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/SAiETAK )

Starenjem dolazi do smanjenja funkcionalnih sposobnosti, Sto uti¢e na pojavu padova koji neretko
mogu dovesti do invaliditeta. Cilj ovog preglednog rada je analiza savremenih pristupa u okviru mera
prevencije i kontrole padova kod starijih osoba. Kao izvori podataka u ovom radu koriséeni su publikovani
naucni radovi, objavljeni u periodu 2003-2023. godine. Terapijske vezbe primenjene tokom rehabilitacije
i postrehabilitacije ¢ine osnovu dobre posturalne stabilnosti. Razliciti programi sistematskog vezbanja
imaju svoje znacajno mesto, ali treba da budu zasnovani na dokazima i precizno dozirani. Sa razvojem
tehnologije postaje dostupno sve vise metoda i opreme koja se na savremeni nacin moze iskoristiti u
prevenciji padova. Robotski sistemi, aplikacije, prenosivi hardverski uredaji, aparatura za virtuelnu
realnost, kao i sistemi detekcije i prevencije padova, predstavljaju samo neke od novijih tehnologija koje
se primenjuju u prevenciji padova. Multidisciplinarni pristup, koji se odnosi na pruzanje informacija,
timski rad strucnjaka iz razli¢itih oblasti i pracenje novih tehnologija, bi mogao znacajno doprineti

prevenciji padova i unapredenju kvaliteta Zivota starijih osoba.

\Kljuﬁne reCi: starija populacija, prevencija, padovi, terapijske vezbe, fizicka aktivnost, robotika )

Uvod

Prema nedavno objavljenim rezultatima
popisa stanovnistva iz 2022. godine Republickog
zavoda za statistiku, 22,1% stanovnika u Republici
odnosu na prethodni popis iz 2011. godine, udeo
ovih lica u ukupnom broju stanovnika je porastao
za 4,7% (1). Predvida se da Ce se broj osoba starijih
od 65 godina u svetu udvostruciti do 2050. godine
(2). Proces starenja je neizbezan i tokom njega se
povecava verovatnoca za razvoj bolesti, te se funk-
cionalnost odredenih procesa u telu ogranicava i
smanjuje. Simptomi starenja su izrazeni na teles-
nom, kognitivnom i psihickom planu, Sto zahteva
angazovanje multidisciplinarnog tima struc¢njaka u
cilju Sto duzeg oc€uvanja zdravlja (3).

Promene se deSavaju kako na kardiova-
skularnom i respiratornom sistemu, tako i na
miSiénoskelethom, nervnom i senzornom sistemu.
Starenjem kosti postaju porozne, tkiva ko zgloba
gube elasticnost i menja se biomehanicko

opterecenje zglobova. Dolazi do gubitka misiéne
mase, snage i kontraktilnih sposobnosti misi¢a
(4). Pored toga, smanjuje se funkcija centralnog
i perifernog nervnog sistema Sto uzrokuje osla-
bljenu koordinaciju, usporeno kretanje i otezano
odrzavanje uspravnog stava (5). Kontrola uspravne
posture je dinamican proces uskladivanja reakcije
tela na senzorne informacije koje stizu iz razli¢itih
receptora sa periferije ka centralnom nervnom
sistemu. Zahvaljujuéi inputima iz somatosenzor-
nog, vizuelnog i vestibularnog sistema sa jedne
strane i alternativnim akcijama antagonistickih
misSi¢nih grupa sa druge strane, sprecavaju se pre-
komerne balansne reakcije i telo se odrzava u rav-
notezi (6).

Svetska zdravstvena organizacija (SZO) definise
pad kao ,iznenadnu i nenamernu promenu
polozZaja koja uzrokuje da se osoba nade na podu,
tlu ili nizem nivou, isklju¢ujué¢i namerne promene
polozaja dok se odmara na namestaju, zidu ili
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/SUMMARY \

Aging leads to the decrease in functional abilities, which affects the occurrence of falls that can often
lead to disability. The aim of this review article is to analyze the contemporary approaches within the
framework of measures for the prevention and control of falls in elderly persons. Published scientific
works from the period 2003-2023 were used as data sources.Therapeutic exercises applied during
rehabilitation and post-rehabilitation form the basis of good postural stability. Various systematic exercise
programs have a significant place, but they need to be evidence-based and precisely applied. With the
development of technology, several different methods and equipment are becoming available that can
be used in the prevention of falls in a modern way. Robotic systems, applications, portable hardware
devices, virtual reality equipment, as well as fall detection and prevention systems are just some of the
newer technologies used in fall prevention. A multidisciplinary approach, which refers to the provision
of information, teamwork of experts from different fields and monitoring of new technologies, could
significantly contribute to the prevention of falls and improvement in the quality of life of the elderly.

