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Extended Abstract

Background and Purpose

Sarcopenia, or reduction of muscle mass, has been reported to occur in 50% of people over 80
years of age and is an important risk factor for functional disability and poor physical
performance. Elderly people with sarcopenia experience problems such as balance, fear of falling,
mobility, and decreased muscle strength. Previous studies have shown that reactive
neuromuscular training (RNT) can lead to improved mobility and functional balance. RNT
improves proprioception and dynamic stability, which can result in postural awareness,
adaptations in balance, and improved position sense. RNT emphasizes precise body position to
enhance dynamic stabilization of the muscular system, thus can improve functional activities. The
purpose of this study was to investigate the effect of RNT exercises on functional mobility,
balance, fear of falling, and muscle fitness of elderly people with sarcopenia.

Materials and Methods

In this semi-experimental study, 30 elderly people with the age range of 60 to 75 years (15
experimental group, N = 15; control group, N = 15) suffering from sarcopenia in Amol city were
recruited as samples with the confirmation of a physician. The sampling method was purposeful
in which participants were chosen according to inclusion and exclusion criteria. G-Power software
was used to determine the sample size with a statistical power of 80%, a confidence interval of
95%, and an effect size of 0.7. Sarcopenia was assessed according to the criteria of the European
Working Group on Sarcopenia in Older People (EWGSOP). Berg Balance Scale (BBS) was used
to evaluate balance. Fear of falling was assessed using the FES-I (International Fall Efficiency
Scale) questionnaire, which has 16 items related to 16 activities of daily living. Timed Up and Go
test (TUG) was used to evaluate functional mobility. For performing the TUG test, the subject
sits on a standard chair with a height of 46 cm, and the time required for the participant to get up
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from the chair, walk a distance of three meters, go around a specified place, and return to sit on
the chair is recorded by a digital timer.

For assessing upper and lower extremity muscle fitness, the 30-second bicep curl test and 30-
second sit-to-stand test were used respectively. The muscular fitness of the upper limb was
evaluated using the biceps curl with a dumbbell in 30 seconds. The weight of the dumbbell for
men was 3.63 kg and for women 2.27 kg.

The experimental group performed eight weeks of reactive neuromuscular exercises, three
sessions a week, a total of 24 sessions, each session lasting 45—60 minutes. The control group did
not perform any activity during this period. The intensity of the exercises increased by
manipulating the time of execution of the movement or the level and type of movement. In the
final weeks, the maximum possible amount of pressure was considered according to the condition
of the people. It should be noted that the intensity of the exercises used in the present study was
recommended by the American College of Sports Medicine (ACSM).

SPSS software version 26 was utilized for data analysis. The normality of the data distribution
was checked by the Shapiro-Wilk test. Analysis of covariance and Bonferroni’s post hoc test were
used to compare research variables in two experimental and control groups at a significance level
of p=10.05.

Findings

The two groups included 30 elderly people with an average age of 64.93 + 4.11 years, height
169.23 + 7.88 cm, weight 73.70 + 8.14 kg, and body mass index 25.55 + 1.85 kg/m?2. There was
no significant difference in demographic characteristics between the two groups.

ANCOVA results showed a significant difference between the experimental and control groups
(F =48.82, p=0.001, n* = 0.64) in Berg Balance Scale. Specifically, the scores of the balance
test in the experimental group increased significantly after the intervention. The results of the
ANCOVA test showed a significant effect of RNT exercises on the functional mobility of the
older people with sarcopenia (F = 64.26, p = 0.001, > = 0.51). In fact, the time of the Timed Up
and Go test was significantly reduced in the experimental group.

There was no significant difference between the experimental and control groups in the fear of
falling variable (F = 2.86, p = 1.02, 1 = 0.11). Also, RNT exercises significantly improved the
muscle fitness of the upper limb (2 = 0.59, p = 0.001, F = 29) and lower limb (n*> = 0.53, p =
0.001, F =30.06) in the experimental group compared to the control group.

