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Abstract The goal of this study was to investigate the influence of exercise training with or without blood
flow restriction (BFR) on physical performance and balance in elderly females. Participants (N = 43) were
randomly divided into combined exercise with BFR group (n = 14, EX-BFR), only combine exercise group
(n =14, EX) or a non-exercise control group (n = 15, CON). Both EX-BFR and EX groups had completed
exercise training for 12 weeks. During the training period, the CON group maintained their normal lives.
After baseline tests, two-way repeated measures ANOVA with contrast testing was conducted using SPSS
22.0. Study results found that physical performance and balance in both EX-BFR and EX groups were
significantly improved, and fall index in both EX-BFR and EX groups were significantly decreased. There
were no changes in the CON group. In addition, the % change and effect size of all variables in the
EX-BFR group were larger than the EX group. So, the results showed that the EX-BFR group had
performed more intense exercise caused by restricted blood flow during the training period compared
to the EX group. Thus, exercise with BFR training may additionally influence physical performance and
balance in elderly females.
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1. M2

A AHElelA A7l wAg 7P 2 F MK 3
ol729] 1¥SHaging of population)?t B
(obesity)9] Z7toltH1-2]. 052 3Haging)Z <
o FAAHA Hol7t EHA 5] HhEe S
F(sarcopenia)@t AALETF FAE 59 Jod
Z(CSA: corss-sectional area)°] T4stal, 479
3719 =AF 04 I3l o] 2HH(muscle
hypertrophy)et & 3& W3johs 244G 113 (type 1
fibe)9 A7|¢t 7 EolEX, TAF @ AR 1T
3 HlgolA AR 139 HIEo] EolUA EHol 289
A517F WABRICHA]. 09k Bl Eo] k59| AA|2/JolA
AH9] Hlgo] WolA]= BT FrFo] AXAHHUA
159 o5 FAUo] Fadste TS HAA "ot
[51.

TS e3he =159 SRS 430 4EY] A
BAIA 7155 (functional performance)sd
o] olx&d], o] kRIS Y-S 9 Al
71 & 8Rlog 2RgsiHe], T3 A4l9] 22| oA
& HES Aok 55 &Y I35t B3 =I5 Y

-

T

=

=2

9] AFE EARIHTL. 0|2 Q5] 654] o] k&
2 28-35%, 7541 o1 kR 32-42%9 HIEE

i g Ao $ dojR 1, 0|2 AT Aole 54
(mobility)@ 75539 Aste REsta] Q159 4
9] AZ ASHAXITHS]. ol=gt A S =UEE
stof A1A|1A Aol (disability)E 7H &S oA
Hok= Zlo|tHo-101.

Tl w2l dRAIR-5(blood flow
restriction training)&°] AFEHI Y=, EFAHS-
T WS ALE 5 Ao dRAEE 7K = Qe A
I(cufDE Zolu o] 7P S FEo] 2-8sto] o]
ARE ARt 59 ERE =50 252 k= W
HoltH11-12]. & Al AA0] o]={gt AJ=go] LAYsIH
Ao 2 GAlo] 3ok £t ZoIX| 1L o7
MZHEDV: end diastolic volume)°] ZrAEal, o]
w2hA 13] BFEEHSV: stroke volume) E3F Zr4slo]
w2} I Qs AHEESHCO: cardiac output)S FA5H]
Qloto] ekt ASote ABTA f-8{cardiovascular
drift)7} AYSHAIETH13]. ot AR g A7
L9 52 B2 AR QlIsto] 1EL-F9 At
AyskA dcH14].

APAToA AL BFATS

o o
55 A%

gk

8 AT
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AFL5L  Z(strength) Z7HF  ZH]H(muscle
hypertrophy) S35 BRI vt A& f4kA &
S APeEY A= HolA| YStal[15-18]. 1L
AR S50l gyt B350 H|gte] oAl
=9 AT AXLEY Aol B 537t Qlokar B
EQTH19l X3 H77] o] & HFeE 8%t
FTIAE gEiE 25 I8 AT @RAS 1F
nT 28 ARE 123 254 (muscle thickness)
7t FAALE FoHA FFEA20], BEC] e
2 e R 85 ARAR AFEAT AvtiAge
APEAS Bl Ao TFEAY o] BAZL
2 95 Z71=ATH21). ol#et RE AT A3t
= ARE AFAR 50| ARE SEET ¥ 8E
o7 Az 2o 3-A 3
2 F 0T 53 vt AA R Yo a3t
AR YERA). AT RAIRE 50] BFAg0] &
sto ojE gt FFE F=Ao gt A= @A7HA F
3 Agolrk. A £ A7 AAE ERAG &
A5 qxdEoA AEetd B2 FeE HEHy
+5o] Fgho] A1, P T FHE AEiolA QlEL
71z2A=(physical fitness)¥ ¥ (balance)l &
AU FTFE vA =IEY L ot uie
BHY Zolzta AZ4HTh

