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Abstract: Agility is one of the key performance fac-
tors important for prevention of falls. There is a lack of
tests applicable for testing agility in untrained, older and
clinical populations. The aim of tis research was to inves-
tigate the reliability and validity of the newly-designed
testing protocol of change of direction speed (CODS)
and reactive agility (RAG) in the clinical population.
Research comprised 25 individuals older than 40 years
of age who underwent knee surgery. Variables included
age, gender, anthropometric characteristics, RAG, and
CODS tests. Results displayed new tests as being reli-
able among patients after knee surgery. Also, tests were
valid with regard to body mass and age (with better re-
sults in younger and lighter participants). Participants
achieved similar results in CODS and RAG, with strong
correlation between tests, which implies that CODS and
RAG represent similar abilities in this population. Future
studies should investigate the metric characteristics of
here proposed tests in other subsamples.

Keywords: motor capacities, change of direction, in-
Jjury, clinical population, adults.

INTRODUCTION

Agility in the context of sport is defined as the
rapid whole-body movement with a change of direction
and speed in response to an external stimulus. There are
two basic forms of agility: change of direction and speed
(CODS) and reactive agility (RAG) (Sheppard & Young,
2006). In CODS testing protocols, the individual is already
acquainted with a particular direction of movement while
in RAG the individual is not familiar with the task and
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SaZetak: Agilnost je jedna od kljucnih sposobnosti vaz-
nih za redukciju padova. Medutim, nedostaju testovi koji
su primjenjivi za ispitivanje agilnosti kod netrenirane, sta-
rije i klinicke populacije. Cilj ovog istrazivanja je bio ispi-
tati pouzdanost i valjanost novih testova promjene smjera
kretanja (change of direction speed-CODS) i reaktivne
agilnosti (RAG) kod klinicke populacije. U istrazivanju je
sudjelovalo 25 osoba starijih od 40 godina koji su imali
operaciju koljena. Varijable su ukljucivale dob, spol, an-
tropometrijske karakteristike, te rezultate u novim testo-
vima agilnosti. Rezultati su prikazali da su novi testovi
agilnosti pouzdani za ispitivanje agilnosti kod pacijenata
nakon operacije koljena. Testovi su se prikazali valjanima
u smislu diferenciranja ispitanika prema dobi i tjelesnoj
tezini (mladi ispitanici i laksi ispitanici su postizali bolje
rezultate kod oba testa). Ispitanici su u oba testa postiza-
li podjednake rezultate i rezultati su visoko povezani, Sto
ukazuje da testovi RAG i CODS kod ove populacije pred-
stavljaju slicne sposobnosti. Buducéa istrazivanja bi treba-
la ispitivati metrijske karakteristike predlozenih testova
kod drugacijih podskupina ispitanika.

Kljucne rijeci: motoricke sposobnosti, promjena smje-
ra kretanja, ozljede, klinicka populacija, odrasli.

Uvobp

Agilnost se u kontekstu sporta definira kao brzi po-
kret tijela s promjenom smjera i brzine kao odgovor na
odredeni podrazaj. Postoje dva oblika agilnosti: brzina
promjene smjera kretanja (CODS) i reaktivna agilnost
(RAG) (Sheppard & Young, 2006). Kod CODS pojedi-
nac unaprijed zna u kojem ¢e smjeru trebati promijeniti
kretanje, dok kod RAG pojedinac treba promijeniti smjer
kretanja kao odgovor na vanjski podrazaj koji nije una-
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have to react and change the direction of movement in re-
sponse to an external stimulus (e.g. visual, acustic, the tra-
jectory of the ball, opponents changes of direction during
the game). Previous studies have identified various fac-
tors affecting agility, testing methods, and agility training
(Krolo et al., 2020; Paul, Gabbett, & Nassis, 2016). How-
ever, most conducted research has focused on professional
athletes rather than the untrained population.

