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Abstract

The use of exoskeleton prototypes in industrial companies has emerged
as a technology strategy that helps reduce workplace accidents and
improve productivity OEE. This qualitative research focuses on
explaining observations, using data collected from various academic
sources between 2018 and 2022, selecting 47 relevant articles that
address the use of exoskeletons in industrial environments. Three main
objectives are presented using exoskeletons: 1) Reduction of accidents,
2) Analyze the most suitable exoskeleton prototype for industrial
activities, and 3) Compare the effectiveness with respect to the activities.
Some studies were discarded and most articles were found to support the
effectiveness of exoskeletons in reducing ergonomic risks and workplace
accidents. The functionality and effectiveness of several exoskeleton
prototypes is compared under normal working conditions and is
highlighted as a tool to improve safety and productivity in the industrial
field.
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Resumen

El uso de prototipos de exoesqueletos en empresas industriales ha surgido
como una estrategia de tecnologia, apoya a reducir accidentes laborales
y mejorar la OEE de productividad. Esta investigacion cualitativa se
enfoca en explicar observaciones, empleando datos recopilados de
diversas fuentes académicas entre 2018 y 2022, seleccionando 47
articulos relevantes que abordan el uso de exoesqueletos en entornos
industriales. Se presentan tres objetivos principales utilizando los
exoesqueletos: 1) Reduccion de accidentes, 2) Analizar prototipo de
exoesqueleto mas adecuado para actividades industriales, y 3) Comparar
la efectividad con respecto a las actividades. Se descartaron algunos
estudios y se encontrd que la mayoria de los articulos respaldaban la
efectividad de los exoesqueletos en la reduccion de riesgos ergonémicos
y accidentes laborales. Se compara la funcionalidad y efectividad de
varios prototipos de exoesqueletos en condiciones normales de trabajo y
se resalta como herramienta para mejorar la seguridad y productividad en
el ambito industrial.
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Introduction

Within industrial organizations, occupational
accidents occur with great frequency nowadays
(Byun & Jung, 2021), being a vital issue that
impacts the whole world and although policies
aimed at improving occupational health and
safety are implemented, the reality is that
occupational accident and mortality rates
continue to increase. According to the
International Labour Organization (ILO), 2.78
million workers are reported to die from work-
related accidents or diseases in 2020.

During the period from 2018 to 2022,
around 12 thousand work-related accidents
occurred in Peru according to data recorded by
the Ministry of Labour and Employment
Promotion (MTPE) and the General Office of
Statistics and Information and Communication
Technologies (OGETIC), Figure 1 shows in
more detail the data published for that period
(Estadisticas Accidentes de Trabajo | Ministerio
de Trabajo y Promocién del Empleo, n. d.).
Despite the confinement due to the covidl9
pandemic, occupational accident rate data
remained high.

Accidentes laborales en el Per(i entre 2018 y 2022 notificados por el MTPE /
OGETIC / OFICINA DE ESTADISTICA

2104 2763 2255 2692 2453

tific MTPE /
OGETIC/ NA DE
ESTADISTICA

Figure 1

Accident rate data in Peru between 2018 and
2022
Own elaboration, 2024

Occupational  accidents in  Peru,
according to the Regulations of Law No. 29783,
Law on Safety and Health at Work, are defined
as "those sudden events that occur due to or on
the occasion of work, and which cause injury or
death to the worker. These accidents may occur
during the performance of the worker's normal
duties, on the way to or from work, or during the
performance of work-related activities.
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The law establishes that it is the
employer's responsibility to implement safety
and prevention measures to avoid occupational
accidents, as well as to provide the necessary
medical care in case they occur"” (Salinas, 2003).
Occupational disease, according to law 29783, is
defined as any disease that is the direct result of
exposure to risk factors inherent to the work
activity. These risk factors may include physical,
chemical, biological, ergonomic or psychosocial
agents present in the work environment. The law
states that it is the employer's responsibility to
identify and control occupational hazards that
may cause illness, as well as to provide the
necessary medical care in the event that a worker
develops a work-related illness.

Occupational accidents are a problem of
concern to all enterprises; however, despite
existing safety standards and risk plans, the data
provided annually by the ILO does not show a
decrease in data related to occupational
accidents. The fact that workers have
supplementary risk work insurance (SCTR) or
private insurance from the company does not
guarantee that their lives can be saved or that
accidents can be eliminated. Accidents at work
not only leave their mark on human lives, but
also lead to administrative costs, loss of time and
unproductiveness in companies.

Technologies and innovation are
presented as a good alternative to improve the
quality of life of workers during the working
day, as well as to protect their lives and reduce
the accident rate and/or the lethal consequences
of accidents in case they occur. From the above,
it can be deduced that technologies used in the
right way can contribute to minimising or
reducing accident rates during the working day.

