Apunts. Educaci6 Fisica i Esports
2019, num. 136, 2n trimestre (abril-juny), pag. 113-128
ISSN-0214-8757

DOI: http://dx.doi.org/10.5672/apunts.2014-0983.cat.(2019/2).136.08

Shot Put: Ergonomic Analysis
in the Adapted Sport

Gilberto Martins Freire'™, Luiz Alberto Pilatti’
and Graciele Massoli Rodrigues?

"Universidade Tecnoldgica Federal do Parana (UTFPR), Ponta Grossa,
Brazil, 2Universidade S&o Judas Tadeu (USJT), Sao Paulo, Brazil

Abstract

The objective of this work is to ergonomically analyze
the discipline of shot put in the adapted sport, specifically
when it is done on a chair or bench. The method used
in this study is known as Ergonomic Analysis of Work
(EAW), and its focus is on the phases of demand, task
and activity. For this purpose, photographic records were
made showing various athletes of both sexes in a sitting
position, 20 in the context of the analysis of the demand
and 25 in the analysis of the task. In the analysis of the
activity, the research focused on 5 male athletes from dif-
ferent countries with an average age of 30 (in particular,
20, 27, 30, 31 and 48 years old, respectively). They all
had motor functional diversity of the lower limbs and the
same functional sports classification. The results obtained
confirm that throwing chairs are not designed according
to the particularities of their users, and that there is a re-
lationship between ergonomic risks, competitive postures
and athletes’ performance. Likewise, the analysis shows
how the harmful effects for health, safety, comfort and
sports performance impact athletes who use a sitting po-
sition in competition.

Keywords: ergonomics, adapted physical activity, ath-
letes with disabilities, shot put

Introduction

The interest aroused in studying individuals with dis-
abilities suggests ergonomics as a field of science
which facilitates the individual’s interaction with their
workplace in order to get better conditions and bet-
ter productivity. According to Iida (2005), the prog-
ress in rehabilitation techniques and the development
of special equipment promote the monitoring of indi-
viduals with functional diversity for productive work.
The term ergonomics derives from the Greek words
ergon (work) and nomos (rules). In the United States,
the term ‘human factors’ is used as a synonym (Dul
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Resum

L’objectiu d’aquest treball va ser analitzar ergonomicament la
disciplina de llancament de pes en 1’esport adaptat, especifica-
ment quan aquest es realitza sobre una cadira o banc. El me-
tode emprat en aquest estudi va ser el conegut com a analisi
ergonomica del treball, el focus del qual se situa sobre les fases
de demanda, tasca i activitat. Per aix0 es van realitzar registres
fotografics que mostressin diversos atletes de tots dos sexes en
posici6 asseguda, 20 en el marc de 1’analisi de la demanda i 25
en el de I’analisi de la tasca. En ’analisi de 1’activitat, la recerca
es va centrar en 5 atletes de sexe masculi, de paisos diferents i
amb 30 anys com a mitjana d’edat (en concret, 20, 27, 30, 31
148 anys, respectivament). Tots ells posseien diversitat funcional
motora dels membres inferiors i la mateixa classificacié funcio-
nal esportiva. Els resultats obtinguts van ratificar que els bancs
de llancament no sén dissenyats d’acord amb les particularitats
dels seus usuaris i que existeix una relacid entre els riscos ergo-
nomics, les postures en competicio i el rendiment dels atletes.
Aixi mateix, I’analisi posa en evidencia com els efectes nocius
per a la salut, la seguretat, la comoditat o confort i el rendiment
esportiu repercuteixen en aquells atletes que adopten la posicid
asseguda en competicio.

Paraules clau: ergonomia, activitat fisica adaptada, atletes
amb discapacitat, llancament de pes

Introduccio

L’interés que suscita I’estudi sobre les persones amb
discapacitat suggereix l’ergonomia com a area de la
ciéncia que possibilita la interacci6 de I’individu amb
el seu lloc de treball, amb la finalitat d’obtenir mi-
llors condicions i una major productivitat. Segons lida
(2005), els progressos de les tecniques de rehabilitacid
i el desenvolupament d’equipaments especials promouen
el seguiment de les persones amb diversitat funcional
per al treball productiu. EI terme ergonomia deriva de
les paraules gregues ergon (treball) i nomos (regles). Als
Estats Units s’usa el terme human factors com a sindnim
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& Weerdmeester, 2005). Ergonomic analysis of work
(EAW) is a method of analysis which takes place in
three steps (demand, task and activity) whose objective
is to identify the possible ergonomic risks in the prac-
tice of a given job (Ferreira, 2015). In this study, ergo-
nomics has been understood as a field of study in the
field of engineering that is capable of analyzing adapted
sport activity as well as the practitioner’s interaction
with their sport artefact.

Sport for individuals with disabilities can be de-
fined as one that has been modified or especially cre-
ated to meet the particular needs of individuals with
some kind of functional diversity (Gorgatti & Gorgat-
ti, 2013). Thus, seen as yet another part of adapted
physical activity (APA), adapted sport encompasses
all kinds of sports which adapt to a group of individu-
als with some kind of disability, given that a series of
adaptations and/or modifications must be made to fa-
cilitate sport practice by this collective (Pérez, 2003;
Reina, 2010). This field of physical activity emerged
in the second half of the 20" century from a model
based on rehabilitation and recreation. We can view
APA as a compendium of interdisciplinary knowledge
aimed at identifying and resolving individual differ-
ences in physical activity by adapting them to the
context in which they take place (Tejero, Vaillo, &
Rivas, 2012).

The disciplines or modalities which are performed
in a wheelchair have historically occupied a core role
among the Paralympic sports, thus considerably im-
proving the levels of competition (Woude, Veeger, &
Dallmeijer, 2004). In this way, specific wheelchairs
were designed for racing, rugby, tennis and basket-
ball, which improved athletes’ physical function,
giving rise to more active individuals who use wheel-
chairs which are stable, versatile, sturdy and light-
weight.

In Paralympic sport, there is a series of areas
where there are shortcomings in the scientific evi-
dence of different aspects, which would therefore
clearly benefit from the development of scientific
studies, in particular those whose purpose is to im-
prove sport performance, promote health and safety
during training and competition, and help guarantee
fair, equitable competition (Grindle, Deluigi, Lafe-
rrier, & Cooper, 2012).

The biomechanics of athletes who throw while
seated is unquestionably a subject of study (Frossard,
O’Riordan, & Goodman, 2009). These studies are

(Dul i Weerdmeester, 2005). L’analisi ergonomica del
treball (AET) és un metode d’analisi que es desenvolupa
en tres passos (demanda, tasca i activitat) i que té com
a objectiu identificar els possibles riscos ergonomics en
la practica d’un determinat treball (Ferreira, 2015). En
aquesta recerca, l’ergonomia ha estat entesa com una
area d’estudi en el camp de 1’enginyeria capa¢ d’analit-
zar 1’activitat esportiva adaptada, aixi com la interacci6
del practicant amb el seu artefacte esportiu.