\Keywords: elderly population, prevention, falls, therapeutic exercises, physical activity, robotics /

Introduction

According to the recently published results
of the 2022 Census of the Statistical Office of the
Republic of Serbia, 22.1% of inhabitants in the
Republic of Serbia are persons aged 65 years and
over (1). In comparison to the previous Census
from 2011, the share of these persons in the total
populationincreasedby4.7%(1). Itisestimatedthat
the number of persons older than 65 will double
by 2050 (2). The process of ageing is inevitable and
during this process the probability of developing
diseases increases, so the functionality of certain
processes in the body is limited and reduced. The
symptoms of ageing are present at the physical,
cognitive and psychological level, which demands
the engagement of a multidisciplinary team of
professionals aimed at preserving health as long
as possible (3).

Changes occur in the cardiovascular and
respiratory system, aswellasinthe musculoskeletal,
nervous and sensory system. With ageing, bones

become porous, surrounding joint tissues lose
elasticity and the biomechanical load of joints
changes. There is a loss of muscle mass, strength
and contractile abilities of muscles (4). In addition,
the function of the central and peripheral nervous
system decreases, which causes decreased
coordination, slow movement and inability to
maintain upright posture (5). Controlling the upright
posture is a dynamic process of coordinating the
body’s reaction to sensory information that arrives
from various receptors from the periphery to the
central nervous system. Thanks to inputs from
somatosensory, visual and vestibular system on the
one hand and alternative actions of antagonistic
muscle groups on the other hand, excessive
balance reactions are prevented and the body is
kept in balance (6).

The World Health Organization (WHO) defines
a fall as a “sudden and inadvertent change of
position which results in a person coming to rest
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drugom predmetu” (7). U proseku jedna od tri
osobe starosti 65 i viSe godina padne jedanput go-
disnje, a trecina njih prilikom pada dozZivi teske pre-
lome kuka (8). U starijem Zivotnom dobu padovi su
jedan od vodecih uzroka smrtnosti, gubitka funk-
cionalne nezavisnosti i invaliditeta (9).

Strucnjaci iz oblasti rehabilitacije posturalnu
stabilnost ispituju testovima stajanja na jednoj
nozi, testovima za procenu stabilnosti tela u
pokretu, Rombergovim testom, funkcionalnim
testom ,dosezanja” i ,,tandem” hodom - hodom
po pravoj liniji. Tehnoloskim napretkom i uvoden-
jem kompjuterizovane tehnike u vidu kinezioloske
platforme omoguceno je objektivno ispitivanje
posturalne stabilnosti kroz njenu vizuelnu, vestib-
ularnu i proprioceptivhu komponentu (10).

Cilj ovog preglednog rada je analiza savre-
menih pristupa u okviru mera prevencije i kontrole
padova kod starijih osoba.

Metod

Kao izvori podataka u ovom radu koris¢eni su
publikovani naucni radovi, koji su identifikovani
pretraZivanjem slededih elektronskih baza poda-
taka: Srpski citatni indeks — SClindeks, Konzorci-
juma biblioteka Srbije za objedinjenu nabavku
— KoBSON, Google Scholar napredne pretrage i
platforma PubMed. Pretraga elektronskih baza
podataka je izvrSena za period 2003-2023. godine.
Kljuéne reci prilikom pretrage literature bile su:
starija populacija, prevencija, padovi, terapijske
vezbe, fizicka aktivhost i robotika. Na osnovu
naslova i saZetaka radova izdvojili smo 30 publik-
acija na srpskom i engleskom jeziku.

Mere prevencije i kontrole padova kod

starijih osoba

U cilju odrZavanja zdravlja i prevencije padova,
starijim osobama se preporucuju multimodalne
vezbe koje obuhvataju vezbe za jacanje miSi¢ne
snage i izdrzljivosti, balansa i fleksibilnosti kroz ter-
apijske vezbe, programirano vezbanje ili vezbanje
kroz aktivnosti svakodnevnog Zivota. Preporuka je
da se zapocne sa jednom vrstom vezbi, da bi se po-
stepeno dodavale i druge, najvise zbog odlaganja
zamora i prilagodavanja (11,12).

Terapijske vezbe u prevenciji padova
Terapijske vezbe (kineziterapija) za stariju
populaciju su stru¢no vodene i dozirane vezbe

od strane fizioterapeuta i mogu se sprovoditi u
krevetu, na terapijskom stolu, na strunjaci, u sali
za kineziterapiju i rekreaciju, u bazenu, u prirodi,
individualno ili grupno. Nakon analize medicinske
dokumentacije, uzimanja anamneze i utvrdivanja
faktora rizika, funkcionalnom procenom se definisu
miSi¢noskeletna ogranicenja, posebno ona koja se
odnose na misi¢nu snagu, izdrzljivost, ravnotezu i
hod. Koje terapijske vezbe ¢e se primenjivati zavisi
od nivoa funkcionalnih sposobnosti, mogucnos-
ti odrZzavanja odredenog poloZaja tela i transfera.
Takode, vazno je i da starija osoba ucestvuje u
donosenju odluka koje se ti¢u oblika vezbi (npr. u
vodi, kroz sportske aktivnosti, kroz radnu terapiju
i sl.), kao i da li ¢e veZbe sprovoditi individualno,
pod nadzorom ili grupno (13).

