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Abstract— The Peruvian manufacturing industry is one of high
impact in Latin America with excellent quality materials and
massive productive quantities making it an important industry for
the country itself. Even so, with this sector being so significant, the
prevalence rate of musculoskeletal disorders (MSDs) remains high
for companies with little capital and no investment capacity, such
being the small and medium-sized enterprises (SMEs) of the
industry. Either due to mishandling of machinery or repetitiveness
of labor, musculoskeletal disorders are a prevalent problem for
manufacturing industries with little to no information on
ergonomic ways of control as well as having a Lean focus to add
value to the process. This paper seeks to find the validity of a model
to reduce absenteeism and exposure to musculoskeletal disorders
using ergonomic and Lean tools to promote safe practices and the
preservation of health in turn with work productivity on SMEs
from the clothing accessory sector. This model was able to reduce
exposure to MSDs by 67.27% and reduced the company's
absenteeism rate by 52.85% getting to considering levels for
industry standards and validating the effectiveness of similar
models.

Keywords—Ergonomics, Lean, Musculoskeletal Disorders,
Accessories, Redesign.

I. INTRODUCTION

At a global level, the importance generated by the textile
and clothing sector is unprecedented and outstanding, since it
contributes annually 2% to the gross domestic product (GDP)
and, in addition, generates and constitutes more than 57 million
jobs of which only 24 million belong to the apparel sector [1].
During the next 5 years, in Latin America, certain investigations
articulate a 7.2% increase in clothing and footwear spending,
which in monetary terms will reach an amount of 220 billion by
2021 [2]. In South America, many countries generate good
quality fabric, but the country that exports a greater quantity of
clothing is Peru since it has raw materials that differ from the
others, such as fibers, wool, and cotton [3]. This investigation
will focus on the effect generated by this sector since it is very
high in the entire economy of a territory, precisely located in
Peru. In Peru, this sector is of enormous contribution since the
manufacturing area generates 12.5% of the national Gross
Domestic Product and the textile area comprises 7.9% of the
collaboration of the manufacturing sector in 2020 and
organizing about 398 thousand positions from work to national
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grade [4]. However, it is important to note that the pandemic
was an unpredictable event and generated an 11.2% drop in
Peru's GDP since 2019 [5].

Even in this way, before these events, exports of clothing,
except leather and fur garments, have had an increase of 7.9%
which contributed to the growth of national exports in 2019,
indicating an optimal previous path in the national collaboration
of this sector [6]. José Salardi, Minister of Production,
expressed his perspective for 2020, before the pandemic
disease, stating that he expected to achieve a 5% growth in
exports in the sector and reach 2 billion dollars in national
exports [7]. These results show the enormous importance and
collaboration that the manufacturing area has in Peru, carrying
out its most relevant analysis due to its high cost to achieve the
reactivation of the economy. In an active population, the most
common and primary cause of occupational injury and
disability in industrialized and developed nations, such as first
world countries, is musculoskeletal signs (MSS) [8]. Generally,
there is a high risk of occupational accidents for the clothing
sector because the operators carry out tasks and material
handling processes which involve equipment that generates a
high rate of repetitions of work, exerting on the muscles of the
workers, and hence, they cause work-related musculoskeletal
disorders (WMSD). Currently, WMSD is one of the major
occupational health problems since it causes more than 2.2
million deaths per year and is caused by accidents and
occupational diseases [1].

To solve the problem described, the application of
combined ergonomic tools is sought together with lean
manufacturing tools, so that, in addition to offering an approach
to workers, a different way can be discovered to add cost to the
process and improve productivity [9]. RULA, REBA, and
NIOSH are the main ergonomics tools that analyse the work
environment and anthropometry, which will be part of the
process to be implemented through this research. The Kaizen
procedure is fundamentally for the lean tools of which the use
of the 5S is highlighted to decide the added cost that can be
produced when doing a study. Even in this way, more
information is needed concerning this model in the textile area,
especially in Latin America, realizing that a need arises to
continue with the investigation. [10].
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Il. STATE OF THE ART

