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ABSTRACT

In Peru, the textile industry represents a very important
sector due to its significant contribution to the national
GDP. All 398 thousand workers in this sector are prone
to suffer from musculoskeletal disorders (MSDs), since
the operation of machinery and handling of materials
involves prolonged repetitive movements, causing strain
on the body. This research aims to reduce the risk level
of MSDs in a garment manufacturing SME. Therefore, an
ergonomic method was developed based on REBA and
RULA integration, which also proposes preventive and
corrective measures. A initial evaluation was performed
based on the observed postures of the operators to
identify the risk levels; subsequently, the evaluation was
repeated upon the implementation of the method in order
to estimate its effectiveness. As a result, there was an
improvement of 44.97%, that is, the level of risk to which
the workers are exposed was reduced, demonstrating
that the method is useful for garment manufacturing
SMEs.

Keywords: musculoskeletal disorders (MSDs); risk
level; REBA; RULA; ergonomic method.

INTRODUCTION

In the textile industry, manufacturing jobs require coordination
and considerable effort on the part of the workers (Ministry of
Economy and Finance, 2016). During the workday, operators
perform repetitive and invariable operations using their hands
and feet. They remain in awkward and extreme positions for their
joints: arching the back, raising the shoulders, bending the neck,
extending the wrists and bending the arms and legs. To avoid
downtime, operators are often deprived of being able to stretch
their limbs (De la Cruz et al., 2017). This overexertion of manu-
facturing workers gives rise to multiple musculoskeletal disorders
(MSDs), which mainly affect the back, neck, shoulders and upper
and lower extremities, as well as causing damage to joints and/
or other tissues. MSDs can manifest as pain and discomfort and,
in the most severe cases, require medical attention. For chronic
disorders, injuries are irreversible and cause disability, leading
to an inability to work, thus causing damage to the workers and
considerable costs to the company (Puig et al., 2020). Five per-
cent of all deaths worldwide are due to occupational diseases
and work-related accidents, of this 5%, 86.3% is due to work-re-
lated diseases and the remaining 13.7% is due to fatal accidents
(Hamalainen et al. 2017).
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The reduction of musculoskeletal disorders is
achieved through the improvement of postural habits
in textile workshop operators. For example, in their
paper Prevencién de Trastornos Musculoesqueléti-
cos mediante la mejora de Habitos Posturales:
experiencia en el colectivo de limpieza, Puig et al.
(2020) aim to improve posture in the work environ-
ment of the cleaning sector, in order to prevent mus-
culoskeletal disorders. Likewise, Buendia (2018) in
his article Los trastornos musculoesqueléticos en
trabajadores de una empresa textil de Lima aims
to determine musculoskeletal disorders (MSDs) in
workers of a textile company and the frequency with
which they occur. To this end, a descriptive study
was conducted in a textile company dedicated to
the manufacture, production and export of cotton
knitwear garments. Gonzales (2019), in his thesis
entitled Propuesta de un método de prevencion
de riesgos disergonémicos en un taller de confec-
ciones para reducir los sobreesfuerzos de los oper-
arios, proposes a method of risk prevention applied
to a sewing workshop to reduce musculoskeletal
disorders, preventing employees from developing
health problems. Then, through some ergonomic
methods such as OCRA (occupational repetitive
action) and REBA (rapid entire body assessment),
an analysis of the postures that result in the lev-
el of ergonomic risk in workers is performed; upon
identifying the most affected areas of the worker,
recommendations are made to correct postures, re-
design the work environment and acquire ergonom-
ic equipment. Finally, the research by Miranda and
Saenz (2020) aims to design a method to reduce
MSDs and the number of hours of absence from
work, as some of them are related to MSDs, through
the use of observational techniques such as RULA,
REBA or NIOSH.

This research study was conducted in a textile man-
ufacturing SME located in the district of Lima, Peru,
engaged in the manufacture of knitted garments,
mostly t-shirts and jackets. As a result of constant
complaints about physical ailments from workshop
operators, the company decided to perform an ergo-
nomic evaluation to identify the causes of the prob-
lem. Therefore, the objective of the research was
to develop and implement an ergonomic method to
reduce the risk level of MSDs, validated by means
of statistical tools, such as the Anderson-Darling
normality test and Student’s t-test, which yielded
satisfactory factors that contrasted the hypothesis,
that is, a significant reduction in the risk level of
MSDs before and after the implementation of the
ergonomic method developed.

LM nd. data 25(2), 2022

This paper aims to contribute to the scientific com-
munity by providing an ergonomic method based
on the REBA-RULA integration modeled using the
Ergoniza software tool to be implemented in the
garment industry. The hypothesis testing and the
results obtained validate the proposed method;
therefore, we recommend exploring its use in simi-
lar contexts in order to improve its practical value as
an alternative for future research.