L’esport per a persones amb discapacitat pot ser de-
finit com aquell esport modificat o especialment creat
per trobar les necessitats particulars d’individus amb
algun tipus de diversitat funcional (Gorgatti i Gorgatti,
2013). Aixi, I’esport adaptat, vist com una part més de
I’activitat fisica adaptada (AFA), engloba totes aquelles
modalitats esportives que s’adeqiien al col-lectiu de per-
sones amb algun tipus de discapacitat, atés que per aixo
s’han realitzat una serie d’adaptacions i/o modificacions
que faciliten la practica esportiva per part de dit col-lec-
tiu (Pérez, 2003; Reina, 2010). Aquest camp d’activitat
fisica sorgeix en la segona meitat del segle XX partint
d’un model basat en la rehabilitacié i I’oci. Es pot con-
siderar que I’AFA és un compendi de coneixements in-
terdisciplinaris dedicat a la identificacio i soluci6 de les
diferéncies individuals en 1’activitat fisica, adequant-les
al context en el qual es desenvolupen (Tejero, Vaillo i
Rivas, 2012).

Entre els esports paralimpics, aquelles disciplines o
modalitats que es desenvolupen en cadira de rodes han
ocupat historicament una posici6 central, millorant aixi
considerablement els nivells de competicié (Woude,
Veeger i Dallmeijer, 2004). D’aquesta forma, es van
dissenyar cadires de rodes especifiques per a la cursa,
rugbi, tennis i basquet, que van proporcionar una millo-
ra de la funcié fisica, donant lloc a individus més actius
que feien Us de cadires de rodes estables, versatils, re-
sistents i lleugeres.

En I’esport paralimpic, és possible trobar una serie
d’arees que presenten una manca pel que fa a evideén-
cies cientifiques en diferents aspectes i que, per tant, es
veurien clarament beneficiades amb el desenvolupament
d’estudis cientifics, en particular amb el d’aquells la fi
dels quals fos millorar el rendiment esportiu, promoure
la salut i la seguretat durant ’entrenament i la competi-
cid, i ajudar a garantir una competencia justa i equitativa
(Grindle, Deluigi, Laferrier i Cooper, 2012).

La biomecanica dels atletes que llancen asseguts
és, sens dubte, objecte d’estudi (Frossard, O’Riordan
i Goodman, 2009). A aquests treballs s’uneixen els
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joined with recent efforts by human engineering lab-
oratories which research the design of chairs or ad-
justable throwing chairs (Chung, Lin, Toro, Beyene,
& Garcia, 2010). However, there is little literature in
the field of throwing chairs that are appropriate for
performance sport for a broader use, such as major
sporting events (Grindle, Deluigi, Laferrier, & Coo-
per, 2012).

The complexity of wheelchair sports poses a
unique challenge to scientists. There are two fun-
damental components which influence the practice
of wheelchair sports: the athlete and the chair.
What allows and determines the advance or mo-
mentum of the wheelchair and the sport move-
ments needed in a given sport is the interaction
between these two components (Goosey & Price,
2010).

Participating in sports, and in particular per-
forming throwing exercises, can have a positive
effect on the physical and physiological health of
individuals with disabilities. In the past decade,
technological advances have shed light on this area
and fostered the development of sports for individ-
uals with a range of functional diversity. As these
technologies are more widely available, the impact
on our understanding of the mechanisms which af-
fect performance in adapted sport increases (Grin-
dle et al., 2012).

In the case of a specific kind of weight within
the discipline of adapted shot put (the ball, for ex-
ample), the CBAt regulations (2017) state that the
objective of this throw is to place the ball as far as
possible from a circle measuring 2.13 m in diame-
ter, which has a peak curve of 10 centimeters in the
front. According to Lanka (2004), Fernandes (2003)
and Muller and Ritzdorf (2002), the biomechanical
aspects resulting from the ball throw involve differ-
ent parameters such as height, speed, departure an-
gle, aerodynamic quality, environmental factors and
the sport artefact used.

This study has used the sport techniques promot-
ed by Muller and Ritzdorf (2002) and Fernandes
(2003), with the observation that there will not be a
glide phase in a description of the technical throwing
gesture on a chair or bench, given that the athletes
who practice this kind of adapted shot put have motor
functional diversity in their lower limbs. Thus, the
analysis has focused on the individuals’ trunk and up-
per limbs.

recents esforcos per part de laboratoris d’enginyeria
humana que es dediquen a investigar entorn al disseny
de cadires o bancs de llangament ajustables (Chung,
Lin, Toro, Beyene i Garcia, 2010). No obstant aixo, hi
ha escassetat de literatura en 1’ambit de les cadires de
llancament apropiades per a I’esport de rendiment amb
vista a un ds més ampli, com sén els grans esdeveni-
ments esportius (Garret, Grindle, Deluigi, Laferrier i
Cooper, 2012).

La complexitat dels esports en cadira de rodes supo-
sa un desafiament unic per al cientific. Hi ha dos com-
ponents fonamentals que influeixen en la practica dels
esports sobre rodes: 1’atleta i la cadira. Es la interacci6
entre aquests dos components el que permet i determina
I’avan¢ o impuls de la cadira de rodes i els moviments
esportius necessaris dins d’un determinat esport (Goosey
i Price, 2010).

La participaci6 en esports i, especificament, la rea-
litzacié d’exercicis de llangament pot tenir un efecte
positiu sobre la salut fisica i fisiologica de les persones
amb discapacitat. En 1"altima década, 1’avang tecnologic
ha permes una aproximacié a aquesta area i ha poten-
ciat el desenvolupament d’esports per a persones amb
tot tipus de diversitat funcional. A mesura que aquestes
tecnologies es tornen ampliament disponibles, augmenta
I’impacte en la comprensi6 dels mecanismes que reper-
cuteixen en el rendiment esportiu adaptat (Grindle et al.,
2012).

En el cas d’un tipus de pes en concret dins de la
disciplina de llancament de pes adaptat (la pilota, per
exemple), la normativa de la CBAt (2017) assenyala que
I’objectiu d’aquest llancament és col-locar la pilota el
més lluny possible d’un cercle de 2,13 m de diametre
i que compta amb una punta corba de 10 centimetres a
la zona frontal. D’acord amb Lanka (2004), Fernandes
(2005) i Muller i Ritzdorf (2002), els aspectes biome-
canics resultants del llancament de la pilota involucren
diferents parametres com 1’altura, la velocitat, 1’angle de
sortida, la qualitat aerodinamica, els factors ambientals i
els artefactes esportius empleats.

En aquest estudi s’han utilitzat les técniques esporti-
ves promogudes per Muller i Ritzdorf (2002) i Fernandes
(2005), amb I’observacid que per a la descripcié del gest
técnic del llancament sobre la cadira o banc no hi haura
una fase de lliscament ates que els atletes que practiquen
aquest tipus de llancament de pes adaptat compten amb
diversitat funcional motora en els membres inferiors.
Aixi, I’analisi s’ha centrat en el tronc i en els membres
superiors dels individus.
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The incipient studies related to adapted sport ac-
tivities on a chair or bench show a clear downgrade in
the conditions of healthy sport practice and a decrease
in the improvement in sport practice, which leads to
the purpose of this study: to ergonomically analyze
the throw on a bench in the adapted sport using the
EAW method.

Method

From the standpoint from which the problem is ad-
dressed, this is a qualitative and quantitative descrip-
tive study in which both technical and form-based
factors are considered, always bearing in mind the
individual features of each athlete.