Agility is considered a crucial ability in preventing
falls in untrained individuals (Davis, Donaldson, Ashe,
& Khan, 2004). Consequently, agility was observed as
the ability and potential of a person to rapidly change
the motor pattern due to adjusting to the newly formed
situation. For instance, changing the walking pattern and
movement direction to avoid obstacles such as house fur-
niture or objects on the ground (Miyamoto et al., 2008).
Fall injuries are well-known to be in common, especially
in the elderly and untrained individuals who are fragile
and have impaired musculoskeletal system (Fhon, Ro-
drigues, Neira, Huayta, & Robazzi, 2016). Therefore,
the requisite for conducting agility-related research has
been warranted in both untrained and elderly populations
(Davis et al., 2004). The authors of this study have previ-
ously emphasized the importance of agility in the elderly
population and the development of specific tests that will
represent real-life situations (Sekulic & Foretic, 2019).
There are only a few studies on agility tests in untrained
and elderly populations. One of those studies that inves-
tigated the reliability and validity of the Ten Step Test in
the elderly concluded that the test was reliable and could
predict the risk of falling (Miyamoto et al., 2008). Also,
the “Agility test for Adults” design and developed for
the untrained population were reliable and applicable for
agility test assessment (Manderoos et al., 2016). Like-
wise, a reactive agility test intended for the elderly has
present appropriate reliability and constructive validity
differentiating groups by age (Sobolewski, Thompson,
Conchola, & Ryan, 2018). Regarding agility training,
research by Reed-Jones, Dorgo, Hitchings, and Bader
(2012) was concluded that agility training with an em-
phasis on visual training may be beneficial for preventing
falls in the untrained elderly population. It is obvious that
only several studies have conducted research on agility
in the untrained and elderly population. As far as familiar
to authors, very few studies have investigated the reli-
ability and validity of tests that are adapted to real-life
situations in the untrained clinical population. Therefore,
the aim of this study was to assay the reliability and va-
lidity of newly constructed agility tests for individuals
after knee surgery.

prijed poznat. Brojna istrazivanja su identificirala razli-
cite faktore koji utjecu na agilnost, metode testiranja i
treniranja agilnosti (Krolo et al., 2020; Paul, Gabbett, &
Nassis, 2016). Medutim, vecina istrazivanja su se foku-
sirala na profesionalne sportase, a ne na netreniranu po-
pulaciju.

Agilnost se smatra sposobnoséu koja je klju¢na
kod prevencije padova kod netreniranih osoba (Davis,
Donaldson, Ashe, & Khan, 2004). U ovom smislu, agil-
nost je promatrana kao sposobnost brze promjene mo-
torickog obrasca uslijed promjene situacije. Primjerice,
promjena obrasca i smjera hodanja zbog izbjegavanja
prepreka kao Sto su pokudéstvo ili predmeti na tlu (Mi-
yamoto et al., 2008). Poznato je da su ozljede uslijed
padova cCeste, posebice kod starijih i netreniranih oso-
ba koje imaju slabiji i manje razvijen misi¢éno-kosStani
sustav (Fhon, Rodrigues, Neira, Huayta, & Robazzi,
2016). Stoga, uocila se potreba za istrazivanjem agil-
nosti i kod netrenirane i starije populacije (Davis et al.,
2004). Autori ove studije su ve¢ prije naglasavali vaz-
nost agilnosti kod starije populacije i razvoj specificnih
testova koji ¢e predstavljati stvarne zivotne situacije
(Sekuli¢ & Foreti¢, 2019).

Postoji nekoliko istrazivanja na testovima agilno-
sti kod netrenirane i starije populacije. Istrazivanje u
kojem je ispitana pouzdanost i valjanost testa agilnosti
(Ten Step Test) kod starijih osoba je zakljucilo da je test
pouzdan i da moze predvidjeti rizik od pada (Miyamo-
to et al., 2008). Slicno, test ,,Agility test for Adults* na-
mijenjen netreniranoj populaciji se pokazao pouzdanim
1 primjenjivim za testiranje agilnosti (Manderoos et al.,
2016). Isto tako, test neplanirane agilnosti namijenjen
starijim osobama je pokazao primjerenu pouzdanost i
konstruktnu valjanost izmedu razli¢itih dobnih skupina
(Sobolewski, Thompson, Conchola, & Ryan, 2018). Sto
se ti¢e treniranja agilnosti, istrazivanje od Reed-Jones,
Dorgo, Hitchings, and Bader (2012) je zakljucilo kako
treniranje agilnosti s naglaskom na vizualni trening moze
biti korisno za preveniranje padova kod netrenirane sta-
rije populacije.