Musculoskeletal Disorders

Musculoskeletal disorders (MSDs) are a group of
inflammatory and degenerative conditions, which
are a direct consequence of repetitive movements,
heavy lifting, prolonged static postures, awkward
postures, etc. MSDs mainly affect the soft parts
of the musculoskeletal system: muscles, tendons,
nerves, ligaments and joints, and cause discomfort
and pain in the affected areas. In contrast to other
types of injuries which also occur in the workplace,
MSDs demand longer recovery time and cause
substantial lost workdays (Nabi et al., 2021). In the
Iranian textile industry, MSDs are recognized as a
highly prevalent problem, specifically in spinning,
tasks with repetitive movements, overhead and
shoulder activity, handling of heavy loads, among
others, are observed, causing pain in the shoulder,
neck, hands, as well as in the lumbar and thorac-
ic areas (Shahbazi et al., 2020). In Latvia, the tex-
tile industry is made up of approximately 12 000
people, studies indicate that workers suffer MSDs
caused not only by physical loads, but also by men-
tal effort, work precision and visual fatigue (Kalkis
et al., 2020).

Prevention of Musculoskeletal Disorders

Workers in the textile industry are exposed to awk-
ward postures, repetitive work and constant han-
dling of materials; to avoid the risk factors associ-
ated with MSDs, it is suggested that an adequate
environment for workers to rest, as well as training
programs that promote safety at work, be imple-
mented (Hossain et al., 2018).

Sakthi Nagaraj et al. (2019) recommend perform-
ing stretching routines and designing work areas
ergonomically. Likewise, Barbosa et al. (2022)
propose robotic collaboration, i.e., encouraging
robot-human collaboration to eliminates monoto-
nous, dangerous and repetitive work. Job rotation
is also recommended, as it prevents overloading
certain body parts by alternating jobs with different
types of risk levels.
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Posture

According to Litardo et al. (2020), the term “posture”
refers to the position adopted by each part of the
body in relation to adjacent segments and to the
body as a whole. Neutral posture is the best posi-
tion for the human body, as it reduces stress and
provides greater control and strength. In this posi-
tion the body exerts less pressure on the joints, ten-
dons, muscles and nerves; moreover, the muscles
are in an ideal position, as they are neither contract-
ed nor stretched. In summary, neutral posture is
one that provides a proportionate alignment of body
landmarks (Stack et al., 2016).

Ergonomics

Ergonomics is a field of science based on the appli-
cation of knowledge related to the biomechanical,
physiological and psychological capacities and limi-
tations of the human being. The knowledge acquired
is used to plan, design and evaluate work areas,
tools and equipment to increase the performance
and health of a company’s workers. In short, ergo-
nomics adjusts workplaces for employee comfort
to prevent MSDs through the identification, evalua-
tion, and control of risk factors related to workplaces
(Stack et al., 2016).

Risk Factors Associated with MSD

Risk factors are those factors that, due to high expo-
sure or intensive presence, which can be of organic,
physical, psychological or social origin, lead to the
development of MSDs. Historically, force, posture,
repetitiveness and insufficient rest were catalogued
as the most common risk factors (Instituto Nacional
de Seguridad y Salud en el Trabajo, 2019). Accord-
ing to Siddiqui et al. (2021), heat, noise, light, odor
and dust should also be considered risk factors as
they contribute to the development of MSDs.

Personal Risk Factors

Personal risk factors also contribute to the occur-
rence of injuries in the work area, for instance, age
influences the body’s recovery process. Duration
is another relevant factor. The gender of the work-
er is also taken into account due to hormonal and
anatomical differences, hobbies, obesity, previous
injuries and pregnancy are also considered relevant
(Stack et al., 2016).

In West Bengal, handloom weavers suffer from low
back pain, which was directly related to the number
of years of work. Similarly, in Varanasi, workers in
the same sector suffer from MSD which is caused
by age and years of service (Siddiqui et al., 2021).

Force

Force refers to the amount of physical effort required
to perform an activity or movement. Any activities
that require greater force increase the mechanical
loads on the muscles, joints and tendons. Also, if
there are risk factors involved, such as vibration
or speed, the force required to perform the move-
ments also increases, quickly leading to fatigue at
times (Stack et al., 2016).

Awkward or Unsupported Postures

Awkward or unsupported postures are non-neutral
positions that, being unsupported, force the limits
of the body, compressing the nerves and irritating
the tendons. Awkward postures increase the risk of
MSDs because they demand greater strength and
cause fatigue, because the body is actively working
to maintain the posture. The greater the difference
in posture from neutral, the greater the risk of injury
(Stack et al., 2016).

Static Postures

Static postures are those maintained for prolonged
periods of time, which prevent adequate blood flow.
The effort required to maintain a static posture puts
an increased load on the tendons and muscles,
causing fatigue. Blood flow transports nutrients to
the muscles and removes waste products. As waste
products accumulate due to muscle contraction, fa-
tigue ensues, which is a precursor to injury (Stack
et al., 2016).