Conclusion

It seems that RNT is effective in improving balance, mobility, and muscle fitness. RNT could
improve the sense of proprioception and movement control pattern. These exercises affect balance
and functional mobility and, by improving muscle fitness, help older people to cope better in
activities of daily living. The strength of the upper and lower limbs is one of the important factors
in maintaining the balance of older people with sarcopenia. Additionally, maintaining functional
independence and performing daily necessary tasks by older people should be achieved by
improving the level of mobility and functional balance. Considering the lack of effect of RNT on
the fear of falling, it is suggested to consider more time for exercises in future research.
Keywords: Elderly, Muscle Atrophy, Proprioception, Muscle Strength

Article Message

Reactive neuromuscular training can be considered an effective training modality for improving
balance, joint mobility, and lower and upper limb strength in older adults with sarcopenia.
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Table 3- Two-way analysis of variance results for group, time and interaction effects

. . ‘ o
1]2 P F & Al urio
Dependent variable

0.64 0.001 44.82 el

Group
0.52 0.001 32.41 o) Jolss

Time

B Balance
09,5 # oloj

0.68 0.001 53.22 Time *

Group

¥R o e IF 099 VoY log c o y9 b olelllas aolibind



Ol So g (oiwy (Fudd YY

Sholai 3 oo 03,8 I quwy 1 51 A3 ybgd il sl Sl (y303] S Y Jgur
Table 3- Two-way analysis of variance results for group, time and interaction effects

& dionily gt

2
F
L P Dependent variable
0.51 0.001 64.26 g
Group
0.42 0.001 43.38 obs
’ ' ’ Time (4:6) TUG
09,5 3 oo
0.48 0.001 59.74 Time *
Group
0.1 0.102 2.86 el
Group
0.15 0.09 2.92 T% 5 Lgies 3 oy
Lme Fear of fall
095 # oloj
0.14 0.13 2.68 Time *
Group
0.59 0.001 29.90 = e Sl
Group =
et @1553 Pl"‘j‘
[Ghad)
0.63 0.001 34.82 g Us)
05,5 # oo Upper
0.54 0.001 30.47 Time * extremity
strength
Group
0.53 0.001 30.06 e e Sl
Group
L ELEIPARY
[Ghad)
0.57 0.001 36.14 ey s
09,5 # oo LOWC.I'
0.55 0.001 31.23 Time * extremity
strength
Group
S5 4 g Cny

bgias 5l o S itz ool (iS5 (e prme Dl pos dtie St 8l ) pol> ko San
Jols g bline JI oaaSTly oMas cvae Slo el 09 oS le @ Miwe laiadle o Dlac Sobl
i oaalie J5S g 278 09,5 O (6 loline Doglis bgias 3l w5 5 Lol caiidls (Mae (Solel g 6y itz
Olviedles (60 Slos Joles g 4 yomie o2STy Dlac guae Ol yoi aba Cuta ol lid pol> gbod mls
5 TaSSE 5 (V) oLlen 5 T35k (YA lKen 5 ' ulargy liiiod b 5o cal @l ol (5% Lo adlw
L] Jolss slodilio (15 45 0 oy 5 2 yoliio 5l oolitis] b Jolas oo uions ;5 emgmnn (F+) o San

1. Rojas
2. Barnes
3. Gaedtke

¥R o e IF 099 VoY log c o y9 b olelllas aolibind



\y w9 (S i (SO 1 STy (A oas Uiy poi 3l
Olie ) 35l Sy Jolas (9031 50 (6 icknd @l (kT )l 4 Mo ol 31 45 0t o wb Slalllas el gy
SNhae cuac Olo o ol Gaazs 1o Ll (YY) (Gl S lil cutn 295 L a4y Do ol 31y &l jes (Jlie
oS (Seglie sl ooliinl b apisn Sgug 5 bl jsb ar (2055, Le @ Die (el jo 1, S g3l O jed (25T
&y Sl edlae alex sl Jolss Jaas (sl 5Lis jae CDlae ol o Jlasl (auSly (Dlae crae Ol o3 S 0
Slacaye 5l a8 95d oo IMas plSovinl 5 &j08 aliEl cely DMas Cogl cnl Wl se Cusdi (o S e 5 95k
Npss ot &S U8 Jyol 5l (o25Sly (GHlas cuae Dl o5 (TV) Conl (o255 Ty (Mlae cuae Ol o5 Lol
) S0 > 1 6y S 5 B S (S8 lialles il ol iy dgege | Ll 35 > (glagSII b
2 I3 38 SlapacslSe 51 K0 (Ko 5 (I o> (Siblod 5 ae > Sy g 10,05 5 05 Ly
g ol S o aiile) e Sl 5l 5 8Ly (slbosed STy s s Sl pi el Joles
DL, b asS o SoS o8l s lasgage (nl waiidn oo 35 | (5> slagwly L lagl (Soalon g (008 9 Joolio
sasly 6,5 54 oSly dlac geae Sl i (YY) aiil adls gy Jols g S JpuS i 1) 09>
Soole oS 0 S 1) (gd 5 (el (HE;0) easmsnls OMae pljee Sl 5 mpe (S~
Sllwgs Zdlal )3 g sisu o dgupe |y (S5, (ow> 3,95 3b (S LSS (caaSly (SMae prae Sl pod p &L s sien
05 o0 58 S Slalasél (Symey 5Se ek a4 08 AT Gloj aBlyys S co W) cege GBS pmuly
¢ Emmars ATT TF) atns oo il |, AT J 255 1 4055 5 3395 o S, (0l ) (sl cslagsil
S 2l310s ( Dl cnae S 5 hoe oo S| Gy 5l Butee (2351 (e grae Sl po w5
i (58 )l 4 Mie plaielles jo Jolsd d9ee sl 5550

