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ABSTRACT

The impairment of balance is a significant complication that affects older people suffering
from knee osteoarthritis, potentially leading to falls. This research was conducted to determine the
effects of fall-proof exercises on the balance system of older women with knee osteoarthritis.

In 2023, a quasi-experimental intervention with a pre-test-pos-ttest design was
conducted on 25 older women aged 60-75, all diagnosed with knee osteoarthritis. They were divided into
experimental and control groups. Participants in the experimental group engaged in targeted fall-proof
exercises for 8 weeks, three days a week. The control group did not participate in any exercise activities.
The mini-balance evaluation systems test (Mini-BESTest) assessed balance indices. Data analysis was
performed using repeated measures analysis in SPSS version 26, with the significance level set at 0.05.
[(EETE The results showed a significant increase in the total scores of the Mini-BESTest and its three
subscales after implementing exercises in the experimental group (F=42.51, P<0.001, n=0.69). However,
there was no significant difference in sensory orientation scores between the pretest and posttest
assessmentsin the control groups (P=1.0,Z=0) and the experimental groups (P=0.150, Z=1.41). Additionally,
significant differences were observed in the total scores of the Mini-BESTest and its two subscales between
the control and experimental groups (F=23.8, P=0.009, n=0.26). However, no significant differences were
found in the anticipatory and reactive postural control subscales scores among the experimental groups

(P>0.05).
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Extended Abstract

Introduction

ging is a natural phenomenon influenced

by biological, environmental, and psy-

chological factors. As a result, significant

changes occur in cells and tissues, leading

to reduced efficiency and activity of organs
and physiological processes [ 1]. One of the primary chal-
lenges faced by the elderly is chronic diseases, such as
knee osteoarthritis [3]. This condition involves cartilage
degradation and synovial inflammation, resulting in joint
stiffness, swelling, pain, and reduced mobility [4]. The
most common site of osteoarthritis is the knee joint [5].
Individuals with this condition face challenges, such as
impaired proprioception and balance, which may lead to
falls [7]. Accordingly, the present study assesses the ef-
fects of Fall-proof exercises on the balance system of el-
derly women with knee osteoarthritis.

Methods

This study was a semi-experimental intervention with a
pre-test and post-test design with an applicable purpose.
The research population comprised elderly women aged
60-75 years with knee osteoarthritis in Kerman City, Iran.
Using G"Power software, version 3.1 and considering a
repeated measures mixed statistical method, the sample
size was determined to be 25 participants (effect size=0.4,
significance level=0.05, statistical power=0.95). Volun-
teers were referred to a specialist to confirm the diagno-
sis of knee osteoarthritis. Initially, the Mini-BESTest was
administered to assess balance indices for all participants.
Subsequently, participants were randomly assigned to the
fall-proof training group and the control group through
a lottery. The participants in the experimental group per-
formed Fall-proof exercises three times a week for eight
weeks. During the study, the control group continued their
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usual daily activities without additional exercises. At the
end of the intervention, all participants in both groups
were reassessed. Data were analyzed using a repeated
measures mixed-design test via the SPSS software, ver-
sion 26 at a significance level of 0.05.

Results

To determine the homogeneity of demographic charac-
teristics between groups, the independent t-test was ap-
plied. The results indicated no significant differences in
age, height, body mass, body mass index, and osteoar-
thritis history between the groups (P>0.05). Furthermore,
the homogeneity of pre-test scores on the Mini-BESTest
and its subcategories was assessed using the independent
t-test, revealing no significant differences between the
experimental and control groups (P>0.05). In this study,
given the assumptions were met, a parametric repeated
measures analysis of variance was utilized (Table 1).

The results indicated a significant effect of time on
the total Mini-BESTest scores (1*=0.69, P<0.001, F(l‘
2y —51.42). Similarly, a significant effect of group was ob-
served (°=0.26, P=0.009, F , ,, =8.23).

