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ABSTRACT

The ability to safely walk up and down the stairs is an essential factor in older adults’
independence and quality of life. This study aims to investigate the effect of combined exercises on stair
negotiation performance of older men.

In this randomized controlled clinical trial, 30 older men with at least 60 years of age
living in Isfahan, Iran, in 2021 were selected who had functional independence, mental health, the ability
to perform daily activities without using an assistive device, and without a history of falling. They assigned
randomly to two parallel groups of intervention and control groups. Participants in the intervention group
completed 12 weeks of combined exercise. The center of pressure (COP) parameters were measured by a
force plate, and the time of stair ascending and descending was recorded by the Qualisys motion analysis
system. The stair negotiation performance was evaluated by the timed up and down stairs (TUDS) test
and the stair self-efficacy (SSE) scale. Data were analyzed by mixed ANOVA in SPSS software, version 24.
The significance level was set at 0.05.

5T The combined exercise program was effective in reducing the COP parameters during stairs
ascending and descending (P<0.05). Stance time and time of ascending and descending decreased after
the exercise (P<0.034). The results of TUDS test (P<0.002) and SSE scale (P<0.048) showed improved
performance in the intervention group compared to the control group.

[T The combined exercise program, by focusing on the factors such range of motion, strength,
power, and balance, is effective in improving the stair negotiation performance of older men. Due to
the prevalence of stair use in daily activities and its potential risk for older adults, this combined exercise
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Extended Abstract

Introduction

ging is a global concern that is associated

with a decline in organ function and makes

a person vulnerable to diseases. Falling is

one of the causes of injuries in older adults

[1]. Stair climbing is a problematic activ-
ity and one of the most common causes of falls in older
adults [2, 3]. The elderly are three times more likely to
fall when walking up the stairs than when walking on the
ground [4]. Balance disorders make stair climbing diffi-
cult for the elderly [5]. Controlling balance while climb-
ing stairs is more difficult than that when walking [6].
Most of studies have focused on improving the balance of
the elderly while walking, and less attention has been paid
to their stair-climbing performance. The mechanisms of
balance improvement are different. Combined and multi-
component training programs may cause better results
in balance improvement [7]. The present study aims to
investigate the effect of combined exercises on the stair
negotiation performance of older men.

Methods

This is a randomized controlled clinical trial with a pre-
test/post-test design. Thirty older men were selected and
randomly allocated to two parallel groups of intervention
and control. The intervention group performed 12 weeks
of combined exercises, while the control group continued
their usual activities during this period. Inclusion criteria
were age at least 60 years, functional independence, ob-
taining the required scores in the general health question-
naire-28, mini-mental state examination, and physical ac-
tivity readiness questionnaire; no any medical and ethical
restrictions, ability to complete tests and exercises, and no
participation in other regular exercise programs. Exclu-
sion criteria included an unwillingness to participate in
tests and absence from exercise sessions. The participants
performed the stair negotiation tests and their kinetic and
kinematic data were recorded using the Kistler force plate
and the Qualisys motion capture system. The balance was
measured with the center of pressure (COP) parameters
[1]. The stair ascending and descending time was calcu-
lated with kinematic data. Stair negotiation performance
was evaluated with the timed up and down stairs (TUDS)
test [8], and the self-efficacy was evaluated with the stair
self-efficacy (SSE) scale [9]. The exercise protocol con-
sisted of warm-up (10 minutes), resistance training (20
minutes), balance, hopping, and jump training (40 min-
utes), and cooling down (5 minutes) for 12 weeks. The
overload principle was observed with a gradual increase
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in the duration, number, and load amount. Statistical
analysis was carried out using mixed ANOVA. Pairwise
comparison was done with the Bonferroni test, and the
effect size (partial eta squared) was calculated [10]. The
significance level was set at 0.05.

Results

Descriptive information and the results of mixed ANO-
VA for the stair negotiation variable are reported in Table
1. Interaction effects of the COP parameters, including
range and velocity in anteroposterior and mediolateral
directions, and path length in the anteroposterior direc-
tion were significant during stair ascending (P<0.047,
1>=0.12-0.18) as well as the range and path length in the
anteroposterior and mediolateral directions and the veloc-
ity in the mediolateral direction during stair descending
(P=0.046, 1*=0.10-0.15), and in all functional tests vari-
ables (P=0.048, 1>=0.13-0.29). The results of Bonferroni
test showed a significant improvement in the variables
in the post-test phase compared to the pre-test phase in
the intervention group (P=0.032). No significant change
was observed in any of the variables in the control group
(P>0.05). The results showed a decrease in the COP pa-
rameters and an improvement in balance control during
stair ascending and descending in the intervention group.
Also, duration of stance phase, total time in stair ascend-
ing and descending, and the TUDS test time decreased
and the stair self-efficacy was improved after exercises.

Conclusion

The results showed that the combined exersie program
improved the stair negotiation performance of older men
and enabled them to control the postural sways and have
better balance during stair ascending and descending.
It was also associated with reduced time and increased
velocity during stair ascending and descending, and in-
creased stair self-efficacy in older men, which means
improvement in stair negotiation performance. In the
present study, the combined exersie program included
stretching, resistance, strength, and balance exersies.
Each of these components can enhance the balance and
functional performance [11-14], and their combined ef-
fect on improving stair negotiation performance of older
mem was confirmed in this study. This program covered
different abilities required for performing daily activities
[15]. Therefore, it can be expected that the program can
improve the stair negotiation performance of older adults
by affecting stair ascending and descending functional
demands, including lower limb range of motion, strength,
power, and balance control. Gavin et al. (2019), Lee et
al. (2021), Handsiker et al. (2016), and Holsgaard et al.
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Table 1. Descriptive information and results of mixed ANOVA for the stair negotiation variables

CG, (n=15) IG, (n=15) P(n?
Variables Mean1SD Mean#SD
P(n? P(n?) Time Group  TimexGroup
Pre-test Post-test Pre-test  Post-test

COP parameters during stair ascending

1065 054 10242 8791 0019 0.19 0.041 0.037
Range-AP(mm) 515y 1096582094 515 4028 #1566 (018  (0.06)  (0.14) (0.15)°
73.72 0.67 7571 5696 0006 0084 0012 0.023

- +
Range-ML(mm) 1535 706841592 \100s) 41108 #1541 (024  (010)  (0.20) 0.17)°
Pathlength-AP 17308 . ... 067 16801 15737 0011 0.12 0.1 0.034
(mm) +20.34 o017 (0.007)  +189 #1869  (0.12)  (0.08)  (0.09) (0.15)"
Pathlength-ML 16559 o o 074 15729 14331 0011 0.1 0.041 0.06
(mm) £21.50 2028, (0.004)  +2647  +2475 (021  (009)  (0.14) (0.12)
Velocity-AP 18191 oiooioapy 082 17558 14799  0.002 0036 0054 0.018
(mm/s) +41.82 FIEES. (0.002) 42930 #2974 (028 (015  (0.12) (0.18)"
VelocityML 29308  oo.o...,, 068 29904 26638 0018 0.14 0.07 0.048
(mm/s) +26.45 I35 (0.006) #3052 #3273 (018  (0.07)  (0.11) (0.13)"

COP parameters during stair descending

Range-AP 1243 o ooaes 0.65 10858  90.39 0.015 0.14 0.08 0.04
(mm) +27.11 RORES: (0.007) #2717 #2401  (0.19) (0.07) (0.10) (0.14y
Range-ML 12163 oo cpinien 0.58 113.07  91.97 0.024 0.2 0.018 0.046
(mm) +30.93 RS (0.01) #2979 #2309  (0.17) (0.06) (0.18y (0.13y
Pathlength-AP 22529 o0 0. 4010 0.67 22092 11936 0016 0.14 0.16 0.043
(mm) +46.24 IR (0.006)  +50.46  +4655  (0.19) (0.07) (0.07) (0.14y"
Pathlength-ML  243.83 245.28 0/86 23945 21481  0.006 0.06 0.034 0.035
(mm) +27.22 +24.19 (0.001) #3026 #2519  (0.24) (0.12) (0.15) (0.15)
Velocity-AP 210.98 21436 0.78 20577 17849  0.032 0.17 0.97 0.08
(mm/s) +38.12 +46.89 (0.003)  +32.81 #4181  (0.15) (0.06) (0.09) (0.10)
Velocity-ML 292.63 295.19 0.66 297.10 28158  0.012 0.12 0.71 0.035
(mm/s) +40.43 +33.07 (0.007) #3440 #3193  (0.21) (0.08)  (0.005) (0.15y

Functional tests

Stance time-stair  1.29 131 0.63 127 1.12 0.012 0.13 0.01 0.034
ascending (s) +0.16 $0.12 (0.008)  +0.12 +0.16 (0.20)° (0.08) (0.21y (0.15)
Stance time-stair ~ 1.26 127 0.49 1.24 1.14 0.004 0.10 000L o005 021)
descending(s)  +0.08 +0.09 (0.02) +0.10 +0.08 (0.26)" (0.09) (037y° : ‘
Stair ascending 3.48 3.53 0.73 343 3.10 0.008 0.09 0.034 0.031
time (s) +0.41 $0.39 (0.004)  +0.38 +0.34 (0.23) (0.10) (0.15)" (0.16)"
Stair descending-  3.93 3.99 0.68 3.88 3.49 0.012 0.12 0.048 0.038
time (s) +0.41 +0.55 (0.006)  +0.44 +0.45 (0.20)" (0.08) (0.14y (0.15)"
TUDS test s) 13.73 13.61 0.59 13.49 12.34 0.001 0.001 0.30 0.002
+2.10 +2.21 (0.01) +1.87 +1.89 (050  (0.38)*  (0.04) (0.29y
SSE-stair ascend-  6.69 6.54 0.70 7.06 8.12 0.018 0.14 0.003 0.048
ing (score) +0.97 +0.98 (0.005)  +1.18 +1.06 (0.18)" (0.07) (0.35)" (0.13y
SSE-stairascend-  6.29 6.21 0.87 6.54 7.86 0.009 0.07 0.012 0.046
ing (score) +1.27 +1.31 (0.001)  #1.35 +1.39 (0.22 (0.11) (0.21y (0.14y
SALMAND

