manual material handling is one of the major causes of
severe industrial injury.2 Some authors3,4 have affirmed
that musculoskeletal disorders and occupational injuries
are a major occupational problem even in the highly
industrialized countries. Back pain is very common
among adults, especially engaged in manual material
handling tasks. Also, in these workers the risk of
developing lower back pain is high.5 Optimal working
techniques to prevent back pain and injuries when
lifting heavy loads should be considered. Employers
must ensure that workers receive proper training and
information on how to handle loads correctly. Specific
techniques have been advocated to reduce the load on
the back.6 The primary method for reducing the risk of
musculoskeletal disorders among materials handlers is
to provide engineering solutions. Another method for
this purpose is providing training program. Training is
an important complement to engineering intervention,
but it is not a replacement for it.7 Generally, four methods
of training (including self-training, peer, e-learning
and instructor-led (such as oral or booklet training)
are used for behavior change of the personnel in the
workplace. These methods are affected differently by
characteristics of the organization, the worker’s sociotechnical environment, and the individual characteristics
of the worker. Oral training is a proper way for training
individuals with low level of education.8
In porcelain industry, employees are encountered
with diverse musculoskeletal disorder risk factors.
For instance, long hours of activities such as handling
heavy loads are observed among workers. The average
weight of loads handled in this industry is about 20 kg
and the minimum and maximum of load weight are
10 and 40 kg, respectively. The frequency of lifting
loads is high in this industry (e.g. 250 times per day).
In such situations, the high rate of musculoskeletal
symptoms particularly in the lower back is expected
in employees.
To the best of our knowledge, no ergonomics study
has been conducted on musculoskeletal symptoms in
porcelain industry. The present study was, therefore,
undertaken in this industry with the following aims:
1- Assessment of lifting loads among workers
2- Determination and compression of effectiveness
of two intervention methods (booklet and oral
training) in correction of behavior patterns in the
study population
It is believed that the results of this study can be
an appropriate basis for planning and implementing
interventional ergonomics programs in the workplace
and improving the workers’ health in this industry.
Although some studies have separately been
conducted on the effectiveness of oral9 and booklet10
training in Iran, there is no information regarding
the difference between the two intervention methods
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of oral and booklet training on reduction of risk of
musculoskeletal problems among workers in different
industries.
Methods
In this randomized controlled trial study which was
conducted in a porcelain factory in Shiraz (Iran) in
2013, all male employees engaged in lifting activities
(341) were invited and/or their eligibility for entering the
study were assessed. 204 eligible individual volunteered
to take part in the study with at least one year of job
tenure. All the subjects voluntarily participated in the
study after being informed about the aims of the study.
Also, the participants signed an informed consent form
before commencement of the study. Employees with a
history of any diseases or accidents (such as occupational
and road accidents) affecting the musculoskeletal system
and/or methods of manual material lifting were excluded
from the study. In order to determine the effectiveness
of the intervention methods (booklet and oral training),
the participants were randomly divided into two groups.
Data Gathering Tools and Study Procedure
An anonymous self-administered questionnaire
was used to collect the required data from each
subject. The questionnaire consisted of 2 parts:
(a) Personal details (including age, weight,
height, job tenure, daily working time, marital status,
education, type of employment and working schedule).
(b) The general Nordic Questionnaire of
musculoskeletal (NMQ) symptoms to examine
reported cases of musculoskeletal disorders in
different body regions among the study population.11
Reported musculoskeletal symptoms were limited to
the previous 12 months. The validity and reliability
of the Persian version of NMQ had been perused in
Choobineh and colleagues’ study.12 Each participant
received the questionnaire in person in his workplace.
The questionnaire was completed by workers during
the shift while performing their jobs in presence of
an ergonomist. Manual material lifting is one of risk
factors that can be effective on the occurance of MSDs
(especially low back pain).13,14
In order to assess lifting load activities, Lift/Lower
Force Risk Assessment software was used.15 In this
software, items including weight (kg or lbs), distance
of object from the body (closest distance, to 18 cm and
to 30 cm from body), lifting zone (floor to knee, knee
to knuckle, knuckle to shoulder, shoulder to arm reach),
lower back twist (≤45° and 45°<), lifting frequency (1
to 10 lift per minute) and number of hours of lifting
per day (≤1 hr, 1-2 hr and 2hr≤) are considered. After
assessing by this software, each case was interpreted in
accordance to the Action Levels (AL) described below:
J Health Sci Surveillance Sys July 2015; Vol 3; No 3
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Action Level 1= The person is lifting the load in
the best condition with no risk of injury of the spine.
Action Level 2= The person is lifting the load that
could present some risk of injury of the spine, so this
should be investigated and corrected.
Action Level 3= The person is lifting the load in the
worst condition with an immediate risk of injury of the
spine, and the reasons for this need to be investigated
and changed immediately to prevent an injury.
After assessment of manual lifting activities,
the intervention program including two methods
of training (i.e. booklet and oral training) was
implemented. Subjects were randomly divided into
two groups using a blocked randomization method.
Half of the individuals (102 subjects) were put in the
booklet training group and the others (102 subjects)
in the oral training group.
In the oral training method, the workers received
1.5 hours of practical training related to proper load
lifting techniques maximum acceptable weight of
load and proper body posture. In the booklet training
method, the same items were presented to the workers.
It should be noted that the booklet and oral training
were prepared by the researchers. Figure 1 presents the
flow diagram of CONSORT (Consolidated Standards
of Reporting Trials).
After one month16 of implementing the
interventional training, the subjects were assessed
again using Lift/Lower Force Risk Assessment
software.
Enrollment