Druga vrsta terapijskih vezbi se odnose na paci-
jente u fazi rehabilitacije zbog trenutnog stanja il
faze bolesti, ali isto tako i u fazi postrehabilitacije,
gde postoji potreba za odrZzavanjem postignutog
stanja i prevencijom ponovne aktivacije bolesti.
Fizioterapeut prilagodava i dozira terapijske vezbe
imajuci u vidu osnovnu bolest, hroni¢ne bolesti i
stanja, kao i nivo samostalnosti u funkcionisanju i
obavljanju aktivnosti svakodnevnog Zivota (12,13).
Terapijski pokret se prilagodava svakom pacijentu
u odnosu na pocetni poloZaj koji mora obezbedi-
ti maksimalnu mogucu stabilnost, Sto predstavlja
vaznu meru prevencije padova. Pored toga, neo-
phodno je izbegavati one polozaje koji zahtevaju
veliko opterecenje zglobova, kao Sto su poloza-
ji u visu (kada je telo preko ruku okaceno o neku
¢vrstu podlogu, Svedske lestve, Sipku od razboja i
sl.), u uporu (npr. osloncem Sakama na Sipke raz-
boja, sa nogama odvojenim od podloge) i klecedi
pocetni poloZaj. Vezbe se izvode do granice bola,
uz postovanje principa zamora i prepoznavanja
reakcija organizma na napor kroz pracenje vitalnih
znakova (pulsa, krvnog pritiska, disanja, tempera-
ture i stanja svesti). Takode, treba biti obazriv kod
primene statickih kontrakcija koje dugo traju, koje
ukljuCuju znacajno angaZovanje velikih misica,
zbog rasta krvnog pritiska i kompresije krvnih
sudova (13).

Hod osoba starijih od 70 godina, pored toga Sto
je viSe gegajudi, ima sledede karakteristike: veca je
dinamicka povrsina oslonca, kraca je duzina koraka
i javljaju se promene u brzini hoda (12). Na pobolj-
Sanje karakteristika hoda znacajno uti¢u visekom-
ponentni programi, kojima po potrebi prethode
vezbe za poboljSanje misSiéne snage i ravnoteze,
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on the floor, ground or lower levels, excluding
intentional changes in position to rest in furniture,
wall or other objects” (7). On average, one out of
three persons aged 65 years and over falls once a
year, while a third of them experience severe hip
fractures (8). In the elderly, falls present one of
the leading causes of mortality, loss of functional
independence and disability (9).

Experts from the field of rehabilitation examine
postural stability with the help of tests including
standing on one leg, tests for the assessment
of body stability during motion, Romberg test,
functional reach test and tandem walking on
a straight line. Technological progress and the
introduction of computerized techniques in the
form of kinesiology platforms enable the objective
examination of postural stability through its visual,
vestibular and proprioceptive components (10).

The aim of this review article is to analyze
modern approaches within measures for the
prevention and control of falls in the elderly.

Method

Published scientific studies were used as a
source of data in this review article, and they were
identified by searching the following electronic
databases: Serbian Citation Index — SCI Index,
the Serbian Library Consortium for Coordinated
Acquisition — KoBSON, Google Scholar advanced
search, and the PubMed platform. The search of
electronic databases was conducted for the period
2003-2023. Key words during the literature search
were the following: elderly population, prevention,
falls, therapeutic exercises, physical activity and
robotics. Thirty publications in Serbian and English
were selected based on the titles and summaries
of articles.

Measures for the prevention and control

of falls in older adults

In order to maintain health and prevent
falls, older adults are recommended multimodal
exercises that include exercises for improving
muscular strength and endurance, balance
and flexibility through therapeutic exercises,
programmed workout or exercising through
activities of daily life. It is recommended to start
with one type of exercises, to gradually add others,
mostly in order to postpone fatigue and to adapt
(11,12).

Therapeutic exercises in falls prevention

Therapeutic exercises (kinesitherapy) for
the elderly population are professionally guided
and dosed by physiotherapist and they can be
done in bed, on a treatment table, on a mat, in a
kinesitherapy and recreation room, in a swimming
pool, in nature, individually or in groups. After
the analysis of medical documentation, medical
history taking and determination of risk factors,
functional assessment defines musculoskeletal
limitations, especially those related to muscular
strength, endurance, balance and gait. Which
therapeutic exercises will be applied depends on
the level of functional abilities, the possibility of
maintaining certain body positions and transfer.
Also, it is important that an older adult takes part
in making decisions related to the type of exercises
(e.g. in the water, through sport activities, through
occupational therapy etc.), as well as whether
the exercises will be done individually, under
supervision or in groups (13).