There are several mechanisms that
contribute to improving the protection of
industrial workers during their working day, and
one that has gained special interest in recent
times is the exoskeleton prototype.

Prototype exoskeletons are prostheses
that function as a mechanism external to the
body, which adapt to the body, helping the
worker to carry out certain types of activities,
with the aim of preventing the appearance of
diseases in their muscles or skeleton (Miranda,
2021).
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The use of exoskeleton prototypes has
seen a boom in developed countries, constituting
an innovative way for companies to reduce
mortality and accident rates during the working
day, achieving great results in this regard and
increasing the economy and profitability of
companies without neglecting the life, health
and safety of their employees.

Exoskeletons  help the effective
mobilisation of the body members and are a
good option to implement in industrial
companies in order to reduce accidents during
the working day, as well as problems related to
ergonomics, thus contributing to the reduction of
mortality rates, occupational diseases and
accident rates, thus providing a proposed
solution to the problem described.

In this research work, the qualitative
research method is applied, it is oriented to
analyse problems and try to explain
observations, being a reflexive, systematic,
critical and verifiable procedure with real
sources.

For the development of this work, we
used data collected from the period 2018-2022
from various indexed scientific journals such as
Scielo Peru, Redalyc, EBSCO, Proquest,
Scopus, Uisek, Riecs and the repository of the
Cesar Vallejo University, in order to obtain
reliable data. Articles not included in indexed
journals, without bibliographic information,
more than 5 years old and not related to the
reduction of accidents through the use of
exoskeleton prototypes in industrial companies
were rejected.

The study was based specifically on
industrial companies that applied exoskeleton
prototypes to reduce ergonomic risks and
occupational accidents, obtaining a total of 57
articles of significant relevance, considering the
following specific objectives:

1. To determine how the reduction of
accidents influences the improvement of
productivity in industrial companies.

2. To identify the most appropriate
exoskeleton prototype according to the
activities in industrial companies.
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3. To compare the effectiveness and
functionality of the exoskeleton
prototype in comparison to performing
activities under normal conditions in
industrial enterprises.

Design

Review of studies and
information on the subject

background

From this search and selection of data, the
articles were filtered and analysed rigorously in
two stages: in the first stage, the title of the
articles was taken into account in relation to the
general topic, selecting a total of 57 articles and
in the second stage, a group of 47 articles were
selected from the total number of articles found
(see appendix 1) as these had the greatest impact
and relevance according to their citations and
relationship with the topic. The focus of this
article is quantitative and both the industrial
companies and the population were determined.
In the first stage, a thorough inspection of the 57
articles found in the searches was carried out,
and 10 articles were discarded in these stages,
mainly because their focus was oriented towards
the use of exoskeletons as a means of
rehabilitation and not to the reduction of
occupational accidents in industrial workers.

The discarded articles are listed below:

- Exoskeleton and End-Effector Robots
for Upper and Lower Limbs
Rehabilitation: Narrative Review
(Molteni et al., 2018).

- Exoskeletal Assisted Rehabilitation
After Spinal Cord Injury (Gorgey et al.,
2019)

- Exoskeletons: state of the art, design
challenges and future directions
(Agarwal & Deshpande, 2019)

- Current Evidence for Use of Robotic
Exoskeletons in Rehabilitation
(Jayaraman et al., 2020)

- Exoskeletons in Nursing and Healthcare:
A Bionic Future (O'Connor, 2021)

- Lower-Limb Medical and Rehabilitation
Exoskeletons: A Review of the Current
Designs (Plaza et al., 2021)

- A framework for clinical utilization of
robotic exoskeletons in rehabilitation
(Hohl et al., 2022)
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- A systematic review of technological
advancements in  signal  sensing,
actuation, control and training methods
in robotic exoskeletons for rehabilitation
(Mathew et al., 2023)

- Opportunities and challenges in the
development of exoskeletons for
locomotor assistance (Siviy et al., 2023)

- The-state-of-the-art of soft robotics to
assist  mobility: a review of
physiotherapist and patient identified
limitations of current lower-limb
exoskeletons and the potential soft-
robotic solutions (Morris et al., 2023)

From the first stage, 47 articles were
finally left that generate percentage data on how
exoskeleton prototypes can reduce accidents in
industrial companies.

Table 1 shows the number of articles
used in the work for each year of the selected
study period.

Table 1

o
(@)
X
w

1
0,9
0,8
0,7
0,6
0,5
04
0,3

02
01 0 0 0 0 0

0 - - i i o

Cantidad de articulos

N N N Q) Q)
N N N N N
& & W

S N o o N
9 o> o N N

Afio de publicacion

Figure 2

Tab Summary of publications by year

Year | Total number of items | Percentage
2018 | 6 13%

2019 | 8 17%

2020 | 16 34%

2021 | 15 32%

2022 | 2 4%

Own compilation,2024

The bar chart in figure 2 complements
the above information. The highest percentage
of articles collected was in 2020, where the
following year, the highest percentage of articles
were published.