wEhA £ s 125 B¢ ERA
5 ERATE 8ok g2 EFL50
=9 255¥5HI HPgol ofudt JFE
of tsfiA AFsto] EF7A
=l d79] EHo] it

ko1

ok

1o -
Fe FI1LF7HC

—

3} B3lo

1 T HEL
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2. A+

2.1 ALCHA

£ A7 IR GBI ERAA FH
Fo= oJ A0l Ao Stk dAtof gt okl
9] AXE Bl AFzoiE ZRston Aol
S £ AFY 53 A iste] ZpAls] A
FolArHAE-&2 91 €3] 50 1040198-17032-HR-
022-04). & 4589 A= By = o] Bl
dFAS 83 IF(EX-BFR:
blood flow restriction group), 8FAg glo] Egle
=0t AAJSE 1E(EX: exercise group) 181l 252

5] k= SA2E(CON: control group)2.2 FAI8H

7
=

exercise with



sl SRAT

)

83} v]2 g

80] Q59 E5Fsgd FFA vXe IF

S RS SRtk AT A7IZEEt 2% 9] AT
AEo] 7oAl APdog ALE ulgstx] Eslo] &
43%3(EX-BFR(n=14), EX(n=14) & CON(n=15))°] &
T= AEignh B Ao Foldt giAdRES AAA
EXS the(Table 1)3} Zth.

Table 1. Subject Characteristics

Grou Variable Age (yr9) H(ilng.;t W(ilgg)ht
EX-BFR (n=14) 71.842.6  154.0%£4.0 60.4+5.1
EX (n=14) 71.9+40  152.8%3.6 56.8+3.0
CON (n=15) 71.1+24  154.0%5.2 58.3%6.9

EX-BFR: combined exercise with blood flow restriction group
EX: only combined exercise group
CON : non-exercise control group

2.2 HEA

2 AT ERARE B3kes =209 o7t o
Q19 553} HYP ol ojmgt JFE vIX=A
PolH7] Yoff dFATRLE1E, EFE1E FA1
I:—'..OE 3;(1qu /HZ«]&].Oﬂ o
SZA) 123(POST)ol 2+ H#¢Ql

t
3} AELFol B 5 - 1080 AEAHOZ e
252 SACHIOL 289 FE HYe LFA%AE

Table 2. Combined Exercise Training Program

(Borg Rating of Perceived Exertion Scale (range:
6 - 2002212 11-14 F=E |ABIEE 3l 25
U= 3 33, &5 AT 45~60822 A=l
2 AFolA AR EE BEds T2 82 (Table 2)
9} 2t

231 BRHE W
2 A7 AT S5 25 $ULS A
AROIA o] Ak

AZ(Bem)E 75}%0 o] @RE A

NE|A 7, SHAIEE-E S5t
et 242 Y3l A HEAAKSenior Fitness Test)

o) (231 AHgtel ZsieITt An 7L AT
AL AEoE A AANA AAE WSS A9
Bge 27t mawle FEAele] FUA7H S3ict
RS Sl FAL uiEste] 22 B9 F 29 £8

slaee 2457 98 302 oRolA Lolack
7] XS STt B8] W] ofF o) Hae
S5} 5ot G oA Bl AT A|zfojeh

|

-+

Fak A ATFRIRRE Rl @ds] oldl The
THA] G A 302 B9t whEstuiA dojAlrt ek 3l
8 Z7stent.

234 H3M =4

SAYPYE 24517 A9 2.44m FEA7] Ax

((8-Foot Up and Go Test)& AA] 3ttt A9
AL ol JAE Holl 71har 9=} QhoflA] 2.4m Eof
7l 3o E(cone)S Tt} Edolgk= 38 g4

. Duration Intensity
Procedure Weeks Exercise (min) (RPE)
Warm up 1-12 Stretching 10-15 min 7-9
1-12 Aerobic Walking and Knee Up 15-20 min 11-14
Training
Main Weight Quarter Squats, Wall Push-up
exercise ~ Training Mini Squat 30°, Stand on One Leg . . _
1-12 (Body Weight Stand on two feet with Closed-Eyes 10-15 min 11-14
Based) Leg Raise, Core Exercise
Cool Slow-walking .
down 1-12 Stretching 10 min 79
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T Ao dojxA E& EoMA At thA
U= g7 Y ATHE Z(seoDAE A3