A. Musculoskeletal disorders in the textile sector:

The appearance of musculoskeletal disorders in the
workplace is a very recurrent problem for any manufacturing
sector, affecting productivity, costs, and absenteeism rates. It
was found in articles on the subject, a very high permanence of
absenteeism for countries with slow industrial development and
little ergonomic implementation for the consideration of the
average worker's health. The smaller the investment size in
these companies, the higher the exposure rate to
musculoskeletal disorders are presented, finding a low priority
correlation to health for small businesses. These factors
demonstrate the little care and management of the appearance
of musculoskeletal disorders in the textile sector, evidencing the
low rates of productivity and the high costs due to absenteeism,
failures, and lost time [8], [9].

B. Ergonomics:

The definition of ergonomics refers to the discipline of
analysis of workplace designs, tools to be used, and the tasks
that are carried out in these areas in a way that evaluates the
physical, psychological, and anatomical capacities in the
performance of a worker to preserve your health. In turn, your
goal is to achieve work efficiency by considering employee
safety and managing employee effort to cause less stress on the
body. The tools to be implemented address posture problems
that generate annoyances either due to the amount of load, poor
work posture, or poor design of the work area, generating
manufacturing delays and low productivity in the operational
field. Common studies such as RULA and REBA evaluations
are efficient ways of obtaining field data while alternative tools
such as ErgoSMED and 5S Audits encompass the application
of direct productivity control methods. [10], [11].

C. Ergo-Lean in the textiles sector:

The implementation of ergonomic and Lean models has
previously  proven effective, conveniently affecting
productivity and manufacturing company times. Improvement
values of 16% were noted in operators and 58.5% in heavy
operators, as well as in another case that indicates a reduction
in non-productivity of 87% and defective in 66%, verifying the
relevance of this type of model [12], [13], [14].

I11. CONTRIBUTION
A. Fundamentals:

The presented proposal attempts to attack the problem of
absenteeism through the tools found in the state of the art with
the expectation that, through its integration, positive results will
be found to solve this problem. The Vista solution targets the
ergonomic parts of the job to correct annoyances and avoid
absenteeism through analysis and redesign proposals with
RULA, REBA, and NIOSH evaluations, as well as evaluations
of the economy of motion. In this way, together with the
application of a Lean method, it is expected to ensure an
improvement in exposure to musculoskeletal disorders and
consequently reduce absenteeism from work.

B. Proposed Model:

The integration of the model is based on the use of
ergonomic assessment techniques and process analysis from
which the RULA, REBA, NIOSH assessments, and the 5S tool
are identified along with an environmental analysis.

The improvement tools seen below allow you to verify the
validity of the model in comparison to its current state through
the output indicators.

ERGONOMIC REDESIGN MODEL TO REDUCE MUSCULOSKELETAL DISORDERS
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Fig 1. Proposed model.
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C. Components of the Model:

1) Component 1: Data registry:

The information collected from current activities is analysed
through diagnostic tools applying ergonomic and lean terms.
These results will be used to verify and compare the model
through its indicators later.

2) Component 2: Ergonomic application:

This stage seeks to attack the problems previously
encountered to positively affect the proposed indicators. The
improvement tools are those for managing the economy of
movement, the Facility Layout Design (FLD), environmental
ergonomics, and the redesign of workstations.

3) Component 3: Ergo-Lean Analysis:

The final stage consists of checking and comparing the
results of the proposed model with the current state so that
the indicators can show the expected improvement.

D. Model indicators:

1. Reduction in the Level of Exposure to MSDs (RLEMSDs):

Expectation: 60% reduction.

RLEMSDs (%) = Y. (3, (Initial evaluation score i — Final
evaluation score 1) /Initial evaluation score 1) / # Evaluations) *
Current exposure) *100. )

e Explanation: Reduction measured based on the results
between each evaluation.

2. Reduction of Total Absenteeism (RTA):
Expectation: 50% reduction.

RTA (%) = ((Current annual absenteeism — (External
absenteeism + MSDs absenteeism *(1 — RLEMDs))) /Current
annual absenteeism) *100. 2)

e Explanation: Total absenteeism reduction based on the
REMSDs indicator.

