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ABSTRACT

*This work has been published

under CC BY-NC-SA 4.0 license. Background and Objectives: This study aimed to determine the prevalence rate of musculoskeletal

disorders and evaluate the body position in routine tasks among orthotists and prosthetists.

Article info: Methods: Forty orthotists and prosthetists were included. The scores of the Nordic Musculoskeletal

. Questionnaire and the Rapid Entire Body Assessment were used to determine the prevalence rate of
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Results: Among the orthotists, 55.6% of men and 47% of women suffered from pain in the trunk,
neck, and lower limbs. Nearly similar results were seen in the upper limbs (74.1% men and 45.5%
women). Such high prevalence rates were not seen in prosthetists. The analysis of the Rapid Entire
Body Assessment scores based on the working task and gender of the orthotist and prosthetist
: showed that more than 60% of the workers achieved a score of 4 to 7 approximately in half of the
This research did not receive any - tasks. It shows the medium risk of musculoskeletal disorders, thus, corrective action is necessary.
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? What is “already known” in this topic:

mended.

—» What this article adds:

mended.

To reduce musculoskeletal disorders, it is recommended to add ergonomic topics and training courses in edu-
cational subjects . Also, applying and selecting practical tools based on the principles of ergonomics is recom-

To reduce musculoskeletal disorders, it is recommended to add ergonomic topics and training courses in edu-
cational subjects . Also, applying and selecting practical tools based on the principles of ergonomics is recom-

1. Introduction

ccupation-related musculoskeletal injuries

are among the most serious occupational

problems worldwide. Unfavorable occupa-

tional body position is one of the most im-

portant factors in these injuries. Based on
estimates by the Health and Safety Executive, work-related
Musculoskeletal Disorders (MSDs) account for 38% of the
work-related disorders [1]. These problems reduced quality
in work and production, increased the work time loss, re-
duced overall work time for every person, and also enforced
more prices on the workers and governments [1, 2].

One of the ergonomist’s main goals is to improve muscu-
loskeletal health in the workplace [3]. Intervening programs,
standards, and several instructions have been inducted to
reduce the occurrence rate of these disorders among the
working society. Analyzing the levels of the prevention of
the factors leading to these disorders can be the basis of pro-
gramming and ergonomic interventions in the workplace [1,
4]. Although many factors, such as biomechanical dangers,
genetic factors, morphological defects, and psychosocial dis-
ease lead to work-related problems, it is only possible to con-
trol the biomechanical and psychosocial factors [3].

Body position in the workplace can lead to work-related
MSDs. According to studies, to determine the intensity of
physical activity, it is necessary to consider body position,
the range of motion, force applied, the number of the repeti-
tions of the activity, and the duration of work [3]. Among
these, the work motions and positions are important factors
that must be included in the professional health analysis.
Studies show that people’s position during work is directly
tied to their MSDs [3, 5]. Improper, asymmetric, repeated,
and continuous working positions pose excessive pressure
on the body structure, eventually, this force exceeds the
maximum body stress and leads to injuries [3]. Therefore,
it can be a good base for decision-making about workplace

changes and ergonomic interferences to analyze and deter-
mine the danger of bad body position during work and its
effect on MSDs [6]. There is a possibility of MSDs among
orthotists and prosthetists, because of long-standing work,
excessive forces, the use of inappropriate and nonstandard
tools and machines, and the lack of awareness of the cor-
rect physical position [7]. Therefore, this study aimed to
determine the prevalence rate of MSDs and perform the
ergonomic evaluation of working conditions in orthotists
and prosthetists using the Rapid Entire Body Assessment
(REBA).

2. Material and Methods

This cross-sectional study was conducted in 10 active
orthotic and prosthetic clinics in Tehran City, Iran. The
clinics included the Orthotics and Prosthetics Center of
the Rehabilitation Faculty of Iran University of Medi-
cal Sciences, the Kosar Orthotics and Prosthetics Center,
the Saba Technical Orthopedic Center of University of
Welfare and Rehabilitation Sciences, and seven private
clinics in Tehran. Also, 40 orthotists and prosthetists, in-
cluding 16 males and 24 females with at least one year of
work experience participated in the study.