o sl (53,8t (5 iy iz 2 25Ty e gt Sl olins 1ol 32 gl 5] o0 5o
9 TS5 9 (V) ohler 5 '35k wlivion b g0,Sles iz (ogas )0 Bl glaalily g (sS,le &
69, hae S 5 5 Lo o e sloiom i | o5 (TUG) (558, ol 5 (5l e g (FY) ] K
el aS el (g pdy iz g a8 (Seolus Jolad dgugs 0020 Lis TUG cs (le ;0 Sguge -l laiadls o
ot 55Ty ke st i e (1) 33 e PEST s Shiae o0 (2AIS e &y igsS s 4y Sine o131
Siae (Sl plail (g5 9 &)08 Sgnge rigren 5 (8STy Jols Slas Bl g b 1) bpali (nl (colaisl ok
Cond Gloy @08y Jols oS 5 L sz (oo sladel p el ool ooy lis Jle sl (YD) s oo Hl,8
O X)) a2 o oS ol o |y bsdw 4.0 s TUG

ssb & (2iSTy (ae puae Ol a3 45 383 0o LS (TUG) (5233 ol 5 (yiasls 5051 slyz j0 0 ,Shoe 05
5 255l (P gt Sl o5 (1) am o i | g b Lo o P e DS 55
shgie (Nwad 15 tiidn go dge ) (&5, 2L 5 (s G (Solos (B0 (5,08 Dl e i
Sy (e mae Sy ped 018 0929 (SMae slagll S S alog 1Sl sla a5 (s pdy iz Sl G
I 5, o L e 3L sl o 505 (50 Skes IS 5 55 bl ol (shass S
Ssisn olog Jsb 35 o3as sk 5 (53loled Sl 5 A o Gilla s |y 5L Lol Lausss ontad]] Cuoglie
e gras Sy o3 (TT) WS o0 SoST o 3131 53 (L5 (5l 5 (63, 8hee S > Sgage a0 (e o5l ()l
S 5 o o 1y e e (Sinlas S5ty S5 S 5 colin 5 slagS] S L 2Ty

1. Barnes
2. Zech

¥R o e IF 099 VoY log c o y9 b olelllas aolibind



Oled g oty (> 1143
S a5 aisS Swlen i |y OMlac slos Slas a58> a5 0,5 o0 0L wips oo plosl 1) sleglie Ol o3 of 31 aS
Sl o3 5l (B0 S pd iz blpe o IS 5sb 4 (TV) 05800 05059, slatadlad )3 Joud S 5 p 5 Ol > 4
Sl i (al &8> 4 dtnly 9 by Saale ssiasplis (S (Seglie Sl pei b dnslis jo 28Ty (Sdlae pras
ALzl gloaile 555 mte 598 (elymn Sl yai b aslie 15 (63,Khos (clocklE 35ugs & e 0 oS
lozis G2l lils (538, ol 55 6,55l CoblE 5 JUEUT OIS 1> Sgue sl (225515 (Dlas gae DLy od )3 3525
(VY ol e a5, 555 slocadlad gl o