Abbreviations: CG: Control group; IG: Intervention group; n?: Effect size; M: Mean; SD: Standard deviation; AP: Anterioposterior;
ML: Mediolateral. *Significance at P<0.05.
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(2011) also showed the effectiveness of exercises in im-
proving stair descending performance [16-19], which is
consistent with the results of the present study. Consid-
ering the prevalence of stair climbing activities and their
potential danger for the elderly and given the effective-
ness of combined exercise program, these exercises are
recommended for older adults.
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13. Qualysis motion capture systems, sweden 2.7 (build 771)
14. Anatomic Landmarks

15. Helen Hays marker set

16. Trajectory

17. Qualisys Track Manager
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4. General health questionnaire-28 (GHQ-28)

5. Mini-mental state examination (MMSE)

6. Physical activity readiness questionnaire (PAR-Q)
7. Research randomizer: https://www.randomizer.org

8. G*Power software
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22. Stance time
23. Timed Up and Down Stairs (TUDS)
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18. Matlab version 2015b; The Mathworks, Natick, Mass., USA
19. The Range of Center of Pressure
20. The Path Length of Center of Pressure

21. The Velocity of Center of Pressure
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25. Exercise for Frail Elders

26. Home Exercise Guide For Adults & Seniors Fitness & Nutrition
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24. Stair Self-Efficacy (SSE)
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28. Shapiro-Wilk-Test

29. Mixed ANOVA

30. Bonferroni

31. Effect sizes

32. Partial eta squared (npz)
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27. Calisthenics

Siall 5150 13 dly 31 1383, Sha 1 (oS 5 Sig ol y3l0 S0 g (0306 (G340 LM




¥ ooylods A 0,90 NF+Y 50l

5 5 by ped daliy ) Joax
(488) yloj 5 5 iy g Aoy 321
Ve (st g (S > el Sl a3 9 0D 05 (Glan iyl PSS
93k ity el ol cilih iy cdipus 1 SBgB ol
. . N s ol o iy yod
Y CyPp29m ‘li 9 Cuwd )l.ea Cae.no, » C)KP c&Mﬁ ‘bl?c il jl)) :QS\..: o)b 9 :d)';)a ) ‘_é’.‘,lﬁn

ol Ay (59) "J-\A:J J.dg Lony "J); Allg (,3]5 wl (,3]5 O&‘&B (")I) ")A&fl)] sa‘) L}“:‘SL\J ‘L)l) Ly&ﬁé Z‘-ék?tg ‘DL\JI

e dy Aoy by

oty (59 pi5 (3]

039 S a8 &) g ¢pdbian)

ol 4 oy (3] il (59 delytad pobin] Ol (ol Jl 5 pdbiag
Ol oy g atly &Y ol s g glr 2 p5 S poli]
b SG b domy g sl <8 o g o] b S5 ol S by (o]
O3 ol ol Jh gy S5 ot Yl g g b s g ok o] ol F
0y (o8l JUEl 5 b S5 ol > e 4l o g ool PA dagd (o]
cillee (gl (Al olid lusgi g b ST 3] il b S g ool P (3l
e (g () (3D plugi 5 b S5 byl Yl 5 5 k] oty 59y (b iy
Cauwd p g ol ks g ok ol 4 dldly by sl g9y oy Ay
P oy, ol Sl o5y oy pob 59y S b oyl
(rgoshal (538 ol e oy el Po (59) PS5 dass (pdliu]
oy 59y P () o PSS dasi (55, o oy osd ik pgd gy el o
¥ sl g9y pai5 oy, el o5y 59y o) o) P8 59 b Sy oplinws] ) Et:
o Cuwd pAI5 (5B ol sl g9y 58 oy il 4 oy, o) %
b g9y (585 ol Ll o5 Jsbo L oy, ol e 4 53 ol
b (59) | (Sl> i g ol 31538 o8 Gl
L 59y ) (o Jilo G0y Bl Jl s 9 ks o (38 ol ol il
bt g9 il (B L S5 by Bl )y 9 iy o5 (> 055, o, V il
L (9§l e b ST oy (sl Sl 3 e
b o9, 5l Blo b S5 Al b8 dlgyy 22 (b Sl il %
o15 JpAs3 (B 4390 Cusl doiy 43l 5 8 ol t
o5 Jds3 (9)95 po G doxy sl By ol o -
o3 Jods3 (yid) A (il o8 o)l505 3 o ol
dgdce (5395 dly 5l o)lseS b 5l 538
I bt g9y jl (o8 i o sl 4 5l 5
b B T GSST g (S iy paT i o8 glg0 iy e O3S Sy

Siall 150 13 aly 31 1383, Shas 1 (g 5 gy 30 5000 g (0 36 G340




Y oylods NA 0590 NPT ol

Loy S (ASLdlunex sl Sy ¥ Jguar

s foline g Sedl oot ke R
J 55 55 Sy 0 d
5AY SYIA-LY/YE SOIPEY/be ()
Y VANTEV/AD SAUNYEY/VY (5 95) o
105 VPUSVEY/AY W-/§ oY/ (st siks) 15
JAes YEIVYE- /5 YE/oVE-[5A (c2ymsin 5 pSolS) coh 0397 sl
JIARY YOYEY/A YA/YYE/YA (Flel) 0 Capnig o558 s
P<e/+ B grlaus 5 g boline *
Oy Y plSi L8 5 o sl ol s Sheles il o o L Bzl

9 A AS Sl 3 plarale Sy 5 el Jald 4l |
=) Y1V A) bl i3 3 pomo Jobog alor s i ,8 e yo delip ubo 1, iy ya HFALSES 15 Ao
s Job el 30 (29,5 G GO 5 P TV e g woyn Vee Glalel 0g)F o il yed 4 gty
P IFY =1V F) 0y Jolime il B 0.0t b )55 andllas Jobo 10 (yg03Th (05 b s o sl
35 el fy oo Sl amo e s Tt Jpap T PS80y e Juldh G lbCnar sla Ty
ot s Jologals JaL bl J ol oyl g PSP Sl 85 Sonly 5 Sl Sl
» @l Copn g (ol s g A s e o (Wojlad Joiz) s osnlialaes,s
P B8 eV e [10) 053 Joline il L5 g o, 90 (SlgliS saimalis B g F ¥ o)l Syl
0950 9 Ot Saglis JLad 3 e S B ey el (ol ey by e o9)S n (Slaiglis 5 g3l Sl 1 bogsye
P>+[+0) 3955 Jobine (Jalai 9 29,5 Yojlasd Jpur.cud (903 509,58 clolas il crpizmon 50,8

aly 51 oy38, Y plSn (COP) Lz 55 50 (sl yialily 13 (oS5 il ly Julods gl 5 (haogs Sled Y Jour

Saraidl ot 0 Sike
(31 231051) (5 510kize getauw Sl yl
S 5 Olia pod 095 JRS 09,5 Jusd 555
" . PrRT— aly 31 B VL)
B B e N T TS it
59 ;x(”‘ﬁ 59 ; dlw' O"’}i ‘.6'995 )3 J ’:‘.5 OPI a1 1S ORI 51 1S
oJovy: yRY ALY eV aF JFIESIAT
AYIRVEND/SS \oVIEVEY /YA ) +Q/SOEY +/AF )5/ 0V /OF
(+/vo) (+/¥%) (+/+#) (+/'A) (+/+YY) ) ) (pecshe)
il ausb
of YN N of ¢ N NS N2
[y oW [-Af -7 IV SSIRSEVGRY YANVEVVAA YISAEYNAY VEAVVEVPIYA RN
CIY)  (I8e) () (YR (eleeY)
(o)
o[V TS Y L1 Y Y M X R /Y Sl olu3
YONSVEINSA VPN - VN 8 WIS+ 2 AN WYY ALY+ [¥F
(+/a) (+/a)  (/-A) (+/¥%)  (+/+-Y) (r=ecsko) oo oo
NN Y STV [P0 Y X G v b sh
IVVEYEIND VOVINAEYSIEY \SVIVSEYEIAE \SO/OAEY VD <
(i) G () () () YEY/SAEYE/VD VAV/YAEVE/EY VEVIYSEYF/AE \SO/OAEY ) (k)
ISR
of VA* of o Y of« +/A
o [-o¥ fov= (+IYA) <[+ ¥ I PVIRREYAIVE AVOIBAEYA/Y YATAREYAISY JAVAVEEVAY [
DA (1Y) () (+/++Y)
(a6 .
K . [ ol
N
A K" RV N el b
(+/+Y) -I"¥ VESIFAEYY/VY YA/ $EY+ BY YANYALYD/FE YAY/-ALYSIFD 1 y2o Lus)
(+/'Y) (+/%Y) (+/'A) (+/++%) .
(s
- P<+/+0 el o (5 olins *