Repetitive Movements

Repetitive movements are a risk factor, because the
same movement or group of actions is executed re-
peatedly. They occur when the same set of muscles
is used, thus muscles do not rest and are overused.
Repetition is not a problem of great magnitude;
however, it should be carefully considered when
combined with other risk factors (Stack et al., 2016).

REBA-RULA Integration

The Rapid Entire Body Assessment (REBA) meth-
od was jointly developed by a group of ergonomists,
nurses and physiotherapists after identifying and
analyzing approximately 600 different postures.
REBA method allows for the joint analysis of the
upper limbs, which include the wrist, forearm and
arm, as well as the neck, trunk and lower limbs.
The advantage of this method is that muscle activ-
ity and grip type are both included in the analysis.
REBA considers five (5) levels of risk, ranging from
“negligible” to “very high”. An important prerequisite
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for this evaluation is the worker’s permission, since
evaluators must obtain the relevant information
about the work performed. Evaluators can conduct
observation directly or by recording videos and tak-
ing photographs (Hita et al., 2020).

The Rapid Upper Limb Assessment (RULA) method
was designed by McAtamney and Corlett in 1993
with the aim of identifying the risk factors to which
the upper limbs of workers are exposed during work
activities. The factors considered in this method are
posture of the body areas, the load exerted and the
muscle activities, including repetitive movements
and static posture. RULA focuses on a specific body
region, which is divided into two groups: Group A
(wrist, wrist rotation, arm and forearm) and Group
B (legs, neck and torso). This method has four (4)
levels of action, ranging from “no action needed” to
“urgent measures needed” (Gémez et al., 2020).

As mentioned above, REBA performs an analysis of
the whole body taking into account muscle activity
and the type of grip. In contrast, RULA focuses only
on the upper limbs, considering body posture, force
exerted, repetitive movements and static posture.
The joint use of these two evaluation methods to
analyze the risk factors associated with MSDs in
the textile industry is extremely important, as they
suppress each other’s limitations and complement
each other’s results. Since REBA has a general
approach and RULA is more specific, a successful
integration of these two methods provides a broad-
er picture and more accurate information, which

STAGE 1: ERGONOMIC

EVALUATION

ERGONOMIC METHOD TO
REDUCE MSD IN THE TEXTILE
INDUSTRY

N

STAGE 3: IMPLEMENTATION AND
VALIDATION

contributes to making better recommendations for
addressing MSDs.

Ergonomic Method in Garment Companies

The method designed in this study is based on the
integration of ergonomic techniques to reduce the
risk of MSDs in the operators of the garment man-
ufacturing SME after implementing preventive and
corrective measures. Figure 1 shows the proposed
method. The contribution of REBA and RULA meth-
ods consists of assessing the situation before and
after the improvements and comparing the scores
obtained to identify the results.

METHODOLOGY

For this study a methodology based on induction-de-
duction was developed and descriptive quantitative
techniques were used in order to measure and
evaluate potential risk factors that negatively affect
health and performance of operators. Based on er-
gonomic concepts found in the literature and the
observational ergonomic techniques in conjunction
with the Ergoniza software, the study attempted to
develop an ergonomic method to reduce the risk of
garment manufacturing SME employees suffering
MSDs.

Observational ergonomic techniques were used to
estimate and evaluate the level of risk in the sewing
station; questionnaires were used to identify pos-
sible causes of MSDs in the area and a risk matrix
was developed to categorize their severity.

FSTAGE 2: PROPOSAL DESIGN

Correctives
and
Preventives

Figure 1. Proposed Method.

Source: Prepared by the authors.
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The research design is experimental, since the vari-
ables are manipulated and the phenomena are per-
ceived in their natural state for subsequent analysis.

The population consisted of the 12 operators work-
ing in the sewing station. For the purpose of reduc-
ing the impact of error, the entire population was
used as a sample. The sample was nonetheless
calculated in order to validate the decision, resulting
in 12 units.

Direct observation was used to select the activities
for the ergonomic study, and the REBA and RULA
questionnaires provided by the Ergoniza software
were also applied to evaluate the risk of operators
suffering MSDs.

The first step was to visit the SME sewing work-
shop. A project plan was created detailing the eco-
nomic activity, organization, personnel distribution,
operations, position and classification of the opera-
tors. An ergonomic evaluation was then conducted
using the REBA and RULA methods through the Er-
gonautas software to speed up the evaluation pro-
cess and obtain immediate results.

After determining the level of action and the severity
of the case, a series of corrective and preventive
measures were proposed to reduce the risk of oper-
ators developing MSDs.