Data Analysis
Statistical analyses were performed using SPSS
(version 17). The normal distribution of data was
assessed using Kolmogorov-Smirnov test. MannWhitney U test was used to examine the differences
of demographic and occupational characteristics (age,
weight, height, and job tenure) of the workers of the
two groups. Chi-square test was used to compare
the two methods of intervention (booklet and oral
training). The level of significant was set on 0.05.
Results
Table 1 summarizes personal details of the workers
participating in the study. Statistical analysis using MannWhitney U test showed that the two groups were not
significantly different (P<0.05) in terms of demographic
and occupational characteristics (age, weight, height, job
tenure, and educational level).
The results of NMQ showed that the knee (52.5%),
feet (45.1%) and lower back (43.6%) symptoms were
the most prevalent problems among the studied
workers. Table 2 presents the prevalence of MSDs
symptoms in different body regions of the workers
during the last 12 months before implementation of
intervention.
The results of the risk assessment by Lift/Lower
Force Risk Assessment software in all workers
(n=204) showed that in 62.7% of the workers studied,
the level of exposure to musculoskeletal risks was
in Action Level (AL) 1, 31.9% in AL 2 and 5.4% in

Assessed for eligibility (n=341)

Excluded (n=137)
Not meeting inclusion criteria (n=40)
Declined to participate (n=91)
Other reasons (n=6)

Randomized (n=204)

Allocated to intervention (n=102)
Received allocated intervention (n=102)
Did not receive allocated intervention (give
reasons) (n=0)

Allocation
Allocated to intervention (n=102)
Received allocated intervention (n=102)
Did not receive allocated intervention (give
reasons) (n=0)

Follow-Up
Lost to follow-up (give reasons) (n=0)

Lost to follow-up (give reasons) (n=0)

Discontinued intervention (give reasons) (n=0)

Discontinued intervention (give reasons) (n=0)

Analysis
Analysed (n=102)
Excluded from analysis (give reasons) (n=0)

Analysed (n=102)
Excluded from analysis (give reasons) (n=0)

Figure 1: The flow diagram of CONSORT
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Table 1: Some personal details of the workers participating in the study
Variable
Group 1* (n=102)
Age (yrs)
Mean (SD)
35.41 (6.48)
Min – Max
21-48
Weight (kg)
Mean (SD)
75.23 (9.78)
Min – Max
50-115
Height (cm)
Mean (SD)
174.29 (6.48)
Min – Max
140-181
Job tenure (yrs)
Mean (SD)
11.57 (5.72)
Min – Max
1-21
Educational level
Without academic degree
99 (50.26)
With academic degree
3 (42.85%)

Group 2** (n=102)
33.61 (6.94)
23-51
74.32 (10.92)
52-104
174.02 (7.45)
158-190
10.02 (6.05)
3-19
98 (49.74%)
4 (57.15)

P value
0.058†
0.535†
0.792†
0.075†
0.201††

*Workers with booklet training; **workers with oral training; †Mann-Whitney U test; ††Chi-Square test