In the bar chart in figure 2 we can
complement the previous information, the
highest percentage of articles collected was in
the year 2020 where 16 articles were published,
equivalent to 34%, followed by the year 2021
with 15 articles published with a percentage of
32%, occupying 66% of the total in these years
alone, in contrast to the year 2022 where only 2

publications were found with a percentage of 4%.
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Number of publications per year
Own compilation, 2024

In order to analyse the number of articles
according to their country of publication, table 2
can be observed and the pie chart in figure 3
shows the ratio of the percentage of publications
by country of publicationSpain is the country
with the highest number of published articles,
with 13 publications, equivalent to 28% of the
total, followed by Peru with a total of 8
published articles, equivalent to 17% of the total,
and finally Venezuela, Argentina, Bolivia and
Italy with only one published article each,
equivalent to 2% of the total, and Venezuela,
Argentina, Bolivia and Italy with only one
published article, equivalent to 2% of the total
article published each, equivalent to 2% of the
total.

Bolivia Argentina Francia

Rusia

_9% Venezuela
> 2%

Colombia
13%

2% 0 6%
Cuba

México

Italia 6%

Espafia 204
28%

Figure 3

Percentage of published articles by country,
collection, 2024

The source of information with the
highest number of articles found is Dialnet with
13%, Redalyc, Science Index and the
institutional repository of the UPN with 10%, for
more information see figure 4.
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Figure 5

Percentage of articles according to their source
of information
Prepared by authors, 2024

The in-depth analysis of the 47 articles
made it possible to identify how many of them
met the objectives set out in this research.

Rationale

Based on the evidence we have collected, we did
not find a sufficiently verifiable basis for
demonstrating the advantage of using more
appropriate exoskeleton prototypes in terms of
risk reduction activities in industrial enterprises.

General Objective

To present prototypes of exoskeletons more
appropriate to the activities in industrial
enterprises.

Specific objectives

1. To analyse the most appropriate
exoskeleton prototypes according to the
activities to reduce risks and improve the
productivity of industrial companies.
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2. To identify the most appropriate
exoskeleton prototypes according to the
activities to reduce risks and improve the
productivity of industrial companies.

3. To compare the effectiveness and
functionality of the exoskeleton
prototype in performing activities under
normal  conditions in  industrial
companies to reduce accidents within
industrial companies.

In Table (1) different prototypes are
analysed, comparing the effectiveness and
functionality to perform activities in normal
conditions in industrial companies to reduce
accidents within industrial companies.

Methodology

From the point of view of its application it is
qualitative research, since by means of the
collection and analysis of relevant data a
thorough inspection of the 57 articles found in
the searches was carried out, being discarded in
these stages 10 articles, sufficiently verifiable
base that demonstrates the advantage of using
prototypes of exoskeleton more appropriate in
function to the activities in the industrial
companies to reduce risks.

~ mETlunuwnin

Figure 6

Collection and Analysis Methodology
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Box 7
Table 2