Following the implementation of measures, the
evaluation was performed again using the REBA
and RULA methods, the results were recorded and
a comparative graph was made. Subsequently, an
Anderson-Darling test was performed to identify
whether the data collected in the evaluations fol-
lowed a normal distribution; upon identifying that
they were indeed normal data, a Student’s t-test for
two samples was performed. The values obtained
contrasted the hypothesis: a significant reduction in
the risk level of MSDs before and after the imple-
mentation of the ergonomic method developed.

RESULTS
Ergonomic Assessment

Evaluation Using REBA

The first evaluation was conducted on the operators
of the sewing workshop according to their positions
(Table 1), using the REBA method with the Ergon-
iza software. The questions shown in Table 2 were
answered following the observation.

The levels of risk obtained after entering the informa-
tion requested by the Ergoniza software are shown

in Table 3, evidencing the risk of MSDs faced by the
operators of the sewing workshop under study.

Upon obtaining the score and risk level of each op-
erator, the performance level according to Ergoniza
was reviewed as shown in Table 4.

Evaluation using RULA

The evaluation was conducted using the RULA
method with the information requested by the soft-
ware, which is shown in Table 5.

The results obtained upon entering the data in the
software are shown in Table 6.

Following the results, the level of risk was analyzed
with the information obtained from Ergoniza, which
is shown in Table 7.

Improvements and Hypothesis Testing

Upon obtaining the results of the ergonomic evalua-
tion, a series of corrective and preventive measures
were devised to reduce the latent risk of MSDs, as
shown in Table 8.

Upon implementing of the corrective and preventive
proposals, the second evaluation was conducted
on the workshop operators using the REBA method
with the Ergoniza software. The questions shown in
Table 9 were answered following the observation.

Following the second evaluation, the risk levels
shown in Table 10 were obtained via Ergoniza
software.

Similarly, following the implementation of the im-
provements, the evaluation was conducted using
the RULA method. The results are shown in Table
11.

Following the second evaluation, the risk levels
shown in Table 12 were obtained via Ergoniza
software.

To determine the effectiveness of the proposed er-
gonomic method, we measured the improvement
comparing the scores obtained in the first and sec-
ond evaluations. For this purpose, the RE (reduc-
tion of MSDs) indicator was used, calculated using
the following formula:

RE = (Initial score - Final score) / Initial score *100%

After calculating the geometric mean, it was con-
cluded that the risk of developing MSDs was re-
duced by approximately 44.97%.
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Table 1. List of Activities per Operator in the Sewing Workshop.

Position Function Description
Operator No. 1 Cutting pieces Work performed seated
Operator No. 2 Sewing Work performed seated
Operator No. 3 Sewing Work performed seated
Operator No. 4 Sewing Work performed seated
Operator No. 5 Sewing Work performed seated
Operator No. 6 Sewing Work performed seated
Operator No. 7 Sewing Work performed seated
Operator No. 8 Sewing Work performed seated
Operator No. 9 Sewing Work performed seated
Operator No. 10 Sewing Work performed seated
Operator No. 11 Cutting excess material Work performed standing
Operator No. 12 Cutting excess material Work performed standing

Source: Prepared by the authors.

Table 2. Evaluation using REBA.

EVALUATION (ERGONIZA SOFTWARE) op1|op2|op3|opa|ops|ops|op7]|0ps|opo|opiojopiifopiz
The neck is flexed between 0°-20°
The neck is extended or flexed more than 20° X
There is twisting or lateral tilt of the neck X
The trunk is vertical
The trunk is flexed between 0°-20° and extended between 0°-20° X X X X X X X X
The trunk is flexed between 20°-60° and extended more than 20°
The trunk is flexed more than 60°

There is twisting or side bending of the trunk X X X X X X X X X X
Bilateral support, walking or sitting X X X X X X X X X X
Unilateral support, slight support or unstable posture X X
One or both knees are flexed between 30°-60° X X
One or both knees are flexed more than 60 degrees (except in seated posture)
The arm is flexed between 0°-20° and extended between 0°-20° X X X X X X X X X
The arm is flexed between 21°-45° or extended more than 20° X X X
Ammn is flexed between 46°-90°
Armm is flexed more than 90°
Arm is abducted or rotated
Shoulder is elevated X X X
There is support or posture that favors gravity
Forearm |Forearm is flexed between 60°-100° X X X X X X X X X X X X
position | Forearm is flexed less than 60° or more than 100°
The wrist is flexed or extended between 0°-15° X X X X X X X X X X X X
The wirst is flexed or extended more than 15°
There is twisting or lateral deviation of the wrist X X X X X X X X

Neck
position

<l e
<
<
<

<l e
<
<
<

<l e

<l e
<

Trunk
position

T"aoR @

B

Leg position

Arm
position

T"aoR @

=~}

Wrist
position

Source: Prepared by the authors.

Table 3. Level of Risk in The Sewing Workshop Obtained by the RULA Method.