Ocito je kako se jako malo istrazivanja bavilo istra-
zivanjem agilnosti kod netrenirane i starije populacije.
Koliko je autorima poznato, jako su rijetka istrazivanja
ispitivala pouzdanost i valjanost testova koji su prilago-
deni uobiCajenim zivotnim situacijama kod netrenirane
klinicke populacije. Stoga, cilj ovog istrazivanja je bio
ispitati pouzdanost i valjanost novokonstruiranih testova
agilnosti kod osoba nakon operacije koljena.
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METHODS

Participants

The study comprised 25 untrained individuals older
than 40 years (56.3 = 18.5 years). Respondents were pa-
tients who participated in a rehabilitation program after
arthroscopic knee surgery and total knee arthroplasty.
Rehabilitation was conducted at the Clinical Medical
Center in Osijek, Croatia. The inclusion criteria for re-
spondents was the ability to walk 100 meters and sit up
and get up from the seat without knee pain. Participants
were informed of the objective, risks, and protocol of the
study prior to the start of the study.

Variables

Variables included age, gender, anthropometric char-
acteristics (body height, body mass), CODS, and RAG tests.

Testing of CODS and RAG was performed using
original equipment based on ATMEL microcontroller
(model AT89CS51RE2; ATMEL Corp, San Jose, CA,
USA). An infrared sensor (IR) was used as the external
measurer, and LED lights were used as controlled outputs.
Respondents for the RAG test started from a standing
upright position. They had to step out with the preferred
foot, after that the IR signal would be intersected which
initiated the time measurement and ignition on one of the
LED lights located in the cone placed under the seat. The
respondents had to perceive which cone was illuminated,
walk to a certain seat, sit down, get up, return to the start-
ing line as fast as possible, turn around and repeat the same
moving form. When respondents have intersected the IR
signal on the fourth return, time stopped. Respondents
were not informed of the ignition order, and three differ-
ent test scenarios were performed (different order of cones
illumination). CODS testing protocols were performed on
the same polygon, but the respondents were informed in
advance of the cones illumination order (Figure 1).

METODE RADA

Ispitanici

Istrazivanje je ukljucivalo 25 netreniranih osoba
starijih od 40 godina (56,3 + 18,5 godina). Ispitanici su
bili pacijenti koji su sudjelovali u rehabilitacijskom pro-
gramu nakon artroskopske operacije koljena i potpune
artroplastike koljena. Rehabilitacija se odvijala u Klini¢-
kom medicinskom centru u Osijeku, Hrvatska. Svi ispita-
nici su trebali biti u stanju proSetati 100 metara te sjesti i
podic¢i se sa sjedalice bez boli u koljenu. Sudionici su bili
obavijesteni o cilju, rizicima i protokolu ispitivanja prije
pocetka istrazivanja.

Varijable

Varijable su ukljucivale dob, spol, antropometrijske
karakteristike (tjelesna visina, tjelesna masa), CODS i
RAG testove.

Testiranje CODS 1 RAG se odvilo koriste¢i uredaj na
osnovi ATMEL mikrokontrolera (model AT§89C51RE2;
ATMEL Corp, San Jose, CA, SAD). Infracrveni senzor
(IR) se koristio kao vanjski vremenski okida¢, a LED
svjetla su koristena kao kontrolirani izlazi. Ispitanici su
za RAG startali iz stajaceg uspravnog polozaja. Trebali
su iskoraciti s odabranom nogom nakon ¢ega bi se presao
IR signal Sto je aktiviralo brojanje vremena i ukljucilo
jedno od LED svjetala koje se nalazilo u ¢unju postav-
ljenom ispod sjedalice. Ispitanik je trebao uociti koji se
cunj upalio, Setati do odredene sjedalice, sjesti, podici se,
vratiti se do startne linije §to brze moguce, okrenuti se i
ponoviti istu kretnu strukturu. Kada su ispitanici prekinu-
li IR signal na Cetvrtom povratku natrag, vrijeme se zau-
stavilo. Ispitanici nisu znali koji ¢e se od cunjeva upaliti,
a izvodila su se tri razliita scenarija testiranja (razlicit
redoslijed paljenja cunjeva). CODS testiranje se izvodilo
na istom poligonu, ali ispitanici su unaprijed znali koji od
cunjeva ¢e se upaliti (Slika 1).