Summary of the analysis of the use of
exoskeletons as a function of the activities in
industrial companies
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" Torce they can apply and
ratercasoan e moverane ey con prtom i can s
mece of soft mterias, such as the one developed n the study, Pover
1oga Dharma otte greater flexbity and comfort compared to igid edquiements: Powsred eoslaletons often reque a
Setiven: Ariyanto erocicktons. Thi mate for  [poveersource,such as batteries which can imt
Mocharme; (U2 Logic Controlfora Soft ovandd s - Costetcthunss: Th s owesst charging.
9 |Nugrono S sl |E95Hekton Glove Using a Mator-
ity Purbayanto. |Tenon Actuator 2021 Colomoia " .
Teai The - Forbest resuls,
y for eoskeletons
movements, and utilty for
the user - notonly |which resources -
assist i daily activites, but e the potential to be used in issues
renabiltation programmes d function,
fatigue or discomort if they are not propertyfitted
or i they do not adequately adapt o the users
anatory.
ariven zctuators with anchor points on the segments to be
actuated stand out for theirhigh wearabilty. This means that they
oy Disadvantages: - Linitations i performence:
reduced cost: These exoskeletons are lighter and less expensive :J":'V:;“a,:‘i:";“f::y“:i;“:::’mfmﬂ:’z‘:fz“
comrea 0 e s vlig ‘le;chnyo‘\nqws‘cv::l;mq e o they ar ok e
orge Daniet oo overents they can faciltate. This may linit their
Rodriguez usefulness in cenain scenarios and for certain
ayakumar Ashwin; [DESIGN OF AN INVERSE users. - Design and manufacturing complety: The
o |G daver DYNAMICS MODEL OF A design and manufacture of cable-driven actuator-
Bermejo; Sénchez  |LOWER LIMB ASSISTANCE based exmskeletons can be complexand require
Francisco Romero; |EXOSUIT 2021 Espatia specialised expertie. This can increase costs and
sinchez Francisco [ ncreased user comort: By using cabls to tansmit orce fom o ment imes for these devics. - Need for
the actuators to the anchor poins, these exoskeletons offer
avier Alonso. individualised adaptation: For best resuls,
increased user comfor by dispensing wit he rigi stucures | (2 SEE R BRIRE IR RRERE
present i scionalexostektons - esignopiisaton: he |0 CLGLTLCT et of s s
oo of v s of st e, e s | T Y RS Rl s s s o
location of nchor pints, the exect number of actuatorsand the | %10 2ssessments and adjustments
arrangement ofcables. This helps to design exoskeletons that are
oetier suited tothe needs and characteristics of the users.
oenes iy d
a ich can be costly,
[eted o repetive pysica s or ey Wi PySka  [whh cnoe »chllngeforsome corpanics
stain relef- Wor e Training
d adapt be
'] required i
esostkeletons cortectly. In additon, it may taketime
OHL ncorporetes eroskektons at o st orewchnoloay and ot s use
DHL Supply Chain e work environment - Limitations of u
o oeria (he Mercedes Bene fatory in Eoskeletons may not b!sm\ahlz quaHlnsks or
[vioria 2020.5pain - improved productivity: By reducing fatigue and the isk of
infuy, eskeletons can help heath and terms of mobilty or reedomalmovent e
performance over tie, potentially contributing to increased
ould afect the effeciveness of their use in certain
roductivty in the workplace. Innovation and satety: The euatons - ongaing vabion-Ac sieiions
edopion of vsieletons relcs an mnovaiveapproacnto (11" RS B ERREERS BREREE
acressing ergonomic challenges in industrial sttings. velosion of theitffeveness an thi impeat
demonstrating companies'commitment to the health and safety of
thei employees through the implementation of advanced on worker productivity and health to ensure that
the cesied resuts are being achieved.
technologies
et - Cost: rocurement of exostkeletons can be costly,
pones, musclesana s, which s themespacily ustul i uhicn N
Preventing ' resources - Need forfitting and adjustrent
oskeletons requie fiting and adjustment testing
[They allow manual load handing tesks involving signifcant and
o cas[BIPARAMETER .e»!a.ed s e pefomed i s ot ne |12 el fectvenes andcomor f
MEASUREMENT SYSTEM workers, which can take additional time and
PR v G e an vk il upto A gt (24 T oy T g nd
cuermowison [ NERTALMAGNETIOAND |00k nprovedergonomc: Ty
e o |[ELECTROMYOGRAPHIC complexand requie expertise in areas such as
g biomechanics and engineering, which can make
of workers. -
[Applcaily in various industrie: Eoskeketons can beapotied i |, 04 PPEE PR ST S
ot exoskeletons can interfere with the natural oy
Lesks, such as manutactuing, onstruction,logistics, among o orkers. which coukd negathvely affct ther o
performance and safety.
- Cost: Not specifically mentioned inthe surmary.
bt one of the common drawbacks of xskeletons
is their high cost, which may lii their accessivility
for some people or institutions - Technical
ofie thatthe use of e
evosteletons c gy used, woskeletons may h
aisabilties by enabling activities more | Simobily comtor o iy to
[ TATHHA A1, ndependentyandcomortaly - Appliations i iy and adap\ 1o different users and scenarios - Palenha\
5 [ onouAptn A o |EXOSKELE socialareas: It ighi , which
nave proven to be usefulin both milary applications and et nadaping o e v of taons.
everyday h p ~Potential
exosteletons can help in process by enabling people may experience
1o regain lost aificutes
either physically or psychologically - Potential
acaptation problems: some people may experience
aificutes in adapting to the use of xoskeletons
either physically or psychologically.
Disadvantages: - Complesity and manufacturing
ot Implermenting an exoskelton with passive-
[ Advantages: - Reduced load on the joins: The proposed active features and spring elements can be
exosteleton aims to reduce the load on the joints by providing  |technically challenging and costly, which could
support and absorbing some of the users weight - Inproved it ts availabily and accessibily - Potential
strength and clements, the
exosteleton can help increase the users strength and endurance  |variabl nature of the links and spring
by providing assistance during moverment. configuration, custorised adjustments ey be
KOPHCOB A, |PASSIVEACTIVE EXOSKELETON necessary to adapt the exoskeleton to the specific
4 [BOIKOBAIOL. [WITHLINKS OF VARIABLE [needs and characterstics of each user.
KOHIHA 115, (GTH AND SPRING ELEMENTS
MACIIOBA KC.  |OF TWO TYPES 2020RUSIA
- Eneray recovery: The design includes springs that allow energy
recovery during movement, which could increase user effciency |- Maintenance requirements: Mechanical
and extend Adaptabilty and as springs. may req
contort: The abilty the links and the which
resence of springs could increase the adaptabily of the. could result in ditionelcosts and downiine for
exosteleton to different users and activites, thus improving [t user.
comfort and user experience.

