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Abstract

Objectives: Changes in various sensory-motor functions and alterations in the central nervous
system contribute to reduced balance and increased fear of falling in older adults. Fall-proof
exercises, by focusing on improving the function of sensory-motor and cognitive systems, lead to
improved balance and a decreased risk of falling. Several studies with small sample sizes and
varying results have been conducted in this area. However, a synthesis of the evidence has not
been performed. Therefore, this study collected and analyzed data from various studies on the
effect of fall-proof exercises on balance and fall prevention in the elderly.

Materials and Methods: In this systematic review and meta-analysis, based on the research
question with specific keywords and strategies, all relevant articles were searched in reputable
databases and imported into EndNote20. Subsequently, the research protocel was developed and
registered in PROSPERO. Following the screening of articles and selection of eligible studies, the
necessary data were recorded in a spreadsheet. Finally, the data were exported to STATA17
software and analyzed using a random effects model. All research stages were independently
conducted by two individuals, adhering to the PRISMA checklist.

Results: In the fall-proof exercise group, the Berg Balance ‘Scale (BBS) demonstrated a significant
improvement (SMD 5.37, 95% CI 3.17 to 7.56, p = 0.001). Static balance with eyes open (SMD
3.44,95% CI 1.16 to 5.72, p = 0.001) and with eyes-closed (SMD 4.94, 95% CI1 0.80 to0 9.07, p =
0.02) showed an increase. The Timed Up and Go (TUG) test did not yield better results (SMD
0.25,95% CI-2.94 to 3.44, p = 0.88), and.the fear of falling decreased (SMD -9.10, 95% CI -13.71
to -4.49, p = 0.001).

Conclusion: Fall-proof exercises, for atdeast 8 weeks and three sessions of 40 to 50 minutes each,
in older adults over 60 years of age, lead to higher balance for performing various daily activities,
along with a reduction in the fear of falling. Therefore, fall-proof exercises are a suitable and
effective strategy for increasing functional balance, dynamic and static balance, and preventing
falls in the elderly.and, after initial assessment and sufficient training, are recommended as a
preventive and therapeutic program.

Keywords: Dynamic balance, Fall-proof, Fear of falling Functional balance, Static balance, Meta-
analysis
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SMD 4.94, 95% C1 0.80 ) sls lis J,yu8 09,5 b avslie yo bl Jobs jo 1, o958 JoB ogugy g 8l iol3dl als-loe
ool plol By - JB Bl yoi aS Slilew )0 e o TUG ) (28, g o o e 9031 (10 9.07, p = 0.02
5 5555 e 5| ooy (SMD 0.25, 95% Cl- 2.94 10 3.44, p = 0.88) slas Lt 5 ;5 09,5 b den slio 5 siogs
SMD- ) o S ol A JS 09,5 b anglie jo g -6 Ol ped 09,5 50 (FES-1) Ll o wlibie olsl 5 ol

(753 Js2) 9.10, 95% ClI- 13.71 to- 4.49, p = 0.001

Treatment Control MD Weight
Study N Mean SD N Mean SD with 95% CI (%)
Ahmadpour 10 39.01 2.1 10 33.18 242 . 3 5.83[ 3.84, 7.82] 8.01
Alitabar 12 2021 22 12 1454 2.41 1 F 5.67[ 3.82, 7.52] 8.09
Ayatizadeh 12 16.5 1.31 12 139 242 B 2.60[ 1.04, 4.16] 8.22
Ayatizadeh 12 4258 3.17 12 35.25 2.17 B 7.33[ 5.16, 9.50] 7.91
Firouzjah 15 2123 166 15 11.56 1.32 [ | 9.67[ 8.60, 10.74] 8.41
Hackney 12 496 4.6 12 496 3 —- 0.00[-3.11, 3.11] 7.32
Khazanin 12 16.41 1.15 12 1342 .61 [ ] 299 2.25, 3.73] 8.50
Parhizkar 20 346 429 20 23 21 I 11.60[ 9.51, 13.69] 7.96
T.PR 38 7214 13.7 14 59.87 175 —B—12.27[ 3.21, 21.33] 348
Raeisi 13 9.54 1.02 13 12.07 2.68 B -2.53[-4.09, -0.97] 8.22
Ritchie 12 524 241 11 451 3.49 . B 730[ 487, 9.73] 7.76
Shojaei 20 304 3.06 20 24.8 2.78 . 3 5.60[ 3.79, 7.41] 8.10
Ward 10 39.01 2.01 10 33.8 242 s 3 5.21[ 3.26, 7.16] 8.03
Overall <o 5.37[ 3.17, 7.56]
Heterogeneity: 7° = 14.58, I’ = 42.41%, H* = 21.79
Test of 8 = 6;: Q(12) = 259.28, p = 0.00
Testof 8 =0:z=4.80, p=0.00

-1!0 (5 1‘0 2‘0

Random-effects REML model
BSS)S s olido olu] o S 5 S - JI8 Sloy pai 09,5 0 foler cusll fsgei 3K

Treatment Control MD Weight
Study N Mean SD N Mean SD with 95% CI (%)
Alitabar 12 1152 156 12 944 22 —— 2.08[0.55, 3.61] 25.37
Firouzjah 15 20.66 2.94 15 13.26 4.33 —M—7.40[4.75, 10.05] 20.66
Khazanin 12 17.19 1.21 12 13.74 1.74 3.45[2.25, 4.65] 26.52
Raeisi 13 8.77 1.09 13 7.06 1.18 - 1.71[0.84, 2.58] 27.46