Siall 5150 13 dly 31 1383, Sha 1 (oS 5 Sig ol y3l0 S0 g (0306 (G340 lAld




¥ ooylods A 0,90 NF+Y 50l

aly 51 el ey oS5 (COPY L83 55750 sl ey 5o (ora5 55 oilly Sl bl 5 (shos DLl ¥ Joar

ol ootk ke
(51 03151) 5 Iobine gelans
s ol s . sl
5 P Ol o3 09,5 J S 09,5 o
JUbd 35 50
IS | BN (dg 31 ool 2ty)
J‘w =k - 8 1 » #
R R T TR 3985l o9e3lode o9eilom oslode
295X (193 a0l ; IS
095 (903l (5H
eBx W SV [\dx [5D s o3
L/VREYE-)  V-NBAEYVY  V\DOAEYY/SE  VWY/ETEYV/Y
(1) (D) (1Y) (DY) (oY) (o)
K. o WAE oY ofoYEE <JOA PP O EEY
QAVEYY/-A  VWVEVAVA  YSIOFEVVAE  AVV/STRSL Y ST
GG () () ) JavEYY/ Y/VEYAVA  \YS/DFEY/ [FREY- [AY (o)
K TN IY Y R Y il ol
VAVYSZES/A0  YY+/AVED-/EF  YY/NAREY/Ve  YYO/YREFS/VE
(1) (1Y) (1Y) (DY) (] (masks)
Jsb
S L B L e ———— Y
(V) (+1)  (+[Y)  (+IYF)  (o]+Y) - - - (5o sks)
il alss
JNYAY WY o[e¥¥E <IVA
YN FAEFY/A ~OIYYEYY/A 1T¥FA DAV 4 Ve
GG () () (e WAFAZEIAY  YoONVEYY/AY  YAEISEES/AL  Y)o[AAETANY ﬂ,;i,n)
X e
a5
JXOx WYY XYY [N ef5F il
AVOAEFVAY  YAY/)-RPE/Ee  YAOVAETY/LY  YAY/SYEE. :
(I0)  (feed) (1A (DY) (oY) YAVDAEYVAY  YAV/Vo2P¥/Fe  YANVRETY/SY  YAV/SPRF/SY e le)
(ast
- P<+/+ 0 glaw yo (5 lobins *

ol 009y 5o aly 3,35 A Jolas 0S8 Sguge o ol
Lisx Uy Shals Jds 4 Jlad 5,0 5oyl Ol
5 boiw s g cul Gl b oogazme Sy 0 py 35 40
SR IY] s ol LSS 5500 555 (ol
Cawd 3 alaz il sl GMlas cuas piuws blasdl b oy
9 smae sranld rals ¢ (lei (iyad o S o asals olo
AR o0 UL‘:“ W‘;‘;)?}mlg 6[.900‘0 9 [A“’] Sl o‘}o.b JQL\K
LOF] 0l o a8l anadlos ol 3l 1o ™ tnog g o)) jee a5
Ogise |y (Fardy JyuS &5 Cadd oad (BfS Sl cnl L
2BpuilSo [OO] sy Sgue (£B3y9 Sl yed Gkl
Ll 5 s Sles laalily 5 Jolas dgug el &5
usy 3 S 5 ogned 45 lizpad 35 sl e 1
56 (o055 g sladlte wim Sl pes sy Glad o Ses
Jolei o Slae 39080 9 (serdg Sllwg ol o gty
oS wisls las o) an g gl8 OV BF] o)ls lasadlis jo
38 oe S acly Wlgi o0 (A8 g (Shaglie (52 )5 Sl o3
500 1y axadls o131 g 59 aby 5l el ol 4o axatls ol 3l

33. Posturography
34. Postural sway

Lng):\.ilA‘saLd’)oulaLﬁowbbo‘sonOo)l.o..f:Js.A?
PSe[+FA %=+ [1¥-4/YR) 3y jlobine aly 3l 135 (58,Ses
Sgetp oaim0lits ¥ g ¥ Jolaor jo g pdisy (93] s
0955 10 O9e3lter 4 S gajlim 50 yaite Jlolize
T2 )0 JyiS 09,5 30 Lol d(PS/+XY) gy (oS 5 Sy ol
P>+ 0) s saaline (5 ol yuis b s 51 S

Cou

-

lig yos ) JSKitte oS 55 i pos il Slalllae ol 4o

Jols aly 5l 35 5 Slas 5 Jolad 5 o5 o Toglie ¢ titS

2 saal)5395 g Cop g oy ( JolaS g (undg S5
A a3 S pe el

Clyw g g Job caals jtals oncaslis mls

2 a5 el il 5 YL i (LsS S8 olrale
(2o daliyy (6l 51 g S8 09,5 & o Gtalojl 0,8
sl 5l 9590 Cedlad 5l pas L jLid 55 50 lilugi e 09
b JLad 5900 sl el jo (2als [0Y] coul (gl Lads
9 [OV] 05 bl o Joles JyuS 5 (sandg b (il
IS 6lp 5855 ol eiaslis gy 5 sy g
dalllas oo 505 dali (gl sy 0 a5 43 503l ansd Jolss

Siall 150 13 aly 31 1383, Shas 1 (g 5 gy 30 5000 g (0 36 G340




Y oylods NA 0590 NPT ol

aly 51 538 Gl pusio 15 (o205 5 uilsly Julod @l g (Shaogs SN D Jgur

Saracdl it il
(531 03151) (5 solize getanw
o5 55 Oy yo 09,5 J5S 095 )
,ga’&o
'J.w ))‘ f‘ ”B?;” b’; . RIS of J a
T Y - ovilom  ogeilute osilom ogeilute
2955% (190 I . Js
5955 90l Sy
SVE Y Y LW et oA AR VYVESAY  VRVEY  VYRENS M3
(1) (1Y) (A (1Y) = = = = = 1R
SOVl L R 1 AAELA VYRR VYAE-[A VYEES[A f E—
() (V) (1) (- - - - - N
M
F S A e B VMR T VI N 0 S
(D) (D) (1) (+I¥Y) = = = = 8y
SN A Y Y o o
SAE [+ o5 ato/fd  VIME. a8t /00 vt %
Cha) I () (e [SAE] YIRALe/FD  YIMEFE  YAAE/ vavem ¢ %
fe¥ IVl ey WNEEVAL WRREVAY  AWSVEYYY  YVEEYS.  E &
(1Y) (1% (YA (+]o) - - - - - &
JOEA e WY e[y . <
INeEelerd  NAYRVE VSEVOA  SlofERA ssakay G S
(V) (K8) (1Y) (W YRF VEFRAA A PP &L
6-\‘1)1;39’
b
K NS 2 IR, TR NP e v
JAVES[oY VISR IOFEVYD  FIYVEY IYas)/ ]
AL i (i R o Y OVIASRVYR  SIOREVYD  SINVEVYY  SIYARVYY £
P<+/+0 gl 4o (5 olins *

Jolbs 5 (Fendy JAS o9 2 Syl il o5 5 A
39 ad Al ol dddlas o lacelle jo aly 5l 38 sl
1 s yod daliy ol Gz 51 S o (Jloia! i puunilSe dlsl
D9 28 S Jolss ogugs

tow pladl Lolas jo A5 oS > aals asojls aly 51 38
L dyen Jolia (35 aiads 5 (5,055 2lS 2o
S sl 5 chends 1y Jolas JS e G
Sl s a1y aly ) 35 o Shae 5 035 on 3%l |
Sl pod b [PF NPT ol ol porr bgins Jlossl 2al58l b 4
dgage Ohiells jo 1y Jolie 35> aials (lgs g0 odlS
ool gl g awe idiey 1y (60,Ses (S5 > dials b iy
Sk il pSea |y aly 5l 538 alersl (50, Sles RIS
Sl 00 Al Jolas dgage g (o2uiS liy yoi Jiws il
el o1, Jolas 5 Zansp JyS a5 o Sl
LPFPN] iy 09

S9re A 3l sl 135 gl laly jo (S g5 g 08 092
5lS g 54y Dse g5 gy ey gal33l L [0 ] o

3 el il i raslivo (55 o sloisil sl 45 o5ls o0
SEALSES 8 sl bt o Kot g o [VF] i8Sl aly
el ol plan lE'g0 S ayl i 50 (2 sB by o 50
Ok O Sen g ;S JOA] &5l (6 yieS bogius yhas al, 5
L e @08 0yl Cepw Gl b seglie by yod ais,S
4 9 St Sgupp | aly 51 09,8 9 dge0 plSin g lly o5y
ot Sad 5 s90058 [08] 8,5 S boghas oz tals
@zl ol Sguy o WlgS o by oy Sl o3 i3S
Omly ple (G Cundg yige JFUS ameye g Lid 55 5
A1 45 0guge 5o g 0, Kuden Y] 09 als 5l el
O3 o aly 3l o8, Yo plin of3T Bl e pus 5 s
Olas Ty ool (5508 (n yed 0)95 S 5l g ol il
gy (S Ol i oy Sl Slalllae ol [F0] wisls
anlllas zubs b a5 wilooks oylai |y aly 51 el oy 8,Shes

[FY] 55 IPY] toglin [7V] 288 iy o3 51 oS ym
Qs 38 80 Jolad gy Jius &iyg0as [YY] Jolss o

Siall 5150 13 dly 31 1383, Sha 1 (oS 5 Sig ol y3l0 S0 g (0306 (G340 YA




¥ ooylods A 0,90 NF+Y 50l

Sl o3l o aly 51 el by 9 38, YU plSin 12 e
&y G (6208 ety by aallos S 31 [V ] io S 551,
Ol 9 Vb ey o o [YV] aisS oo 4,35 aly I Jluils 0,81
Mrion G G5 39 53 3] e 5 b 4 ) o5,
sbs Sl sl s ine 9 g coslr (Sl Sl 9 [VY]
GreS o3lil paimon [YY] sl diadlis ol 31 o 5 Slas 2als”
9 U1y (25 pasls aly 5 (23, oy s Wb sl oY e

LFF] o al 3 38 o Slae

53 oy 6o oo slagasls 5l (S ()l pplS e puo
Sl el 551 40 sudiolonyl ol ot 51 G 08 g0 rguno
Al 55 lad Jagl pis 35 428y ol uanl gy (alS o ylaiallis
Sy G ol ol b a5 a3 05
Ol58l oaumo ) Lits A5 0gud ga sy hBIS Ay oeie iyllsg
V] sl aly 51 )85 (o> (Gmdg J 565 Sl (55 > a0
JUCI- T L JOPT A IR P ST RUET S-SR ON W J
s oo ploxil (6 i o by g pailbliz |y IS > cbgius
YL Cepu gynlil [VY] sl Copus 2215 L ol jors aS
[VF] ol oy JsisS 50 3L olles 5l ol aly 51,35 plSC
Loy coylacalls jo Gy (slo oblgs Sgup b amd g0 o)lts 4
Ag|)6.“5).>;@&5.\3‘»;&.\:3‘)43&%6&‘533‘;&»‘
2 022l 9,0l [VO] axe oo ploxl g o 9 Sls) &30
slogage 31 (U Blgoe 1) 4y 5l 485 Cep Sl g Gl
Cails Ol yo3 ploxil 51 ool