Methodological Approach

The methods used to collect data are in loco obser-
vation by photographic records, images, interviews
and the use of protocols which are specific to ergo-
nomic research. The method adopted for the anal-
ysis, the formulation of the diagnosis and the pre-
sentation of the recommendations was the EAW.
The methodological model proposed by Santos and
Fialho (1995) was used emphasizing three phases:
the ergonomic analysis of the demand, where the
subject of study was identified; the ergonomic anal-
ysis of the task, where the conditions of the sport
practice were observed; and the ergonomic analysis
of the activity, where the athlete’s behaviors on the
sport artefact in competition were observed. Hence-
forth, the terms ‘throwing chair’ and ‘throwing
bench’ shall be used interchangeably in reference to
this sport artefact.

Procedure

This study starts with the observations of the er-
gonomic incoherencies in the throwing bench used
by athletes in competition. At the start of the tests,
20 photographic records of 20 athletes of both sex-
es were randomly taken in a national competition.

Below are the specifications observed during the
course of the study:

e The chair, meant as the surface of the bench
where the athlete’s buttocks and back of the
thighs rest.

Els incipients estudis relacionats amb les activitats
esportives adaptades sobre la cadira o banc assenya-
len un clar empitjorament en les condicions de la practi-
ca esportiva saludable i una disminuci6é de la millora de
la practica esportiva, la qual cosa condueix a 1’objectiu
d’aquesta recerca: analitzar ergondmicament el llancament
sobre el banc en 1’esport adaptat fent tis del metode AET.

Metodologia

Des del punt de vista metodologic de ’estudi del pro-
blema, es tracta d’una recerca qualitativa i quantitativa
de naturalesa descriptiva, en la qual s’aprecien factors
tan técnics com de forma, tenint sempre en compte les
peculiaritats individuals de cada atleta.

Abordatge metodologic

Els metodes utilitzats per a la recopilaci6 de dades es des-
prenen de 1’observacid in loco intervinguda pels registres
fotografics, imatges, entrevistes i ocupaci6 de protocols
que son especifics de la recerca ergonomica. El metode
adoptat per a I’analisi, la formulaci6 del diagnostic i la
presentaci6 de les recomanacions va ser el de I’AET. El
model metodologic proposat per Santos i Fialho (1995)
va ser emprat posant I’accent en tres fases: ’analisi er-
gonomica de la demanda, on va ser identificat 1’objecte
d’estudi, i I’analisi ergonomica de la tasca, on es van ob-
servar les condicions de la practica esportiva, i 1’analisi
ergonomica de I’activitat, on es van observar els compor-
taments de I’atleta sobre 1’artefacte esportiu en competi-
ci6. D’ara endavant, s’usaran indistintament els termes
banc i cadira de llancament, en referéncia a 1’artefacte
esportiu citat.

Procediment

Aquest estudi s’inicia a partir de les observacions realit-
zades sobre les incoherencies ergonomiques del banc de
llancament utilitzat per atletes en competici6. A 1’inici
de les proves, van ser presos aleatoriament 20 registres
fotografics de 20 atletes de tots dos sexes en competicid
nacional.

A continuacié s’exposen les especificacions observa-
des durant el desenvolupament de I’estudi:

¢ El seient, entes com la superficie del banc que aco-
moda els glutis i la regid posterior de la cuixa de
I’atleta.
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e The back, that is, the surface of the bench where
the athlete’s back rests.

® The angle between the back and the chair.

e The throwing artefact, that is, the throwing
bench designed exclusively for throwing in the
adapted sport.

e Color as an aesthetic quality of the bench’s fin-
ishes.

¢ The user’s equipment, which encompasses all
sport apparatuses compatible with the acti-
vity.

® Modularity, which refers to the bench possibly
having several modules.

¢ Portability, including the bench possibly having
devices to improve its portability.

All of the cases observed in this phase of the re-
search were taken from the ranks of athletes from the
International Paralympic Committee (IPC, 2007) who
practice shot put on a bench.

Starting from the information collected and the
knowledge acquired on the problem in the demand,
the second phase of the EAW was launched. In this
second phase, it was agreed to use 25 photograph-
ic records of the benches used by athletes of both
sexes in an international IWAS competition. The
conditions in which the athletes participated in the
sport competition in a seated position were record-
ed, along with the users’ subjective perceptions,
both athletes and technicians. The analysis of the
photographs bore in mind the qualitative ergonom-
ic risks, namely the chair, the angle of comfort,
the finishes, the irregularities on the edges, the
color, the armrests, the devices to make the chair
stationary, the back, the portability and the modu-
larity.

In parallel, four athletes were interviewed, two
females and two males, along with a coach, using
a semi-structured dialogue so that the interview-
ees could verbalize their experiences in relation to
training and competition, which offered a subjec-
tive perception of the problem. The interviews were
held informally in a competitive atmosphere, and
the interviewees were in a place that was open to
the public. Furthermore, the interviews were re-
corded and later transcribed verbatim. All the state-
ments were codified with the letter “D” (speaker),
with the intention of preserving the anonymity of
the participants.

¢ El respatller, és a dir, la superficie del banc que
acomoda el dors de I’atleta.

¢ [’angle existent entre el respatller i el seient.

e L’artefacte de llancament, és a dir, el banc de llan-
cament dissenyat exclusivament per al llancament
en I’esport adaptat.

¢ El color com a qualitat estetica dels acabats del
banc.

¢ [’equipament de 1’usuari, que engloba tots aquells
aparells esportius compatibles amb 1’activitat.

¢ La modularitat, que fa referéncia a la possible pos-
sessid de diversos moduls per part del banc.

e La portabilitat, amb la qual es contempla la posses-
si6 de dispositius de millora de la portabilitat per
part del banc.

Tots els casos observats en aquesta fase de la re-
cerca tenen el seu origen en els quadres d’atletes del
Paralympic Committee (IPC, 2007) que practiquen la
modalitat de llancament de pes sobre el banc.

Basant-se en la informaci6 recaptada i el coneixe-
ment adquirit sobre el problema en la demanda, es va
iniciar la segona fase de I’AET (I’analisi ergonomica de
la tasca). En aquesta segona etapa es va acordar utilit-
zar 25 registres fotografics dels bancs usats per atletes
de tots dos sexes en competicid internacional origina-
ris de la IWAS. Es van reconéixer les condicions en
les quals els atletes realitzaven la competicié esporti-
va en posicié asseguda i les percepcions subjectives
dels usuaris, tant atletes com técnics. L’analisi de les
fotografies va tenir en compte els riscos ergondmics
de caracter qualitatius, és a dir, el seient, I’angle de
confort, els acabats, les irregularitats en les vores, el
color, el descans per als bragos, els dispositius per a
la fixaci6 de la cadira, el respatller, la portabilitat i la
modularitat d’aquesta.

Paral-lelament, van ser entrevistats quatre atletes,
dos de sexe femeni i dos de sexe masculi, i un entre-
nador utilitzant un dialeg elaborat de forma semi-es-
tructurada perque els entrevistats poguessin verbalitzar
les seves experiencies en relacié amb I’entrenament i la
competicid, la qual cosa va suposar una percepci6 sub-
jectiva del problema. Les entrevistes es van desenvolu-
par d’una manera informal en ’ambient de competicid,
on els entrevistats es trobaven en un local obert al pu-
blic. A més, van ser enregistrades i després transcrites
literalment. Totes les declaracions van ser codificades
amb la lletra “D” (declarant), amb la intenci6 de preser-
var I’anonimat dels col-laboradors.
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Finally, the third phase of the research focused
on five male athletes of different nationalities aged
20, 27, 30, 31 and 48. They all had motor func-
tional diversity of the lower limbs (poliomyelitis,
traumatic injuries or amputations) with an F58
functional sports classification. They were chosen
on the premise that they practiced adapted shot put
on a bench. It should be noted that currently the
F58 functional sports classification has been asso-
ciated with F57.