To calculate the prevalence of MSDs, the participants
answered the Nordic Musculoskeletal Questionnaire
(NMQ) before the observation of the working positions
[8]. This questionnaire is a valid and reliable screen-
ing tool for detecting MSDs [9]. The NMQ includes
27 items that explore the presence of musculoskeletal
symptoms during 12 months and cover nine different
parts of the body (neck, shoulders, elbows, wrists/hands,
upper back, lower back, hip/thighs, knees, and ankles/
feet). The NMQ also includes items on severity grades,
which are determined according to functional status and
the presence of musculoskeletal symptoms during the
last seven days. All answers are given on a dichotomous
“yes/no” response scale [8, 9]. Besides, questions, such
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Table 1. Rapid entire body assessment score

2020, Volume 3

REBA Score Level of Musculoskeletal Disorders Risk
1 Negligible risk and corrective action is not necessary
2-3 Low risk and corrective action may be necessary
4-7 Medium risk and corrective action is necessary
8-10 High risk and corrective action is necessary soon
+11 Very high risk and corrective action is necessary now

as work experience and the dominant hand were added
to address the study purpose. Postures were evaluated
with the scores of the Rapid Entire Body Assessment
(REBA), which is a useful tool to analyze whole-body
static, dynamic, or unstable modes [10, 11]. This method
was developed by Hignett and McAtamney, in 2000.
Besides comprehensiveness, REBA is highly sensitive
especially to analyze the unpredictable postures of peo-
ple working in the health care and other service sectors.
Analysis indicates that the REBA method has a reason-
able inter and intra-rater reliability (ICC=0.925) to ana-
lyze working postures [12].

In the REBA method, the body limbs are divided into
two groups of A (trunk, neck, legs) with 60 posture com-
binations and B (shoulders, elbows, and wrists) with
36 posture combinations. In this method, by observing
the working postures, each of the limbs in groups A and
B is scored based on the angular position. The A and
B scores are combined to give a total of 144 possible
combinations, and finally, an activity score is added to
give the final REBA score. The REBA score resides on
a scale from 1 to 15 that shows not only the amount of
risk threatening the person’s musculoskeletal system in
the analyzed working posture but also the activity levels
needed against this risk to treat or not to treat the work-
ing posture [10] (Table 1).

Table 2. Demographic data of the study participants (N = 40)

Ten working postures were set for each of the orthotists
and prosthetists by an expert examiner and consulting
with two other persons working on each of the profes-
sions. The working postures considered for a prosthetic
worker were as follows: casting, positive cast modifica-
tion, the modification of soft socket by milling machine,
pulling the PVA bag and/or prosthesis stocking on a
mold, lamination procedure, cutting the negative cast
using cast cutter, removing the plaster from the socket
using a pneumatic hammer, the modification of socket
by milling machine, forming Pedilon or prosthesis foam
cover by milling machine, and prosthesis assembling
(Figure 1). Also, casting, positive cast modification, cut-
ting by industrial guillotine, working with a jigsaw, cut-
ting the negative cast using cast cutter, contouring and
forming the pieces with a milling machine, forming of
the pieces with the valve wheel wrench, working with
drill standing, trimming off rivet, and rivet hammering
were considered for an orthotic worker (Figure 2).

The positions of the body limbs are not constant during
each task and they need to be scored carefully. Thus, dur-
ing each working posture, each subject was filmed for 10
minutes from different angles. In these films, the posture
used most was chosen and its data were analyzed via the
Kinovea software, based on the REBA employee assess-
ment worksheet [13]. The obtained data were analyzed

+!
LT Dominant Hand (% Freq.)
Profession Gender
Age,y Weight, kg Height,cm  Work Experience, y Right Left
Male (n=15)  40.07+7.723 78.93+18.132 173.9348.606 14.93+9.114 14 (35) 1(2.5)
Prosthetist
Female (n=5) 37.60+7.436 67.00+7.616  165.20+5.586 8.00+£7.550 5(12.5) 0(0)
Male (n=9) 42.67+4.444 97.56+49.850 175.56+6.894 16.6745.723 5(12.5) 4(10)
Orthotist
Female (n=11) 37.64+3.828 66.18+9.031 162.00+3.847 13.18+3.737 11 (27.5) 0(0)
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Table 3. Musculoskeletal disorders in different body segments based on profession and gender