Al Wlgs ge 23y Ol wilsls las Slallas
ars alidl 1y clasedl 28y oy Cepw (Sdl 5 50,5es
a5l 05 e (ali8l g so aST alee SIIVY (VP
ol D )55 9308 cCanils Jasi po T o) polo anlllas
oy Ce g a5 b SMlae & jad 10 ans cwiellu Bl 4o
Sy jd «yad 40 Cand Lo o 3IL[VA] ol ol jor (28,
J}]c ) ‘) 9y JL&G‘ 9 SRS o0 QL..’LJ Q:.AISJ.:.‘ (5)“31-.‘\"[?
A5l SIS Sy ST alaxl pladis, b (sl pelS
iy 593 ol il el o ol 3lsgS 1S Job
Al aily cillae gy ddei Cod b b b uiS s oo
S8 2alS 4 ol ol sy oo ST la 4y assl [YA]
Oles (Ml 9 ()0 pplS Cae s ShalS 4y poeie lasedlis y
I ablie gl Gy G5l Sy oS 09 0 aly 51,35
9 0ly 9 @ ya8 ans dlox 5l Dae 8 Slas 5y glladls
[Veled Sz

S Mae o Sles wlgioe plate (o855 Sliyes
O eJelis e (2alS b JBlas b atde ague 1y lasedle
anlllae iy yoi dnliyy 5l ot &S oyl [VA] wiS” Lads |
sl e S5 g 5 5,08 olet |, il
Olasedles o (Ju el aldlae 1 oad Jol> SMac Cogis

L chas 1 o8 oVl B b Juo 4 aly 31 3 5 e
Sl (Jeglie Dl yed Sgdioa S (WS (g0 Jeood
olyod 508 (all L g wad oo 5l |y wDlas 50 9,0 dles
o Lol S o S il 4 Ll ool
DVP] 0kl Bal8 aly 51,38 oo 008 &y wiald 35 - il
Slageasly 13 39ue 9 (5 Sl Sl b (paizmen (5508 Sl je5
WS (o0 Jotud |y Jolos Lo g pndg J 5 ¢ e grae
slgs llsF 5 el 1L o Jolas b Dlse g3 [5Y Y]
Ol (0,95 poy ol Jols @y 3k ez 98 @2
Gl 1) boghus Jlas o 2alS 5 col (5958 5 oo slenn:
Cad s 5] it 955 @ o 0l U5 el S8 yo .00 0
bl 2 o 5l 5 a5t ge 20l Jlzs gy ST s
ST oMU & Fly 0 pgad 4 SDlae 65 Slee
e 550 9 Ol (h9y (B a5 [PY] sl e Jolas
iy 5 gyl el iialles 5 st g 08 il
2 Gsbe Sl gl [ 5,08 DS > oS S L A

LPF-FF1 o s Jolas S g 90,5ee slocad b

RS 53 S il azeils acalls 3 a5 ol 135
9 o229 J S dgaty 4o (Jolas Sl i [FV] ol Jolas
IYY] col PS50 anall ol il jo bgiaw yhas als”

e oras Gt sl (il ol b Sliy a3 )l
9 6 5ko ol el bigy g bl S, (b (25,2
oo Slos 10 3gage 5 (o sl b ol sla gllail
[PA] 0ed so alizes =S, ylby bl ol Jolss
Wipd oo 8 Bun | ols adlie S hid a5 SNl
OQ%GOJS.L«G‘;}”ﬁ@@‘@j&)éééjdﬂéﬁ}f
oS slodaliyy il (S35 05039, Aallsy 3L 10
s9ige 5T S 1o U iz o o oS (S iz
Cud )b 09 10 (0yuf g Joloi 5 (55,0 diald 008 wiile)
ol 3 Jeols (slaogue 9 disiud She dollus ol Bl (60 Slos
ol gt 2 anslin (359 Dl yo3 S 5 M
Ol i [VF] a2 oo ylid | el ol 31 jo aly 5 105 ol
S slecalld o 5l 9,90 i o llys (0S5
el sl g so gycnlil [PA] d@s oo iudiey 1) 0403,
9 S5 e sioglie o S Sy pod 5l S o iy po daliyy 45
slalolay fols tude b ol 12! Lol aslllas jo aS” Jolws
9 @y Sl plail oS o asals Jolds aly 5l 357 (60, Sles
aly 5135 5 Slac 5 Jolad Spsge 8 Jolas 55 5 e s
< 1 PRUCON VI JU: Y

Oles 9 )il al po o SalS suiad i piznen gults

el Sguge (it g aly 5l el (s 9 38, WU ol S
S yiale3l 09,5 0 aly 5l eyl (raaly 9. 538, YU cylo g3
9 Solor (loj al3l Ko g guitasg 09 J5S 09,5 4

Siall 150 13 aly 31 1383, Shas 1 (g 5 gy 30 5000 g (0 36 G340




9 Sl Slaellus jo aly 51 38, Y o, Sos 3 5 )9 allote
i ol 5 38 8 Shac 1 an 855 it e Oty
S 350 ol | aly 5 35 53 lipabl 3] sisne o
Ol g0yl [FO] auS co S |y Waaly 51 poloe ool
welbe logsz ) Slowar slod,Slas 3ga2 9 gl 5395
50 R30Sy 1 losg3dl g e 3l
alox o 5145 oty 092 slacadgazme yol> agh 4
S3lysS pas ploye 4 (g lal digas (09 yario 4 g5 o0
|5) w)ls s Og>g pis ‘ulf.x....Sc.S].:; 6‘).: aslllao
y98 (6,503l pae caly (ool 8055 Adli tuny 5l LL 4
Slgiig 0,5 o,Ll Cideaily (6K (903l olid 9 dlac
duglie Cyz Coiz 90 1o jpax b (6 iy Olalllas 99 oo
P jLisyge slaallss Cajgmme b (o)) Sl pos S
ol yo Cglie ciedlw Jayl,ds (gl ool 5 aly 5,38
Lylpd )0 g (Dlae 08 alo 5l os ius sl mSoslasl b
oezeen 9 gzl Jelge 9 QEALSES 1 (gl oddigilygS
Sl rizeen 098 plnl Gasnily (62K laogasl b
b3y (sladabiuny 53y 9 (i liel gz Slalllae
Slodin aly (a0l 5095 dali jiuw s alox3l (sasadlis 039> b

£

Dy 5o
2R (6 a5 S

Sgag el wilg go oS 5 Sl yo ol (LS dalllae oyl
olydl o ol joboay .09l aly | A5 o wadles (o se o Slos
Joles 5™ emdg lilisgi 50 b 35l s 081, 5 50 srall
slaslitnl g S JyuS e aly 5 05 plSa 1) 095
3 2 lagiler b ablis sl 1) s 50l 5 5k (&5~
9 0le) R L eizrad (o5 5 Sl o3 S Sl 51,308
Sl 5095 g 399 ol yo laiadls yo aly 51,38 e o ol
S oiddylas aS ols el laiedle o 1y aly 5l \38
S0 uS aazgily .ol O3 ol g0 aly 5l (38 o Slae o
9 S8 9 0059y Sacalled o aly 5| )35 Slacuadse
38kec 3542 5 Syl 5 Glatells gl o egilly jlas
S5 5 (e85 y9 Ol yo3 amitys plaiellis o aly 5l )38
3 58 el (55900 Sl 2 95T b S 5 iy
Olaiedles gl Jolas g 3 e yad ¢ 55> asals Jold aly
D9 50 drg

35. Postural sway

Y oylods NA 0590 NPT ol

b s (nl - Condls g &5 2 s 39042 59 G0
oglin Ol yo3 a8 wisls Hlid aST[A] o)) o g aig LS
5o selles 8,81 o )Sae 39 9 loy Lol Eels wilgs o
e a5l 38 cep ) (L2l @ & ol Sen
pac cul JAV] olas ciyllas (38 S5 oslive o) )9 Alsloe
(& pSolail gla s, o Colds jI cdb cunl San Slgen

bl dsllae jo GBS ES b g Ol ped daliy

ol 5l 158 s Gl g8 Sl 525
ol (gD J 73S g Jolad Sgugrecinils fai o 4y, ol
9 38 dee Jlgj b da o &)l S eplaiallis po a1 538
Gl pplE s ey s Jolas o Pl .l sass'als o
ol baSpe S50 (59 )Shae ciylly 3l (srpmg il 15 alli 5
5 ot Jole Jolas alio 0,8as g bles blae alads o
Ol 9 058y Vb alex 5l 60 Shoe Casllsg (ronl 5 @y 51,2
s Cyaizmed Jolss e a5 ol sly [V] cunl aly oui
dalog 45 09 g0 aly 31 38 jailblizes g jatual o Slos 4y
astrgily V] ool atalles ol 3l gl 5 loubo Lipuas (63,Slae
wedlos ol ydle Glow glocad b 5 (Soiels b pl5S Srals
9y P el Sz b 22l Oley g Salex oy 4
Olej 5 il al>pe oy Galil azays 5 ails Lo laaly
(38l Sl (a0 &S B3 0 &y ES 2 Sug s alS 5 JS
LY T bl payl g Jolai bad> > Sl

Ol ;8 g, S855 Sgupy pol> dalllas gl Koo
Sy plgiea el lS095 00 Sl yed gl 5l ey 050
S so 4385 Slai 50 aly 51,087 8 il 00iiS ey
P oS o5 palS alox 5l Sy gladSles 2251
3By cullad Cudgaze g 3, oy jo Pl ¢ Jolss
39 9 &5 Sy o0 i a4y dhate [V] cl o e el
i yo3 0 oo (el 5055 il b lad Shee ol
sl b yols adllae Ltolejl 05,8 o odds S 54,
ol cely codl (Sas ¢ glowr slod,Sles )0 9
oS plizran bl 00l bogius 5l 5 S g sual g5
O 1y S Sliayed sl 5 g el 5055 5 S5nge
Solse ) Cpizmen (al)S0g5 Sgugs JAY-AY] iles S
|y yolo dalllas 1o aly 51 38 oo ial3Hl ol g 4 o
g B jsbay (SFLaly, Jelge ey Lasye )T 4
V] At Ja5 o Lol 51 )35 ety

9 Consl ol aly 5l 38 5 Vol ey b ool 5l 5

4 e aly 51 535 50 liebl B8l g (maly ool 5005
oy Yo plSan 5 265 ey g ailbliee glo)liB) 592
s 655, alandy (ool 5095 [F0 FF] 89 o aly

Siall 5150 13 dly 31 1383, Sha 1 (oS 5 Sig ol y3l0 S0 g (0306 (G340

rY.