Analysis of Mini-BESTest subcategories revealed
that time had a significant effect on predictive scores
(w*=0.31, P=0.004, F, ,=10.25), while group effects
were not significant (P=0.13, F ,,=2.46). Time signifi-
cantly impacted reactive postural control scores (n?>=0.54,
P<0.001, F, ,,=27.04), whereas group effects were non-
significant (P=0.16, F, ,,=2.01). Additionally, signifi-
cant effects of time (*=0.38, P<0.001, F, ,,=14.15) and
group (*=0.25, P=0.010, F | _.=7.94) were observed for
dynamic gait scores.

(1,23)

Table 1. Results of repeated measures analysis of varince for the effect of training on overall mini-BEStest scores

scale Source Sum of Degree of Mean F p 1P
Squares Freedom Squares

Time 60.33 1 60.33 51.42 <0.000" 0.69
Within-group Timexgroup 48.33 1 48.33 41.19 <0.000" 0.64

Mini-BESTest Error 26.99 23 117
Group 61.82 1 61.82 8.23 0.009 0.26

Between-
group Error 172.72 23 7.51
SALMAND

*Significant differences at the 0.05 level.
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Due to the non-normal distribution of sensory orienta- Acknowledgements
tion data, Wilcoxon non-parametric tests were used to
compare pre-test and post-test scores between groups. The authors express their gratitude to all individuals
Results showed no significant differences in pre- and who contributed to the completion of this research.

post-test sensory orientation scores in the control group
(Z=0, P=1) or the experimental group (Z=1.41, P=0.15).
However, the Mann-Whitney U test indicated significant
differences in post-test sensory orientation scores between
the experimental and control groups (U=37.5, P=0.026).

Conclusion

The findings suggest that eight weeks of Fall-proof ex-
ercises significantly improved Mini-BESTest scores, in-
dicating enhanced balance in elderly women with knee
osteoarthritis. Among the Mini-BESTest subcategories,
predictive, reactive postural control, and dynamic gait
scores significantly improved in the experimental group
post-intervention. Furthermore, dynamic gait and sen-
sory orientation scores differed significantly between
the experimental and control groups. Considering the ef-
fectiveness and low cost of Fall-proof exercises, they are
recommended to coaches and therapists for balance im-
provement and rehabilitation in elderly individuals with
knee osteoarthritis.
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4. Balance Evaluation Systems Test (BESTest)
5. Biomechanical Constraints

6. Stability Limits and Verticality

7. Anticipatory Postural Adjustments

8. Postural Responses

9. Sensory Orientation

9 °1+0 5o ime grhaw o/ Bl o3l b diged poee T S 5
Phasbad S b s 45V wg,S ja gl /A0 gkl ol
Sl Bigad 3eon > lntigad 50 Juozod (235 Sl
25031 585 V0 5 ;S 09,8 olgieas a3l ,a V0 Jalds

W) s,:l:ﬁ.?‘ L.Sjﬁ Jls C;L.u,o.? 03; 0‘5*‘:4?

Rdiged Z9 )3 9 59,9 S Lro

IR 5 0 Comiz Jold 3o 43 Ladiges 399 (sl lane
g cxdyoly 0 oUlgs (Jlw YO U £o s odgamee po oy2dls
992 1S ¢ oS aloasg 5l oslisl (y90s 03039, (slacelad sl
58 5 Lasiie Kby dawss oadanl gil) cu 3 Tgtinl pdle
6l lxo [ V] 093 (cpo 30 040 yils) olo ¥ JBlas oo 44 o5
V3l it 50 00,88 &858 Jald 5l 3o il ladiged g5
2 adiS ole VY 0 ol 5g b plowl LIV (o2 pod dund>
cSliod plil 1o hate 2 gad ddlu ) F] aLidS ole\ Y o ol
sl Lo alilis candSS olo £,5 0yl (adecygyd 3235
5 (sl (Sgy 9 33gilagy oy 3, wiile) o sstiSasags
V] 092 (gt )l 9 ol plepsllo ) Sl (S5 Ll