3. Reduction of Ergonomic Indicators in Workstations (REI):
Expectation: 60% reduction.
REI (%) = (3((Initial score i — Final score 1) /Initial score i)
/ # Evaluations)*100. 3)

e Explanation: Reduction of ergonomic evaluation.

IV. VALIDATION

A. Initial Diagnosis:

The current situation of the case study shows a company
with an absenteeism rate of 4.03% having losses of 12.68% of
net profit. The required standards of the manufacturing sector
indicate that the absenteeism rate must be below 2.30% and the
percentage of absenteeism that is caused by musculoskeletal
disorders is 80%. The 80m2 plant has a distribution of 4 sectors
where there are problems of movement restriction, very high
weight load, bad design of jobs in repetitive tasks, and incorrect
hauling techniques. These problems are subject to evaluation
for improvement in the proposed model.

For the plant’s layout, the aim is to achieve a change in the
design of the distribution of work areas and furniture for better
transit and greater ease of work in terms of the established
operational line. This stage is associated with the FLD and
economy of movement in which at first glance, it can be seen
the need to distribute the material entry areas in such a way that
a constant material flow can be generated. As seen in the Figure
2, the optimized model starts from the removal of the raw
material to its final storage, having passed through the
operational sectors that would transform the product.

AREA DE
CORTE

/i\ Mesa de Corte
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Fig 2. FLD model with task flowchart.

Subsequently, the ergonomic levels of the work areas
involved in the redistributed sectors are evaluated using a tool
that allows it. As mentioned before, 80% of absenteeism is
caused by musculoskeletal disorders, indicating a high capacity
for change in the proposed indicators. A comparison should be
made using the same tool to verify the validity of some model
and make the pertinent adaptations to unacceptable values. It is
expected to obtain high change results and at least reach the
legally allowed rate of absenteeism.
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B. Validation Design and Comparison with the Initial
Diagnosis:

To make a comparison between the proposed model and
the current state, simulations will be carried out for the jobs in
question. Following the work procedure through the
components, the work areas are physically analysed using
ergonomic evaluations relevant to these, completing the
collection of information. This information is evaluated by
means of a tool called “Ergonautas”, whose program allows
obtaining results from ergonomic evaluations, as previously
specified for the current diagnosis. Information is collected on
weight management, average worker height, posture
characteristics, and environmental characteristics so that such
assessments can be accurate. For the RULA and REBA
evaluation, data on postural angles focusing on postural load in
seated, standing and differently loaded workers were required.
Meanwhile, the NIOSH evaluation focused on the proper
handling of heavy loads and the limitations of the body that
could be affected, being an important factor to consider the
maximum load weight together with the environmental
characteristics for the worker.

The results of these evaluations concluded in unacceptable
evaluations for ergonomic standards with very high results in
each of them, leading the current indicators to the results shown
later.

TABLE I. INDICATOR OBJECTIVES

Indicator Current situation Objective
Exposure level 4 1
Absenteeism rate 4.03% 1.6%
RULA ergonomic indicator |5 1

NIOSH ergonomic indicator | 2.5 1

REBA ergonomic indicator | 11 2

As highlighted in Table I, having found the indicators
through the formulas presented above, we can identify a very
bad state for the level of exposure and absenteeism in operations
as they are in a high-risk ergonomic level, indicating in each
case the need to urgently implement an improvement to start
avoiding MSDs. In addition, it should be noted that the
absenteeism ratio must reach a maximum of 2.30% according
to the law to be considered an acceptable value. In this case, this
indicator is well over the limit with a value of 4.03% of
absenteeism and an exposure level of 4, it being the highest risk
value for exposure of MSDs.

C. Proposed Validation Design:

The model can be correctly implemented thanks to the
development of the simulation through the Delmia V5 tool, a
program specialized in spatial designs and space management
for ergonomic evaluations of work environments. Four

different simulations were carried out for each of the sectors
seen in the case study.

Firstly, each one of the work environments is modelled to
then simulate with a mannequin the activities carried out
according to the necessary improvements. These improvements
involve better space management, changing furniture
dimensions and their effect on the mannequin's body. At first
glance, the improvement measures are consistent with
ergonomic principles in terms of working angles, working
height in relation to the body, reach distances and other factors
as seen in Figure 3.