¥ ooylods A 0,90 NF+Y 50l

S Ollae
g3 B Jaol 3 (595w

P! paass w0 ddllae ol Ghagy b
(IR coledel olfadls (o5 oy slaghoagh 5
cbaley 5 cd 3,0 o 5 ol ULREC.1398.081)
4op .05 oo (IRCT20180101038168N1) el ol
5 033,5 Lol g aslllas 1, alalST cols, o6 oFuses,s
g Lgaoms anlllas Jobo o lag)T 398

Sb ol

3 ol sage (655 adaie dllus, 3l 43,5,y allie

pole ouSidls (Mol S > g (23559 (owlidicaml 0g)F
o allus, 31 43,5 s allie eyl Consl lgdhol oSy ¢ o9
Ho ol ylount oKtk Lansgs 5 ad () 3B G0gee (6,35

Sl 00D

A S Lt allie cpyl (g 5lwoslel yo A g5 ples
&lo (45 )85

O adlio (5 ka5 Allie pal ey B g5 ol i
‘_43,5).\5 9 M

olzils caalllas ol 4o 0asiS'eS s o8 dot 5l B diaany g5

Oleo (Sl olKtils ctselgd pole suSiils g o)
LS o 58 9 ;85 g el sy o ol e il

Siall 150 13 aly 31 1383, Shas 1 (g 5 gy 30 5000 g (0 36 G340



https://ethics.research.ac.ir/EthicsProposalView.php?id=106428
https://www.ui.ac.ir/
https://fa.irct.ir/
https://ethics.research.ac.ir/EthicsProposalView.php?id=106428
https://en.irct.ir/trial/47351
https://fa.irct.ir/
https://www.ui.ac.ir/
https://www.ui.ac.ir/
https://rehab.mui.ac.ir/
https://www.ui.ac.ir/

SALMAND

IRANIAN JOURNAL OF AGEING

References

[1] Shigematsu R, Chang M, Yabushita N, Sakai T, Nakagaichi M,
Nho H, et al. Dance based aerobic exercise may improve indices
of falling risk in older women. Age and Ageing. 2002; 31(4):261-6.
[DOI:10.1093/ ageing/31.4.261] [PMID]

[2] Mehdizadeh S, Van Ooteghem K, Gulka H, Nabavi H, Faieghi
M, Taati B, et al. A systematic review of center of pressure meas-
ures to quantify gait changes in older adults. Experimental Ger-
ontology. 2021; 143:111170. [DOI:10.1016/j.exger.2020.111170]
[PMID]

[3] Stel VS, Smit JH, Pluijm SM, Lips P. Consequences of fall-
ing in older men and women and risk factors for health service
use and functional decline. Age and Ageing. 2004; 33(1):58-65.
[DOI:10.1093/ ageing/ath028] [PMID]

[4] Chang JT, Morton SC, Rubenstein LZ, Mojica WA, Maglione
M, Suttorp M], et al. Interventions for the prevention of falls
in older adults: Systematic review and meta-analysis of ran-
domised clinical trials. BM]. 2004; 328(7441):680. [DOI:10.1136/
bm;j.328.7441.680] [PMID] [PMCID]

[5] Vaishya R, Vaish A. Falls in older adults are serious. Indian Jour-
nal of Orthopaedics. 2020; 54(1):69-74. [DOI:10.1007 / s43465-019-
00037-x] [PMID] [PMCID]

[6] Protopapadaki A, Drechsler WI, Cramp MC, Coutts FJ, Scott
OM. Hip, knee, ankle kinematics and kinetics during stair ascent
and descent in healthy young individuals. Clinical Biomechan-
ics. 2007; 22(2):203-10. [DOI:10.1016/j.clinbiomech.2006.09.010]
[PMID]

[7] Tiedemann AC, Sherrington C, Lord SR. Physical and psycho-
logical factors associated with stair negotiation performance in
older people. The Journals of Gerontology. Series A, Biological Sci-
ences and Medical Sciences. 2007; 62(11):1259-65. [DOI:10.1093/
gerona/62.11.1259] [PMID]

[8] Startzell JK, Owens DA, Mulfinger LM, Cavanagh PR. Stair ne-
gotiation in older people: A review. Journal of the American Geri-
atrics Society. 2000; 48(5):567-80. [DOI:10.1111 /§.1532-5415.2000.
tb05006.x] [PMID]

[9] Williamson JD, Fried LP. Characterization of older adults
who attribute functional decrements to “old age”. Jour-
nal of the American Geriatrics Society. 1996; 44(12):1429-34.
[DOI:10.1111/j.1532-5415.1996.tb04066.x] [PMID]

[10] Cohen HH, Templer ], Archea J. An analysis of occupational
stair accident patterns. Journal of Safety Research. 1985; 16(4):171-
81. [DOI:10.1016,/0022-4375(85)90004-0]

11] Roys MS. Serious stair injuries can be prevented by im-
o4 J p y
proved stair design. Applied Ergonomics. 2001; 32(2):135-9.
[DOI:10.1016,/50003-6870(00)00049-1] [PMID]

[12] Buckley JG, Heasley K, Scally A, Elliott DB. The effects of blur-
ring vision on medio-lateral balance during stepping up or down
to a new level in the elderly. Gait & Posture. 2005; 22(2):146-53.
[DOI:10.1016/j.gaitpost.2004.08.006] [PMID]

[13] Qu X. Effects of lower-limb muscular fatigue on stair gait. Jour-
nal of Biomechanics. 2015; 48(15):4059-64. [DOI:10.1016/j.jbio-
mech.2015.10.004] [PMID]

[14] Bosse I, Oberlinder KD, Savelberg HH, Meijer K, Briiggemann
G-P, Karamanidis K. Dynamic stability control in younger and
older adults during stair descent. Human Movement Science.
2012;31(6):1560-70. [DOI:10.1016/j.humov.2012.05.003] [PMID]

Autumn 2023. Vol 18. Issue 3

[15] Ojha HA, Kern RW, Lin CH, Winstein CJ. Age affects the at-
tentional demands of stair ambulation: Evidence from a dual-task
Approach. Physical Therapy. 2009; 89(10):1080-8. [DOIL:10.2522/
Pt.20080187] [PMID]

[16] Gavin JP, Reeves ND, Jones DA, Roys M, Buckley JG, Baltzo-
poulos V, et al. Combined resistance and stretching exercise train-
ing benefits stair descent biomechanics in older adults. Frontiers
in Physiology. 2019; 10:873. [DOI:10.3389/ fphys.2019.00873]
[PMID] [PMCID]

[17] Silsupadol P, Siu KC, Shumway-Cook A, Woollacott MH.
Training of balance under single-and dual-task conditions in
older adults with balance impairment. Physical Therapy. 2006;
86(2):269-81. [DOI:10.1093/ ptj/86.2.269] [PMID]

[18] Ren P, Huang S, Feng Y, Chen ], Wang Q, Guo Y, et al. Assess-
ment of balance control subsystems by artificial intelligence. IEEE
Transactions on Neural Systems and Rehabilitation Engineering.
2020; 28(3):658-68. [DOIL:10.1109/ TNSRE.2020.2966784] [PMID]

[19] Sibley KM, Beauchamp MK, Van Ooteghem K, Straus SE,
Jaglal SB. Using the systems framework for postural control to
analyze the components of balance evaluated in standardized
balance measures: A scoping review. Archives of Physical Medi-
cine and Rehabilitation. 2015; 96(1):122-32.€29. [DOI:10.1016/j.
apmr.2014.06.021] [PMID]

[20] Westcott SL, Lowes LP, Richardson PK. Evaluation of pos-
tural stability in children: Current theories and assessment tools.
Physical Therapy. 1997; 77(6):629-45. [DOI:10.1093 / ptj/ 77.6.629]
[PMID]

[21] Qu X, Hu X. Lower-extremity kinematics and postural sta-
bility during stair negotiation: Effects of two cognitive tasks.
Clinical Biomechanics. 2014; 29(1):40-6. [DOI:10.1016/j.clinbio-
mech.2013.11.006] [PMID]

[22] Hwang HF, Cheng CH, Chien DK, Yu WY, Lin MR. Risk factors
for traumatic brain injuries during falls in older persons. Journal
of Head Trauma Rehabilitation. 2015; 30(6):E9-17. [DOI:10.1097/
HTR.0000000000000093] [PMID]

[23] Alcock L, O'Brien TD, Vanicek N. Association between soma-
tosensory, visual and vestibular contributions to postural control,
reactive balance capacity and healthy ageing in older women.
Health Care for Women International. 2018; 39(12):1366-80. [DO
1:10.1080/07399332.2018.1499106] [PMID]

[24] Hortobégyi T, Mizelle C, Beam S, DeVita P. Old adults perform
activities of daily living near their maximal capabilities. The Jour-
nals of Gerontology Series A: Biological Sciences and Medical Sci-
ences. 2003; 58(5):M453-60. [DOI:10.1093/ gerona/58.5.M453]
[PMID]