@S slyal g,

5 o Callad  Folel aabi iy dalicgls, o8 o
s s 0 Dl Jolis a5 (855 50,5 Dl adl sy
auzdls Joled a5 LS Jawgs gy Slios phail >y ddils
oolcewody SleMol ol yp.ads JooSG oS 8y Gudioes )0
ol s> yz disles a5 Sl alaz 1ol 3l 5l golass Lap 8 oyl 5
Al alas (LS aadls pslolo w0 il gy 58 ploxil by o
Ca 5 Tatinl ol 5 anles (gl paasie S & ol 31 Ay
&ly Ll o alg ol 3l 5 a5 e Cyles o a8 e sols gl 6l
Lo sigosT aslsl slon ol f 5] g i g (3ofond 5,25,
V0 (ol Ojgoty (A5 408 plonl Ly g ik (6350 Lo
I3 G N0) JyiS 09,8 9 (G5 V0) By S (a5 09,5
Jo¥o 4 sls il pail Guio Jobo 10 Lo goge;l 5l Hai 0 .08 5
) it Cond e dy) wiad axiliS LS 3.don 1L o (eased
Shalejlog 5 (gla ogajl oluwas gadons (slead! (ol iy (Al ¥
Aag 59y ¥ oogs i VY S 09,8 (sl dogajl slass 5 i VY
2 &ly o 4 alejl 09,5 sl 53903l cigal e plost
ity gy Sl 5 b wosS axzlye oS ole S
LS")-'." Sde ‘al.o.? 0.0 O)Lo.:: Hgad) KVily CASJ,.:: 33).; Jlé
ole slacallad gl 2 4 g5 J 525 09 (sl Sogesl e 3uiow
4 g pSojladl 9y 5l Ay andl caizslo oo 995 0503,
055l Ll 3l g 45 05 00l J58 ;235" 09,5 (sl g30503]
8,5 wales cdly w80 pals cya 0 Sl e g aogs

3. Mixed repeated measures ANOVA

15 o5 Totast 4y Yitm kol (3 (NS pramns Csmasg g3 g g JU Cliz o5 pu315 K g (s g




f oylos N9 0,90 NPV L)

i) sl o9 Laalyd g 42l

ol asels a5 S 5Ll 050591 s 4y (sl lop] don Lol
8 Sloc sasmailis YL jloel a5 ol pezr Canl YAL ja0 3
A coddploel Oladod ululy [YV] cudl gy Joles
sl (rsien 903D O 4odls- a5s g s (19031 (syl8
Sy 1y oY CIVVE-<IAYY) olsy o (ICC=+/AQY-+/aF0)

IYO Y] i s Sl slodiges

(halesl 09,8 sl Boyy JB iy poi Jlael azin Al
s 50, 06 Y talesl g J5uS 058 slagioge;l (sales
alisee J>15e 9 w{f B same 2yl o9 ‘3_’L“~)"3 plest
A Ll loazes (iga3l sty widle (asine (193] 503l
VEY Sl 50 5 o Lawgs 428,50 00 (glatalojl solos
Cdpdy & g0

n=y-)
&9 jl e
(n=0)
399 slajliee Cole) pie
> (n=Yy)
aadlas 5> 000,58 b
(n=v)
55 Y
v (n=9)
@ 9 Sy (sla 09,5 & s
(n=ys)
A
Y y
JrS 09,5 & oud yoluaii] 275 09)5 & 0ld olais]
(n=YY) (n=HYy)
Y Y
o (se g3l o (e 93l
(n=YY) (n=HYY)
Y Y
el g 4305 el g 4520
(n=Hy) (n=YY)

O3 sz gy )y gl

Ye Jolis b3yl ol J@L@cﬂ)“ YV “Q.“-.é) oly o ols.?
FoligS adeus 8y oo Loy 4B YO B Yo pn g sl sy
ol 4 a2l amusgs " s stee 093] lgie o8 051 0l
YLl s glgy Sl Jro gy Jolas 4y bogspe (60,Slos
CA.’.M\S k;a.ﬁs‘j ‘(Slb'&"’ L.g")a::j ‘5:%[.6.9' C’h‘d 89.:.3“:}35) ob
oMl L) alSgs cyllsg (e 0,Shos 5 (25 glogs 4

csoled )3 st 1993l mms 9 098 1ot (1903l ey o

LA s OB‘}T:“; BULIELST RIS L“csbﬁ"}j
sao 3l pl o 0 S0ge3l 8, Slee a5 Cunl o T o aul
358 45 ol slial 5 (o)l 31 B Rigasl 0,8 g0 slel Y
Caledyd Sl go QLS (s 5 g8 |y ] o oariS e,