In this phase, the researchers were able to accom-
pany and watch the activity (the competition) and the
athletes’ use of the throwing bench. To compare the
modus operandi required by the working situation
(ball throwing), the throwing techniques described
by Muller and Ritzdorf (2002) and Fernandes (2003)
were used:

1. Preparation: the head and right arm face the
back of the throwing area and the right elbow is at a
90° angle with the trunk.

2. Construction: the trunk rotation movement is
blocked by the left arm. The left elbow is elevated
and turned towards the throw.

3. Throw: The whipping movement of the arm be-
gins after the trunk is completely extended. The left
arm has to be bent and stationary by the trunk when it
is at the front of the throwing area. The right shoulder
rises above the left one when the weight loses contact
with the thrower. The acceleration is continued by the
pulsion in the pre-extension (thumb downward and
fingers pointing outward after releasing the weight),
and the hand accompanies the movement until the end
of the action.

This study adopted the gesture method as the
technique to analyze the activity. The analyses were
limited to the athlete’s trunk and upper limbs, both
left-handed and right-handed, bearing in mind the
inclusion criteria adopted. The performance and its
relations were compared simultaneously. We should
note the conditional diversity inherent to a study of
this kind, given that the athletes are in competition
and the environmental and organizational conditions
are not always favorable to the use of more uni-
form research protocols. However, the validity of
the results obtained is not questioned: they clearly
translate into the reality given that the analysis was
performed in loco.

Finalment, la tercera fase de la recerca va posar el
seu focus sobre cinc atletes de sexe masculi i de dife-
rents nacionalitats. Les edats dels mateixos eren 20, 27,
30, 31 i 48 anys, respectivament. Tots ells presenta-
ven diversitat funcional motora dels membres inferiors
(poliomielitis, traumatismes o amputacions) amb classi-
ficacié funcional esportiva F58. Es van escollir amb la
premissa que practiquessin llancament de pes adaptat so-
bre el banc. Cal destacar que actualment la classificacio
funcional esportiva F58 ha estat vinculada a la F57.

En aquesta fase va ser possible acompanyar i obser-
var I’activitat (la competicid) i I’ts del banc de llanca-
ment per part dels seus usuaris, (els atletes). Per a la
comparacié dels modus operandi exigits per la situaci
de treball (llancament de la pilota) van ser utilitzades les
tecniques de llancament descrites per Muller i Ritzdorf
(2002) i Fernandes (2005):

1. Preparacié: el cap i el brag dret estan orientats cap
a enrere de ’area del llancament i el colze dret fa un
angle de 90° amb el tronc.

2. Construccid: el moviment de rotacid del tronc és
bloquejat pel brag esquerre. El colze esquerre esta elevat
1 girat cap al llancament.

3. Llancament: el moviment de fuet del bra¢ co-
menca després de 1’extensié completa del tronc. El brag
esquerre ha d’estar doblegat i fix al costat del tronc al
moment en el qual el mateix estigui de cara a ’area de
llancament. L’espatlla dreta s’eleva per sobre de 1’es-
querre al moment en el qual el pes perd contacte amb el
llangador. L’acceleracid és continuada pel pols que esta
en preextensioé (polze cap avall i dits apuntant cap a fora
després de deixar anar el pes) i la ma acompanya el mo-
viment fins al final de I’acci6.

Aquesta recerca va adoptar com a tecnica de I’ana-
lisi de Dl’activitat el metode en termes gesticulars. Les
analisis es van delimitar al tronc i membres superiors
d’atletes tan destres com a esquerrans, tenint presents els
criteris d’inclusi6 adoptats. Simultaniament es va com-
parar el rendiment i les seves relacions. Es convenient
destacar la diversitat condicional en la qual es veu in-
clos un estudi d’aquest tipus, doncs els atletes es troben
en regim de competicié i no sempre les condicions am-
bientals i organitzatives son favorables per a 1as de pro-
tocols més uniformes de recerca. No obstant aix0, no
es qliestiona la validesa dels resultats obtinguts: aquests
tradueixen certament la realitat ates que 1’analisi és rea-
litzada in loco.
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The inclusion criteria adopted included the ath-
letes with motor functional diversity of the lower
limbs originating from a variety of causes (poliomy-
elitis, traumatic spinal cord injuries or amputations).
With regard to the exclusion criteria, athletes with no
international functional sports classification were dis-
carded.

Technique

Due to the characteristics of the EAW, whose goal
is to study and understand the activities performed
at work, the techniques needed to conduct the anal-
yses basically consisted in observations (global,
systematic and participative), semi-structured inter-
views, photographs and images of the competition
venue and the sub-systems (athlete-throwing bench).
To capture the photos and images, a Nikon D3200
camera was used, which was placed behind the
throwing area (approximately 15 m away, facing
forward). For the photographic tests of the throwing
chairs, a distance of 1.0 to 3.0 meters and a height
of 1.0 meter was used.

The images were analyzed using Ergolandia soft-
ware, which shows the analyst the movement of the
image with horizontal and vertical displacement bars,
the application of linear and polar tables, as well as
the calculation of angles and horizontal and vertical
coordinates on one point of the figure. It also has
video analysis options which enable the analyst to re-
produce a video at three speeds, to zoom in and to
regulate the volume. In this study, two-dimensional
kinematics was used.

Statistical Analysis

This analysis was limited to descriptive statistics
(mean, mode, median and standard deviation) using
IBM SPSS version 19.

Limitations

Performing studies with small and very heteroge-
neous samples entails the risk that the phenomena
researched have certain singularities. Furthermore,
this is magnified by the lack of standardized tests with
multidisciplinary coordination (Pérez, 2003). Despite
this, we believe that this should not prove to be a lim-
iting factor in our case, but the opposite: a stimulus

Els criteris d’inclusié adoptats contemplen els atle-
tes amb diversitat funcional motora dels membres in-
feriors amb origen en diverses causes (poliomielitis,
traumatismes de la columna vertebral i amputacions).
Quant als criteris d’exclusid, es van descartar els atletes
que no posseien classificacié funcional esportiva inter-
nacional.

Técnica

A causa de les caracteristiques de I’AET, la meta del
qual és estudiar i comprendre les activitats desenvolu-
pades en un lloc de treball, les técniques necessaries per
a la conducci6 de les analisis van consistir basicament
en observacions (globals, sistematiques i participatives),
entrevistes semi-estructurades, fotografies i imatges de
I’escenari de competicid i dels subsistemes (atleta-banc
de llancament). Per a la captura de fotografies i imatges
va ser utilitzada una camera Nikon D3200, la qual es va
situar darrere del sector de llangament (aproximadament
15 m amb la maquina en el planol frontal). Per als as-
sajos fotografics dels bancs de llancament es va utilitzar
una distancia d’1.0 a 3.0 metres i altura d’1.0 m.