YA E 2L Tetrax®H](Israe)E AH&31%
o} Au] AlME HERS $57 7 2709 9w
Z 45Esto] A7) ol o] A9 t=ute] &
gt A digo] 4ES 9 glolHe YHIS AYS
Tetrax® Z2T1HE 5o FAAAE A57t $X5}5]
o] EAgr} ATHIAEL F 87149 AAE WAt
WA St WA R AW, B A9, =
HEgt 5, 2 HEu S, =1 HE &7,
=41 HEE HE ol A 6719 BT B9
A Ex1, =4I A 27HAE ESA5t9ct BEst
AARE Yol AR AR BYs APt Sk oH
AL F o] Au19] b=lume] WolA AV A7 E AA|
2 HAARE KA 13 A= ARAE AAIS Y
A¥E A9 Ao 0-351 AP W, 36-574 &
7k 58-1007 Y= 202 ERaIH24].

2.4 X=X

2 A71s AHRESEEY Aty 5848 BA51
#I8td One-way ANOVAE AR8sto] TE WHRI A
Ae 5844 B4 AASIlL, BE &4 HAAEY
AREAR el FExE Ae7b glo] Two-way
Repeated Measures Analysis of Variance (ANOVA)
£ ol&sto] Yot A7ITtel F2A-E(Interaction)S
EASI e Aol Sl Al tiuHA (Contrast
test)= ol-&sto] HHTE A7IZE Aol EASIGIT B
E AR |9 22 o= 052 AAsa LE =33
2 B (Mean) EE HA} (standard deviation)Z
HHSIP. BE AR #42 SPSS 22.0 (IBM-SPSS
Inc., Chicago, Il, USA) Z2 738 o]83lo] BAS
Erisg

21

(Table 3)¥} &t} Fdof w
2= (Table ¢ Zth

3.1.1 HHXIH2| st
o E a5 S 2 i s i i e e
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F=15.111, p=.0012 BAHLoZ (23t X}o|7} Lyefyt
o S 2 ERAIRE LEI1F AR A
(p=.001), B3 IF AR A% (p=.001) BAA
o2 {oJgt AolE HIrt AT BAIES BAZC
2 Y8t Aozt Qiltt. &, BRARt 5 1F2 A
M=79.7)°14  AZ(M=112.7), BEILEIFS A
(M=99.8)0ll4 AFZ(M=136.7)2.8 SAH g Gol5HA
S7Fstsrt.

3.1.2 sl s}

s SE Al719F Adk 7 A58l F=10.620,
p=0012 BAZHOZ Folgt o7} Vrepth. e
A3} FRAT 515 AP AR (p=.001), EEE

5 AT AR (p=.001) BAZCRZ Folgt Aol&
Bt} A9 BA 152 BAZCE G2t 2le]7t ¢l
Aot &, BRAG 25252 ARM=11.9)94 A%
M=15.6), EEI1F2 ARM=11.1)°o014 AE
M=14.1)22 EAHCR (o514 Z7I51Ach

o

3.2 Kol Hsl

3.2.1 SH™mIAMO

SHWEIMO| 5}

2.440]) Tt A1719F M 7k AFBAEOlA F=7.948,
p=0012 SAHoR olg 2ol vehtet. | a=
A7} BRA £5IF AT AR(p=006), BEHLE
9 AT AF (p=001) SAHCE fel3t Aol
Rtk SIAT BAIRE BAK0R ol Aol7} 9

At &, FRAY FIFS APIM=9.1)°14 AR
(M=8.0), HF2ELEFS AR(M=8.1)°14 AF(M=7.5)