Continuation of table 2...

Gavifo-Ortiz, Gabriela and Osorio-Reyna, Jhonny Jesus. Analysis and
comparison of exoskeleton prototypes to carry out activities under
normal conditions in industrial companies to reduce risks. Journal-
Industrial Organization. 2024. 8-14: 1-8.
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SOURCE
. Effectiveness according to company conditions oF .
N Functionali en ; ondiior Link
rctionany how it impacts on reducing occupational risks. | INFORMA
TION
i
The effectiveness of exoskeletons in _ reducing sekedu.cchitstrea
occupational hazards varies depending on the conditons m
[According (0 the artck, the proposed exoskeletons have [of the company and the exoskeleton model used: 2ARTICULO%20
1 |functionalies such as recucing physical demands in work tasks [Benefits such as reduced musce fatigue and physical |UISEK  [EXOESQUELETO|
such as lifting, carrying and bending demands have been observed in work environments, but 9620INDUSTRIA|
more research is needed to assess the short- and long| LES%20AMAND
term impacts in real work environments. |A%20PUEBLA. pef
i
[According to the article, the proposed wearable exoskeletons uniio
Regarding effectiveness in reducing occupational rsks,
2 [are maiy usd for rehabilation puroses inpeople withspral | EFTCE (T RS L BECER SRR RIECS  [a.esiservietiarticulo
cord injry, focusing on the hip and knee joints e 2codigo=7468522
com/wp-
I terms of effectiveness in reducing occupational isks
[ According to the articke, the proposed wearable exoskeletons [ " iveness in reducing occupational risks,
‘ . ° it is mentioned that these devices generate hardly any 018/03/Usabilidad
for gait training in people with spinal cord injury have proven to
sigificant adverse effects and have been well received [SNC -y-aceptabilidad-
3 |be tolerable and acceptable, with mikd and infrequent adverse
y patients, which coukl have a positve impact on |PHARMA  [de-los-
effects, such as skin discomfort or pressure on the contact
oree rehabiltation and improved functionalty of the lower exoesqueletos-
limb in spinl cord injured subjects. portables-para-el-
entrenamiento-
ihe exoskeketons proposed i the artcle offer  specific
functionalies designed to improve working condiions in the
construction sector. Here is a summary of each: - HAL (Hybrid [Both exaskeletons have the potentil o positively impact
Assitive  Limb) from Cyberdyne: @ Functionalty: Helps.[on occupational risk reduction by reducing the physical
increase the user's strength and reduces th stress applied o the |burden on workers, which may resut in a lower
back from heavy lifing @ Effectiveness: This exoskeleton can [incidence of musculoskeletal injures and chronic fatigu. nttp://www.scielo
significantly reduce musce fatigue and the risk of iniry [In addition, by improving the ergonomics and physical org.co/scielo.php
4 [essociated with handing heavy loacs in-constucton. s |capaciy of workers, these exoskeletons can comrbute [ o [Pscriptesci_artiext
eftectiveness will depend on proper fitting and traning in s use [to a safer and more productive work environment in the &pid=s0123-
by workers - Lockheed Martins Fortis: @ Functionalty: [construction industry. However, their effectiveness may 1
Relieves user loading and reduces muscle fatigue through |vary depending on factors such as the specific s
bomechanics, increasing user strength and endurance @ [application, the design of the exoskeleton, staff training
Effectiveness: Like HAL, Fortis can reduce fatigue and the risk |and proper integration into the company's work
of musculoskeketal injures in workers performing physically [processes
demanding tasks in construction. Its effectiveness will akso
depend on proper implementation and training
In terms of effectiveness, the study shows that the
design and implementation of the system to obiain,
rocess and identify electrophysiological signals has nttp://scielo.sld.c
[The main functionalty of the proposed exoskeletons s to help [ fy physiological sigr P
been abl to precict the movement intention of the lower u/scielo.php?scrip,
Solve ergonormic problems in tasks such as repetitive work and “ P
o WO N s with success rates of over 86.66%. This suggests t=sci_arttextpid=
5 |rehabiltation. These devices are designed to maintain or SCIELO
e e ssors et o e oo s s |12 e proposed excskeltons couldbe ighl effective o
bAoAl in assisting workers to_perform specific movements, 0300201900020027
9 fatig, ing day. [which can have a_significant impact on reducing 781ang=pt
occupational risks associated with fatigue and repetitve
strain.
Functionality of the proposed robotic exoskeleton: @ The
developed robotic exoskeleton is designed for the rehabilfation
of the upper limb in hemiplegic patets, proviing a sUBt | gy joxovement of mobity and muscle strength The
system and contolld movement 10 faciitate the recovery of [ exccyeletomprovics controlle and precise moverments
mobilty and muscle strength in affected patients. Hete are |y ol hemiplegc patens o regain mobiy and
some features of s functionaly: @ Selection of actators and |yl syength in the affected upper imb, which
rotaion mechaniss: The exoskelton incorpoates {0rce | conyiutes o mprove th patients functionlfty and
actuators and. mechanisms for arm - rotation and orearm | ooy i il e activitie. This contributes to
pronation and supination, designed 1o provide controled and | yovin the patients functionality and atonomy in
precise movements that miic the physiological movements of acthite of iy fving. @ Faciltaton of
the upper fimb. physiotherapeutic therapy: The exoskeleton faciltates
nttps://www.reda
. theapplcatonof physioterapeutc herapies by [ [P 00
providing controlled movements and adjustable Svfl:z's 1008 "
& Mechanical armature and ergonomic design: The structure of | resistance during rehabiltation sessions. This helps to