Fig 3. Simulation models.

Next, in the same way as the evaluation of the current state,
the "Ergonautas" tool is used, hoping to obtain better results. In
each of the simulations, the ergonomic, environmental, and
labour economy tools were put to the test to guarantee the
correct optimization of the work environment.

TABLE II. INDICATOR RESULTS

Indicator Current situation Proposed model
Exposure level

4 1
Absenteeism ri

bsenteeism rate 4.03% 1.9%
RULA ergonomic indicator 5 9
NIOSH ergonomic indicator
gonormic indt 25 1

REBA ergonomic indicator

11 2

As highlighted in Table 11, the final comparison between the
current situation and the results of the proposed model for the
main indicators is shown. It can see how the ergonomic results
of the simulations reached acceptable levels in the RULA
evaluation with a risk level of 2, in the NIOSH evaluation with
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arisk level of 1 and in the REBA evaluation with a risk level of
2. These values indicate a good ergonomic working state that
suggests the well-being of the workers among its
implementations. The exposure level values reached their
objective of level 1, although the absenteeism value did not
reach the expected objective of 1.6% absenteeism, since it was
expected that the RULA risk assessment level would have a
level 1, obtaining a level 2 and causing the indicator to grow to
1.9% absenteeism.

Overall, thanks to the data collection in the evaluation of the
simulations, successful results were, indicating an improvement
of 67.27% of the current situations MSDs exposure levels.

D. Results comparison:

The comparison of each of the results found from the
ergonomic evaluations will be carried out, of which parts of the
state of the art will be justified with the relevant articles. The
study areas are characterized by the activities that are carried
out, these being: loading area, cutting area, sewing area and
control area.

Starting with the results of the RULA evaluations, the
cutting, sewing, and control areas are seen, from which
improvements of 66.67%, 60% and 50% are obtained,
respectively, reducing their results from 6, 5 and 4 to a level 2,
averaging the improvement in 58.89% (3). Consider the first
research [15], which found that employing the pressed RULA
from 6 to 2 enhanced performance by 72.92 percent. Similarly,
another research [16], they improved the RULA evaluations
from 7 to 2, with a 53.71 percent gain. It can be demonstrated
that the suggested model's improved outcomes are consistent
since they surpass the predicted average by 60%.

Next, the REBA model used for the cargo area is seen with
an initial value of 11 and reaching an improvement of 81.82%,
which leaves it at a level of 2 (3). Similarly in another research,
an efficiency value of 91.98 percent raised the value from 11 to
0.29, illustrating the linkage of the outcomes by improving the
repeatability aspect and active work state [17].

Finally, the NIOSH evaluation is seen, which also sees the
cargo area whose effect was a reduction of 60%, taking the
value of the results from a level 2.5 to a level 1, ending with the
evaluations and confirming that each of them reaches
acceptable levels (3). Likewise, in another study, relevant
findings were obtained, with a reduction of 59.15 percent from
1.64 to 0.67, resulting in an acceptable value [18].

E. Future improvement analysis:

The redesign sought in this paper has managed to reduce the
relevant ergonomic indicators, although the ergonomic analysis
of the environment was left aside, giving rise to a new range of
musculoskeletal disorders that involve breathing problems,
vision problems or even psychosocial aspects. For this problem,
a global ergonomic evaluation would be required through the
LEST tool whose purpose is to evaluate the physical, mental,
and psychosocial conditions of the work environment.

In addition, it should be sought to reach the objective levels
of the RULA evaluations in which a level below what was
expected was obtained, thus affecting the objective result of the
absenteeism ratio in turn. By analysing the reason why said
improvement was not obtained, there will be a greater
understanding and the possibility of maintaining the desired
indicators at a low level.