10. Stability in Gait
11. Mini Balance Evaluation Systems Test (Mini-BESTest)
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12. Shapiro-wilk test
13. Levene’s test
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14. Body Mass Index

15 Co 5 Totes! 4 Yin kol (U U5 pramns Cmadsg g3 gy JU iz o y315 K g () o g

(44




F oylos N9 0,90 NF-Y lin)

s 0993 O9e3loms 5 Oesliey Slyes ¥ Jgazr

amo Byt e Slen

-]
- Wdsgosess ; o b
il J&s s
YIAYE[2¥ YIAEN/YY SAS g
O/OA /0 BIYY o /5¥ oo hcae
VIEYEN/FE FIFVEVNY Lz iy ol )
Opeilote
AR AT Ya/\0£Y/00 JS 0y
FIAYE V¥ \ZEAVRY SIS et
oiva /¥ ofyY -/5¢ > sbeae
at-/20 FIvvs/on Lgs o5, o )
Ogeilom
YE/EY/ Y VUFALY/AY JS 008

Ghaloil 5 S5 09,8 (o e ol (glayeiio 50 IS g2y (S Jiuns (5 (19051 @l F g

g s Wasgornay; Loysie
-Ivs- ¥ SRS i
+[YA+ —+[YA ‘_r:..:S|5 U.né, J):;S
o 9e)]
oYY VS sy o5, ol
-I¥o- -[a¥ JS oy

iisin (9031 A Slyad 5 iy o3 8 gy 1)Ko il ly Sl yges] s S Jgaz

@, Eooxo & L
i Jloi o F oSl (5
ul O ygdome 3l ©ly9dne
I8 oo BYIFY $Ivy ) $olvy oo o9
-I9% ofoes A EATY ) BNTY egSx ey S
.................... WY ¥y \ZASY s RTINS |
o -Ivs ofeene NYY SAIAY ) SAIAY "
.............................. Vo) v WYIVY s S

ofod phaws j3 (g by giae Coglis *

15 o5 Totast 4y Yitm kol (3 (NS pramns Csmasg g3 g g JU Cliz o5 pu315 K g (s g




O 5 syl Slalllas b i [) gy cnl @l

oWes 5 ymea) (VFr0) lSed 5 (guns) (VoTY)
LS‘)-'." Addize a5 (1V49) O‘)ls.o..h 9 ‘x-‘)b FOAER))
Ol 58 (soge G5 Wl oo el 0 By U8 C'*L%)‘ﬁ
LY AN AV O] Cails gunod aily asils s Soge;l Jolas
9 Sl Slallhas b Glgin 1) Ghgly cnl gl eizeen
Ol 5 235 5 (V1) (LlSes 5 (2 o(V+19) (o0
el Ol el g Jols ol e il ) las a5 (VYY)
5Tz a4y Moe haiallis Joles y iz pladl cMlas
Gy J18 ot a3 el IVA TV () F] sl guunos i o il
Gl &5 Sl gaiadls o bgtwss (gloasliy alosjl
S5y laailie Ggzen bgiu ;0 Hhe slaailss Sl
JAS 5 Lo g pigeiliand] o gy ety s3eled
S5 2 M0 5 48T oy |y (2alb (slaoyeal, g B 55 50
Ciab aSToul3l cpl by [VF] 0 038 1506 oS o J S eitanns
9 &l ad lasedls o ol 5908 j0 Jalse 5l (glos xS
i il piizr Bgy Jb samsiar asliy Ko By |
S 88 S OIFes @pSee o |y el S5 5
5® b Soge3l Jolss  Bgp JU by o3 (5 035 31 LYo 5
4 Cal (g ped dalyy nl GO amaiz bl hagh
B3 gedaw 9 Ji8 5550 O (Sl gy a7 Gl yo3 ogdle
LVA] 098 Loy Joles dgugs 4y yoxie llgs oo coms 2ul3dl 1,
gy Jolas 1 B9y Jb iy o5 638 58 %0 b cnlnl
Sl (3l yo3 S99 2l (3285 43 (Guisien 09051 )
55 5n S5l b . J5 55 0 (0 oSnla a1, i a5