09,5 (2 1) )b Dglis bgin 5l o5 p (25T (e prae Sl ped S pga s polo Gdod laasily
5 O3l Sliied b (Jy asgunan (F7) 0,500 5 apadl 3o b Goiod (ol @l ol las J558 5 (028
win 033150 wiols HLiS 055 ko 0 LlKan 5 dxadtl Casguanl (TA) o Sad 5 twimo 5 (FV) o San
oL GhlSes 5 (il Bdos gl 5o Bk 51(VF) 3l Glasells )3 bgis 5l o5 52 (s obire S B g (o3
e (YY) aos oo (ol s )loloe job 4y laiadle jo 1) boaw 51 oy bgauw 5l (6, Kt ouine Ol yoi s
15 il oadoslitnl Sliyyes £o 5l bl sl San (FV) Ken § oudfl uios b pdlo 3 o guacanls
Sl yod pol 3adod )0 oS Jl ol ool bgi jl (6 Sty (aads Sy pod 5l oL 5 (il Geios
Dl yod wiold Las 093 Baiond ;0 55 OSed g (Swzme (23, )5 4 i)l (seges iz &S (LaiSTy (b cras
lm@'ayﬂ 50 Dol oy oo Ll 4 (YA) Wyl placedle jo bgaw 51wy 0 s ol Sl LisSTy Slac eac
S 5 e 5 5 2l S i 32 o 5k i slotily st e
BUNEYR IR St U g P TP g PRI U LU KON | WRW-1 ESp- S0 L S | EXS KVAPPIPN | IR KON | W E RPN
Ot i ok plol s 4 0l (Slow 5 Jlg)) gamaiz e (58l 4 M lasalle e o b
DA e Wb (6 iie plejine jo Bl yad plosil 4y 5l g, cnlil sl aBlas Slg) an 55 (pwguine jodS (0SS
08

Sl s ybline Jl p235ly (Dlas pras Slyyed ahe cde ol lis pol Goiod glaasdl (ol 2 093
2 Sly (ae gas Sl yed jlolae Jl ogas ;o (ol o slaatily o)ls Sliss 5 SBs plul (Sdlac
Gil3dl ) bb malS sl Jlsan (Fo) oLiKan 5 BT 5 (V) o, Ked 5 g liniow b b e Sli]
ohalS g alae o )08 ol e a4y (SMae 039 ;0 alS 09l oo DA hnd g (B9l el (S Sl o (e
Slayed )0 o S (S oy 0%us, (1)) wesse 8 (usS b Breys 1) 08 (Glowa 3 S
ol 5 o 4 Miem platalls oo 5 858 plail Bl (oLl 5 ol Sprge 15Ty (Dl e
Pl 55 Sl yas 251 53y e Canle o, Sl 2Ty €08 5 0l Spage s lign 3,5as, ol A5 e
3 gy ol JWil samojlis a5 0gd 4l SLS dguge 9 (S8 plul o LS ey g CES 0 Dgups (Sl
CFY) el Jss & o35 i

45 5o 4 10k anme (5looni S (s (S e Sl (3.5 ol bl Baae e e Sl o3
| il Joles 5 35 s hne oo (slaaiyn iy pad £33 a5 33500 el Bl slagialy S oS
loadlie aSly 5 oo Jlzmwl SO dgne Sl S (S5 > lagely 5o hass nalplo «(FY) 08 (oo o5 5
CPF) st o 3 35|y 8 el sl o Sk 0

Sl el ol ey 00 S5 4 W 5e (Dlae (Sobol 5 g itz (Jole S 2 2Ty (Dlas sras Dy yel
b g 95,08 a5l (0 Shae s pdytaiz p eldl ;0 5 JolsS p i (5> S8 (59801 g ae > Sgntp b

¥R o e IF 099 VoY log c o y9 b olelllas aolibind



"o g S g e (O g ubiSTy (AE pas Sliy po 53T
S plail a8 .05 15 18 b Saiy S 5l cwlin a3 > 50 0S o S8 ol 4 dhae  Solel sgap
el Lado Bk 5ol (2055 Lo 4 M plasells o5 ga 3181 Jolas Lad> 18 e (51,5351 alor 5l Sl
Cawd a5 60 Shoe Jola 5 6tz Glime G5 L b aialls Lawgs 5Lis g0 g 05059, 550l pll g (60 ,Shoe
e srae Sy o Gryb 5l 68,8 Sl po3 St 3l 5l LS a5 ol i gl @ 4z s b ol by sy
S5 ol 99,8 50, 5ee Sgnte p (05 0508 (nl Sl oolitul aS C8,5 az i g e w01 55T S (sl gnSB 25T
Sl 5o (95l Mo Glaialls o34 cgarell o595 slacnl