Another type of therapeutic exercises refers
to patients in the rehabilitation phase due to the
current condition or stage of the disease, as well
as in the post-rehabilitation phase, where there
is a need to maintain the achieved state and
prevent the recurring acute phase of the disease.
The physiotherapist adjusts and doses therapeutic
exercises, taking into account the underlying
disease, chronic diseases and conditions, as
well as the level of independence related to
functioning and carrying out of everyday activities
(12,13). The therapeutic movement is adapted
to each patient in relation to the initial position,
which must ensure the maximum possible stability
that is an important measure for the prevention
of falls. In addition, it is necessary to avoid those
positions that require great joint loading, such
as hanging positions (when the body is hanging
with both hands from a solid surface, Swedish
ladder, stall bars, etc.), resistance training (e.g.
when one is supported with hands on stall bars,
while legs are separated from the floor) and the
kneeling starting position. Exercises are done to
the point of pain, while respecting the principle
of fatigue, and recognizing the body’s reactions
to effort through monitoring vital signs (pulse,
blood pressure, breathing, temperature and state
of consciousness). Also, one should be careful
when applying static contractions that last for a
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a kasnije i aerobne vezbe. U pocetku, ovi pro-
grami su vrlo dozirani, a trajanje komponente je
5-10 minuta tokom prvih nedelja, a potom 20-30
minuta (14). Starije osobe neretko koriste pomaga-
la prilikom hoda, ne samo u fazama rehabilitacije i
postrehabilitacije, nego i kasnije. U cilju prevencije
padova vazno je i adaptirati prostor u kojem Zive
starije osobe, ukloniti sve fizicke barijere i postaviti
rukohvate i pomagala za aktivnosti svakodnevnog
Zivota (15).

Programirano vezbanje kod starijih osoba

Sistematski programi za starije osobe koji su
grupno vodeni nisu brojni i za njihovo sprovodenje
ima viSe kontraindikacija nego kada se sprovode
u zrelom dobu. VaZno je da starije osobe shvate
da telo ima sposobnost da se adaptira na vezbanje
nezavisno od toga da li su ranije primenjivali vezbe
ili ne (16).

Prema preporuci SZO osobe u tre¢em Zivotnom
dobu bi trebalo da primenjuju raznovrsnu fizicku
aktivnost umerenog ili veéeg intenziteta, tri i vise
dana u nedelji, kako bi se poboljSao funkcionalni
kapacitet i prevenirali padovi (17). Za poboljsanje
neuromiSi¢nog i kardiovaskularnog sistema kod
ovih osoba fizicka aktivnost treba da se izvodi kroz
trening sa optere¢enjem dva do tri puta nedeljno,
kroz tri serije od 8 do 12 ponavljanja, sa progre-
sivnim intenzitetom 20-30% od 1RM (Repetition
Maximum - maksimalna teZina, odnosno tezina
koju osoba moZe da podigne samo jednom). U cilju
poboljsanja funkcionalnih sposobnosti preporucu-
ju se treninzi izdrzljivosti (npr. peSacenje) u trajan-
ju od 5 do 30 minuta. Kombinaciju vezbi snage,
izdrZljivosti i ravnoteze bi trebalo izvoditi uz poste-
peno povecavanje obima, intenziteta i tezine vezbi
(18). Istrazivanja pokazuju da primena samo Setnje
ne uti¢e na smanjenje broja padova, iako doprino-
si boljoj kondiciji i ima druge blagotvorne efekte
na zdravlje. Samo sistematskim i organizovanim
delovanjem na slabe tacke pojedinaca specificnim
programima i prilagodenim planovima treniranja
se dobijaju najbolji rezultati (19).

Treninzi za razvoj ravnoteze uglavnom ukljucu-
ju vezbe sa elementima prenosa tezZine sa jedne
na drugu nogu, hodanje po liniji, hod peta-prsti, a
jedan od najpoznatijih je modifikovani Tai Chi pro-
gram (18). Tai Chi program se pokazao efikasnim
u smanjenju straha od pada i stope pada kod Zena
koje su primenijivale ovaj program u kuénim uslovi-

ma (20). Zbog zdravstvenog stanja, mnogim stari-
jim osobama je neophodan trening ravnoteze pre
primene aerobnih veZbi zbog zahtevnijih polozaja ili
pokreta. Medutim, i tokom izvodenja treninga rav-
noteZe postoji moguénost iznenadnih padova (21).