IV. CONCLUSIONS

The result of the simulations indicated a total value of
reduction of exposure to MSDs in 67.27% indicating a
considerable improvement from the current state (1). The
results of the comparative evaluations reached the expected
values apart from the RULA indicator. With improvements of
60%, 60%, and 81.82% in the RULA, NIOSH, and REBA
evaluations respectively, an improvement in the work
environment is evidenced by planning a better distribution
allowing greater ease of work and less risk of musculoskeletal
disorders [19].

After the implementation of the model, a reduction of the
absenteeism rate of 52.85% is seen, reaching 1.9%, being a
value below the standard allowed limit of 2.30%, further
demonstrating the efficiency of the proposed model (2).

For future work, it is advisable to focus the environmental
analysis, even more, to be able to evaluate more detailed details
of the work environment. An investment in the company could
solve environmental problems found in the said analysis if the
limitations of the area already proposed are considered.

REFERENCES

[1] M. F. Fadillah and E. Muslim, “Ergonomic evaluation
in a screen-printing division of a garment small medium
enterprise (SME) using the posture evaluation index in
a virtual environment,” in AIP Conference
Proceedings, Dec. 2019, vol. 2193, no. 1, p. 050006.
doi: 10.1063/1.5139379.

[2] Link Compresores, “Panorama de la industria textil en
Colombia y América Latina para 2020 - Link
Compresores,” 2020.
https://www.linkcompresores.com.co/panorama-de-la-
industria-textil-en-colombia-y-america-latina-para-
2020/ (accessed May 16, 2021).

[3] PRODUCE, “Estadistica Sectorial,” 2020.
https://ogeiee.produce.gob.pe/index.php/en/shortcode/
estadistica-oee/estadistica-sectorial (accessed May 16,
2021).

[4] BCRPData, “PBI (variacion porcentual),” 2021.
https://estadisticas.bcrp.gob.pe/estadisticas/series/anua
les/resultados/PM04863AA/htm1/2015/2021/
(accessed May 16, 2021).

[5] D. Carhuavilca et al, “Panorama de la Economia
Peruana,” 2020.

[6] G. Segar, M. Nasrull, and A. Rahman,
“Musculoskeletal symptoms and ergonomic risk

assessment among  production  operators  at

20" LACCEI International Multi-Conference for Engineering, Education, and Technology: “Education, Research and Leadership in Post-pandemic
Engineering: Resilient, Inclusive and Sustainable Actions”, Hybrid Event, Boca Raton, Florida- USA, July 18 - 22, 2022. 6



(8]

[10]

[11]

[12]

[13]

[14]

[16]

manufacturing industries: A review,” 2019, doi:
10.1088/1757-899X/607/1/012009.

I. Hoque, P. Hasle, and M. M. Maalouf, “Lean meeting
buyer’s expectations, enhanced supplier productivity
and compliance capabilities in garment industry,”
International Journal of Productivity and Performance
Management, vol. 69, no. 7, pp. 1475-1494, Aug. 2020,
doi: 10.1108/1JPPM-08-2019-0410.

M. D. Hossain et al., “Prevalence of work related
musculoskeletal disorders (WMSDs) and ergonomic
risk assessment among readymade garment workers of
Bangladesh: A cross sectional study,” PLoS ONE, vol.
13, no. 7, p. 3, Jul 2018, doi:
10.1371/journal.pone.0200122.

B. Suhardi, E. Juwita, and R. D. Astuti, “Facility layout
improvement in sewing department with Systematic
Layout planning and ergonomics approach,” Cogent
Engineering, vol. 6, no. 1, Jan. 2019, doi:
10.1080/23311916.2019.1597412.

M. Brito, M. Vale, J. Ledo, L. P. Ferreira, F. J. G. Silva,
and M. A. Gongalves, “Lean and Ergonomics decision
support tool assessment in a plastic packaging
company,” in Procedia Manufacturing, Jan. 2020, vol.
51, pp. 613-619. doi: 10.1016/j.promfg.2020.10.086.
A. R. Mohammed, M. O. Mohamed, Y. A. Alhubaishy,
K. A. Nasser, and 1. S. Fahim, “Ergonomic analysis of
a working posture in steel industry in Egypt using
digital human modeling,” SN Applied Sciences, vol. 2,
no. 12, pp. 1-8, Dec. 2020, doi: 10.1007/s42452-020-
03872-y.