el b s o Slalllas 31 5l 45 390 (SrsS aigos o Sl 2053 ol 3l olocdgime ol oo
) @l G pdipeests Wl oo g9o50 (nl 4 0lo SagS digel > lagogeil 4 pwytwd )3 (5)lgds Lo 4
5 5ls Gras dagogesl ol able plai Salsls slojiie plo Gads pais S8 ams 8 psbeos
50 (o (ain o) (s cras Sl e 0,98 39 obisS 8l b mlt 5 wlg e K0 Glacs les
Sl s ssbiieds ) S F Yok syl slroyge sl s sany] Slaiz (lply w05y Gekod glacysgucme
logsasl pog (G sTle Sud o s bold i glacusgue ple WS ey (8 Sk
il Sl o3 plonil o W Sogesl gainl 5 05Kl (]S 09,5 g bt c(slasliinn

P 5 Jedan lalslas lacay LiaSTy SMac swac Sl ed a5 aes o lis addllae cpl sloazdl (gao )0
Dl pe3 (nl 288 3l (28l 4 Mie laiells o Cadls gdS Atz (paiz p Glejen ek 4 al 08
ko) (ae sl 5l 5 (ASly ey g (Db orae 5 Gl asile) (orae sla 5 jle 090 b losas
Jloline 05040 Jolas jloline 9:0 4 o bigy Jl 7wy J S Cusit Goybo 5l asly (e (Sobol 5 o308 2al38l
Coraz il 50 (3530 s (1ol 5 (TUG (a5l 30 05ue ) 60,8es S po (a3 (S 2 Jobs (905
Copde sloasly 5l pdlghe it glpea |) Sloye g9 ol Sl 8 @l (nl d9doo pdicos]
ey 5 g0 odSSsy ;o O GRS S50 g5 Sileise Kz 5955 o 3 SNty 9 (55l
S e 05T lazalls e

Ao ply

a8 holie (6 pdy Stz o Joled d5ue (6l (el Ao S i 4 Gl o |y 23Sy (e ae Sl o
Sle hE aiae gue8 )l 4 e laselle SBsé ¢ Sl sl

S ol Mo

a5 <l > IR.SHAROODUT.REC.1404.003 oo L 5g,ls _ixio olSiils 5 aneS 5| Limgsy 31 o8
OB W g &8 o

@l Aty g oot (B0 JooS 155l pout

OB oo ileosls (5l aex

oy (e JroS iools Jodoes

O Lo g (ooiim; (s oS rallie (253

@ lae a5 OS5 Lo ooty (00 oS g 9 (Sl

&lo P,

)5 92 pilo Balod b Lad o (Hlie (2)la5 oS et (G M3 el i

¥R o e IF 099 VoY log c o y9 b olelllas aolibind


https://ethics.shahroodut.ac.ir/

Ol So g (oiwy (Fudd \Ys

SN0 39 g WSS

G5en Sladot o5gm opl plxl jo a5 (e laedle den 511 0g Sloyud g Sis Lol allie Bang g

10.

11.

12.

13.

14.

15.