Table 2: Frequency of reported musculoskeletal symptoms in different body regions among the studied workers during the last 12 months (n=204)
Body region
Yes
No.
%
Neck
66
32.4
Shoulders
84
41.2
Elbows
47
23
Wrists/Hands
73
35.8
Upper back
70
34.3
Lower back
89
43.6
Thighs
46
22.5
Knees
107
52.5
Feet and Ankles
92
45.1

AL 3. In Table 3, frequency of subjects in different
risk levels in the two methods of intervention groups
(booklet training (group 1) and oral training (group
2) before and after the intervention is presented and
compared. This results showed that there was a
significant difference between the risk level before
and after the intervention (P<0.001) in both groups.
This means that the risk level decreased after the
intervention in the two training methods.
In Table 4, the effectiveness of each intervention
method by examining the changes in risk levels with
the type of intervention is presented. First, the subjects
were divided into two groups including one subject
with no change in the level of risk.
As demonstrated in Table 4, the level of risk did

not increase in either case. Association between
changes in risk levels and type of intervention was
examined and compared. In the intervention group
of booklet training, 88.2% of workers had remained
at the same level and in 11.8% of the subjects the
risk level reduced. In the intervention group of oral
training, 77.5% of workers remained unchanged and
in 24.5% of the individuals the risk level reduced.
Statistical analysis using Chi-square test showed that
the oral training method was more effective than
booklet training (P=0.018).
Discussion
The results of NMQ showed that the knee, feet and lower
back symptoms were the most prevalent problem among

Table 3: Distribution of subjects with different levels of risk in groups 1 and 2 before and after the intervention
Oral training (n=102)
P value*
Level of risk
Booklet training (n=102)
P value†
Before No. (%)
After No. (%)
Before No. (%)
After No. (%)
Low
63 (61.8%)
73 (71.5%)
<0.001
65 (63.7%)
85 (83.3%)
<0.001
Moderate
35 (34.4%)
27 (26.5%)
30 (29.4%)
15 (14.7%)
High
4 (3.8%)
2 (2.0%)
7 (6.9%)
2 (2.0%)
*

Chi square test

Table 4: Changes in the level of risk between the two groups
Change in level of risk
Booklet training
No. (%)
No change
90 (88.2%)
Reduced
12 (11.8%)

Oral training
No. (%)
77 (77.5%)
25 (24.5%)

P value*
0.018

*Chi square test
104

J Health Sci Surveillance Sys July 2015; Vol 3; No 3

Assessment of manual material lifting in a porcelain production industry

the studied workers, respectively. In employees with
manual material handling, the lower back symptoms
have been reported to be the most prevalent problems.17
These findings are different from the results of Habibi
and colleagues18 and Nasle Seraji and colleagues’19
studies. In the porcelain factory, the workers worked in
standing posture for a long time. This situation induced
pressure on the lower extremities, especially the knees.
The results of the risk assessment by Lift/Lower
Force Risk Assessment software showed that a high
percentage of workers were encountered with MSDs
risk factors and corrective actions and ergonomics
intervention had to be taken into account with high
priority.
The results revealed that ergonomics intervention
(booklet and oral training) was effective in correction
of behavior patterns. This finding was in line with the
result of Snook and colleagues’ study, indicating that
manual material lifting training could be effective
in control of low back disorders.20 Also, the result
of this study confirmed the findings of Marras and
colleagues21 and Mullen and colleagues’22 studies
that showed ergonomics intervention was effective
on methods of lifting of loads in manual material
handling activities. The results of this study was in
line with the results of Saremi’s23 study, showing that
after the ergonomics intervention of training, the
working posture was improved.
These results showed that the training intervention
through booklet was effective but as demonstrated in
Table 4 the effect of this intervention method was less
than oral training. The results are in line with those of
Zeidi and colleagues’9 study that showed effectiveness
of oral training intervention in correction of body
postures in video display terminal users. In oral
training, the proper perspective and orientation of a
subject can be presented. Also, in this method, greater
attention could be secured and maintained, as interest
leads to attention and spoken word has greater weight
than mute appeal by books.10
Also, the results of this study were in line with the
findings of Zeidi and colleagues,24 indicating that oral
training might improve the behavior, knowledge and
attitude of people during the work.
The comparison of two methods of training (oral and
booklet training) among workers involved in manual
material lifting activities is the strong point of this study.
Since the subjects participating in the present study
were all male and from a porcelain factory, so the results
of this study should be used with caution for female
workers and other industries. Also, to obtain accurate
results about the effectiveness of training intervention
there is a need to long term (at least 12 months) studies
on the two assessments of manual material handling
activities (initial and later assessment).
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Conclusion
The results of this study showed that the knee, feet and
lower back symptoms were the most prevalent problems
among the studied workers. The results of the low
back disorders risk assessment showed that in a high
proportion of workers studied, the level of exposure to
musculoskeletal risks was in the high or very high action
level. The results showed that training intervention can be
effective in correction of behavior patterns of workers. Oral
training was more effective than the booklet training. This
method of intervention (oral training) is recommended for
prevention of back disorders caused by manual material
lifting in this industry and other similar industries.
Acknowledgments
This article was extracted from the thesis written by Mr.
Alireza Besharati, MSc. student of Ergonomics and was
financially supported by Shiraz University of Medical
Sciences grant No. 91-6523. The authors would like to
thank Golsar Porcelain Company and Mrs. Yektaeian for
their valuable cooperation in the stage of data gathering.
Conflict of Interest: None declared.
References
1