the exoskeleton is desigred o adapt to the dimensions and [optimise the physiotherapists time and resources, as well
anthropometric characterisics of the patients, ensuring balanced | as ensuring accurate and safe celivery of therapies. @
weight disribution and ergonomics sutable for use during | Progression monitoring and evalation: The exoskeleton
rehabitation sessions. @ Control and safety. system: The | designed to enable monitoring and evaluation of patent
exoskeleton is equipped with simple and safe control systems, | progression during rehabiltation sessions. This provides
allowing interaction and su the n | valuabe the f the therapy
addion, it has integrated safety measures, such as travel | and allows the treatment to be adjusted according to the
limiters and emergency buttons, to ensure patient safety during individual needs of each patient.
rehabiltation sessions
[Based on the information provided in the artcle, the proposed '"‘eL"i"“'” Em“"e”essé’“"e "::]zf“ o
exoskeletons appear to have several potental functionalies and [?*OSK€IEtonS in company conditions and their impact on
reducing occupational hazards, here are some points to
erefis: oo
nttpsi//eds.p.cbsc
. b . ohost.com/eds/de.
Physical support and assistance: exoskeletons can provide | = 00rO1C @SS€SSMet: 1t would be mportant to conduct taldetailvid=08
a detaild ergonomic assessment of the specific work 9 !
additional support to users, especially those with spinal njries sid=88e6d35e
tasks and activities in the company to determine how
or ather mobilty problems. This can help them perform physical " 2057-40%c-8d0-
exaskeletons could be effectively ntegrated 10 improve. | g cono
, tasks that might therwise be diffcul o painful oty and ot et e
Y hary. edis&bdata=Imxh
omcozxvmeziozT
izHmbG
%3ddbedsgaok
. | Assessment of costs and benefis: In acition, the costs -
Improved  safety: By improving ergonomics and providing [AN=edsgd.699258
) associated with the implementation of exoskeletons in
additional support during the  performance of physical tasks,
{terms of procurement, maintenance and training shouk!
exoskeletons could help reduce the risk of musculoskeletal
e consicered, as well as the expected benefits interms
injuries. and other - occupational hazards - associated with
fopeitve movements or vy g of reduced occupational injuries and increasedt
productivy.
0 Reduced musculoskeletal injuies: By  providing
physical support and. protection, exoskeketons help
reduce the workload on the body's muscies and joins,
Functionalty ofthe proposed exaskeletons: @ Physical support: |11 ¢21 reduce the risk of musculasleletal inkries
such as strains, sprains and sprains. @ Improved safety:
Exoskeletons are designed to provide additional support o
The combination of physical support and  personal
workers during the performance of tasks involving repetitive nttps://www.proq
protection offered by exoskeletons helps 1o increase
movements o heavy g, This s to reuce musck atge (VCEER SREE Y SRR TERS B TR | fuest com)docview
8 and the risk of work-related injuries. @ Personal protection: In y reducing /2338410285/FD36
and injuies. This contrbutes to a safer and more secure [T
addition o providing physical support, exoskeletons are equippedt os0A21F4020P0/
) ; P | vorking  environment for workers. @ Increased
with armour that protects the user from possible impact of injury 12accountid=37406|
productivty: By reducing fatigue and the risk of injry,
while performing work tasks. This helps to ensure the safety
ot oo of th waker i kol exoskeletons can contribute to improved productivity in
9 g the workplace by enabling workers to perform their
tasks more efficently and safely. This can resut in
decreased downtime due to injry and increased
efficiency in performing work tasks
I terms of effectiveness, these exoskeletons could have
a sigificant impact on reducing occupational rsks in
environments where repetitive and strenuous use of the
ands i required, such as in manufacturing, construction
or agriculure. By providing mechanical support to the
hands, these exoskeletons can help prevent
The excskeletons proposedtinthe articke have as their main ~|T™USCuIOSkeletl inrie such as muscle fatigue, carpal
{tunel syndrome and other workcrelated conditons. Ina nttps://www.proq
functionalty to provide mechanical assistance to the hands, "
specificallyfor peopl with hand cisabiles or hand impairment [0 1 implemertation of these excskelelons oy g |uest
9 pe pecpl P could improve worker health and safety, reduce /2593120795/FD36
[These exoskeketons are designed to assist nthe flexion and
absenteeism due to injury, and improve productivty by coson21ra020p0/
extension movement of th fingers, which faciltates the
erformance of aily actvtesthat requir the use of the hands, |1C+4d Workers (0 prfor tasks mare efficienly and
a & [comfortably. In adtion, by reducing the risk of
workplace injury, the company could also experience
sigificant cost savings assocated with medical
reatment and workers' compensation. In summary, the
[roposed exoskeletons can not only improve workers'
ualkty of life, but also have a positive impact on the
company's profitabilty and sustainabily.
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I terms of their effectiveness i business conditons and
their impact on reducing occupational risks, we can
consider th following: @ Effectiveness in business
conditions: Wearable exoskeketons can be effective in
work environments where workers perform tasks that
requie repetitive movements or heavy lfting. By
The main functonalty of the exoskeletons proposed nthe | PrCY1dg gat assistance and rechcing the load on jots,
ik s gt s, especily dosned o people ity |15 0evces can improve warker comfort and e, nttps:/ fwww o