Ayl e il is S

&bo
Moretti A, Tomaino F, Paoletta M, Liguori S, Migliaccio S, Rondanelli M, et al. Physical exercise for
primary sarcopenia: an expert opinion. Frontiers in Rehabilitation Sciences. 2025; 6:1538336.
https://doi.org/10.3389/fresc.2025.1538336
Kim H, Kim J, Lee C, Kim S. Nutrition and exercise for sarcopenia treatment. Osteoporosis and
Sarcopenia. 2025. https://doi.org/10.1016/j.af0s.2025.01.004
Zhong Y, Chen P, Guo W, Wang Y, Xue Y, Chen P, et al. Effects of different neuromuscular training
modalities on balance performance in older adults: a systematic review and network meta-analysis.
Frontiers in Physiology. 2025; 16:1623908. https://doi.org/10.3389/fphys.2025.1623908
Xia Q, Zhou P, Li X, Li X, Zhang L, Fan X, et al. Factors associated with balance impairments in the
community-dwelling  elderly in urban China. BMC  Geriatrics.  2023;23(1):545.
https://doi.org/10.1186/s12877-023-04213-4
Barden LT. Functional mobility problems and potential solutions. University of Wisconsin--Madison;
1980.
Irandoust K, Taheri M, Mirmoezzi M, H’mida C, Chtourou H, Trabelsi K, et al. The effect of aquatic
exercise on postural mobility of healthy older adults with endomorphic somatotype. International
Journal of  Environmental Research and Public Health. 2019;16(22):4387.
https://doi.org/10.3390/ijerph16224387
Kraemer WJ, Spiering BA. Skeletal muscle physiology: plasticity and responses to exercise. Hormone
Research in Pediatrics. 2006;66(Suppl. 1):2-16. https://doi.org/10.1159/000091660
Taheri M, Mirmoezzi M, Sabaghi M. Effects of aquatic on balance and preventing of fall among
healthy elderly men. Journal of Safety Promotion and Injury Prevention. 2018;6(3):144-51.
Taheri M, Irandoost KH, Mirmoezzi M, Z T. Mental Practice, Yoga and Kouk Sun do exercises on
functional tests in elderly with mobility limitation. Middle Eastern Journal of Disability Studies.
2018;98(9):1-8.
del Campo Cervantes JM, Cervantes MHM, Torres RM. Effect of a resistance training program on
sarcopenia and functionality of the older adults living in a nursing home. The Journal of Nutrition,
Health and Aging. 2019;23(9):829-36. https://doi.org/10.1007/s12603-019-1253-7
Zhao H, Cheng R, Song G, Teng J, Shen S, Fu X, et al. The effect of resistance training on the
rehabilitation of elderly patients with sarcopenia: a meta-analysis. International Journal of
Environmental Research and Public Health. 2022;19(23):15491.
https://doi.org/10.3390/ijerph192315491
Molina-Sotomayor E, Espinoza-Salinas A, Arenas-Sanchez G, Pradas de la Fuente F, Leon-Prados JA,
Gonzalez-Jurado JA. Effects of resistance training program on muscle mass and muscle strength and
the relationship with cognition in older women. Sustainability. 2021;13(14):7687.
https://doi.org/10.3390/sul13147687
Karami S, Rajabi H, Shahidi F, Golab F. Examining adaptation in the response of stimulatory and
inhibitory genes of angiogenesis after resistance exercise intervention in older adults’ men. Research
in Sport Medicine and Technology. 2025;23(29):199-219.
Khorjahani A, Mirmoezzi M, Bagheri M, Kalantariyan M. Effects of TRX suspension training on
proprioception and muscle strength in female athletes with functional ankle instability. Asian Journal
of Sports Medicine. 2021;12(2). https://doi.org/10.5812/asjsm.113491
Rausch L. Functional mobility and balance of college-age adults before and after TRX® Suspension
Training. 2020.

¥R o e IF 099 VoY log c o y9 b olelllas aolibind


https://doi.org/10.3389/fresc.2025.1538336
https://doi.org/10.1016/j.afos.2025.01.004
https://doi.org/10.3389/fphys.2025.1623908
https://doi.org/10.1186/s12877-023-04213-4
https://doi.org/10.3390/ijerph16224387
https://doi.org/10.1159/000091660
https://doi.org/10.1007/s12603-019-1253-7
https://doi.org/10.3390/ijerph192315491
https://doi.org/10.3390/su13147687
https://doi.org/10.5812/asjsm.113491

Y 935 (b i (SOl (S Ty SHaE smas Sl poi i

16. Gaedtke A, Morat T. Effects of two 12-week strengthening programmes on functional mobility,
strength and balance of older adults: Comparison between TRX suspension training versus an elastic
band resistance training. Central European Journal of Sport Sciences and Medicine. 2016;13(1):49-64.
https://doi.org/10.18276/cej.2016.1-05

17. Kosmata A. Functional exercise training with the TRX suspension trainer in a dysfunctional, elderly
population: Citeseer; 2014.