Pinzke S. Automatic registration of OWAS postures
from video film. Proceeding of the Human Factors
and Ergonomics Society Annual Meeting, July 29August 4, 2000; California, USA. http://pro.sagepub.
com/content/44/36/529.abstract

2

Fredericks TK, Kumar AR, Karim S. An ergonomic
evaluation of a manual metal pouring operation. Int J Ind
Ergonom 2008; 38(2): 182-92. http://www.sciencedirect.
com/science/article/pii/S0169814107000388

3

Kivi P, Mattila M. Analysis and improvement of work
postures in the building industry: application of the
computerized OWAS method. Appl Ergon 1991; 22(1):
43-8. http://www.ncbi.nlm.nih.gov/pubmed/15676798

4

Mattila M, Karwowski W, Vilkki M. Analysis of working
postures in hammering tasks on building construction
sites using the computerized OWAS method. Appl
Ergon 1993; 24(6): 405-12. http://www.sciencedirect.
com/science/article/pii/0003687093901726

5

Verbeek J, Martimo KP, Karppinen J, Kuijer PP, Takala
EP, Viikari-Juntura E. Manual material handling advice
and assistive devices for preventing and treating back
pain in workers. Occup Environ Med 2012; 69(1): 79-80.
http://onlinelibrary.wiley.com/doi/10.1002/14651858.
CD005958.pub2/abstract

6

Martimo KP1, Verbeek J, Karppinen J, Furlan AD,
Takala EP, Kuijer PP, et al. Effect of training and
lifting equipment for preventing back pain in lifting
and handling: systematic review. BMJ 2008; 336(7641):
429-31. http://www.bmj.com/content/336/7641/429

7

Mc Neely A, Beauregard K, Geddie JE. A Guide
105

Besharati AR, Ghanbari A, Choobineh AR, Tabatabaee SHR, Daneshmandi H

to Manual Materials Handling and Back Safety.
Occupational Safety and Health Division, N.C.
Department of Labor, 2012. http://www.nclabor.com/
osha/etta/indguide/ig26.pdf
8

9

Danziger J, Dunkle D. Methods of Training in the
Workplace. Center for Research on Information
Technology and Organizations, School of Social
Sciences. University of California, Irvine CA
92697-4650. http://www.crito.uci.edu/papers/2005/
DanzigerDunkle.pdf
Mohammadi Zeidi I, Morshedi H, Mohammadi Zeidi
B. Effectiveness of a Theory-Based Educational
Intervention on Modifying Body Posture of Computer
Users in Iran. JRUMS 2012; 11(2): 145-58. http://journal.
rums.ac.ir/browse.php?a_id=1358&sid=1&slc_lang=en

10

Kaur G. Study and Analysis of Lecture Model
of Teaching. IJEPA 2011; 1(1): 9-13. http://www.
ripublication.com/ijepa/ijepav1n1_001.pdf