Les imatges van ser analitzades a través del progra-
mari Ergolandia, que proporciona a 1’analista el movi-
ment de la imatge amb barres de desplacament horitzon-
tal i vertical, 1’aplicacié de taules lineals i polars, aixi
com el calcul d’angles i coordenades horitzontals i ver-
ticals d’un punt de la figura. També compta amb op-
cions d’analisis de video mitjangant les quals permet que
I’analista reprodueixi un video a tres velocitats, augmen-
ti el zoom i reguli el volum. En aquesta recerca es va
utilitzar la cinematica bidimensional.

Analisi estadistica

Aquesta analisi es va limitar a estadistica descriptiva
(mitjana, modus, mitjana i desviacid tipica) utilitzant
IBM SPSS versi6 19.

Limitacions

A T’hora de realitzar estudis amb mostres petites i molt
heterogenies s’assumeix el risc que els fendmens inves-
tigats presentin certes singularitats. A més, aquest fet es
veu augmentat per la falta de tests estandarditzats i de
coordinaci6é multidisciplinaria (Pérez, 2003). No obstant,
es considera que aix0 no hauria de ser una situacid limi-
tant en aquest cas, sind tot el contrari, pot representar un
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to continue advancing in our in-depth knowledge of
AFA and adapted sport, associating studies and re-
search with practice and the needs which the sports
technicians and athletes’ techniques convey to the re-
searchers (Tejero et al., 2012).

Results

According to the phases in which this study was con-
ducted, the results shall be presented from three van-
tage points: analysis of the demand, analysis of the
task and analysis of the activity.

Analysis of the Demand

This phase of analysis was used to verify whether
there was evidence of ergonomic risk in the shot put
from a bench. Thus, this observational method strove
to clarify the field of study in an accurate topography
of the work/sport environment.

Figure 1 illustrates the level of interference of 8 ob-
servable specifications in the analysis of the demand.
This is a fundamental stage in the quality of the ergo-
nomic intervention, and there are numerous ways to ex-
plain it.

Portability 54.50%

Modularity 100%
User equipment
Back 81.80%

Color
Throwing chair 27.20%
81.80%

Angle

Chair 81.80%

[ I T T T T
0% 20% 40% 60% 80% 100%

Figure 1. Ergonomic risk observed in the analysis of the de-
mand.

estimul per seguir avancant en el coneixement en profun-
ditat de la AFA i I’esport adaptat, vinculant els estudis i
recerques amb la practica i les necessitats que traslladen
els técnics esportius i els propis esportistes als investiga-
dors (Tejero et al., 2012).

Resultats

En concordanca amb les fases mitjancant les quals s’ha
desenvolupat 1’estudi, els resultats seran presentats des
de tres perspectives: 1’analisi de la demanda, ’analisi de
la tasca i I’analisi de I’activitat.

Analisi de la demanda

Aquesta fase de 1’analisi va servir per verificar si exis-
tien evidencies de risc ergonomic en el llancament de
pes sobre el banc. Aixi, aquest metode observacional va
procurar aclarir el terreny de treball en una correcta to-
pografia de I’ambient laboral/esportiu.

La figura 1 il-lustra el nivell d’interferencia de 8 espe-
cificacions observables en 1’analisi de la demanda. Aques-
ta és una etapa fonamental en la qualitat de la intervencid
ergonomica i existeixen nombroses formes d’explicitar-la.

Portabilitat
Modularitat 100%

Equip d’usuari

Esquena 81.80%
Color
Seient de llangament 27.20%

Angle 81.80%

Seient 81.80%

[ I T T T T
0% 20% 40% 60% 80% 100%

Figura 1. Risc ergonomic observat en I'analisi de la demanda.
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Analysis of the Task

During the analysis of the task, the working condi-
tions in terms of the relationship between the athlete
and the throwing bench within the interaction were
recorded. To do so, the components of the bench as
well as its relationship with the athlete’s performance
were analyzed.

Results of the analysis. Of the 25 cases chosen,
17 obeyed the inclusion criteria. It was observed
that of the 17 benches with backs studied, 6 (35.2%)
posed an ergonomic risk in the chair, 14 (82.3%) in
the angle of comfort, 16 (94.1%) in the finishes, 15
(88.2%) showed rough or irregular edges, 8 (47%)
posed an ergonomic risk in the color, 8 (47%) in
the armrest, 9 (52.9%) in the devices to make it sta-
tionary, 16 (94.1%) in the back, 11(67.7%) in the
portability and 17 (100%) in the modularity. Of the
eight backless benches studied, 3 (37.5%) posed an
ergonomic risk in the chair, 4 (50%) in the finishes,
5 (62.5%) in irregular edges, 6 (75%) in the col-
or, 7 (87.5%) in the devices to make it stationary, 8
(100%) in the modularity and 8 (100%) in the por-
tability.

In this phase of analysis, the height differences
of the benches in competition were recorded via
photos. The maximum throwing chair height al-
lowed by the regulations is 75 cm. Significant dif-
ferences were found in the heights of the chairs;
indeed, some were under the height allowed by the
regulations, not taking into consideration the bio-
mechanical advantages of throwing from a higher
height.

Considerations Extracted
from the Interviews

After holding the interviews, the data obtained were
grouped and the transcriptions were reviewed. Once
the contents of the responses were re-read and com-
pared, a summary of the information was provided.
All the interviewees confirmed their participation in
the design of their throwing bench (observing and
sharing opinions on it). They also verbally expressed
their opinions on the fact that the regulations interfere
with the design of more functional benches. Finally,
they expressed their economic and technical difficul-
ties when designing and purchasing their throwing
chairs.

Analisi de la tasca

Durant aquesta etapa es van registrar les condicions de
treball trobades entre 1’atleta i el banc de llancament en
el marc de la interaccid. Per a aix0, van ser analitzats
els components del banc, aixi com la seva relaci6 amb
el rendiment de ’atleta. Aquesta etapa de la recerca és
denominada analisi de la tasca i els seus resultats seran
descrits a continuaci6.

Resultats dels analisis. Dels 25 casos seleccionats,
17 van obeir als criteris d’inclusié. Es va observar que
dels 17 bancs estudiats amb respatller, 6 (35.2%) van
presentar risc ergonomic en el seient, 14 (82.3%) en
I’angle de confort, 16 (94.1%) en 1’acabat, 15 (88.2%)
presentaven vores vives i irregularitats, 8 (47 %) presen-
taven risc ergonomic en el color, 8 (47%) en el descans
per als bragos, 9 (52.9%) en els dispositius de fixacio,
16 (94,1%) en el respatller, 11(67.7%) en la portabilitat
i 17(100%) en la modularitat. Dels vuit bancs estudiats
sense respatller, 3 (37.5%) van presentar risc ergonomic
en el seient, 4 (50%) en ’acabat, 5 (62.5%) en les vores
irregulars, 6 (75%) en el color, 7 (87.5%) en els dispo-
sitius de fixacid, 8 (100%) en la modularitat i 8 (100%)
en la portabilitat.

En aquesta fase de I’analisi es va registrar a tra-
vés de fotografies la diferéncia d’altura dels bancs en
competici6. L’altura maxima del seient de llangcament
permesa per les regles és de 75 cm. Es va observar
que existien diferencies significatives en les altures
dels seients, de fet, alguns estaven per sota de 1’al-
tura reglamentaria permesa, desconsiderant els avan-
tatges biomecanics de llancar-se des d’un nivell més
elevat.