Ol yod yidls py0 Cde ayBgy B iy pod Ay yuimon
900 GRas (i Sgatn 4y yxie aE O a8 Sgugs g (Sa9S
Jeled (635 70 (oS s &y (> SleMbol 09,9 s jo
S35 10 (58 s 0 Shoe 0941 9o yal ol 45 05 o

25

24

23

22

21

20

19

Ol Ui Ol o

¥ D)Lo.& ALY 0,99 AF.Y uLﬁM}

Sz doodls rarb 35 o dall pae e
ez e 5903 m 5 5903ty Sl ol eSileo dlie
Sepehll ggasl 5 alesl 9 S 0S¥ 0 (e
Sl yod oy oo Lt yg03] o0l el ol eolatul yeuSTSly g
JrS 09,8 Y 5 o9a3limg 9 Ogasliten 50 oo e
& oline glis @=V/FY P=+/V0+) LialesT 5 (Z=+ P=))
0903l Slyed (aSloe duliie S (rizresd 3 M5 0929
ool 3 silesl 9 JyS 098 ¥ o e om> Sbax
ols lizs (g3 ol el .o oolisl Sk g g S el Ll
ol Galesl s S 09,8 ¥ po g (Sl Slyal e
(U=XYIO+P=+/+YF) 5|5 5929 (5, lolixe

3

(M=)

-

2 Bgn JU Sl pos azin A S gy 2 plo Baiod p
S 5 lgziaslan Mo dtodlus (55 s sin (yge ] Sl ol raSilie
Sy oo 5 4y polo Gubod gl bl .ol aSls gy 6l
1 6 sinn 5l il o Gy b iliy pa3 azim A (o
hiallis Joles 0502 &dlg 10 9 st (o903] Syed ol
olods yrguai) (P<o/+B) ol axdls gil) o )3 Tgzal 4 Mo
Otises (5903 Sladegazeorn; 0l (ot rizpen (V
29 S ((SOS (ah) of degezman; Vol olas
el o9, 0 Sy o3 sl 5l s gy (58, el 5 (25T
gz Shei om 45 s .l g oline il
otalel 9 S5 09,5 ¥ 50 (i9ailm 9 o9e3lote 5® o
ol degame s ¥ ol (puizmoan .0 IS 0925 (5 loline glis
omlejl 9 J5S 09,5 o (o (S 9 bigw (53, )
acgoxe ) ¥ Olyed g a5 Jbojo .cudls (gloline glas
sloog S (p (LASly (rg JAS 5 (SS Sm)
P>+ ) aits canliie g Jolino B yg05]

O e sl D e

15 Co 5 Totes! 4 Yin kol (U U5 pramns Cmadsg g3 gy JU iz o y315 K g () o g

OFA




F oylos N9 0,90 NF-Y lin)

dass] Crlalllae (g1 ys Slggiadins

alil gl eolazul o 3Eoe slacusgaore awdzgils
b T clalllas o cpplifizes 09800 gty ¢ ASEaLej]
ot 4 95 dxis 9 WSogl v ol Gezres sla)y
915 a5 Il dy e ylatodlis 3o By JU iy o3 5
iz A0y Lo dlislus (90 b dellis ol 3l (yaizean o
9 (ol Slalllas oriizns iy (gl gy 0 995 50 drogs
by, J Sl il ol 3|l i ]
oolazul e SYsb (6 Ky b 555 Aiges e 3l oolaiul by
oSSy ;K Sl aslys go fKoag3 Guizren 0
ortise 5903] el £9azma ) hatolls ala 50 (33 o3
i3 )5 gy 3590