Program za starije osobe za poboljSanje rav-
noteze i smanjenje rizika od pada moZe da se odvija
i u vodenoj sredini. Vodena sredina pojacava osecaj
sigurnosti kod starijih osoba, a rizik od povrediva-
nja je izuzetno mali. Za ovaj program potrebno je
da temperatura vode u bazenu bude nesto topli-
ja, odnosno izmedu 29-31 stepen Celzijusa. Vezbe
koje se primenjuju u ovom programu obicno sadrze
komponente Tai chi-a, Ai chi-a i joge (22).

,Funkcionalne vezbe integrisane u Zivotni
stil“ (engl. Lifestyle-integrated Functional Exercise
(LiFE)) predstavlja savremeni program koji ima za
cilj implementaciju vezbi snage donjih ekstremite-
ta i ravnoteZe u svakodnevne aktivnosti kod starijih
osoba. Rezultati istrazivanja pokazuju da je rizik od
pada smanjen za 30% kod ispitanika koji su koristili
ovaj program u odnosu na program koji je sadrzao
lagane vezbe i program koji se sastojao od tradi-
cionalno struktuisanih vezbi (23). Primenom LiFE
programa unapreduje se odrzavanje staticke i din-
amicke ravnotezZe, utice se na vestibularni sistem,
poboljSava se ravnoteza i snaga stabilizatora donjih
ekstremiteta. Vezbe su kreirane tako da se u vecoj
meri primenjuju u svakodnevnom Zivotu, poput
stajanja na jednoj nozi tokom peglanja, stajanja
na peti i ljuljanja tela do granice stabilnosti tokom
telefoniranja, izvodenja ¢ucnjeva tokom kupovine
da bi se doslo do predmeta na nizim policama i
slicno (23).

,Program za prevenciju padova za starije
osobe koji Zive u zajednici“ (engl. Steady As You
Go (SAYGo)) ima kognitivno-bihejvioralni i fokus
Zivotne sredine. Odnosi se na kreiranje uslova u
kojima starija lica pomazu jedna drugima da iden-
tifikuju sopstvene rizike od pada i daju prakti¢cne
predloge o tome Sta da urade kako bi smanjili te
rizike. Najznacajnije promene u smanjenju zastu-
plijenosti faktora rizika od pada su uocene una-
predenjem obrazaca ponasSanja poput , obracanja
paznje“ i ,preuzimanje rizika“, a usled povecanih
socijalnih kontakata poboljSao se drustveni Zivot i
motivacija starijih osoba (24).
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long time, which include significant engagement
of large muscles, due to the increase in blood
pressure and compression of blood vessels (13).

The gait of persons older than 70, in addition
to being somewhat waddling, has the following
characteristics: the dynamic surface of support is
greater, the length of steps is shorter, and there are
changesin gaitspeed(12). The improvement of gait
characteristics is influenced by multi-component
programs, preceded by, if necessary, exercises
to improve muscular strength and balance, and
later by aerobic exercises. In the beginning, these
programs are carefully dosed, while the duration
of the component is 5-10 minutes during the
first weeks, and later 20-30 minutes (14). Older
adults often use aids while walking, not only in the
rehabilitation and post-rehabilitation phases, but
also later. In order to prevent falls, it is important
to adapt the living space of the elderly, to remove
all physical barriers and install hand rails and aids
for daily activities (15).

Programmed workout for the elderly

There are not many systematic programs for
the elderly that are group-led and there are more
contraindications for their implementation than
when they are implemented at a mature age. It is
important for the elderly to understand that the
body has the ability to adapt to exercise no matter
whether they have done exercises before or not
(16).

According to the WHO recommendations, the
elderly should use diversified physical activities of
moderate or greater intensity, three or more days
a week, in order to improve the functional capacity
and prevent falls (17). In order to improve the
neuromuscular and cardiovascular system in these
persons, physical activity should be performed
through weight training two to three times a
week, in three series of 8 to 12 repetitions, with
progressive intensity of 20-30% of 1RM (Repetition
Maximum — maximum weight, that is, the load for
which only one repetition can be performed). In
order to improve functional abilities, endurance
training (e.g. walking) from 5 to 30 minutes is
recommended. The combination of strength,
endurance and balance exercises should be done
with a gradual increase in the volume and intensity
of exercises (18). Research shows that when only
walking is applied, it does not reduce the number

of falls, although it contributes to better physical
fitness and has other beneficial effects on health.
Only systematic and organized treatment of weak
points of an individual with the help of specific
programs and adjusted training plans give the best
results (9).