Consideracions extretes
de les entrevistes

Després de la realitzacié de les entrevistes, es van agru-
par les dades obtingudes i les transcripcions van ser
revisades. Els continguts de les respostes, una vegada
rellegits i comparats, van proporcionar un sumari de la
informaci6. Tots els entrevistats van confirmar la seva
participacié en el disseny del seu banc de llancament
(observant o opinant). A més, van expressar verbalment
el seu parer sobre el fet que les regles interfereixen en
la concepci6 de bancs més funcionals. També van ma-
nifestar les dificultats d’ordre econdmica i técnica que
troben a I’hora de dissenyar i adquirir els seus bancs de
llancament.
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They believed that the raw material used should be
lighter, the chair and back needed more attention, and
they should come with accessories like armrests and
footrests.

Analysis of the Activity

The analysis of the activity sought to compare the
ergonomic risks observed in the benches and their
users’ performance. Table 1 shows the record kept
with all the information referring to male class F58
shot put.

Table 1
Results of the shot put event and number of observable ergonomic
risks in the throwers’ benches

Van considerar que la matéria primera utilitzada hau-
ria de ser més lleugera, el seient i el respatller necessi-
ten de major atencid i haurien de posseir accessoris com
a descans per als bracos i peus.

Analisi de I’activitat

L’analisi de I’activitat va ser dedicat a la realitzacié
d’una comparativa entre els riscos ergonomics observats
als bancs i el rendiment dels seus usuaris. La taula 1
mostra el registre realitzat amb tota la informaci6 refe-
rent al llancament de pes masculi classe F58.

Taula 1
Resultats de I'esdeveniment de llancament de pes i nombre de
riscos ergonomics observats en els seients dels llangadors

Number Country Functional classification Results M SD Ergonomic risk
Nombre Pais Classificacio funcional Resultats M DE Risc ergonomic
01 Puerto Rico F58 13.90 13.58 0.20 04
02 Brasil F58 12.88 12.35 0,60 03
03 Méxic F58 12.17 11.87 0.32 07
04 Venecuela F58 11.71 11.14 0.48 04
05 Puerto Rico F58 9.67 9.02 0.94 06

The tests on the relationship between proper and
improper postures and sport performance are show in
Figure 2, which suggests that proper postures are in-
dicators of better performance.

Les proves sobre la relacié entre les postures ade-
quades i inadequades i el rendiment esportiu estan orga-
nitzades a la figura 2, la qual suggereix que les postures
adequades son indicadores d’una millor actuacid.

—_

418 34

327 520 420

Results

Resultats

Postures without ergonomic risk
Postures sense risc ergondomic

Postures with ergonomic risk
Postures amb risc ergonomic

Figure 2. Relation between postures and sport performance.

Figura 2. Relacio entre les postures i el rendiment esportiu.
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Discussion

The ergonomic risk observed in the throwing chairs
during the analysis of the demand, such as the ab-
sence of cushions and/or cushions that are incom-
patible with the users’ functional motor diversities,
suggests a compromise in the athlete’s physical integ-
rity. In the opinion of Gomes (2005), the concept of
comfort is directly proportional to the amount of time
the person will remain seated while executing a giv-
en task. The kind of chair should also be considered,
primarily with regard to the specifications of the ma-
terials used and the weight of its users. The physical
characteristics of the product, such as the thickness of
the cushion, the contours, the back support, the size
or the dimensions, can influence the evaluation of the
product’s comfort or lack of comfort. The user’s own
perception of the product’s comfort or lack of com-
fort can also be influenced by the physical environ-
ment (temperature, illumination, etc.), the task exe-
cuted (training and/or competition) and psychosocial
factors such as job satisfaction and interactions with
peers (Helander, 2003; Kuijt-Evers, Twisk, Groe-
nesteijn, De Looze, & Vink, 2005).

It was found that 81.8% of the benches had no ob-
ject to soften the contact between the chair and the
users’ ischial tuberosities. The possible consequences
of this shortcoming are described in the Guideline De-
velopment Group (EPUAP-NPUAP-PPIA, 2009). The
studies indicate that the areas that are frequently in
contact with the chair are the sacrum, the coccyx, the
ischial tuberosities and the greater trochanter, which
lead to pressure ulcers, and that in a seated posture
the body weight increases exposure to pressure in the
ischial tuberosities. Assuming that the requirements
of performance sports are high and that athletes are
expected to engage in long training sessions, it 1S pos-
sible to posit that the bench will lead to sequelae and
a lack of comfort during the activity. Garrett et al.
(2012) believe that there is a parallel increase in the
risk of injury in athletes when training at higher lev-
els of duration and intensity.

It was also found that the designs of the chairs
are not in harmony with their users. In the opinion
of Panero and Zelnik (2005), the design of the chair
should divide the tolerated body weight in the ischi-
al tuberosities and alleviate pressure on the interver-
tebral disks of the spinal column. Vos, Congleton,
Moore, Amendola, and Ringer (2006) state that the

Discussio

El risc ergonomic observat als bancs de llancament du-
rant I’analisi de la demanda, com poden ser 1’abséncia
d’embuatats i/0 els embuatats incompatibles amb les di-
versitats funcionals motores de 1’usuari, suggereix un
compromis en la integritat fisica de I’atleta. Per Gomes
(2005), el concepte de comoditat o confort és directa-
ment proporcional al mateix temps que la persona ro-
mandra asseguda executant una determinada tasca. Ha
de ser considerat també el tipus de seient, principalment
pel que fa a les especificacions dels materials utilitzats
i el pes del seu usuari. Les caracteristiques fisiques del
producte, tals com 1’espessor del coixi, els contorns,
el suport lumbar, la grandaria o les dimensions, poden
influir en 1’avaluacié del confort o la seva manca en
aquest producte. També la propia percepcié de 1'usuari
sobre el confort o la falta del mateix en el producte pot
veure’s influenciada per 1’ambient fisic (temperatura,
il-luminacid, etc.), la tasca executada (entrenament i/0
competicid) o aspectes psicosocials com la satisfacci6 en
el treball i les interaccions amb els companys (Helan-
der, 2003; Kuijt-Evers, Twisk, Groenesteijn, De Looze
i Vink, 2005).

Es va observar que el 81.8% dels bancs no presenta-
ven en la superficie del seu seient cap artifici per amo-
1lir el contacte amb les tuberositats isquiatiques dels seus
usuaris. Les possibles conseqiiéncies d’aquest inconve-
nient sén descrites en el Guidelline Development Group
(EPUAP-NPUAP-PPIA, 2009). Els estudis indiquen
que en el seient les arees freqiientment implicades estan
sobre el sacre, el coccix, les tuberositats isquiatiques i el
trocanter major, que provoquen les tlceres per pressio,
i que en la postura asseguda el pes del cos augmenta
I’exposici6 a pressié en les tuberositats isquiatiques. Su-
posant que les exigencies de 1’esport de rendiment sén
elevades i imposant als atletes llargues jornades d’en-
trenament, és possible evidenciar que el banc produira
seqiieles i falta de confort durant 1’activitat. Garrett et
al. (2012), considera que hi ha un augment paral-lel del
risc de lesié en ’entrenament dels atletes en nivells més
elevats de durada i intensitat.