Position Score Level Risk
Operator No. 1 Medium
Operator No. 2 6 2 Medium
Operator No. 3 6 2 Medium
Operator No. 4 7 2 Medium
Operator No. 5 8 3 High
Operator No. 6 5 2 Medium
Operator No. 7 4 2 Medium
Operator No. 8 6 2 Medium
Operator No. 9 7 2 Medium
Operator No. 10 6 2 Medium
Operator No. 11 6 2 Medium
Operator No. 12 8 3 High

Source: Prepared by the authors.
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Hypothesis Testing H, = There is significant change in MSD risk reduc-
tion before and after the implementation of the er-
The research question was “Is the ergonomic meth- gonomic method.

od able to reduce the risk of MSDs in a textile man-
ufacturing SME?” In response to this question, the
following general hypothesis was formulated:

A normality test was conducted before and after imple-
menting the improvements to determine whether the
data collected followed a normal distribution. Statisti-
cal software MINITAB 2018 was used for this purpose,
and the normality of the data was tested using an An-
derson-Darling test at a significance level of 5%.

H, = There is no significant change in MSD risk re-
duction before and after the implementation of the
ergonomic method.

Table 4. Action Level Obtained Using REBA

Score Level Risk Action
1 0 Negligible No action is needed
203 1 Low Measures may be required
4a7 2 Medium Action is required
8a10 ) High Action is required promptly
11a15 4 Very high Immediate action is required

Source: Prepared by the authors, adapted from Ergoniza.

Table 5. Evaluation Using RULA

EVALUATION (ERGONIZA SOFTWARE) op1|op2|op3|op4]|ops5|op6|op7]ops|opo|op1ofop11]|op12]
The arm is flexed between 0°-20° or extended between 0°-20° X X X X X X X X X
The arm is flexed between 21°-45° or extended more than 20° X X X
The arm is flexed between 46°-90°
pﬁ‘:iq?on The arm is flexed more than 90°
The arm is rotated or the shoulders is elevated X X X X
G The arm is abducted X X X X X X X X X X
R The load is not only supported by the arm, but there is a support poin
o] The forearm is flexed between 60°-100° X X X X X X X X X X X X
u Forearm |The forearm is flexed less than 60° or more than 100
P osition [The forearm crosses the midline of the body or performs an activity to the
P side of the body vorp v X X X X X X X X X X X X
A The wrist in a neutral position
The wrist is flexed or extended between 0°-15° X X X X X X X X X X X X
Wrist The wrist is flexed or extended more than 15°
position | The wristis in a position of ulnar or radial deviation X X X X X X X X
The wrist is in mid-range pronation or supination X X X X X X X X X X X X
The wrist is in extreme pronation or supination
The neck is flexed between 0°-10°
The neckis flexed between 11°-20°
MNeck The neck is flexed more than 20° X X X X X X X X X X X X
position |The neckis in extension
The neckis in lateral flexion X X X X X X X X X X X X
G The neck is rotated X X X X X X X X X X X X
R Seated posture, well supported and with an angle trunk - hips = 90° X X X X
o] The trunk is flexed between 0°-20° X X X X X X X X
u Trunk | The trunk is flexed between 21°-50°
P position |The trunk is flexed more than 60°
The trunk is rotated X X X X X X X X X X X X
B The trunk is in lateral flexion X X X X X X X X X X
The operator is seated with legs and feet well supported X X X X X X X X X X
The operator is standing with body weight distributed on both legs and
Lg_g room to change position X X
position
Feet are not well supported or weight is not symmetrically distributed
I'v1u$c_le ?:sgﬂﬁfery activity is maintained for more than one minute at a time oris x X x x X x x x x X x x
A actiity Dynamic activity, the activity is occasional and notlong lasting
TJI $ Load orforce is less than 2 kg and is performed intermittently X X X X X X X X X X X X
5 Load orforce is between 2 kg and 10 kg and is performed intermittently
cv F Loaq or force i_s_ between 2 kg and 10 kg exerted in a static posture or
T exe?tgcdeny requires repetitive movements
ET the o t Load orforce is greaterthan 10 kg and is performed intermittently
peratar|
Y Load or force is greater than 10 kg and requires static posture or
repetitive movements
Sudden shocks or sudden forces take place

Source: Prepared by the authors.
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Table 6. Level of Risk in The Sewing Workshop Obtained by the RULA Method

Position Score Level Action
Operator No. 1 7 4 Urgent task changes are required
Operator No. 2 5 3 Redesign of the task is required
Operator No. 3 5 3 Redesign of the task is required
Operator No. 4 7 4 Urgent task changes are required
Operator No. 5 7 4 Urgent task changes are required
Operator No. 6 4 2 Changes to the task may be required; further study is recommended
Operator No. 7 4 2 Changes to the task may be required; further study is desirable
Operator No. 8 5 3 Redesign of the task is required
Operator No. 9 7 4 Urgent changes in the task are required
Operator No. 10 5 3 Redesign of the task is required
Operator No. 11 6 3 Task changes may be required; further study is recommended
Operator No. 12 7 4 Urgent task changes are required

Source: Prepared by the authors.