g2 BAAoR QoJ5HA Zastqich

3.2.2 HYRIE=AIs-2| et

FEAD A gk A)719 Jek 7F S 280l A
F=15.608, p=.0012 EA 202 Solgt zjo|7} Lrebyt

o S 2 ERAIRE LEI1F AR A
(p=.001), B3r&E 1F AT A (p=.001) BAH
o2 {oJgt AolE HIrt AT BAIES BAZC
2 Y8t Aozt Qiltt. &, BRARt 5 1F2 A
M=74.6)°14 AFM=65.8), EILEI1FS A
(M=63.0)914 A (M=43.4)2 BA o= o514 7
A5kl
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Table 3. Test of Homogeneity of Variances
Variable Sum of Squares df Mean Square F P
Aerobic 3072.429 2 1536.215 3.143 054
Endurance 19548.548 40 488.714
(reps) 22620977 2
Lower body 7.585 2 3792 523 597
Strength 289.857 40 7.246
(reps) 297.442 2
Dynamic 7.052 2 3.526 2.488 .096
Balance 56.679 40 1.417
(sec) 63.730 42
1497.250 2 748.625 1.442 248
Fall Index 20763.029 40 519.076
(point)
22260.279 42
Table 4. Physical Performance and Balance Responses in Each Group
Variable Group Pre-test Post-test Contrast ANOVA F D PN ES
Aerobic EX-BFR 79.7£15.8 112.7£37.9 .001™ G 6.166 005" 414 21
Endurance EX 99.8+23.0 136.7£31.6 .001™ T 56.902 001" 370 16
(reps) CON 84.7426.0 84.3+29.0 889 GxXT 15.111 001" -04 00
Lower body EX-BFR 11.9£3.0 15.6%2.5 .001™ G 3.751 032" 311 1.2
Strength EX 111423 141422 .001™ T 97.457 001" 277 14
(reps) CON 11.0+2.8 11.9+1.7 115 GxXT 10.620 001" 85 03
Dynamic EX-BFR 9.1%+13 8.0£1.2 006" G 2.053 142 -11.3 -0.8
Balance EX 8.1+1.2 75%1.2 .001™ T 20.105 001" 76 -05
(sec) CON 85+1.1 8613 563 GXT 7.948 001" 09 0.1
EX-BFR 63.0£22.6 43.4%23.0 001" G 3.769 001" 311 -09
Fa(ﬂ(j;‘j)ex EX 7664226 658+22.5 001™ T 50342 032 -141  -05
CON 74.4+23.1 74.3£22.0 958 GXT 15.608 0017 -02 0.0
EX-BFR: combined exercise with blood flow restriction group * pC0o5, * pdo1, M pC001
EX: combined exercise group CON : non-exercise control group
4, =9 &2 oM &2 SALFOIA = WIS HolA] gith
ol2fgt AT 7|1EAPATNA 1057t A eRlE
B AT 1277 ogeQlEo] BEe B AX & 2 UoR HEeEg AN A7eH2s) e Bike
RATS F4T T g e ol £FF 5 oAmSIBo] 1057 $UT ATL26), o] Y
P BFAF0N oue FAFE wFHEA ol tote] A I Edo]dE 1253t o qlo] Zofdt AtolAl[27]
AS AP ofof thet AFY] ATE of7|4 =9 TIP3 ofFolRH] 5F ERH[T-QlEo] 1277 A
skarzt gk AlgE ATH28]014 AR st Eo] FAR R
oJ51A Z7telol B A ATIe} Hagt ATE B,
4.1 284Sl H3} HlgolinQle GO R 125 WekHls 52 & A

E AofA 125 A7kl @FRASHE B B9
25 IHEX-BFR)T B3k TIH(EX) B5F AH A+
2(aerobic capacity)?} st (lower body strength)
o] BARLR [YoHA F7I5t LEFPeE ol 34
Mo wslshe UehfQlct shAat 22 7]7F S9t &

oAe AT sk HolA] @RkAR s
o] BAH o RO F7IrH29] EF BTk
ArQle tjalo® 1237t 371A] T2 L=58F(AAA
GetHlA & RN eotolA] HHA 7L
AdAzet et A DglA ST EL X Al 1F

Z
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oA EAHOR o8k S7HsATH30.
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At AREgEe] WMl %A & AT 7](effect size(ES))
717t BEEF IgCl HIgte] =2 $XE HojA &
FAREE A8t Zo] HE w2 FEE ST AoE
AZAE =Y, ol ERAZS Boto] s} FH] 7
7} A53Hdelayed blood flow) 1L, o]Zio] HEHA
f-&(cardiovascular drif)& FEsto] AAAHL: A
g A5y @A w473 A(sympathetic  nerve
system)7t 2/d8kE] o] AA| HE8H 4L Eot =
< Y 52 FysHA "4l

tjEo] o|2fgt @RAIRRS B8 AMIskE ARt 84
A (acidic intra-cellular environment)”} 443417
S g3 IVEol  (muscle  afferent
chemosentitive group Il & IV)& 71802 A}=3s}o]
A B2 IrolA U= 244 11 (fast twitch fiber)
9] T oA =2 ArY E5= APsH 31 ®
St AFRAIFES B9 AIslE AaQte] $g-2 el 71|
% MZB 3 cell swellingrE D27]11[32]] oF BdlA

2 Aol 125 A7 B9t ERAIRS B9t
FF IFEX-BFR)F 535 IFEX) ZF 53
%/d(dynamic balance)2t FdA|4=(fall index)7t
AHoz fofstA Halsto] BPJoll SH2er JF
< TG ey 22 VI B 58 KA 2 B
ALFNA = #SE HolA] sl

olRt A 7|E9] AFoIA o4kl Eo]l 1057t
EFL2I25-20], 1273 A2 5
B33 1273 EQHEe AHolA EILEsZ2 I
[34l& BoiA 22ar 1253 o] b3}t EFeld<
YT AF27]014 BT PEE L’ A
How FofstA S7IeHAL, TR 1253t ERtohAZE
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