Es va observar també que els dissenys dels seients
no presenten harmonia amb els seus usuaris. Per Panero
i Zelnik (2005), el disseny del seient haura de dividir
el pes del cos tolerat en les tuberositats isquiatiques i
alleujar les pressions sobre els discos intervertebrals de
la columna. Per a Vos, Congleton, Moore, Amendola i
Ringer (2006), els efectes dels aspectes de 1’enginyeria
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effects of engineering on the design of the seat im-
plicitly mean a beneficial reduction in the pressure
values associated with sitting in reclining position.
This means that a considerable portion of athletes
compete on a chair that is incongruent with their
functional needs, and that these athletes’ exposure to
possible injuries may lead them to move away from
the activity, an increase in the existing level of mo-
tor functional diversity and a disassociation with the
sport practice (Frossard, Alison, & Smeathers, 2012;
Theisen, 2012).

A back inclination of 105° to 110° in relation
to the seat increases the user’s comfort and stabili-
ty (Kroemer & Grandjean, 2005). In the opinion of
lida (2005), there are many cases of improper use
of products, or even poorly designed products, that
lead to pain and injury in users, in addition to hinder-
ing their performance. Goémez, Cossio, Brousett and
Hochmuller (2010) claim that acute muscle fatigue
can lead to an incapacity in the level of strength and
intensity of the exercise. On the other hand, Pérez
Guisado (2006) argues that chronic lumbar pain is
associated with muscular and psychosocial factors
that foster incapacity. Further, it is revealed that the
physical integrity is exposed, as well as the user’s
performance on the bench, as they are in a competi-
tive scenario with long training sessions and competi-
tions, during which the athlete has to remain seated.

The absence of modularity was found in 100% of
the cases analyzed. One of the strategic alternatives
to improve the product manufacturing process is to
implement modularity. However, during the manu-
facturing process it is common for the product to be
adapted to a single module, since this entails a lower
cost than remaking the product in its entirety (Bald-
win & Clark, 2004). The decision to adopt a modu-
lar design is still in its initial stage of development
due to the fact that there is little empirical evidence
of its advantages and/or disadvantages (Carnevalli,
Varandas Junior, & Miguel, 2011). Nonetheless,
this research posits the benefits of modularity since
the evidence observed in the activity leads to the
ability to subject oneself to functional tests and stan-
dardize interactions and benefits the fit, transport
and exchange (Fixson, 2005; Mikkola & Gassmann,
2003). Therefore, within this scenario, there is ev-
idence that the modular requirement and portabili-
ty (54.5%) deserve attention in the design of the
throwing benches or chairs.

en el disseny de la safata del seient indiquen implici-
tament una reducci6 beneficiosa en els valors de la
pressié associats al seure reclinat, la qual cosa eviden-
cia que una part considerable d’atletes competeix sobre
un seient inadequat per les seves necessitats funcionals
1 que I’exposicié de dits atletes a possibles lesions pot
implicar un distanciament de I’activitat, un augment del
nivell de diversitat funcional motora ja existent i una
desvinculaci6 de la practica esportiva (Frossard, Alison
i Smeathers, 2012; Theisen, 2012).

La inclinacié del respatller de 105° a 110° en rela-
ci6 amb el seient augmenta el confort i I’estabilitat de
I'usuari (Kroemer i Grandjean, 2005). Per a Iida (2005),
existeixen molts casos d’ds inadequat de productes, o
fins i tot productes mal dissenyats, que provoquen dolors
i ferides en els usuaris habituals, a més de perjudicar
el rendiment. Per a Gomez, Cossio, Brousett i Hoch-
muller (2010), la fatiga muscular aguda pot generar una
incapacitat en el nivell de forca i intensitat de 1’exercici.
D’altra banda, Pérez Guisado (2006), argumenta que la
cronicitat del dolor lumbar és una associaci6 entre fac-
tors musculars i psicosocials que afavoreixen la incapa-
citat. Per la qual cosa, s’evidencia que queda exposada
la integritat fisica, aixi com el rendiment de I’usuari del
banc, doncs aquest es troba en un escenari competitiu
on les jornades d’entrenament i competicié son llargues
i durant les quals I’atleta ha de romandre en posicio as-
seguda.

L’abséncia de modularitat va ser constatada en el
100% dels casos analitzats. Una de les alternatives es-
tratégiques adoptades per millorar el procés d’elabora-
ci6 de productes és la implantaci6 de la modularitat. No
obstant aix0, durant el procés de fabricacioé és freqiient
que el producte s’adapti amb un Gnic modul ja que aixo
suposa un cost més baix que el de refer el producte per
complet (Baldwin i Clark, 2004). La decisi6 d’adoptar
un projecte modular es troba encara en inici de desen-
volupament pel fet que existeixen poques evidencies
empiriques dels seus avantatges i/o inconvenients (Car-
nevalli, Varandas i Miguel, 2011). Amb tot, aquesta
recerca considera els beneficis de la modularitat ja que
les evidencies observades en el desenvolupament de
Pactivitat condueixen a la capacitat de sotmetre’s a tests
funcionals, estandarditzacié de les interaccions i bene-
ficien 1’ajust, el transport i I’intercanvi (Fixson, 2005;
Mikkola i Gassmann, 2003). Per tant, dins d’aquest es-
cenari s’evidencia que el requisit modular i la portabili-
tat (54.5%) mereixen atenci6 en el disseny dels bancs o
cadires de llancament.
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The throwing bench with the lowest number of
ergonomic risks revealed a tendency toward better
performance in the functional sport class F58 during
the competitions (Puerto Rico = 13.58 + 0.20 m and
ergonomic risk evaluated at 4; Brazil = 12.35 + 0.60
m and ergonomic risk evaluated at 3; Mexi-
co=11.87+0.32 m and ergonomic risk evaluated
at 7; Venezuela=11.14 +0.48 m and ergonom-
ic risk evaluated at 4; Puerto Rico =9.02 +0.94
m and ergonomic risk evaluated at 6). Wolbring
(2012) believes that a chair with better technology
could improve performance. In adapted sport, be-
yond the variables verified in conventional competi-
tions, the athlete’s interaction with the sport artefact
must also be considered. Therefore, if the bench is
an extension of the thrower’s body, the greater the
interaction between the thrower and their bench,
the greater the evidence of improved performance
will be.

The study by Canciglieri, Brambilla and Bittel-
brum (2007) confirmed that improvements in chair
technology resulted in better throwing in athletes in
class F54 (3.60 m in an old chair and 5.35 m in a
chair with new technology). The role of ergonomics
in this field (adapted sport) corroborates the devel-
opment of the activity since its demands for recon-
figuration affect changes in the physical design of its
equipment (bench), suggesting an expansion in the
interaction between the subsystems (bench-athlete).
However, even though technological advances bring
positive effects, they also gave rise to a kind of ‘tech-
no doping’ in which technical patterns and human
training may not keep up the same pace of develop-
ment (Garrett et al., 2012).

Conclusion

The analyses provided evidence that the incipient
studies on adapted shot put in the bench modal-
ity are an adventure for whoever practices it, as
the harmful effects on people who work seated
have been exhaustively discussed in the literature.
Therefore, we could say that for a person who is
forced to sit, the harmful effects suggest a greater
impact on their health, safety, comfort and sport
performance.