L |doabites or mbily ifficuies. These excskeletons wse an Wr‘“ct" can "3";"" '”“e"”“:"’““c"""y and ‘°‘|’ |PROQUES uest.com/docvi
inverse dynamic model to calculate the traction forces on the Z‘Li:::::m ca’:‘:f; o d’;:;mm::m;"s u &
cables and the torqus demanded from the actuators, thus et ot e et e ot il
providing support and improving mobilty during walking ety et faue. By provitig coppor o
assistance during walking, these devices can help
prevent joint and muscle injuries, especially in workers
performing physically demanding tasks. This can result
i a decrease in workphace accidents, sick leave and
costs associated with medical care and workers'
Compensation
In terms of effectiveness, exoskeletons are expected to
The main functionality o the proposed exoskeletons is to e gy effectve 1 corpary condiions especily
improve ergonomics inthe most physically demanding
[workplaces at the Mercedes-Benz factory in Vitora. These ;’;"u;“tr“;f‘:j':';tx:‘ wﬁu;e{?ﬂ'{"&z:ﬁ:ﬁ‘:ﬁm
devices are designed o provide support curing manual load .
11 [handiing tasks, such as sequence preparation o activiies in the [ OPEre(OrS Nanding heavy took. By providing Support | ) ey
crmpy container foding area, which involve signficantang |°1-"eCcid the physical train requied by worlers
repeated physical effort for workers. Excskeletons reduce |19 Pysically demanding asks, exoskeletons are e
e on b, s ant ot e bl prevent expected to contribute to improving working conditons
potential musculoskeletal inures and repettive motion atigue, |2 2010 the number of accidents and medical
eaves related to musculoskeletal injories and repetiive
motion fatige.
In terms of effectiveness, as described in the artick,
exoskeletons have proven to be & useful tool n the
rehabilation process. By integrating motion capture
technologies, such as mation processing units (MPUs)
and electromyography (EMG), aong with cigial
[Based on the artice, the main functionaity of the proposed :Zfﬁ:L"?:::x;:z::z:ﬁv;ﬁ;x:::V;:ng
exoskeletons s to assist in the reabiltation of people with e euiohatbe
physical limitations, especially those affected by cerebrovascular |"€ o0t P
ot (G or et o motl Troes monitor patient progress, adjust treatments as needed nttps:// e
e re eciop 1 i svpprt o secstance fn [ POV reabime feedback.Froma business REDALYC |1
oocy movemens, especially inthe upper and lower extremides, | PS"SP<Cive. e implamentation of excleletons n work
with the aim of improving motor function and faciltating environments can have a sigificant impact on reccing
e recovery occupationalrisks. By providing physical support and
la reducing the burden on the human body during physically
demanding tasic, exoskeletons can help prevent work-
relted infries such as musculoskeletal injures and
chronic fatigue. In addition, by improving workers' abily
o perform physical tasks, exoskeletons can increase
productiviy and efficency in the workplce.
[The functionality of exoskeletons includes: @ Rehabilation L’;Z:l:ia::':gfimﬁ5:"‘12:?:; t::':p::z::ress
support: Exoskeletons provide physical support for people it [ i AR TR D P
csabiles, helping them o prform movements and tasks that — [1ocre, e EE B RS ren on
would otherwise be diffcult or impossile to perform. @ workers, exoskeletons can help prevent musculoskeletal
Improved mabilty: They enable peaple o regain o IMPIOVe iy ries and fatigue, contributing to a safer work
hei iy 0 walk, stanc, i and peform othr caly actves. oy icrmant. g Improved proccty. B fociltating
physicall demanding tasks, exoskeletons can increase netps:/ /el
s [worker efficiency and productivity by reducing r
cowntime cue to injury or fatigue. @ Reduced costs: By 35121986
o statisation and posturalcorrection: Exoskeltons can correct |15 :’x‘:::;':zg:ﬁsh‘:‘":c'::‘g:i:":ECZE:H""
osture and proice ot staily which s especiallyusefl for [0 2ECPShe S ERERE BAF R PR
people with balance problems or muscle weakness. @ oty evormiation Eveebonm canbe | |SCIENCE
Reduction of physicalload: In work environments, exoskeletons INDEX
o el e eyl o o vrkers y movidg. - |CE5GnEd 10 acapt 0 diferent virk envronmenis and
oport for ey g o repeite ook specific worker needs, making them effective ina
variety of industris and working conditions.
Effectiveness under company conditions and reduction
of occupationa risks: @ Improves work ergonomics: By
providing aditional support and improving the user's
biomechanics, the exoskeleton helps reciuce the load on
Functionalty o the proposed exoskeletons: @ Variable engih [t joits during work tasks that require repetiive
links: These allow better adaptation o the user's anatomy and |movements or fting. @ Increases safety and prevents
movements, providing a more precse it and greater capacity  [injuries: By reducing the load on jins,the exoskeleton
for movement. @ Two types of spring elements: Tension- can help prevent work-related musculoskeletal inuries, o, !
46 |compression and torsion springs help maintan link length and  |such as back, shoulde or knee inures. @ Improves o/ /'WWW el
recover energy during movement, recucing muscle fatigue and [procuctivity and efficiency: By reducing muscle fatigue W
load on the joints. @ Energy recovery: The abilty of the springs [and increasing user endurance, the exoskeleton can help 43912827
o recover energy during the user's movement ncreases the [improve productivity by allowing workers o perform
efficiency of the exoskeleton and reduces fatigue, allowing  [physical tasks mre efficiently and for longer periods of
prolonged use and improving the user's endurance ime. & Faciltates rehabiftation: In environmens where
rehabilation or recovery from worlcrelated injuries & [SCIENCE
required, the use of the exoskeleton can aid n the INDEX
recovery process by providing support and relif from
the toad on affected joints.