No. (%)
Body Seg- Pain in the Last Year Disabling to Do ADLS
ments Prosthetic Orthotist Prosthetic Orthotist

Male Female Male Female Male Female Male Female
Neck 5(33.3) 5 (100) 5(55.6) 11 (100) 3(20) 2 (40) 0(.0) 9(81.8)
Shoulder 3(20.0) 1(20.0) 9(100.0) 11 (100.0) 2(13.3) 1(20.0) 4(44.4) 6 (54.5)

Elbow 3(20) 1(20) 2(22.2) 2(18.2) 1(6.7) 1(20) 0(0) 0(0)
Wrist & hand 6 (40) 4 (80) 9 (100) 2(18.2) 4(26.6) 4 (80) 6 (66.6) 2(18.2)
Back 4(26.7) 0(0) 4(44.4) 6 (54.5) 3(20) 0(0) 2(22.2) 2(18.2)
Lumbar 4(26.7) 3 (60) 7(77.8) 6 (54.5) 2(13.3) 3 (60) 2(22.2) 4(36.4)

Pelvic & thigh 0(0) 1(20) 7(77.8) 0(.0) 0(.0) 1(20) 0(0) 0(0)
Knee 6 (40) 2 (40) 7(77.8) 6 (54.5) 3(20) 2 (40) 0(0) 4(36.4)
Ankle & foot 4(26.7) 1(20) 0(0) 2(18.2) 2(13.3) 0(.0) 0(.0) 2(18.2)

using SPSS V. 21, also, the significant level was set at 3. Results

P <0.05. The chi-squared (test of independence) and the

Fisher exact test were used to determine the relationship
between the REBA score and specialty, gender, weight,
height, and work experience. Also, the chi-squared test
was used to evaluate the statistical differences between
gender and specialty.

Table 2 shows the demographic characteristics of the
study population. Table 3 represents high-risk work-re-
lated MSDs in the different body limbs of the orthotists
and prosthetists during the last year, based on specialty
and gender. The results showed that all of the female

Figure 1. Ten working postures of prosthetists

A: Casting; B: Positive cast modification; C: The modification of soft socket by milling machine; D: Pulling PVA bag and/or prosthesis stock-
ing on a mold; E: Lamination procedure; F: Cutting the negative cast using cast cutter; G: Removing the plaster from the socket using a
pneumatic hammer; H: The modification of socket by milling machine; I: Forming Pedilon or prosthesis foam cover by milling machine; J:

Prosthesis assembling.
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Table 4. Musculoskeletal disorders in the segments of A and B based on profession and gender

Prosthetic (%) Orthotist (%)
Musculoskeletal Disorders
Male Female Male Female

Pain during last year 25.6 40 55.6 47.0
A

Disabling to do ADL 14.4 26.7 11.1 31.8

Pain during last year 26.7 40 74.1 45.5
B

Disabling to do ADL 15.6 40 37 24.2

orthotists were complaining of neck and shoulder pain
while all of the female prosthetists were suffering from
neck disorders. All of the men in the orthotist group had
shoulder, wrist, and hand pain, while most of the men in
the prosthetist group were suffering from knee, shoulder,
wrist, and hand pain.

The data of REBA score (Table 4) show that 55.6% of
men orthotists suffer pain in the A group. The orthotist
women take second place in this table, with 47% during
the last year. Such high statistics were not seen in ortho-
tists. Nearly similar results were seen for the B group so
that the orthotist men by 74.1% and women by 45.5%
suffer from pain in this group.

Moreover, 65% of the orthotist workers were unable
to be present in the workplace because of MSDs; most
of them (55%) were women. Such high statistics were

not seen in the prosthetist workers. Cumulatively, an
absence rate of 26.6% was reported because of work-
related MSDs. Besides, 50% of the orthotists reported a
history of doctor’s visits for MSDs; this rate was 30% in
the prosthetist workers. Generally, the workers reported
a doctor reference rate of 26.6%.