18. Sharma S, Szabo I-Z, Danielsen MB, Andersen S, Nergaard JE, Lord SR, et al. Perturbation-based
balance training improves reactive balance and reduces falls in older people: A systematic review and
meta-analysis. medRxiv. 2025:2025.07.23.25331962. https://doi.org/10.1101/2025.07.23.25331962

19. Van Wouwe T, Afschrift M, Dalle S, Van Roie E, Koppo K, De Groote F. Adaptations in reactive
balance strategies in healthy older adults after a 3-week perturbation training program and after a 12-
week resistance training program. Frontiers in Sports and Active Living. 2021; 3:714555.
https://doi.org/10.3389/fspor.2021.714555

20. Govindasamy K, Rao CR, Chandrasekaran B, Parpa K, Granacher U. Effects of resistance training on
sarcopenia risk among healthy older adults: a scoping review of physiological mechanisms. Life.
2025;15(5):688. https://doi.org/10.3390/1ife15050688

21. Hassan BH, Hewitt J, Keogh JW, Bermeo S, Duque G, Henwood TR. Impact of resistance training on
sarcopenia in nursing care facilities: A pilot study. Geriatric nursing. 2016;37(2):116-21.
https://doi.org/10.1016/j.gerinurse.2015.10.008

22. Moradi M, Eskandari Z, Mirmoezzi M. TRX suspension functional training on functional balance and
mobility, lower limb strength and fear of falling in older adult men. The Scientific Journal of
Rehabilitation Medicine. 2021. https://doi.org/10.32598/SJIRM.12.5.4

23. Merchant RA, Chen MZ, Wong BLL, Ng SE, Shirooka H, Lim JY, et al. Relationship between fear of
falling, fear-related activity restriction, frailty, and sarcopenia. Journal of the American Geriatrics
Society. 2020;68(11):2602-8. https://doi.org/10.1111/jgs.16723

24. Christopher A, Kraft E, Olenick H, Kiesling R, Doty A. The reliability and validity of the Timed Up
and Go as a clinical tool in individuals with and without disabilities across a lifespan: a systematic
review: Psychometric properties of the Timed Up and Go. Disability and Rehabilitation.
2021;43(13):1799-813. https://doi.org/10.1080/09638288.2019.1597653

25. Medicine ACoS. ACSM's health-related physical fitness assessment manual. Lippincott Williams &
Wilkins; 2013.

26. Brewer I, Zimmerman J, Fyock-Martin M, Cortes N, Martin J. Does reactive neuromuscular training
increase gluteal musculature activation during squatting movements? a critically appraised topic.
International Journal of Athletic Therapy and Training. 2022;1(aop):1-6.
https://doi.org/10.1123/ijatt.2021-0011

27. Cook G, Burton L, Fields K. Reactive neuromuscular training for the anterior cruciate ligament-
deficient knee: a case report. Journal of Athletic Training. 1999;34(2):194.

28. Rojas-Valverde D, Gutiérrez-Luna D, Fallas-Campos A, Azofeifa-Mora C. Physical load control and
prescription during resistance suspension strap training. VIREF Revista de Educacion Fisica.
2020;9(4):13-26.

29. Barnes RY, Wilson M, Raubenheimer J. Effect of a core stability, M. gluteus medius and
proprioceptive exercise programme on dynamic postural control in netball players. South African
Journal for Research in Sport, Physical Education and Recreation. 2020;42(1):1-11.

30. Gaedtke A, Morat T. TRX suspension training: A new functional training approach for older adults—
development, training control and feasibility. International Journal of Exercise Science. 2015;8(3):224.
https://doi.org/10.70252/SWSX2936

31. Ishimoto R, Mutsuzaki H, Shimizu Y, Takeuchi R, Matsumoto S, Hada Y. Association between
sarcopenia and balance in patients undergoing inpatient rehabilitation after hip fractures: a
retrospective cohort study. Medicina. 2024;60(5):742. https://doi.org/10.3390/medicina60050742

32. Zech A, Hiibscher M, Vogt L, Banzer W, Hénsel F, Pfeifer K. Balance training for neuromuscular
control and performance enhancement: a systematic review. Journal of Athletic Training.
2010;45(4):392-403. https://doi.org/10.4085/1062-6050-45.4.392

¥R o e IF 099 VoY log c o y9 b olelllas aolibind


https://doi.org/10.18276/cej.2016.1-05
https://doi.org/10.1101/2025.07.23.25331962
https://doi.org/10.3389/fspor.2021.714555
https://doi.org/10.3390/life15050688
https://doi.org/10.1016/j.gerinurse.2015.10.008
https://doi.org/10.32598/SJRM.12.5.4
https://doi.org/10.1111/jgs.16723
https://doi.org/10.1080/09638288.2019.1597653
https://doi.org/10.1123/ijatt.2021-0011
https://doi.org/10.70252/SWSX2936
https://doi.org/10.3390/medicina60050742
https://doi.org/10.4085/1062-6050-45.4.392