Table 7. Action Level Obtained Using RULA.

Score Level Action
1-2 1 Acceptable risk
3-4 2 Changes to the task may be required; further study is desirable
5-6 & Redesign of the task is required
7 4 Urgent task changes are required

Source: Prepared by the authors, adapted from Ergoniza.

Table 8. Corrective and Preventive Proposals in the Sewing Workshop.

CORRECTIVE MEASURES PROPOSED

CHAIR

* The chair must not have wheels so that the operator remains stable while exerting force on the foot control.
* The seat should have a slightly rounded edge for proper leg circulation.

* The backrest and seat should be padded to reduce pressure on the contact areas.

* The seat height and backrest inclination should be adjustable.

TABLE

* To prevent neck flexion, the operator's working height should be 5 cm above elbow height for operators 1.52 m - 1.65 m tall. 7 cm
for operators 1.66 m - 1.75 m tall, and 9 cm for operators 1.76 m and above.

* There should be sufficient space under the operator's work surface to accommodate the legs and to allow free movement of the
arms.

* All operator equipment and work items should be located at a reach distance of 49 em for operators 1.52 m - 1.65 m tall, 51 cm for
operators 1.65 m - 1.75 m tall, and 53 cm for operators 1.76 m and above, with the addition of 1 cm of distance for each additional 2
cm of height of the operator.

FOOT CONTROL

* Foot control should be positioned parallel to the needle to avoid trunk twists
* The depth should be adjusted so that the intrinsic edge closest to the operator is between 0 and 25 cm before the needle so that the
knees form a perpendicular angle in a seated positiona.

PREVENTIVE MEASURES PROPOSED

In order to avoid the risk of MSDs, permanent training and feedback should be provided to the workshop operators to ensure that

TRAINING
they work in a safe, hygienic and healthy manner and to ensure that the corrective proposals implemented are maintained over time.
INFORMATION Such brief documents serve as a reminder to remember the training and, therefore, we recommend placing informative notices that are
NOTICES visible to all operators.

Source: Prepared by the authors.
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Table 9. REBA Ergonomic Evaluation in the Sewing Workshop upon Implementing the Preventive and Corrective

Measures.
EVALUATION opi1|op2|op3|opa]|ops5| ops|op7]| ops|opo|opio|opiijop12
Neck The neck 1s flexed between 0°-20° X X X X X X X X X X X X
S The neck is extended or flexed more than 20°
position — .
There is twisting or lateral tilt of the neck
© The trunk is vertical X X X X X X X X X X X X
u Trunk The trunk is flexed between 0°-20° and extended between 0°-20°
© .. The trunk is flexed between 20°-60° and extended more than 20°
U position - S
- The trunk is flexed more than 60
There is twisting or side bending of the trunk X X X X X X X X X X
A Bilateral support. walking or sitting X X X X X X X X X X X X
Leg Unilateral support, slight support or unstable posture
position |One or both knees are flexed between 30°-60°
One or both knees are flexed more than 60 degrees (except in seated post|
The arm is flexed between 0°-20° and extended between 0°-20°
The arm is flexed between 21°-45° or extended more than 20°
Arm is flexed between 46°-00° X X X X X X X X X X X X
Arm -
@ osition Arm is flexed more than 90°
= P Arm is abducted or rotated X X
o Shoulder is elevated X X X X X X X X
U There is support or posture that favors gravity X X X
i
Forearm |Forearm is flexed between 60°-100° X X X X X X X X X X X X
B position )
Forearm is flexed less than 60° or more than 100°
Wast The wrist is flexed or extended between 0°-15° X X X X X X X X
.. The wirst is flexed or extended more than 15° X X X X
position N - - -
There is twisting or lateral deviation of the wrist X X X X X X X X X X X X

Source: Prepared by the authors.

Table 10. Risk Level in the Sewing Workshop upon Implementing the Preventive and

Corrective Measures Obtained Using REBA.

Position Score Level Risk
Operator No. 1 4 2 Medium
Operator No. 2 3 1 Low
Operator No. 3 3 1 Low
Operator No. 4 4 2 Medium
Operator No. 5 4 2 Medium
Operator No. 6 4 2 Medium
Operator No. 7 2 1 Low
Operator No. 8 3 1 Low
Operator No. 9 4 2 Medium
Operator No. 10 4 2 Medium
Operator No. 11 2 1 Low
Operator No. 12 3 1 Low

Source: Prepared by the authors.