[25] Sherrington C, Fairhall N, Wallbank G, Tiedemann A, Michaleff
ZA, Howard K, et al. Exercise for preventing falls in older peo-
ple living in the community: An abridged Cochrane systematic
review. British Journal of Sports Medicine. 2020; 54(15):885-91.
[DOI:10.1136/ bjsports-2019-101512] [PMID]

[26] Thomas E, Battaglia G, Patti A, Brusa J, Leonardi V, Palma
A, et al. Physical activity programs for balance and fall preven-
tion in elderly: A systematic review. Medicine (Baltimore). 2019;
98(27):e16218. [DOI:10.1097/MD.0000000000016218] [PMID]
[PMCID]

Ghaderian M, et al. The Effect of Combined Training on Stair Negotiation Performance in Older Men. Iranian Journal of Ageing. 2023; 18(3):304-325.



https://doi.org/10.1093/ageing/31.4.261
https://www.ncbi.nlm.nih.gov/pubmed/12147563
https://doi.org/10.1016/j.exger.2020.111170
https://www.ncbi.nlm.nih.gov/pubmed/33238173
https://doi.org/10.1093/ageing/afh028
https://www.ncbi.nlm.nih.gov/pubmed/14695865
https://doi.org/10.1136/bmj.328.7441.680
https://doi.org/10.1136/bmj.328.7441.680
https://www.ncbi.nlm.nih.gov/pubmed/15031239
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC381224
https://doi.org/10.1007/s43465-019-00037-x
https://doi.org/10.1007/s43465-019-00037-x
https://www.ncbi.nlm.nih.gov/pubmed/32257019
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7093636
https://doi.org/10.1016/j.clinbiomech.2006.09.010
https://www.ncbi.nlm.nih.gov/pubmed/17126461
https://doi.org/10.1093/gerona/62.11.1259
https://doi.org/10.1093/gerona/62.11.1259
https://www.ncbi.nlm.nih.gov/pubmed/18000146
https://doi.org/10.1111/j.1532-5415.2000.tb05006.x
https://doi.org/10.1111/j.1532-5415.2000.tb05006.x
https://www.ncbi.nlm.nih.gov/pubmed/10811553
https://doi.org/10.1111/j.1532-5415.1996.tb04066.x
https://www.ncbi.nlm.nih.gov/pubmed/8951311
https://doi.org/10.1016/0022-4375(85)90004-0
https://doi.org/10.1016/S0003-6870(00)00049-1
https://www.ncbi.nlm.nih.gov/pubmed/11277505
https://doi.org/10.1016/j.gaitpost.2004.08.006
https://www.ncbi.nlm.nih.gov/pubmed/16139750
https://doi.org/10.1016/j.jbiomech.2015.10.004
https://doi.org/10.1016/j.jbiomech.2015.10.004
https://www.ncbi.nlm.nih.gov/pubmed/26477407
https://doi.org/10.1016/j.humov.2012.05.003
https://www.ncbi.nlm.nih.gov/pubmed/22853941
https://doi.org/10.2522/ptj.20080187
https://doi.org/10.2522/ptj.20080187
https://www.ncbi.nlm.nih.gov/pubmed/19661159
https://doi.org/10.3389/fphys.2019.00873
https://www.ncbi.nlm.nih.gov/pubmed/31379594
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6653065
https://doi.org/10.1093/ptj/86.2.269
https://www.ncbi.nlm.nih.gov/pubmed/16445340
https://doi.org/10.1109/TNSRE.2020.2966784
https://www.ncbi.nlm.nih.gov/pubmed/31944981
https://doi.org/10.1016/j.apmr.2014.06.021
https://doi.org/10.1016/j.apmr.2014.06.021
https://www.ncbi.nlm.nih.gov/pubmed/25073007
https://doi.org/10.1093/ptj/77.6.629
https://www.ncbi.nlm.nih.gov/pubmed/9184688
https://doi.org/10.1016/j.clinbiomech.2013.11.006
https://doi.org/10.1016/j.clinbiomech.2013.11.006
https://www.ncbi.nlm.nih.gov/pubmed/24315711
https://doi.org/10.1097/HTR.0000000000000093
https://doi.org/10.1097/HTR.0000000000000093
https://www.ncbi.nlm.nih.gov/pubmed/25629257
https://doi.org/10.1080/07399332.2018.1499106
https://doi.org/10.1080/07399332.2018.1499106
https://www.ncbi.nlm.nih.gov/pubmed/30395787
https://doi.org/10.1093/gerona/58.5.M453
https://www.ncbi.nlm.nih.gov/pubmed/12730256
https://doi.org/10.1136/bjsports-2019-101512
https://www.ncbi.nlm.nih.gov/pubmed/31792067
https://doi.org/10.1097/MD.0000000000016218
https://www.ncbi.nlm.nih.gov/pubmed/31277132
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6635278

Autumn 2023. Vol 18. Issue 3

[27] Lesinski M, Hortobagyi T, Muehlbauer T, Gollhofer A, Gra-
nacher U. Effects of balance training on balance performance in
healthy older adults: A systematic review and meta-analysis.
Sports Medicine. 2015; 45(12):1721-38. [DOI:10.1007/s40279-
015-0375-y] [PMID] [PMCID]

[28] Wang LC, Ye MZ, Xiong J, Wang XQ, Wu JW, Zheng GH. Op-
timal exercise parameters of tai chi for balance performance in
older adults: A m eta_analysis. Journal of the American Geriatrics
Society. 2021; 69(7):2000-10. [DOI:10.1111/jgs.17094] [PMID]

[29] Li Y, Gao Y, Hu S, Chen H, Zhang M, Yang Y, et al. Effects of
multicomponent exercise on the muscle strength, muscle endur-
ance and balance of frail older adults: A meta_analysis of ran-
domised controlled trials. Journal of Clinical Nursing. 2023; 32(9-
10):1795-805. [DOI:10.1111/jocn.16196]

[30] Zhang W, Low LF, Gwynn ]D, Clemson L. Interventions to
improve gait in older adults with cognitive impairment: A sys-
tematic review. Journal of the American Geriatrics Society. 2019;
67(2):381-91. [DOI:10.1111/jgs.15660] [PMID]

[31] Farahpour N, Shayeste M, Jafarnezhadgero A. [A comparison
of squat and leg press training protocols on center of pressure
alterations and ground reaction force during step descent (Per-
sian)]. Journal of Applied Exercise Physiology. 2018; 13(26):213-
24. [Link]

[32] Kim HD, Han JT, Cho YH. The effectiveness of community-
based Tai Chi training on balance control during stair descent by
older adults. Journal of Physical Therapy Science. 2009; 21(4):317-
23. [DOI:10.1589/jpts.21.317]

[33] Jadczak AD, Makwana N, Luscombe-Marsh N, Visvanathan
R, Schultz TJ. Effectiveness of exercise interventions on physical
function in community-dwelling frail older people: An umbrella
review of systematic reviews. JBI Database of Systematic Reviews
and Implementation Reports. 2018; 16(3):752-75. [DOI:10.11124/
JBISRIR-2017-003551] [PMID]

[34] Campani D, Caristia S, Amariglio A, Piscone S, Ferrara LI,
Bortoluzzi S, et al. Effective, sustainable, and transferable physi-
cal exercise interventions for fall prevention among older peo-
ple. Public Health Nursing. 2021; 38(6):1140-76. [DOI:10.1111/
phn.12949] [PMID]

[35] Jacobs JV. A review of stairway falls and stair negotiation: Les-
sons learned and future needs to reduce injury. Gait & Posture.
2016; 49:159-67. [DOI:10.1016/j.gaitpost.2016.06.030] [PMID]

[36] Jofré-Saldia E, Villalobos-Gorigoitia A, Gea-Garcia G. Effects
of multicomponent exercise program with progressive phases
on functional capacity, fitness, quality of life, dual-task and
physiological variables in older adults: Randomized controlled
trial protocol. Revista Espariola de Geriatria y Gerontologifa. 2021;
56(5):272-8. [DOI:10.1016/j.regg.2021.04.006] [PMID]

[37] Jafarnezhadgero A, Madadi-Shad M, McCrum C, Karama-
nidis K. Effects of corrective training on drop landing ground
reaction force characteristics and lower limb kinematics in older
adults with genu valgus: A randomized controlled trial. Journal
of Aging and Physical Activity. 2019; 27(1):9-17. [DOI:10.1123/
japa.2017-0315] [PMID]

[38] Hamel KA, Okita N, Bus SA, Cavanagh PR. A comparison of
foot/ ground interaction during stair negotiation and level walk-
ing in young and older women. Ergonomics. 2005; 48(8):1047-56.
[DOI:10.1080/00140130500193665] [PMID]

SALMAND

IRANIAN JOURNAL OF AGEING

[39] Yu B. Effect of external marker sets on between-day repro-
ducibility of knee kinematics and kinetics in stair climbing and
level walking. Research in Sports Medicine. 2003; 11(4):209-18.
[DOI:10.1080/714041037] [PMID]

[40] Li KW, Huang SY, Chiu WH. Ground reaction force and re-
quired friction during stair ascent and descent. Human Factors
and Ergonomics in Manufacturing & Service Industries. 2017;
27(1):66-73. [DOI:10.1002/hfm.20691]

[41] Jafarnezhadgero A, Fatollahi A, Amirzadeh N, Siahkouhian
M, Granacher U. Ground reaction forces and muscle activity
while walking on sand versus stable ground in individuals with
pronated feet compared with healthy controls. PloS One. 2019;
14(9):e0223219. [DOI:10.1371/journal.pone.0223219] [PMID]
[PMCID]

[42] Oh-Park M, Perera S, Verghese J. Clinically meaningful change
in stair negotiation performance in older adults. Gait & Posture.
2012; 36(3):532-6. [DOI:10.1016/j.gaitpost.2012.05.015] [PMID]
[PMCID]

[43] Del Corral T, Vivas-Mateos ], Castillo-Pelaz M, Aguilar-Zafra
S, Lopez-de-Uralde-Villanueva I. Development of stratified nor-
mative data and reference equations for the timed up and down
stairs test for healthy children 6-14 years of age. Physiotherapy.
2021; 112:31-40. [DOI:10.1016/j.physio.2021.03.002] [PMID]

[44] Altmeier D, Kempe M, Memmert D. Stair self-efficacy ques-
tionnaire to test the ability of stair negotiation for older people.
German Journal of Exercise and Sport Research. 2018; 48(1):40-7.
[DOI:10.1007/512662-017-0483-y]

[45] Hamel KA, Cavanagh PR. Stair performance in people aged
75 and older. Journal of the American Geriatrics Society. 2004;
52(4):563-7. [DOI:10.1111/§.1532-5415.2004.52162.x] [PMID]

[46] Best-Martini  E,  Jones-DiGenova KA.
for frail elders. Champaign: Human kinetics;
[DOI:10.5040/9781492597353]

Exercise
2014.