SN

OARg G Jgel 31 595w

RUK. o)led & 3l o5 gl o> Gabod
olSails Lhagh 0 S 4ieS Lgas REC.1402.005
el oS yials 0aqed

Sl ol

@»mwi A )| gl IS Al bl 51458 )5 5y (tavgss ol

St oSy oelad ol Sgao (2ol WS> 5 59
0ol ol (259 pole 5 Gy Ceppy5 00Stilo sla S yinly
009 (ylo)S yioly ouad olSiils oage y 3 Lhagh onl Jlo

O‘fm‘ “93&5)‘“&6
seeled el Cyds alpon e igilepagie
9 4525 (2leon S (olad Fud Codo ol )
(Bl G i 2 gy 9 BrloS il oy S 2 o

(6Ll g 8 oolads e Capdzm 1 g 93 sty )5 (590 b Lo
G o abie (Faniy plad iy giluled o

‘55.1.0 U)Ldj @‘)ﬂxdﬁ*ﬂ,o}jﬂ S pde “SCLI.A:J
&3lo o)l

35 i o 5 e ol oS bty ol by

25 9 ol V] 9500 (35 5 535 (sl 5o
2 Jola5 agee Ko Jels  Jol 5 5,08 ey bl (53,5
JB deli s 5 (5985 Sy ol 0929yl B (sl Sioga]
OhSen 5 WS laasily b pol> Guiod gulbs Julde jo
@ )5 g WS ;5506 §ado 10 .0,5 Slgsren (Y4 1Y)
Ca 5y lginl 4 e (Lo 0 Ligy (Jolai Silig po3 1 oy o
M Jls Ae B 00 pw asals by ,a5 o Lozl ol
W20, S b glazan Vo magh ol o ¢l Ca ) Teril
Sy g Jolas ulide 5l oolail b Badow ol jo Loy Jolss
Slayed Jolds (g yed SS9y b gpFojlil O eloiz]
el dlae S ST &8 digy Jolss S p auST
Ol @i cnl gl .og s 35 50 O3 Oy pe g Sl
LYA] s cnnlive (5, Kotz yass o) 3l sl Loy Jolas jo 0ls
OB QLS ES 38 (paw g (g pod Ao gy Jolas S5 g8
Al pilo Beos gl b (liwlyom pae  Jods wilgs oo

2R 5 Ao

B3 90 By JB Sl yod plonil oy Lis Gado ol gl
Soutr 4y yZeie cdiand Mo il oy 3 Toztul 4y 457 guiallus
oS ol ol o Glaasgorman; 9 s Ogesl Syl
5 bl ) 45 ol oy iy o5 5 oolitad Juds 4 Yoz
S le mad calslae Job 100,00 5939 eyl o 95 & s
R CSL A SH P PRR VA RS TION JLAL AP DUPPREA I3 5
ng}o.d‘)sz.wb M‘)Z.t LQC)T G ol ooy L’)L.’L.t O 9 &053'
aaz gl il Gl o el Ol g asS Jlss g yoay |y
Sl 4 5k poe g By JB (Lo oS alipy (il
(su0lg a0 () Sileyd g lasye o iz yo5 cnlediys0
Slostens 95l Sy, gzl 4y Mo (ylaiallis 4o Jolas S9age 9
Dy so

LCydgaso

OBAES S )b ) g Cudgame iz (glyls dalllas oyl
Mo 5313 a5 Tgtten] 43 4 gy (gatallio 55 Bz ol 0
el ol b ol 1,8 JLu VOB £v o asals jo g 009
oamoa3 B )31 51 ol 09,5 sl 43 Jaid el S (e ]
45" 59 o3y 13y ke 5 SizrgS Lias digas e ¥ Lty
iy Lo S ablB gl 4 shicss (gl Col Soe
(oS e g Sy digel w2 b Slalllas 958 oo dpogs
35 plowil al3lae ol S 5338 (ouiy 2 T S Sk

15. Community Balance and Mobility Scale (CB&M )
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