Pvalue < a, data follow a normal distribution
P value > a, data do not follow a normal distribution

The normality test yielded a p-value of 0.161, a val-
ue higher than the significance coefficient, demon-
strating that the data have a normal distribution.
Upon determining the distribution of the data, the
pertinent statistical test was performed.

The Student’s t-test yielded a t-value of 7.46 and a
p-value of 0.0000.

As the t value is greater than the p value, H, is re-
jected and H_ is accepted; therefore, there is a sig-
nificant change in MSD risk reduction before and
after the implementation of the ergonomic method
in the textile industry. The method complies with its
main objective.

DISCUSSION

Each year, the textile industry accounts for 2% of
the world’s gross domestic product (GDP) and cre-

Ind. data 25(2), 2022 I




ProbuCTION AND MANAGEMENT

Erconomic MeTHoD To Repuce THE Risk LEvEL oF MuscuLOSKELETAL DISORDERS IN A GARMENT MANUFACTURING SME IN Lima, PERU

Table 11. RULA Ergonomic Assessment in the Sewing Workshop after Implementing Preventive and Corrective
Measures

EVALUACION {SOFTWARE ERGONIZA) Op1|Op2|Op3]|0Op4|Op5|0p6|Op7|Op8|Op9|Op10jOp11jOp12
The armis flexed between 0°-20° or extended between 0°-20°
The armis flexed between 21°-45° or extended more than 20°
The armis flexed between 45°-90° X X X X X X X X X X X X
pﬁ‘\sriq?on The armis flexed more than 90°
The armis rotated or the shoulders is elevated X X X X X X X X X
G The armis abducted X X
R The load is not only supported by the arm, but there is a support poin
o] The forearm is flexed between 60°-100° X X X X X X X X X X X X
u Forearm |The forearm is flexed less than 60° or more than 100°
P position |The forearm crosses the midline of the body or performs an activity to the
side of the body
A The wrist in a neutral position
The wristis flexed or extended between 0°-15° X X X X X X X X
Wrist The wristis flexed or extended more than 15° X X X X
position |The wristis in a position of ulnar or radial deviation X X X X X X X X X X X X
The wrist is in mid-range pronation or supination
The wrist is in extreme pronation or supination
The neck is flexed between 0°-10°
The neck is flexed between 11°-20° X X X X X X X X X X X X
MNeck The neck is flexed more than 20°
position |The neckis in extension
The neckis in lateral flexion
G The neck is rotated X X X X X X X X X X X X
R Seated posture, well supported and with an angle trunk - hips = 80° X X X X X X X X X X X X
o] The trunk is flexed between 0°-20°
u Trunk |The trunkis flexed between 21°-60°
P position |The trunk is flexed more than 60°
The trunk is rotated X X X X X X X X X X X X
B The trunk is in |ateral flexion X X X X X X X X X X
The operator is seated with legs and feet well supported X X X X X X X X X X
L The operator is standing with body weight distributed on both legs and
eg o X X
position room to change position
Feet are not well supported or weight is not symmetrically distributed
Mu;c_le rssfgg?it?\?ew activity is maintained for more than one minute at a time oris x x x X x x x x x x x x
A activity Dynamic activity, the activity is occasional and not long lasting
TJI ? Load or force is less than 2 kg and is performed intermittently X X X X X X X X X X X X
5 1 Load or force @s pbetween 2 kg and 10 kg and is p_errorme_d intermittently
cv Force Loaq or force |_s_ between 2 kg and 10 kg exerted in a static posture or
L1 exerted by requires repetitive movements
ET the o t Load or force is greater than 10 kg and is performed intermittently
perator|
Y Load or force is greater than 10 kg and requires static posture or
repetitive movements
Sudden shocks or sudden forces take place

Source: Prepared by the authors.

Table 12. Risk Level in the Sewing Workshop upon Implementing the Preventive and Corrective Measures Obtained
Using RULA.

Position Score Level Action

Operator No. 1 3 4 Task changes may be required; further study is recommended
Operator No. 2 2 3 Acceptable risk

Operator No. 3 2 3 Acceptable risk

Operator No. 4 3 4 Task changes may be required; further study is recommended
Operator No. 5 3 4 Task changes may be required; further study is recommended
Operator No. 6 3 2 Task changes may be required; further study is recommended
Operator No. 7 2 2 Task changes may be required; further study is recommended
Operator No. 8 3 3 Task changes may be required; further study is recommended
Operator No. 9 4 4 Task changes may be required; further study is recommended
Operator No. 10 4 3 Task changes may be required; further study is recommended
Operator No. 11 2 3 Acceptable risk

Operator No. 12 3 4 Task changes may be required; further study is recommended

Source: Prepared by the authors.
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Table 13. A Comparison Before and After the Improvements.