[47] Cutler K. Home exercise guide for adults and seniors: Fitness
and nutrition. Lost temple fitness: Strength, balance, flexibil-
ity, myofascial release, nutrition. California: CreateSpace; 2018.
[Link]

[48] Baechle TR, Westcott WL. Fitness professionals guide to
strength training older adults. Champaign: Human Kinetics Pub-
lishers; 2010. [Link]

[49] Nelson ME, Rejeski WJ, Blair SN, Duncan PW, Judge JO, King
AGC, et al. Physical activity and public health in older adults: Rec-
ommendation from the American College of Sports Medicine and
the American Heart Association. Circulation. 2007; 116(9):1094-
105. [DOI:10.1161/ CIRCULATIONAHA.107.185650] [PMID]

[50] Richardson JT. Eta squared and partial eta squared as meas-
ures of effect size in educational research. Educational Research
Review. 2011; 6(2):135-47. [DOI:10.1016/j.edurev.2010.12.001]

[51] Dutil M, Handrigan GA, Corbeil P, Cantin V, Simoneau M, Te-
asdale N, et al. The impact of obesity on balance control in com-
munity-dwelling older women. Age (Dordr). 2013; 35(3):883-90.
[DOI:10.1007/s11357-012-9386-x] [PMID] [PMCID]

[52] Raymakers JA, Samson MM, Verhaar HJ. The assessment of
body sway and the choice of the stability parameter (s). Gait &
Posture. 2005; 21(1):48-58. [DOI:10.1016/j.gaitpost.2003.11.006]
[PMID]

Ghaderian M, et al. The Effect of Combined Training on Stair Negotiation Performance in Older Men. Iranian Journal of Ageing. 2023; 18(3):304-325.



https://doi.org/10.1007/s40279-015-0375-y
https://doi.org/10.1007/s40279-015-0375-y
https://www.ncbi.nlm.nih.gov/pubmed/26325622
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4656699
https://doi.org/10.1111/jgs.17094
https://www.ncbi.nlm.nih.gov/pubmed/33769556
https://doi.org/10.1111/jocn.16196
https://doi.org/10.1111/jgs.15660
https://www.ncbi.nlm.nih.gov/pubmed/30506754
https://asp.journals.umz.ac.ir/article_1689_en.html?lang=en
https://doi.org/10.1589/jpts.21.317
https://doi.org/10.11124/JBISRIR-2017-003551
https://doi.org/10.11124/JBISRIR-2017-003551
https://www.ncbi.nlm.nih.gov/pubmed/29521871
https://doi.org/10.1111/phn.12949
https://doi.org/10.1111/phn.12949
https://www.ncbi.nlm.nih.gov/pubmed/34388281
https://doi.org/10.1016/j.gaitpost.2016.06.030
https://www.ncbi.nlm.nih.gov/pubmed/27427833
https://doi.org/10.1016/j.regg.2021.04.006
https://www.ncbi.nlm.nih.gov/pubmed/34112535
https://doi.org/10.1123/japa.2017-0315
https://doi.org/10.1123/japa.2017-0315
https://www.ncbi.nlm.nih.gov/pubmed/29485356
https://doi.org/10.1080/00140130500193665
https://www.ncbi.nlm.nih.gov/pubmed/16147420
https://doi.org/10.1080/714041037
https://www.ncbi.nlm.nih.gov/pubmed/21851315
https://doi.org/10.1002/hfm.20691
https://doi.org/10.1371/journal.pone.0223219
https://www.ncbi.nlm.nih.gov/pubmed/31557258
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6762175
https://doi.org/10.1016/j.gaitpost.2012.05.015
https://www.ncbi.nlm.nih.gov/pubmed/22748468
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3596419
https://doi.org/10.1016/j.physio.2021.03.002
https://www.ncbi.nlm.nih.gov/pubmed/34015718
https://doi.org/10.1007/s12662-017-0483-y
https://doi.org/10.1111/j.1532-5415.2004.52162.x
https://www.ncbi.nlm.nih.gov/pubmed/15066071
https://doi.org/10.5040/9781492597353
https://www.amazon.com/dp/1981980679?ref_=cm_sw_r_cp_ud_dp_NF49T7KN04KSMDFTSN3Q
https://researchworks.creighton.edu/esploro/outputs/book/Fitness-Professionals-Guide-to-Strength-Training/991005932255002656
https://doi.org/10.1161/CIRCULATIONAHA.107.185650
https://www.ncbi.nlm.nih.gov/pubmed/17671236
https://doi.org/10.1016/j.edurev.2010.12.001
https://doi.org/10.1007/s11357-012-9386-x
https://www.ncbi.nlm.nih.gov/pubmed/22318311
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3636380
https://doi.org/10.1016/j.gaitpost.2003.11.006
https://www.ncbi.nlm.nih.gov/pubmed/15536033

SALMAND

IRANIAN JOURNAL OF AGEING

[53] Wu R, De Vito G, Delahunt E, Ditroilo M. Age-related changes
in motor function (I). Mechanical and neuromuscular factors.
International Journal of Sports Medicine. 2020; 41(11):709-19.
[DOI:10.1055/ a-1144-3408]

[54] Wang SJ, Xu DQ, Su LN, Li JX. Effect of long-term exercise
training on static postural control in older adults: A cross-section-
al study. Research in Sports Medicine. 2020; 28(4):553-62. [DOI:10
.1080/15438627.2020.1795661] [PMID]

[55] Low DC, Walsh GS, Arkesteijn M. Effectiveness of exercise
interventions to improve postural control in older adults: A sys-
tematic review and meta-analyses of centre of pressure meas-
urements. Sports Medicine. 2017; 47(1):101-12. [DOI:10.1007/
$40279-016-0559-0] [PMID] [PMCID]

[56] Lemos ECWM, Guadagnin EC, Mota CB. Influence of strength
training and multicomponent training on the functionality of
older adults: Systematic review and meta-analysis. Revista Bra-
sileira de Cineantropometria & Desempenho Humano. 2020; 22.
[DOI:10.1590/1980-0037.2020v22e6070]

[57] Zouita S, Zouhal H, Ferchichi H, Paillard T, Dziri C, Hack-
ney AC, et al. Effects of combined balance and strength training
on measures of balance and muscle strength in older women
with a history of falls. Frontiers in Physiology. 2020; 11:619016.
[DOI:10.3389/ fphys.2020.619016] [PMID] [PMCID]

[58] Li Y, Song Q, Li L, Sun W, Zhang C. Tai Chi practitioners have
lower fall risks under dual-task conditions during stair descend-
ing. Plos One. 2021; 16(2):e0246292. [DOI:10.1371/journal.
pone.0246292] [PMID] [PMCID]

[59] Handsaker JC, Brown SJ, Bowling FL, Maganaris CN, Boulton
AJ, Reeves ND. Resistance exercise training increases lower limb
speed of strength generation during stair ascent and descent in
people with diabetic peripheral neuropathy. Diabetic Medicine.
2016; 33(1):97-104. [DOI:10.1111/ dme.12841] [PMID]

[60] Holsgaard-Larsen A, Caserotti P, Puggaard L, Aagaard P.
Stair-ascent performance in elderly women: Effect of explosive
strength training. Journal of Aging and Physical Activity. 2011;
19(2):117-36. [DOI:10.1123 /japa.19.2.117] [PMID]

[61] Vittala G, Sundari LPR, Basuki N, Kuswardhani RAT,
Purnawati S, Muliarta IM. The addition of active stretching to
balance strategy exercise is the most effective as a home-based
exercise program in improving the balance of the elderly. Jour-
nal of Mid-Life Health. 2021; 12(4):294-8. [DOI:10.4103/jmh.
jmh_184_21] [PMID] [PMCID]

[62] Drozdova-Statkeviciene M, Cesnaitiene V], Levin O, Pauwels
L, Pukénas K, Helsen WF, et al. The beneficial effects of acute
strength training on sway activity and sway regularity in healthy
older men: Evidence from a posturography study. Neuroscience
Letters. 2021; 749:135718. [DOI:10.1016/j.neulet.2021.135718]
[PMID]

[63] Piirainen JM, Cronin NJ, Avela J, Linnamo V. Effects of plyo-
metric and pneumatic explosive strength training on neuro-
muscular function and dynamic balance control in 60-70 year
old males. Journal of Electromyography and Kinesiology. 2014;
24(2):246-52. [DOI:10.1016/j jelekin.2014.01.010] [PMID]

[64] Behm DG, Kay AD, Trajano GS, Alizadeh S, Blazevich AJ.
Effects of stretching on injury risk reduction and balance.
Journal of Clinical Exercise Physiology. 2021; 10(3):106-16.
[DOI:10.31189/2165-6193-10.3.106]

Autumn 2023. Vol 18. Issue 3

[65] Vetrovsky T, Steffl M, Stastny P, Tufano JJ. The efficacy and
safety of lower-limb plyometric training in older adults: A system-
atic review. Sports Medicine. 2019; 49(1):113-31. [DOI:10.1007/
s40279-018-1018-x] [PMID] [PMCID]