A. C. Alves, A. C. Ferreira, L. C. Maia, C. P. Ledo, and
P. Carneiro, “A symbiotic relationship between Lean
Production and Ergonomics: insights from Industrial
Engineering final year projects,” International Journal
of Industrial Engineering and Management (IJIEM),
vol. 10, no. 4, pp. 243-256, 2019, doi: 10.24867/1JIEM-
2019-4-244.

A. M. Eladly, M. G. Abou-Ali, A. M. Sheta, and S. H.
EL-Ghlomy, “A flexible ergonomic redesign of the
sewing machine workstation,” Research Journal of
Textile and Apparel, vol. 24, no. 3, pp. 245-265, Aug.
2020, doi: 10.1108/RJTA-10-2019-0050.

B. Abdel Aziz MAH and M. Arm, “LEAN
MANUFACTURING SYSTEM AND ITS IMPACTS
ON WORK ENVIRONMENT AND HUMAN
HEALTH IN GARMENTS MANUFACTURING,”
2017.

K. Erliana, F. Kautsar, ... D. O.-... on E. and, and
undefined 2019, “Solving Office Ergonomics Problem
Using Rapid Upper Limb Assessment (RULA),”
atlantis-press.com, 2019, Accessed: Oct. 22, 2021.
[Online]. Available: https://www.atlantis-
press.com/article/125921249.pdf

C. S. Garcia, A. C. Marroquin, I. A. Macassi, and J. C.
Alvarez, “Application of Working Method And

[18]

Ergonomic To Optimize The Packaging Process In An
Asparagus Industry,” International Journal of
Engineering Trends and Technology, vol. 69, pp. 14—
23,2021, doi: 10.14445/22315381/IJETT-V6919P202.
M. M. Cremasco, A. Giustetto, F. Caffaro, A.
Colantoni, E. Cavallo, and S. Grigolato, “Risk
Assessment for Musculoskeletal Disorders in Forestry:
A Comparison between RULA and REBA in the
Manual Feeding of a Wood-Chipper,” International
Journal of Environmental Research and Public Health
2019, Vol. 16, Page 793, vol. 16, no. 5, p. 793, Mar.
2019, doi: 10.3390/1IJERPH16050793.
L. N. Chanca Valverde and R. J. Salinas Diaz, “Modelo
para reducir el ausentismo mediante el redisefio de
puestos de trabajo en industrias de articulos escolares
del sector plastico,” Universidad Peruana de Ciencias
Aplicadas (UPC), Jul. 2021, Accessed: Oct. 22, 2021.
[Online]. Available:
https://repositorioacademico.upc.edu.pe/handle/10757/
657550
[19] J. C. Quiroz, M. F. Montoya, D. M. Aquino,
and E. A. Rodriguez, “Redesign of Workspace
Through an Ergo- Lean Model to Reduce
Musculoskeletal Disorders in SMEs In the
Clothing Accessories Sector,” Submited to
International Journal of Engineering Trends
and Technology (IJETT), 2021.

20" LACCEI International Multi-Conference for Engineering, Education, and Technology: “Education, Research and Leadership in Post-pandemic
Engineering: Resilient, Inclusive and Sustainable Actions”, Hybrid Event, Boca Raton, Florida- USA, July 18 - 22, 2022. 7



Paper LACCEI

INFORME DE ORIGINALIDAD

O. O 2 oy

INDICE DE SIMILITUD FUENTES DE INTERNET  PUBLICACIOMES TRABAJOS DEL
ESTUDIANTE

FUENTES PRIMARIAS
jjettjournal.org 6
Fuente de Internet %

Submitted to jku
Trabajo del estl_.diantej 4%

Excluir citas Activa Excluir coincidencias < 20 wo

Excluir bibliografia Activo

20™ LACCEI International Multi-Conference for Engineering, Education, and Technology: “Education, Research and Leadership in Post-pandemic
Engineering: Resilient, Inclusive and Sustainable Actions”, Hybrid Event, Boca Raton, Florida- USA, July 18 - 22, 2022. 8