It was observed that the design and manufacture of
throwing chairs did not meet the criteria that guaran-
tee the quality of the interaction between the products

El banc de llancament amb el menor nom-
bre de risc ergondmic va assenyalar una ten-
dencia a una millor actuacié a la classe funcio-
nal esportiva F58 durant les competicions (Puerto
Rico = 13.58 + 0.20 m i risc ergonomic avaluat en
4; Brasil = 12.35 + 0.60 m i risc ergonomic avaluat
en 3; Mexic =11.87 +£0.32 m i risc ergondmic ava-
luat en 7; Veneguela = 11,14 4+ 0,48 i risc ergondomic
avaluat en 4; Puerto Rico =9.02 +0.94 m i risc er-
gonomic avaluat en 6). Wolbring (2012), considera
que una cadira amb millor tecnologia pot millorar
I’actuacid. En I’esport adaptat, més enlla de les varia-
bles verificades en competicions convencionals, s’ha
de ponderar la interacci6 de I’atleta amb 1’artefacte
esportiu. Per tant, si el banc és una extensié del cos
del llangador, com més gran sigui la interaccid entre
el llangador i el seu banc, major sera I’evidencia de
millora en el rendiment.

L’estudi de Canciglieri, Brambilla i Bittelbrum
(2007) va confirmar que la millora de la tecnologia de
la cadira va tenir com a resultat un millor llancament
en atletes de la classe F54 (3.60 m amb una cadira an-
tiga i 5.35 m amb una cadira de nova tecnologia). La
intervenci6 de I’ergonomia en aquesta area del coneixe-
ment (esport adaptat) corrobora el desenvolupament de
P’activitat ja que les seves exigeéncies de reconfiguraci
afecten a canvis a la tecnologia fisica de I’equipament
(banc), suggerint ampliar la interacci6 entre els subsiste-
mes (banc-atleta). No obstant aix0, encara que els avan-
cos tecnologics comporten efectes positius, també van
donar origen al ‘dopatge techno’ on els patrons técnics
i de formaci6 de recursos humans poden no mantenir el
mateix ritme d’evolucié. (Garrett et al., 2012).

Conclusio

En les analisis es va evidenciar que els incipients estudis
sobre I’esport adaptat en la modalitat de llancament de
pes sobre banc suposen, en relacié amb aquesta activitat,
una aventura per qui la practica, doncs els efectes nocius
que afecten les persones que ocupen en les seves acti-
vitats laborals la posicié asseguda son exhaustivament
discutits en la literatura. Per tant, es pot deduir que, per
qui la permanéncia en posicié asseguda és una imposi-
cio, els efectes nocius suggereixen un major impacte en
la salut, la seguretat, el confort i el rendiment esportiu.

Es va observar que el disseny i la fabricaci6 dels
bancs de llancament no presenten els criteris que ga-
ranteixen la qualitat d’interaccié dels productes (banc)
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(benches) and their users (athletes). We should stress
that there is a broad, striking demand for sport bench-
es that can be adapted to their users’ characteristics to
be manufactured.

The measurements taken show that while execut-
ing the activity, the athletes make constant self-reg-
ulatory movements. This suggests the need to reduce
and even eliminate the incoherencies between the
functional demand and the throwing bench, given the
existence of a relationship between the ergonomic
risk of the benches, the athletes’ postures and sport
performance. Otherwise, the sport organizations and
entities with competences in this matter should exam-
ine this evidence and alter the regulations they impose
on the design of athletes’ non-anthropomorphic arte-
facts so their practitioners do not have to worry about
the biopsychosocial consequences.

The EAW has been shown to be a field method-
ology of ergonomics (the science that adapts humans
to work) which is a useful, efficient tool to verify the
dysfunctions in the realm of adapted sport, where the
demands for adaptation are inherent to the existence
of the activity.

The study revealed the relationship between the
ergonomic risks of throwing benches and the perfor-
mance of their users. Specifically, the athletes who
compete with benches with lower ergonomic risks
showed better results. Therefore, greater attention to
the ergonomic requirements and design projects for
athletes with greater functional difficulties are recom-
mended.

With regard to the statements by the athletes and
technicians, it was found that the majority of inter-
viewees stated that they had participated in the design
of the bench, which reveals that the participation of
the user and their technician in their conception is not
indicative that the design will be properly made, as
specific technical knowledge is also needed. Familiar-
ity with all the regulatory aspects involved in the ac-
tivity can prevent design errors, as well as save their
users aggravations. However, it was positively ob-
served that there is an incipient technical preparation
of users who do not manage to technically interpret
their needs, or who are unaware of the possibility of
improving their current conditions (comfort, safety
and sport performance).

Finally, it was revealed that this study does not
eliminate the problems inherent to this activity.
However, it can be used to stimulate and heighten

amb els seus usuaris (esportistes). Cal destacar que exis-
teix una amplia i exigent demanda per a la produccid
de bancs esportius d’acord amb les caracteristiques dels
seus usuaris.

Els mesuraments realitzats reflecteixen que durant
I’execucio de 1’activitat, els atletes realitzen constants
moviments d’autorregulaci6. Aixd suggereix la necessi-
tat de reduir i fins i tot eliminar les incoheréncies en-
tre I’exigencia funcional i el banc de llancament, donada
I’existencia d’una relacié entre el risc ergonomic dels
bancs, les postures dels atletes i el rendiment esportiu.
D’una altra manera, les organitzacions o entitats espor-
tives competents haurien d’observar aquestes evidencies
i alterar la regulaci6 que imposa el disseny d’artefactes
no antropomorfics per als atletes sense preocupar-se de
les conseqiiencies biopsicosocials en els seus practicants.

L’AET s’ha presentat com una metodologia en el
camp de I’ergonomia (ciéncia que adapta I’home al tre-
ball) que constitueix una eina util i eficient per verificar
les disfuncions en 1’ambient esportiu adaptat, on les de-
mandes d’adaptaci6 son inherents a 1’existencia de 1’ac-
tivitat.

Es va evidenciar la relaci6 entre els riscos ergono-
mics dels bancs i el rendiment esportiu dels seus usua-
ris. En conseqiiéncia, els atletes que competien amb
bancs amb menors riscos ergonomics van presentar
millors resultats. Per tant, es recomana més atencio
als requisits ergonomics i als projectes de disseny dels
bancs per a aquells atletes amb majors dificultats fun-
cionals.

Respecte a les declaracions d’atletes i técnics, es
va observar que la majoria dels entrevistats va ma-
nifestar la seva participacié en el disseny del banc.
Aquest relat reflecteix que la participacié de 1’usuari i
del seu tecnic en la concepci6 del banc no és indicatiu
que aquest disseny es realitzi adequadament, doncs és
necessari un coneixement tecnic especific. El conei-
xement de tots els aspectes reglamentaris implicats
en l’activitat pot evitar errors en el disseny, aixi com
estalviar contrarietats per part dels seus usuaris. No
obstant aix0, es va observar positivament que existeix
una incipient preparaci teécnica d’aquells usuaris que
no aconsegueixen interpretar técnicament les seves
necessitats, o bé desconeixen la possibilitat de millora
de les seves condicions actuals (confort, seguretat i
rendiment esportiu).

Es posa de manifest, finalment, que aquesta re-
cerca no elimina els problemes inherents a aquesta
activitat. No obstant aix0, se’n fa s per estimular i
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interest among a greater number of researchers who
are capable of contributing to this burgeoning field
of study.
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