[66] Moran J, Ramirez-Campillo R, Granacher U. Effects of jump-
ing exercise on muscular power in older adults: A meta-analysis.
Sports Medicine. 2018; 48(12):2843-57. [DOI:10.1007/s40279-
018-1002-5] [PMID]

[67] Lee HJ, Chou LS. Balance control during stair negotiation
in older adults. Journal of Biomechanics. 2007; 40(11):2530-6.
[DOI:10.1016//j.jbiomech.2006.11.001] [PMID]

[68] Rogers ME, Page P, Takeshima N. Balance training for the older
athlete. International Journal of Sports Physical Therapy. 2013;
8(4):517-30. [PMID]

[69] Wolf R, Locks RR, Lopes PB, Bento PCB, Rodacki ALF, Carraro
AN, et al. Multicomponent exercise training improves gait abil-
ity of older women rather than strength training: A randomized
controlled trial. Journal of Aging Research. 2020; 2020:6345753.
[DOI:10.1155/2020/6345753] [PMID] [PMCID]

[70] Brustio PR, Magistro D, Liubicich ME. Changes in tempo-
ral parameters during performance of the Step Test in older
adults. Gait & Posture. 2015; 41(1):217-21. [DOI:10.1016/j.gait-
post.2014.10.006] [PMID]

[71] Zietz D, Johannsen L, Hollands M. Stepping characteristics
and centre of mass control during stair descent: Effects of age,
fall risk and visual factors. Gait & Posture. 2011; 34(2):279-84.
[DOI:10.1016/j.gaitpost.2011.05.017] [PMID]

[72] Nightingale EJ, Pourkazemi F, Hiller CE. Systematic review of
timed stair tests. Journal of Rehabilitation Research and Devel-
opment. 2014; 51(3):335-50. [DOI:10.1682/JRRD.2013.06.0148]
[PMID]

[73] Oh-Park M, Wang C, Verghese J. Stair negotiation time in
community-dwelling older adults: Normative values and as-
sociation with functional decline. Archives of Physical Medi-
cine and Rehabilitation. 2011; 92(12):2006-11. [DOIL:10.1016/j.
apmr.2011.07.193] [PMID] [PMCID]

[74] Yang TH, Huang CF. Stepping characteristics before stair walk-
ing transitons in taichi elderly. ISBS-Conference Proceedings Ar-
chive. 2013; 1-3. [Link]

[75] Novak AC, Brouwer B. Sagittal and frontal lower limb joint
moments during stair ascent and descent in young and older
adults. Gait & Posture. 2011; 33(1):54-60. [DOI:10.1016/j.gait-
post.2010.09.024] [PMID]

[76] Hortobagyi T, Lesinski M, Gabler M, VanSwearingen JM,
Malatesta D, Granacher U. Effects of three types of exercise in-
terventions on healthy old adults’ gait speed: A systematic re-
view and meta-analysis. Sports Medicine. 2015; 45(12):1627-43.
[DOI:10.1007 / s40279-015-0371-2] [PMID] [PMCID]

[77] Lopopolo RB, Greco M, Sullivan D, Craik RL, Mangione KK.
Effect of therapeutic exercise on gait speed in community-dwell-
ing elderly people: A meta-analysis. Physical Therapy. 2006;
86(4):520-40. [DOI:10.1093/ ptj/86.4.520] [PMID]

[78] LaRoche DP, Millett ED, Kralian R]. Low strength is related to
diminished ground reaction forces and walking performance in
older women. Gait & Posture. 2011; 33(4):668-72. [DOI:10.1016/j.
gaitpost.2011.02.022] [PMID] [PMCID]

Ghaderian M, et al. The Effect of Combined Training on Stair Negotiation Performance in Older Men. Iranian Journal of Ageing. 2023; 18(3):304-325.



https://doi.org/10.1055/a-1144-3408
https://doi.org/10.1080/15438627.2020.1795661
https://doi.org/10.1080/15438627.2020.1795661
https://www.ncbi.nlm.nih.gov/pubmed/32686490
https://doi.org/10.1007/s40279-016-0559-0
https://doi.org/10.1007/s40279-016-0559-0
https://www.ncbi.nlm.nih.gov/pubmed/27245061
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5215248
https://doi.org/10.1590/1980-0037.2020v22e6070
https://doi.org/10.3389/fphys.2020.619016
https://www.ncbi.nlm.nih.gov/pubmed/33424642
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7786296
https://doi.org/10.1371/journal.pone.0246292
https://doi.org/10.1371/journal.pone.0246292
https://www.ncbi.nlm.nih.gov/pubmed/33539403
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7861538
https://doi.org/10.1111/dme.12841
https://www.ncbi.nlm.nih.gov/pubmed/26108438
https://doi.org/10.1123/japa.19.2.117
https://www.ncbi.nlm.nih.gov/pubmed/21558567
https://doi.org/10.4103/jmh.jmh_184_21
https://doi.org/10.4103/jmh.jmh_184_21
https://www.ncbi.nlm.nih.gov/pubmed/35264836
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8849147
https://doi.org/10.1016/j.neulet.2021.135718
https://www.ncbi.nlm.nih.gov/pubmed/33600901
https://doi.org/10.1016/j.jelekin.2014.01.010
https://www.ncbi.nlm.nih.gov/pubmed/24581701
https://doi.org/10.31189/2165-6193-10.3.106
https://doi.org/10.1007/s40279-018-1018-x
https://doi.org/10.1007/s40279-018-1018-x
https://www.ncbi.nlm.nih.gov/pubmed/30387072
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6349785
https://doi.org/10.1007/s40279-018-1002-5
https://doi.org/10.1007/s40279-018-1002-5
https://www.ncbi.nlm.nih.gov/pubmed/30341594
https://doi.org/10.1016/j.jbiomech.2006.11.001
https://www.ncbi.nlm.nih.gov/pubmed/17239890
https://pubmed.ncbi.nlm.nih.gov/24175135/
https://doi.org/10.1155/2020/6345753
https://www.ncbi.nlm.nih.gov/pubmed/33014466
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7519190
https://doi.org/10.1016/j.gaitpost.2014.10.006
https://doi.org/10.1016/j.gaitpost.2014.10.006
https://www.ncbi.nlm.nih.gov/pubmed/25455210
https://doi.org/10.1016/j.gaitpost.2011.05.017
https://www.ncbi.nlm.nih.gov/pubmed/21680187
https://doi.org/10.1682/JRRD.2013.06.0148
https://www.ncbi.nlm.nih.gov/pubmed/25019658
https://doi.org/10.1016/j.apmr.2011.07.193
https://doi.org/10.1016/j.apmr.2011.07.193
https://www.ncbi.nlm.nih.gov/pubmed/22133249
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3229719
https://ojs.ub.uni-konstanz.de/cpa/article/view/5740
https://doi.org/10.1016/j.gaitpost.2010.09.024
https://doi.org/10.1016/j.gaitpost.2010.09.024
https://www.ncbi.nlm.nih.gov/pubmed/21036615
https://doi.org/10.1007/s40279-015-0371-2
https://www.ncbi.nlm.nih.gov/pubmed/26286449
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4656792
https://doi.org/10.1093/ptj/86.4.520
https://www.ncbi.nlm.nih.gov/pubmed/16579669
https://doi.org/10.1016/j.gaitpost.2011.02.022
https://doi.org/10.1016/j.gaitpost.2011.02.022
https://www.ncbi.nlm.nih.gov/pubmed/21458271
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3110067

SALMAND
IRANIAN JOURNAL OF AGEING

[79] LaStayo PC, Ewy GA, Pierotti DD, Johns RK, Lindstedt S. The
positive effects of negative work: Increased muscle strength and
decreased fall risk in a frail elderly population. The Journals of
Gerontology: Series A. 2003; 58(5):M419-24. [DOI:10.1093/
gerona/58.5.M419] [PMID]

[80] Fiatarone MA, O'Neill EF, Ryan ND, Clements KM, Solares
GR, Nelson ME, et al. Exercise training and nutritional supple-
mentation for physical frailty in very elderly people. New Eng-
land Journal of Medicine. 1994; 330(25):1769-75. [DOI:10.1056/
NEJM199406233302501] [PMID]

[81] Mian OS, Thom JM, Narici MV, Baltzopoulos V. Kinematics of
stair descent in young and older adults and the impact of exercise
training. Gait & Posture. 2007; 25(1):9-17. [DOI:10.1016/].gait-
post.2005.12.014] [PMID]

[82] Allen MD, Dalton BH, Gilmore K], McNeil CJ, Doherty TJ,
Rice CL, et al. Neuroprotective effects of exercise on the aging
human neuromuscular system. Experimental Gerontology. 2021;
152:111465. [DOI:10.1016/j.exger.2021.111465] [PMID]

[83] Halvarsson A, Franzén E, Stéhle A. Balance training with multi-
task exercises improves fall-related self-efficacy, gait, balance per-
formance and physical function in older adults with osteoporo-
sis: A randomized controlled trial. Clinical Rehabilitation. 2015;
29(4):365-75. [DOI:10.1177 / 0269215514544983] [PMID]

Ghaderian M, et al. The Effect of Combined Training on Stair Negotiation Performance in Older Men. Iranian Journal of Ageing. 2023; 18(3):304-325.



https://doi.org/10.1093/gerona/58.5.M419
https://doi.org/10.1093/gerona/58.5.M419
https://www.ncbi.nlm.nih.gov/pubmed/12730250
https://doi.org/10.1056/NEJM199406233302501
https://doi.org/10.1056/NEJM199406233302501
https://www.ncbi.nlm.nih.gov/pubmed/8190152
https://doi.org/10.1016/j.gaitpost.2005.12.014
https://doi.org/10.1016/j.gaitpost.2005.12.014
https://www.ncbi.nlm.nih.gov/pubmed/16481170
https://doi.org/10.1016/j.exger.2021.111465
https://www.ncbi.nlm.nih.gov/pubmed/34224847
https://doi.org/10.1177/0269215514544983
https://www.ncbi.nlm.nih.gov/pubmed/25142277