_-_
Overall el 3.44[1.16, 5.72]
Heterogeneity: 1° = 4.74, I° = 74.90%, H’ = 10.99
Test of 6 = 6;: Q(3) = 18.96, p = 0.00
Testof 6 =0:z=2.95, p=0.00

Random-effects REML model

JriS g S - Jl5 Sl poi 09,5 40 b iz b L] foler cili] S oo 4 S
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Treatment Control
Study N Mean SD N Mean SD

MD
with 95% Cl

Weight
(%)

Alitabar 12 19.66 1.54 12 15.29 2.49 —- 4.37[2.71, 6.03] 33.99

Firouzijah 15 16.2 4.69 15 7 3.33 — 9.20[6.29, 12.11] 30.51

Khazanin 12 933 .75 12 7.52 1.16 B 1.81[1.03, 2.59] 35.50

Overall —ec 4.94[0.80, 9.07]

Heterogeneity: 1° = 12.38, I = 78.92%, H’ = 19.68

Test of 8 = 6;; Q(2) = 28.03, p = 0.00

Testof 6 =0:z=2.34,p=0.02

T T 1
5 10 15
Randome-effects REML model
L/,.u_s }J}/—J@ Q@ﬁi’dj)fjo Ll Wﬁ.‘. LLMJ/L/QLLI WLJ/)/J}OJS‘ L(u."s
Treatment Control Mean diff. Weight
Study N Mean SD N Mean SD with 95% CI (%)
Hackney 12 108 6.1 12 97 27 ] 1.10[-2.67, 4.87] 19.83
Khazanin 12 933 75 12 752 1.16 1+ 1.81[ 1.03, 2.59] 27.03
T.PR 38 11.21 2.34 14 865 2.88 —— 256[ 1.03, 4.09] 25.84
Ritchie 12 68 .23 11 109 .83 B -4.10[-4.59, -3.61] 27.30
Overall = 0.25[-2.94, 3.44]
Heterogeneity: 1° = 9.62, I = 67.45%, H* = 39.18
Testof 8 = 8;: Q(3) = 199.19, p = 0.00
Testof 8=0:2=0.15 p=0.88
-5 0 5

Random-effects REML model
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Treatment Control Mean diff. Weight

Study N Mean SD N Mean SD with 95% Cl (%)
Alitabar 12 19.32 244 12 37.09 3.83 —] - -17.77[-20.34, -15.20] 20.92
Ayatizadeh 12 184 3.29 12 26.53 8.02 —B— -8.13[-13.03, -3.23] 17.85
Khazanin 12 29.58 3.17 12 37.44 187 |- -7.86[ -9.94, -578] 21.40
Raeisi 13 20.66 4.39 13 253 4.15 —l—  464[ -7.92, -1.36] 20.09
S.Shoaei 25 20.92 466 25 27.61 7.8 —— -6.69[-10.25, -3.13] 19.74
Overall —~l—— 9.10[-13.71, -4.49]

Heterogeneity: 1° = 24.71, > = 42.25%, H = 11.43
Test of 6 = 6;: Q(4) = 53.15, p=0.00
Testof 6 =0:z=-3.87, p=0.00

'
&
o

20 15  -10
Random-effects REML model
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TC=( "balance" OR "dynamic balance" OR."static balance" OR "equilibrium "OR "equivalence" OR
"falling" OR "downfall" OR "Gait balance"OR "Posture" OR "postural balance" OR"Muscle strength "
OR"strength"AND"fear of falling"OR"falling" OR "Falls" OR"Accidental" OR "Accidental Fall" OR"Slip
and Fall" OR"Fall and Slip" OR"" OR"")

TC= ("fallproof" OR "fall proof exercise" OR "fall proof protocol"OR"fallproof balance")

W H| N H

TC= ("elderly" OR "aging" OR "60years old"OR "older adult")

P

("Fallproof*[Title],OR "fall-proof"[Title] OR "fall-proof"[Title]) AND ("Elderly"[Title] OR "older
adults"[Title] OR ('more than 60 years "[All Fields] AND ("balance"[All Fields] OR "balanced"[All Fields]
OR "balances"[All Fields] OR "balancing"[All Fields] OR (("dynamer"[All Fields] OR "dynamers"[All
Fields] OR\"dynamic"[All Fields] OR "dynamical"[All Fields] OR "dynamically”[All Fields] OR
"dynamicity"[All Fields] OR "dynamics"[All Fields] OR "dynamism"[All Fields] OR "dynamisms"[All
Fields])>AND ("balance"[All Fields] OR "balanced"[All Fields] OR "balances"[All Fields] OR
"balancing"[All Fields])) OR (("static"[All Fields] OR "statical"[All Fields] OR "statically"[All Fields] OR
"statics"[All Fields]) AND "balance” [All Fields] AND "mobility” [All Fields] AND ("accidental
falls"[MeSH Terms] OR ("accidental"[All Fields] AND "falls"[All Fields]) OR "accidental falls"[All Fields]
OR "falling"[All Fields] OR "falls"[All Fields] OR "fallings"[All Fields])) OR (("fear"[MeSH Terms] OR
"fear"[All Fields] OR "fear of "[All Fields]) AND (“accidental falls"[MeSH Terms] OR ("accidental"[All
Fields] AND "falls"[All Fields]) OR "accidental falls"[All Fields] OR "falling"[All Fields] OR "falls"[All
Fields] OR "fallings"[All Fields])))
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