Training that develops balance mostly includes
exercises that shift weight from one leg to another,
walking along a straight line, heel-toe walking, and
one of the most famous is the modified Tai Chi
program (18). Tai Chi program was shown to be
effective in reducing the fear of falling and fall rates
in women who applied this program at home (20).
Due to their health condition, many elderly people
need balance training before aerobic exercises are
applied because of some demanding positions
and movements. However, even during balance
training there is a possibility of sudden falls (21).

A program which is used to improve balance
and reduce the risk of falls among the elderly
can also take place in the aquatic environment.
The aquatic environment enhances the sense
of security among the elderly, while the risk of
injuries is extremely low. For this program, the
temperature of the water in the pool needs to
be slightly warmer, between 29 and 31 degrees
Celsius. The exercises that are applied in this
program usually contain the components of Tai
chi, Ai chi and yoga (22).

Lifestyle-integrated functional exercises (LIFE)
is @ modern program that aims to implement
strengthening exercises for lower limbs and
balance exercises in daily activities among the
elderly. Research results show that the risk of fall
was reduced by 30% in subjects who used this
program compared to the program that contained
light intensity exercises and the program that
consisted of traditionally structured exercises
(23). The application of LIFE program improves the
maintenance of staticand dynamic balance, affects
the vestibular system, improves the balance and
strength of the lower limbs stabilizing muscles.
Exercises are designed to be more applicable in
everyday life, such as standing on one leg while
ironing, standing on a heel, swinging the body
to the margin of stability while using the phone,
doing squats while shopping to reach items on
lower shelves etc. (23).

Steady As You Go (SAYGo), the fall prevention
program has a cognitive-behavioral and
environmental focus. It implies creating conditions
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Nove tehnologije i robotika u prevenciji

padova

Sa razvojem tehnologije postaje dostupno sve
viSe metoda i opreme koja se na savremeni nacin
moze iskoristiti u prevenciji padova. Postoji veliki
broj resenja koja se baziraju na otkri¢ima iz robo-
tike, a koja se mogu primeniti sprovodenjem pro-
grama koji poboljSavaju sposobnost odrZavanja
ravnoteze i posture tela. Neki robotski sistemi koji
su predstavljeni u vidu elektromehanickih uredaja
sa specificnim senzorima mogu da stupaju u in-
terakciju sa ljudskim telom. U svrhu treninga koji
utiCe na smanjenje verovatnoce deSavanja pada
koriste se uredaji kao Sto su perturbacione plat-
forme, trake za hodanje i pokretna podnoZja. Poje-
dine sprave mogu se koristiti u vidu konektora na
telu (kukovima ili udovima) ili se mogu sastojati od
spoljasnje konstrukcije koja je prilagodena da prati
pokrete osobe ili je fiksirana u odnosu na okolinu.
Cesto se susrecu i kombinacije robotskih sistema
u obliku opreme koja se nosi na telu i pokretnih
traka i platformi po kojima se osoba krece ili stoji.
Ovim putem omoguéeno je obavljanje sloZzenih
i posebno konstruisanih vezbi za poboljsanje
kvaliteta hoda, koraka, odrZzavanje staticke i din-
amicke ravnoteze tela i sakupljanje digitalnih po-
dataka c¢ijom obradom se moze usavrsiti tehnika
prevencije pada (25).

Pojedini robotski sistemi predstavljeni su
kao inovacije koje olaksavaju Zivot starijih ljudi u
svojim domovima i predstavljeni su u vidu softver-
skih ,,robotskih trenera®“, koji imaju moguénost po-
kazivanja odgovarajucih vezbi i pracenja progresa
tokom treninga. U ovom sluc¢aju robotski pratilac
ima vaznu ulogu u pracenju ucinka i motivisanja
subjekta, kroz zanimljiv i zabavan interfejs. Scenar-
io primene obuhvata uéenje i ponavljanje vezbi od
struc¢nog lica putem posmatranja i imitacije. Dok
tokom rada robot izvodi vezbe i vrii nadgledanje
ucesnika, fizioterapeut ili drugo stru¢no lice povre-
meno vrsi kuéne posete i revidira program vezba-
nja starijih osoba (26).

Postoje roboti koji koriste pametne sisteme
kako bi olaksali kretanje i upozorili korisnike na
postojanje rizika od pada. Sam robot krece se
pomocu tri toc¢ka i poseduje produzetak za koji
se korisnici mogu drzati tokom hodanja. Posedu-
je i komponente u vidu kompjutera i senzora koji
prate tacku tezista tela i poloZaja nogu osobe pre-
racunavajuci i predvidajuci tok kretanja. Primena

ovakve tehnologije ima velike prednosti, jer pored
toga Sto se moze koristiti u rehabilitaciji starijih
osoba, moze pronadi primenu i u svakodnevnim
aktivnostima osoba koje imaju otezano kretanje il
povecani rizik od pada (27).