The statistical test of chi-squared shows a significant
relationship between the gender of orthotists and their
actions disability during the last year because of disor-
ders in group A (P = 0.013) and also pain and disorder
in group B (P = 0.048) in the past year. Table 4 indicates
a significant relationship between specialty and the dis-
order’s prevalence during the last year in group A (P <
0.0005) and group B (P < 0.0005), in men workers. The
Fisher test indicated a significant dependence between
the weight of men working in the orthotic section and
the inability to work during the last year because of pain

Figure 2. Ten working postures of orthotists

A: Casting; B: Positive cast modification; C: Cutting by industrial guillotine; D: Working with a jigsaw; E: Cutting the negative cast using cast
cutter; F: Contouring and forming the pieces with a milling machine; G: Forming of the pieces with the valve wheel wrench; H: Working

with drill standing; |: Trimming off rivet; J: Rivet hammering.

Asgari Sh, et al. Ergonomic Evaluation of Working Conditions. Func Disabil J. 2020; 3:169-178.
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Table 5. Rapid Entire Body Assessment (REBA) score in prosthetists based on working task and gender

No. (%)
Task REBA Score
Gender Score 1 Score 2 Score 3 Score4  Score 5
Male 12 (60) 3(15)
Casting
Female 2 (10) 3(15)
Male 9 (45) 6 (30)
Positive cast modification
Female 1(5) 4(20)
Mal 8 (40 7 (35
Modification of soft socket by milling ae (40) (35)
machine Female 1(5) 4(20)
Mal 1(5 8 (40 5(25 1(5
Pulling PVA bag and/or prosthesis stocking ae ) (40) (25) )
Id
onamo Female 2(10) 3(15)
Male 8 (40) 7(35)
Lamination procedure
Female 2 (10) 3(15)
Male 14 (70) 1(5)
Cutting the negative cast using cast cutter
Female 4 (20) 1(5)
Mal 4(20 50) 10 1(5
Remove the plaster from the socket using a ae (20) (50) ©)
tich
pneumatic hammer Female 5(25)
Male 12 (60) 3(15)
Modification of socket by milling machine
Female 4(20) 1(5)
Mal 13 (65 2 (10
Forming pedilon or prosthesis foam cover ae (63) (10)
by milli hi
y mifling machine Female 4(20) 1(5)
Male 9(45) 6(30)
Prosthesis assembling
Female 3(15) 2 (10)

in group A (P = 0.019). There is no significant relation-
ship between the height, age, and experience of the par-
ticipants and the musculoskeletal pain and disorder and
inability because of MSDs in group A or B.

Tables 5 and 6 show the REBA score of orthotists
and prosthetists during the specified activities, respec-
tively. The Fisher test showed no significant dependence
between the REBA score achieved during each of the
mentioned tasks and the worker’s gender and weight.
Among the men prosthetists, significant relations were
observed between the REBA score achieved during the
“modification of socket by milling machine” and the age
(P = 0.046) and experience (P = 0.029). Also in the or-
thotist workers, a significant dependence was found be-

tween the REBA score achieved during the “contouring
and forming the pieces with a milling machine” and the
height (P =0.024). However, the Fisher test did not show
any significant statistical dependence during the perfor-
mance of the duties defined for prosthesis specialists and
the MSDs in their B part of the body.

The chi-squared statistical test showed a significant re-
lationship between the disorders in the A group of men
prosthesis specialists in the past year and the REBA
score achieved during the “lamination procedure” (P =
0.040). Also, the t test did not show significant statistical
differences in the REBA score in both men and women
workers in orthotists and prosthetists (P>0.05).
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Table 6. Rapid Entire Body Assessment (REBA) score in orthotists based on working task and gender
No. (%)
Task REBA Score
Gender Score 1 Score 2 Score 3 Score 4 Score 5
Male 1(5) 6(30) 2 (10)
Casting
Female 5(25) 4(20) 2 (10)
Male 1(5) 6(30) 2 (10)
Positive cast modification
Female 1(5) 6(30) 4(20)
Male 6(30) 3(15)
Cutting by industrial guillotine
Female 5(25) 6(30)
Male 1(5) 6(30) 2(10)
Working with a jigsaw
Female 3(15) 8 (40)
Mal 1(5 7 (35 1(5
Cutting the negative cast using cast ae ) (35) )
tt
cutter Female 9 (45) 2(10)
Mal 2 4 (2
Contouring and forming the pieces ale Sles) 28
with a milling machine Fernale 7(35) 4(20)
Forming of the pieces with the valve Male 1) 6(30) 2(10
wheel wrench Female 3(15) 8 (40)
Male 4(20) 5 (25)
Working with drill standing
Female 4(20) 7 (35)
Male 7(35) 2 (10)
Trim of rivet
Female 10 (50) 1(5)
Male 5(25) 4(20)
Rivet hammering
Female 10 (50) 1(5)