REBA RULA
Position Initial Score Final Score | Improvement Initial Score Final Score Improvement
Operator No. 1 7 4 42.86% 7 3 57.14%
Operator No. 2 ] 3 50.00% 5 2 60.00%
Operator No. 3 ] 3 50.00% 5 2 60.00%
Operator No. 4 7 4 42.86% 7 3 57.14%
Operator No. 5 8 4 50.00% 7 3 57.14%
Operator No. 6 5 4 20.00% 4 3 25.00%
Operator No. 7 4 2 50.00% 4 2 50.00%
Operator No. 8 ] 3 50.00% 5 3 40.00%
Operator No. 9 7 4 42.56% 7 4 42.86%
Operator No. 10 ] 4 33.33% 5 a4 20.00%
Operator No. 1] ] 2 66.67% & 2 66.67%
Operator No.12 8 3 62.50% 7 3 57.14%

Source: Prepared by the authors.

ates 57 million jobs globally. In Latin America, the
percentage of spending on footwear and apparel is
expected to increase by 7.2% in the next five years.
In Peru, regarded as the largest apparel exporter in
South America, the textile industry remains highly
relevant. Its relevance derives from its contribution
to the national GDP, given that the manufacturing
sector, of which it is a part, contributes 12.5%; the
textile sector, in turn, contributes 7.9%. The likeli-
hood of MSDs is very high in this industry due to the
handling of machinery and materials, as prolonged
repetitive and straining movements are performed
on the body. This is aggravated by the number of
workers in this industry, which amounts to 398 thou-
sand people nationwide (Quiroz et al., 2021).

Several different types of ergonomic evaluations are
used to reduce the occurrence of such conditions,
among which are RULA and REBA. The REBA
method performs a general evaluation of the human
body, in other words, it performs an analysis of all
the regions of the body taking into account the mus-
cle activity and the type of grip (Hita et al., 2020).
The RULA method, on the other hand, focuses only
on the upper limbs considering body posture, force
exerted, repetitive movements and static posture
(Gémez et al., 2020).

This research study aimed to reduce the occur-
rence of MSDs in a garment manufacturing SME in
Lima, Peru; for this purpose, an ergonomic meth-
od was developed based on the integration of the
REBA and RULA methods. This method combines
ergonomic techniques and proposes preventive and
corrective measures. Furthermore, the integration

of these two evaluations reduces each other’s lim-
itations, thus providing a broader picture and more
accurate information.

Following the application of the developed method,
a considerable reduction in the risk of MSDs in the
sewing workshop was achieved; the numerical re-
sults show an overall reduction of 44.97%; the com-
parative results can be seen in Figure 2. These re-
sults are consistent with Miranda and Saenz (2020),
who used RULA, REBA and NIOSH ergonomic
evaluations, and achieved a reduction of 44.42%
of the MSDs in the Overlock, Spreading and Roll
Supply areas.

In order to prevent MSDs, we attempted to replace
the furniture (tables and chairs) with more ergonom-
ic options; however, due to the insufficient budget,
the existing furniture was simple adapted, resulting
in an improvement for the operators. A daily active
rest plan was also implemented.

This research study posed two hypotheses: the null
hypothesis (H,) stating that there is no significant
difference between the risk reduction of MSDs be-
fore and after implementing the ergonomic method;
and the alternative hypothesis (H,) stating that there
is a significant difference between the risk reduction
of MSDs before and after implementing the ergo-
nomic method. Both hypotheses were contrasted
by means of a Student’s t-test, which rejected the
H, and it was concluded that there is a reduction in
the risk levels after implanting the ergonomic meth-
od and that the work complies with the proposed
objective.
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CONCLUSIONS AND RECOMMENDATIONS

The use of REBA and RULA is recommended due
to their ability to score MSD risk levels in the work
environment, for which reason an ergonomic meth-
od based on the integration of both methods was
developed in this research study; preventive and
corrective measures were also proposed. The pur-
pose of this research was to reduce the risk level
of MSDs in a garment manufacturing SME. The re-
sults show that there is a significant difference in
the initial and final score of the risk levels after the
implementation of the ergonomic method based on
the REBA-RULA integration, as it dropped from a
“high” to a “medium” or “low” risk level. The likeli-
hood of MSDs among workers in the garment man-
ufacturing SME was reduced by 44.97%. The pro-
posed corrective and preventive recommendations
were proved to be effective, as the results show that
the risk of injury decreased. In conclusion, the ergo-
nomic method is feasible because it met the objec-
tive: to reduce the risk level of MSDs in a garment
manufacturing SME.

The proposed ergonomic method, however, was
specifically designed for the context described in
the study. As an alternative for future research, it is
recommended to explore its feasibility in similar and
not so similar environments, such as other indus-
tries or larger garment companies, as the literature
shows that the risk of MSDs is latent in all industries
and sectors. It is also recommended to integrate
modern ergonomic prevention tools to the method
in order to update its practical value.
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