5
5

Figure 1. Tests of change of direction §
and speed and reactive agility

™ 3

Slika 1. Testovi brzine promjene
smjera kretanja i reaktivne agilnosti
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Statistical analysis

The normality of the distribution was assesed by the
Kolmogorov-Smirnov test. Arithmetic means and stan-
dard deviations for all variables were calculated. This pa-
per presents the reliability within the test (based on three
repeated measurements). Reliability is evidenced via
Cronbach’s alpha (CA) and Inter-item coefficient of cor-
relation (IIR) values. Construct validity was determined
by assaying the correlations of agility results with body
weight and age of the subjects.

RESULTS

Table 1. Descriptive statistics and reliability measures

Statisticka analiza

Normalitet distribucije je provjeren Kolmogo-
rov-Smirnovljevim testom. Izracunate su aritmeticke
sredine i standardne devijacije za sve varijable. U ovom
radu je prikazana pouzdanost unutar testiranja (teme-
ljem tri Cestice mjerenja). Pouzdanost je prikazana preko
vrijednosti Cronbach alpha (CA) i Inter-item reliability
(IIR). Konstruktna valjanost je odredena ispitivanjem
korelacija rezultata agilnosti s tjelesnom tezinom i dobni
ispitanika.

REZULTATI

Tablica 1. Deskriptivna statistika i mjere pouzdanosti

Variables / Varijable MEAN / AS sD Senhec IR
Alpha

CODS (s) 24.4 9.7 0.89 0.81

RAG (s) 24.2 10.2 0.88 0.86

Body height / Tjelesna visina (cm) 171.1 11.2

Body mass / Tjelesna masa (kg) 81.9 13.9

Legend: CODS - change of direction and speed, RAG -
reactive agility, MEAN - arithmetic mean, SD - standard
deviation, IR - inter-item coefficience of the correlation

Table 1 represent the results of descriptive statistics
and reliability measures. The suggested tests were dem-
onstrated to be highly reliable.

00 [Cairerin MDD Salion)
23054 5 DOD
= 41407

=1

Legenda: CODS — brzina promjene smjera kretanja, RAG —
reaktivna agilnost, AS — aritmeticka sredina, SD — standardna
devijacija, IIR — inter-item reliability

U Tablici 1 prikazani su rezultati desktiptivne stati-
stike 1 mjere pouzdanosti. Testovi su se prikazali visoko
pouzdanima.

B FAC = 12 260 « 21T F DOE

Comeiation: r = 42103

RAZ
]

10 20 30 10 (5] €0 o 50 w
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Figure 2. Correlation of age of participants and results on

tests CODS (14) and RAG (1B)

Significant age correlations of both CODS and
RAG tests were evidenced.

095 Conllat

Slika 2. Korelacija dobi ispitanika i rezultata na testovima
CODS (14) i RAG (1B)

Zabiljezene su znacajne korelacije dobi i CODS i
RAG testova.
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Figure 3. Correlations of body weight and results on CODS
(2A4) and RAG (2B) tests

Significant correlations of body weight and CODS
and RAG tests were evidenced

DIScUSSION

There are several main findings of this study. First,
newly constructed agility tests (RAG and CODS) have
been demonstrated to be reliable in patients after knee
surgery. Second, the tests evidenced construct validity
with respect to the age and body mass of the participants.