Tr s a comprehensive examination of the
information gathered and studies reviewed in
this paper, table (2) presents a summary of the
articles on occupational exoskeletons, which
present a wide range of benefits as well as
limitations that need to be considered. These
devices are noted for their ability to reduce
physical demands in work tasks such as lifting,
carrying and bending, resulting in reduced
occupational hazards, muscle fatigue and
physical demands in work environments. In
addition, exoskeletons are a valuable support
tool for people with spinal cord injuries,
facilitating standing, walking and actively
participating  in  rehabilitation  processes.
However, it is important to note that their
implementation entails additional
considerations, such as additional cost for users
and the need for individualised assessment to
determine the most appropriate option.
Personalised fitting and adjustment are essential
to ensure the effectiveness and comfort of these
devices, which can require considerable time
and resources.

Gavifo-Ortiz, Gabriela and Osorio-Reyna, Jhonny Jesus. Analysis and
comparison of exoskeleton prototypes to carry out activities under
normal conditions in industrial companies to reduce risks. Journal-
Industrial Organization. 2024. 8-14: 1-8.
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On the other hand, the technical
complexity involved in the design and
maintenance of exoskeletons can pose
challenges, especially in terms of interference
with workers' natural mobility and the need for
expertise in areas such as biomechanics and
engineering. Despite these considerations,
exoskeletons show great potential in a variety of
areas, from patient rehabilitation to improving
ergonomics and occupational safety in industrial
settings. Their ability to provide physical
support, reduce body burden and prevent work-
related injuries offers significant benefits for
both workers and companies, which can
translate into significant improvements in
quality of life, productivity and long-term
profitability. In summary, exoskeletons represent
a promising innovation with the potential to
positively transform both the workplace and the
health and rehabilitation field.
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