Posebno dizajnirani programi se mogu putem
pametne tehnologije ugraditi u domove starijih
osoba i ucestvovati u njihovim svakodnevnim ak-
tivnostima, upucivati ih u treninge i pravilno iz-
vodenje vezbi, pratiti njihovo stanje i napredak.
,Otago program vezbanja“ (engl. The Otago Ex-
ercise Program (OEP)) je jedan od programa zas-
novanih na dokazima (jednostranih ili viSestrukih)
koji znacajno smanijuje rizik od padova i povreda
nastalih padom (16). U istrazivanju publikovanom
2021. godine ovaj program je primenjivan kroz za-
jednic¢ku tehnolosku platformu tri puta nedeljno,
tokom osam nedelja, u kuénim uslovima. Aplikaci-
ja ,FallSensing Home" i prenosivi hardver uredaj
»Kallisto” su omogucavali otkrivanje i prevenciju
padova, a ucesnici su imali pozitivne kritike. Uka-
zali su na potencijal koji tehnologija moze pruziti
u prevenciji padova i poboljsanju kvaliteta Zivota
starijih osoba (28).

U istrazivanju koje je sprovedeno u pet zemalja
(Belgija, Izrael, Italija, Holandija i Ujedinjeno Kral-
jevstvo) korisS¢ena je aparatura za virtuelnu real-
nost u kombinaciji sa pokretnom trakom. Ispitan-
ike su Cinile osobe starosti izmedu 60 i 90 godina,
a vezbe kognitivnih i fizickih sposobnosti, putem
ovog sistema, su realizovane tokom 6 nedelja.
Sistem virtuelne realnosti se sastojao od kamere
koja prati pokrete i kompjuterske simulacije pro-
jektovane na platno oko ucesnika. Ovim putem
stvara se iluzija stvarnog prostora u kom se osoba
nalazi, a program je osmisljen tako da se ucesnik
suocava sa svakodnevnim problemima poput pre-
preka, izborom putanje i raznim faktorima distrak-
cije. Rezultati istrazivanja pokazali su da je ovaj
tip treninga doprineo smanjenoj stopi padova
medu ucesnicima u odnosu na klasi¢an trening na
pokretnoj traci bez virtulene realnosti (29).

Sistemi detekcije i prevencije padova jos uvek
predstavljaju novinu u gerijatriji, ali se velikom brz-
inom usavrSavaju. FunkcioniSu po principu prik-
upljanja podataka koje obraduju putem statistickih
alata i tehnika masinskog ucenja. Ovakvi sistemi
mogu se sastojati od komponenti koje se instaliraju
u neposrednu okolinu korisnika i kamerama prate
njegovo kretanje, upozoravaju¢i ga na odredeni
nacin o potencijalnim rizicima od pada. Takode,
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where older persons help each other to identify
their own risks of falling and make practical
suggestions about what to do to reduce those
risks. The most significant changes in reducing
the prevalence of risk factors related to falls
were observed when behavioral patterns were
improved, such as “paying attention” and “taking
risks”, while the social life and motivation of the
elderly were improved due to increased social
contacts (24).

New technologies and robotics in falls

prevention

With the development of technology, more
and more methods and equipment are becoming
available that can be used in a modern way for
falls prevention. There are a lot of solutions
that are based on discoveries from the field of
robotics, which can be applied using programs
that improve the ability of maintaining balance
and body posture. Some robotic systems that
were presented as electromechanical devices with
specific sensors can interact with the human body.
Machines such as perturbation platforms, walking
pads and treadmills are used for training, which
affects the reduction of falling. Certain devices can
be used in the form of connectors on the body (hips
or limbs) or they can consist of external structure
that is adapted to follow the movements of the
person or is fixed in relation to the environment.
Combinations of robotic systems are often seen
and they include the equipment which is worn on
the body and walking pads and platforms on which
a person moves or stands. Thus, it is possible to
do complex and specially designed exercises for
improving the quality of gait, steps, maintaining
the static and dynamic balance and collecting
digital data, whose analysis can improve the
technique of falls prevention (25).

Certain robotic systems are presented as
innovations that facilitate the lives of the elderly in
their homes, as well as software “robotic trainers”,
which are able to show appropriate exercises and
monitor progress during training. In this case,
the robotic companion has an important role in
monitoring the performance and motivating the
subject, through an interesting and fun interface.
The scenario of application includes learning and
repeating exercises through watching and imitating
the professional. While the robot does exercises

and monitors participants, the physiotherapist or
other professional periodically visits the elderly at
home and revises their workout program (26).

There are robots that use smart systems to
facilitate movement and warn users about the
risk of falling. The robot itself moves using three
wheels and it has an extension that the users can
hold on to while walking. It also has components
in the form of computers and sensors that track
the center of gravity of the body and position of
the person’s legs by calculating and predicting
the course of moving. The application of this
technology has great advantages because in
addition to being used in the rehabilitation of the
elderly, it can also be used in everyday activities
of people who have difficulty while moving or an
increased risk of falling (27).