The RAG and CODS tests have been demonstrated
to be highly reliable. Surprisingly, both tests had similar
reliability, which is not consistent with previous research
on athletes where higher reliability of CODS was ob-
served compared to RAG. In brief, research in the scope of
football-specific agility tests has reported greater reliabil-
ity of CODS tests compared to RAG (Krolo et al., 2020),
the same conclusions were reported in both basketball and
futsal players (Sekulic et al., 2019; Sekulic et al., 2017).
The explanation most likely is concealing in the specific-
ity of the used test. Specifically, the newly constructed
test consisted of walking rather than maximum running as
in studies on athletes. In athletes, RAG requires a rapid
ability to make decisions, perceptions, observations, and
generally developed cognitive capacities, whereas, in
tests with a low rate of movement velocity like walking
speed, cognitive capacities are unlikely to be as stimulat-
ed. Therefore, since cognitive capacities, which basically
most differentiate RAG from CODS abilities, were prob-
ably not required, respondents had similar results in both
newly constructed tests. More specifically, the results of
RAG and CODS tests were highly intercorrelated (90%
of the common variability), while the results of the RAG
and CODS tests in athletes typically evidence an average
of 20% of the common variability (Sekulic et al., 2019).
Therefore, it is likely to assume that RAG and CODS rep-
resent a similar ability in the studied clinical population.

Scatinplol MASA ws RAQ {Casewise MD delion]
B RAG =17 837 + 15470 * MASA
Comalation: 1= 23204

m 120 130

0 e St e

] 190
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Slika 3. Korelacije tjelesne mase i rezultata na testovima
CODS (24) i RAG (2B)

Zabiljezene su znacajne korelacije tjelesne mase i
CODS i RAG testova.

RASPRAVA

Nekoliko je glavnih nalaza ove studije. Prvo, novo-
konstruirani testovi agilnosti (RAG i1 CODS) su se prika-
zali pouzdanima kod pacijenata nakon operacije koljena.
Drugo, testovi su prikazali konstruktnu valjanost s obzi-
rom na dob i tjelesnu masu ispitanika.

Testovi RAG 1 CODS su se prikazali kao visoko
pouzdani. Neocekivano je $to su oba testa imala slicnu
pouzdanost, $to nije u skladu s prijasnjim istrazivanjima
na sportaSima gdje je zabiljezena visa pouzdanost CODS
u usporedbi s RAG. Ukratko, istrazivanja u podrucju
nogomet-specificne agilnosti su zabiljezila vecu pouz-
danost CODS u usporedbi s RAG (Krolo et al., 2020),
Sto je zabiljezeno i kod kosarkasa i futsal igraca (Sekulic
et al., 2019; Sekulic et al., 2017). Objasnjenje najvjero-
jatnije lezi u specificnosti koristenog testa. Konkretno,
novokonstruirani test se sastojao od Setanja, a ne od
maksimalnog tréanja kao u istrazivanjima na sportasima.
Kod sportasa, RAG zahtijeva brzu sposobnost donose-
nja odluka, percepcije, zapazanja i opcenito razvijene
kognitivne kapacitete, dok kod testa koji ukljucuje Seta-
nje vjerojatno kognitivni kapaciteti ne dolaze toliko do
izrazaja. Stoga, s obzirom da kognitivni kapaciteti, koji
u osnovi najvise razlikuju RAG od CODS, vjerojatno
nisu bili toliko potrebni, ispitanici su imali sli¢ne rezul-
tate kod oba novokonstruirana testa. Detaljnije, rezultati
RAG 1 CODS testova bili su visoko medusobno pove-
zani (90% zajednickog varijabiliteta), dok rezultati kod
RAG i CODS testova kod sportasa uobicajeno prikazu-
ju prosje¢no 20% zajedni¢kog varijabiliteta (Sekulic et
al., 2019). Stoga, moze se pretpostaviti da RAG i CODS
predstavljaju sli¢nu sposobnost kod ispitivane klinicke
populacije.
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Newly constructed agility tests for the clinical
population have been demonstrated to be valid for dif-
ferentiation by age and body mass. In particular, younger
respondents performed better than older participants,
while respondents with lower body mass performed bet-
ter than their participants with higher body mass. These
results were expected with regard that numerous studies
have evidenced a negative association between age and
fitness status (Gladyshev, 2016). The decline of neuro-
muscular and cognitive capacities that occurs by aging is
certainly one of the reasons for this phenomenon (Glady-
shev, 2016). Accordant to our results, Japanese research
has recorded a deterioration of the agility capacities at
the test for respondents older than fifty years of age (Mi-
yamoto et al., 2008). Furthermore, it is established that
body composition and body mass affects the motor tasks
performance which includes whole-body movements
(Nikolaidis, 2012). A possible explanation seeks in the
fact that for respondents with greater body mass is more
demanding to move the body in different directions with
regard to probably more “ballasts” in total mass (Sillanpa
et al., 2009). However, it is requisite for a more detailed
analysis of these correlations because the total body mass
is consists of fat- and lean-body mass, so the final conclu-
sions can not be presented only from these results.