11

Kuorinka I, Jonsson B, Kilbom A, Vinterberg
H, Biering-Sørensen F, Andersson G, et al.
Standardized Nordic Questionnaires for the analysis
of musculoskeletal symptoms. Appl Ergon 1987; 18:
233-7. http://www.sciencedirect.com/science/article/
pii/000368708790010X

12

Choobineh AR, Lahmi M, Shahnavaz H, Jazani RK,
Hosseini M. Musculoskeletal symptoms as related
to ergonomic factors in Iranian hand-woven carpet
industry and general guidelines for workstation design.
Int J Occup Saf Ergon 2004; 10(2): 157-68. http://www.
ncbi.nlm.nih.gov/pubmed/15182472

13

Choobineh A, Tabatabaee S, Behzadi M.
Musculoskeletal problems among workers of an Iranian
sugar - producing factory. Int J Occup Saf Ergon 2009;
15(4): 419-27. http://www.tandfonline.com/doi/abs/10.1
080/10803548.2009.11076820#.VO9pphCCQTg

14

Jaap H. Van Dieen and Maury A. Nussbaum. In
Delleman NJ, Haslegrave CM, Chaffin DB, editor:
Working Postures and Movement: Tools for Evaluation
and Engineering. New York; CRC Press; 2004: p. 4, 109.

15

Waters TR, Putz-Anderson V, Garg A, Fine LJ. Revised
NIOSH equation for the design and evaluation of
manual lifting tasks. Ergonomics. 1993; 36(7): 749-76.
http://www2.worksafebc.com/calculator/llc/default.htm

16

Solhi M, Saki M, Alimohammadi I, Haghani H. The
Effect of Health Education on the Use of Personal

106

Respiratory Protective Equipments based on BASNEF
Model among Workers of Block Carbon Factory in
Ahwaz. IJAST 2013; 3(3): 122-8. http://www.ijastnet.
com/journals/Vol_3_No_3_March_2013/15.pdf
17

Sadeghi naeini H: The principles of ergonomics
in manual handling systems. 1st ed. Tehran, Asana
publication, 2000.

18

Habibi E, Gharib S, Shakerian M, Hasanzadeh A.
Musculoskeletal disorders and ergonomics of workers
involved with analyzing the situation manually
carrying goods in the dairy industry. JHSR 2010;
6(4): 629-57. http://www.sid.ir/fa/VEWSSID/J_
pdf/3001013890406.pdf

19

Nasl Saraji J, Hajaghazadeh M, Hosseine S, Adl J.
Musculoskeletal Disorders Study in a Construction
Industry Workers. IOH 2007; 4(1): 15-19. http://sjsph.
tums.ac.ir/browse.php?a_id=150&sid=1&slc_lang=fa

20 Snook SH. A Study of Three Preventive Approaches
to Low Back Injury. Jom-J Occup Med 1978;
20(17): 153-60. http://journals.lww.com/joem/
abstract/1978/07000/a_study_of_three_preventive_
approaches_to_low_back.9.aspx
21

Marras WS, Allread WG, Burr DL, Fathallah FA.
Prospective validation of a low-back disorder risk
model and assessment of ergonomic interventions
associated with manual materials handling tasks.
Ergonomics 2000; 43(11): 1866-86. http://www.ncbi.
nlm.nih.gov/pubmed/11105977

22 van der Molen HF, Sluiter JK, Hulshof CT, Vink P,
Frings-Dresen MH. Effectiveness of measures and
implementation strategies in reducing physical work
demands due to manual handling at work. Scand J
Work Environ Health 2005; 31(2): 75-87. http://www.
ncbi.nlm.nih.gov/pubmed/16363450
23

Saremi M, Lahmi M, Faghihzadeh S. The survey
of effect of ergonomics intervention on dentist’s
musculoskeletal disorders. Daneshvar Medicine 2006;
13(64): 55-62. http://www2.sid.ir/Fa/VEWSSID/J_
pdf/59513925810.pdf

24 Mohammadi Zeidi I, Pakpour Hajiagha A, Mohammadi
Zeidi B. Evaluation of Educational Programs Based
on the Theory of Planned Behavior on Employees’
Safety Behaviors. J Mazandaran Univ Med Sci 2013;
22(97): 166-77. http://jmums.mazums.ac.ir/browse.
php?a_id=1775&sid=1&slc_lang=en

J Health Sci Surveillance Sys July 2015; Vol 3; No 3