Specially designed programs can be installed
in the homes of the elderly through smart
technology and take part in their daily activities,
instruct them to train and do exercises correctly,
monitor their condition and progress. The Otago
Exercise Program (OEP) is one of the evidence-
based programs (unilateral or multilateral) that
significantly reduces the risk of falls and fall-related
injuries (16). In a study, which was published in
2021, this program was implemented using a
common technological platform three times a
week, during eight weeks, in home environment.
The application “FallSensing Home” and the
portable hardware device “Kallisto” enabled
the detection and prevention of falls, and the
participants had positive reviews. They pointed
to the potential that technology can provide in
preventing falls and improving the quality of life of
the elderly (28).

In a study, which was conducted in five
countries (Belgium, Israel, Italy, the Netherlands,
and the United Kingdom), virtual reality equipment
was used in combination with a treadmill. The
participants were persons aged 60 to 90 years,
while exercises of cognitive and physical abilities,
through this system, were realized during six
weeks. The virtual reality system included a
camera that tracked movements and computer
simulations that were projected on the screen
around the participants. Thus, the illusion of real
space was created, and the program was designed
in such a way that the participant faced everyday
problems, such as obstacles, path selection and
various distraction factors. The results of the study
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postoje i senzorni uredaji nosivog tipa koji se lako
nose na telu korisnika i koji prate njegovo izlaga-
nje riziku od pada. Senzori su programirani i prate
odredene algoritme u zavisnosti od situacije u
kojoj se korisnik nalazi. Ovi sistemi mogu dodatno
biti podrzani robotskim komponentama koje me-
hani¢kim putem mogu pomodi osobi koja Zeli da
napravi odredeni pokret, dok su mogucnosti soft-
verske komponente gotovo neograniéene, s obzi-
rom na to da se radi o pametnoj tehnologiji (30).

Zakljucak

Prevencijom padova se bave strucnjaci iz ra-
zlicitih oblasti i svako sa svog aspekta treba da
ucestvuje u unapredenju psihofizic¢kih sposobnosti
i kvaliteta Zivota starijih osoba. Terapijske vezbe
primenjene kroz proces rehabilitacije i postreha-
bilitacije imaju za cilj da kroz tretman osnovne
bolesti osposobe starije osobe i na razli¢ita pos-
turalna opterecenja, Sto ima krucijalni znacaj u
prevenciji padova. Preventivni programi vezba-
nja i primene fizicke aktivnosti imaju svoje znaca-
jno mesto i treba raditi na stalnom unapredeniju
postojecéih i osmisljavanju novih programa zas-
novanih na dokazima. Sirenje svesti o benefitima
primene terapijskih vezbi i preventivnih programa
jeste znacajna uloga rehabilitacionog tima, kako
u centrima za rehabilitaciju, tako i u Siroj zajedni-
ci. Nove tehnologije, primenu robotike i vestacke
inteligencije je potrebno pomno pratiti, jer mogu
znacajno da doprinesu poboljSanju funkcionisanja
starijih osoba i prevenciji padova.
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showed that this type of training contributed to a
reduced rate of falls among participants compared
to classic training on a treadmill without virtual
reality (29).

Systems of falls detection and prevention
are still a novelty among the elderly, but they
are being improved rapidly. They function based
on the principle of collecting data, which they
analyze with the help of statistical tools and
machine learning techniques. Such systems can
consist of components that are installed in the
immediate surroundings of the user and monitor
his movements using cameras, thus warning him
about potential risks of falling. Also, there are
sensory devices that can easily be worn on the
user’s body and that monitor his exposure to
the risk of falling. The sensors are programmed
to monitor certain algorithms depending on the
user’s situation. These systems can additionally
be supported by robotic components that can
mechanically help the person who wants to make
a certain movement, while the possibilities of
software components are almost unlimited, given
that it is smart technology (30).

Conclusion

Experts from different fields deal with
falls prevention and everyone from their own
perspective should take part in improving the
psychophysical abilities and quality of life of
the elderly. Therapeutic exercises applied in
rehabilitation and post-rehabilitation processes,
with the treatment of the underlying disease, aim
to train older adults for different postural loads,
which is of crucial importance in falls prevention.
Preventive workout programs and implementation
of physical activities have a significant place
and therefore, the existing programs should be
constantly improved and new ones should be
designed based on evidence. Raising awareness
about the benefits of applying therapeutic
exercises and preventive programs is an important
role of the rehabilitation team in rehabilitation
centers, as well as in the wider community.
New technologies, the application of robotics
and artificial intelligence should be carefully
monitored, as they can significantly contribute to
the improvements related to the functioning of
the elderly and falls prevention.
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