CONCLUSION

The newly constructed RAG and CODS testing pro-
tocols have been demonstrated to be reliable for testing the
agility of the untrained clinical population. Therefore, tests
can be used to investigate agility with similar subgroups
of respondents in future research, but also in clinical prac-
tice. The presented tests were valid in the differentiation of
groups by age and body mass, which confirms the applica-
bility of tests in this regard. The study findings are of cru-
cial importance for the untrained and clinical population
because agility is one of the most important motor abilities
directly related to prevention of falls, and injury-preven-
tion. By designing specific tests, it is possible to accurately
determine the capacity of agility, which will consequently
provide the knowledge necessary for development of ap-
propriate training and rehabilitation programs. Further re-
search on reliability and applicability for various samples
of respondents is warranted.
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Novokonstruirani testovi agilnosti za klinicku po-
pulaciju su se prikazali valjanima za diferencijaciju po
dobi i tjelesnoj tezini. Konkretno, mladi ispitanici su po-
stizali bolje rezultate u odnosu na starije, dok su ispita-
nici s manjom tjelesnom masom postizali bolje rezultate
od tezih ispitanika. Ovi rezultati su ocekivani s obzirom
da su brojna istrazivanja zabiljezila negativhu poveza-
nost dobi i fitness statusa (Gladyshev, 2016). Razlog se
moze pronaci u opadanju zivéano-misSi¢nih i kognitivnih
sposobnosti sa starenjem (Gladyshev, 2016). U skladu s
nasim rezultatima, kod Japanskih ispitanika je zabilje-
zeno pogorsanje rezultata kod testa agilnosti nakon pe-
desete godine zivota (Miyamoto et al., 2008). Nadalje,
poznato je da tjelesna kompozicija i tjelesna masa utjeCu
na izvedbu motori¢kih zadataka kod kojih je potrebno
pomicati i premjestati polozaj cijelog tijela (Nikolaidis,
2012). Moguce objasnjenje lezi u ¢injenici da je tezim
ispitanicima zahtjevnije brzo pomicati tijelo u razli¢itim
smjerovima s obzirom na vjerojatno veci ,balast* (Si-
llanpéa et al., 2009). Medutim, trebalo bi detaljnije anali-
zirati ove poveznice jer se masa tijela sastoji od masne i
bezmasne mase pa se ne mogu donositi kona¢ni zakljucci
iz ovih rezultata.

ZAKLIUCAK

Novokonstruirani testovi RAG 1 CODS su se pri-
kazali pouzdanima kod ispitivanja agilnosti netrenira-
ne klinicke populacije. Stoga, testovi se mogu koristiti
za ispitivanje agilnosti kod sli¢nih skupina ispitanika u
buducim istrazivanjima. Testovi su se prikazali valjani-
ma kod diferenciranja dobnih grupa i grupa po tjelesnoj
masi $to potvrduje primjenjivost testova u ovom smislu.
Ovakva istrazivanja su od klju¢ne vaznosti kod netreni-
rane i klinicke populacije jer je agilnost jedna od vaznijih
sposobnosti odgovornih za redukciju padova i ozljeda.
Kreiranjem specifi¢nih testova se moze precizno odrediti
stanje agilnosti pomocu ¢ega se mogu kreirati adekvat-
ni trenazni programi. Buduca istrazivanja bi se trebala
baviti identifikacijom pouzdanosti i primjenjivosti kod
razli¢itih uzoraka ispitanika.

Zahvala:
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