Ol So g (oiwy (Fudd YA

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Sikora O, Lehnert M, Hanzlikova I, Hughes J. The impact of a novel neuromuscular training program
on leg stiffness, reactive strength, and landing biomechanics in amateur female rugby players. Applied
Sciences. 2023;13(3):1979. https://doi.org/10.3390/app13031979

Rossi LP, Pereira R, Brandalize M, Gomes ARS. The effects of a perturbation-based balance training
on the reactive neuromuscular control in community-dwelling older women: a randomized controlled
trial. Human Movement. 2013;14(3):238-46. https://doi.org/10.1186/s12877-023-03988-x

Gschwind YJ, Kressig RW, Lacroix A, Muehlbauer T, Pfenninger B, Granacher U. A best practice fall
prevention exercise program to improve balance, strength/power, and psychosocial health in older
adults: study protocol for a randomized controlled trial. BMC Geriatrics. 2013;13(1):105.
https://doi.org/10.1186/1471-2318-13-105

Schmid AA, Van Puymbroeck M, Koceja DM. Effect of a 12-week yoga intervention on fear of falling
and balance in older adults: a pilot study. Archives of Physical Medicine and Rehabilitation.
2010;91(4):576-83. https://doi.org/10.1016/j.apmr.2010.01.022

Khazanin H, Daneshmandi H, Fakoor Rashid H. Effect of selected fall-proof exercises on fear of falling
and quality of life in the elderly. Iranian Journal of Ageing. 2022;16(4):564-77.

Mohseni G, Mohammad Ali Nasab Firouzjah E. The effect of dynamic neuromuscular stabilization
exercises on balance and fear of falling in female elderly. Elderly Health Journal. 2023;9(1):16-22.
https://doi.org/10.18502/ehj.v9i1.13105

Seo M-W, Jung S-W, Kim S-W, Lee J-M, Jung HC, Song J-K. Effects of 16 weeks of resistance
training on muscle quality and muscle growth factors in older adult women with sarcopenia: a
randomized controlled trial. International Journal of Environmental Research and Public Health.
2021;18(13):6762. https://doi.org/10.3390/ijerph18136762

Silva AC, Pereira MA, Peixoto LM, Rosse IC, Junior JBF, de Oliveira EC, et al. 12 weeks of resistance
training with progressive intensity improves the diagnostic parameters of Sarcopenia in individuals of
advanced age. Geriatric Nursing. 2023;54:60-5. https://doi.org/10.1016/j.gerinurse.2023.03.004
Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyére O, Cederholm T, et al. Sarcopenia: revised
European consensus on definition and diagnosis. Age and Ageing. 2019;48(1):16-31.
https://doi.org/10.1093/ageing/afy 169

Sokhangu MK, Rahnama N, Etemadifar M, Rafeii M, Saberi A. Effect of neuromuscular exercises on
strength, proprioceptive receptors, and balance in females with multiple sclerosis. International Journal
of Preventive Medicine. 2021;12. https://doi.org/10.4103/ijpvm.IJPVM 387 20

Silva-Moya G, Méndez-Rebolledo G, Valdes-Badilla P, Gomez-Alvarez N, Guzman-Muiioz E. Effects
of neuromuscular training on psychomotor development and active joint position sense in school
children. Journal of Motor Behavior. 2022;54(1):57-66.
https://doi.org/10.1080/00222895.2020.1738777

Esposito G, Altavilla G, Di Domenico F, Aliberti S, D’Isanto T, D’Elia F. Proprioceptive training to
improve static and dynamic balance in elderly. International Journal of Statistics in Medical Research.
2021; 10:194-9. https://doi.org/10.6000/1929-6029.2021.10.28

¥R o e IF 099 VoY log c o y9 b olelllas aolibind


https://doi.org/10.3390/app13031979
https://doi.org/10.1186/s12877-023-03988-x
https://doi.org/10.1186/1471-2318-13-105
https://doi.org/10.1016/j.apmr.2010.01.022
https://doi.org/10.18502/ehj.v9i1.13105
https://doi.org/10.3390/ijerph18136762
https://doi.org/10.1016/j.gerinurse.2023.03.004
https://doi.org/10.1093/ageing/afy169
https://doi.org/10.4103/ijpvm.IJPVM_387_20
https://doi.org/10.1080/00222895.2020.1738777
https://doi.org/10.6000/1929-6029.2021.10.28