4. Discussion

The results of the current study indicated that most of
the orthotist men (55.6%) and women (47%) suffered
from pain and disorder in their A part of the body, dur-
ing the past year. Previous studies have also shown that
most of the A part of the body (trunk, neck, and legs)
is involved in MSDs [14-16]. Also, 65% of orthotists
were forced to be absent at work, owing to MSD during
the last year. However, these results were not observed
among the prosthetists; the reason could be prolonged
and repetitive work with hand tools and vibrating de-
vices in the orthotist group. The REBA scores of more
than 60% of orthotists and prosthetists were in the range

of “4 to 7 and then in the range of “8 to 10”. Only when
“removing the plaster from the socket with a pneumatic
hammer”, the prosthetist specialists had a score range of
“11 to 15”. The score range achieved during this task
started from “4 to 77 and the score achieved by 75% of
these participants is from “8 to 10”. While among or-
thotists, the “forming of the pieces with the valve wheel
wrench” and “casting” had a score range of “11 to 15”
(Table 1). The score range achieved during this duty was
started from “4 to 7” and the scores of 70% of the ortho-
tists were in the range of 8 to 10”".

The present $tudy indicated the same levels of risk for
men and women in the analysis of different participant’s
work postures using the REBA method. Therefore, the

Asgari Sh, et al. Ergonomic Evaluation of Working Conditions. Func Disabil J. 2020; 3:169-178.
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average REBA scores acquired from the tasks in the or-
thotic section did not significantly differ between men
and women. These findings are contradicting the re-
search findings about the ergonomic analysis of work
postures and the work-related MSDs of hairdressers
[15], nurses [14], emergency department personnel [6],
and dentists [5], because in these results the rate of inju-
ries was higher in women than in men.

In both orthotists and prosthetists, the highest preva-
lence of MSD was observed in the neck and shoulders as
well as the wrists and hands. Also, among the tasks ana-
lyzed, the highest risk of injury/injuries confrontation be-
longed to the working postures of “casting,” “forming of
the pieces with the valve wheel wrench,” and “removing
the plaster from the socket using a pneumatic hammer”.

Based on the present findings, important factors that
caused MSDs in orthotists and prosthetists were as fol-
lows: the poor design of tools and machines, improper
workshop design in orthosis and prosthesis clinics,
working in standing position for several hours, the lift-
ing and manual handling of heavy objects (mold) with-
out coworker, working with vibrating devices (milling
machine, drill, etc), and repetitive tasks.

To improve the situation and reduce the risk of injury,
it is recommended to adjust the height and angle of the
work surface, reduce longtime standing and repetitive
work, provide adjustable tools and machines, and utilize
a coworker. Also, it is better to add an ergonomics course,
service training, and refresher courses to increase the par-
ticipants’ knowledge about the profession and the use of
tools and devices designed or reformed/modified based on
ergonomic principles to decrease the risk of MSDs [17].

This study only investigated 10 repetitive situations for
each specialist, while working in the field of orthoses
and prostheses is complex. Also, the results may not be
generalizable because the type of equipments, the man-
ner of arrangement, and the style of working are different
in orthotic and prosthetic clinics.

5. Conclusion

Based on the findings, the rate of MSDs is high in the
orthotist and prosthetist, especially in the orthotists.
Thus, to reduce the MSDs, it is recommended to provide
more educational and preventive strategies, such as add-
ing an ergonomics course, service training, and refresher
courses to increase the participants’ knowledge. Also, it
is suggested to modify the tools based on the principles
of ergonomics.
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