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Effects of Different Sizes of Blood Flow Restriction Areas on

Changes in Muscle Thickness
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'Department of Physical Therapy, Graduate School, Nambu University, Gwangju, 2Department of Physical Therapy, Nambu University, Gwangju, Korea

Purpose: This study was conducted to examine the effects of different sizes of blood flow restriction areas on the thickness of the exter-

nal oblique and biceps brachii.

Methods: The study subjects were 52 adults who were divided into four groups that performed plank exercises over a six-week period
after blood flow restriction. Changes in the thickness of the external oblique and biceps brachii were measured using ultrasonography
before the experiment, then three and six weeks after the experiment. The changes in each variable over time were evaluated by repeat-

ed-measures analysis of variance (ANOVA).

Results: The external oblique and biceps brachii showed significant differences in muscle thickness with regard to time and the interac-
tion between time and each group (p<0.01), but no significant differences with regards to changes between groups (p > 0.05).
Conclusion: A larger blood flow restriction area resulted in a statistically significant increase in muscle thickness. The results of this study
may be used as the basis for future studies and for rehabilitation in clinical practice.

Keywords: Blood flow restriction, Plank exercise, Thickness, Ultrasonography

rhu

A
o3l
)

¢

bl 2
2p}-2- 5ol Bastel ] Az et

N

A &
-

]
1=

[ ot
DAt
=R
g

4o
ol
s
rlr

2
ot
Ho
ofl

o

b
aly

2o
g%
2
o

K g

o

L

T2 HATA T} A o]
Q3 A ARSHE AN 2 By
5 o] Aol Aashct
13 gglon] 7|
B3 g HE e L FYo| 9)

T ohEjef] FA 7=

o,
A
o]
U
o

rd
1

o %e

(N oo & o 1l

e ot ri

>~
<

re
o}
rir o

)
I g
32

41
=)

I
N

[rt
4o

3{_5
4>

E

lo
Mo
off
o ©
E

o
ol

H—i

o
NI

[
il
o,
[0}

Q

il
Y

o
o
)
oyl

1
P

)

o o
fu rlo
ry
1%

off

T
)
ri
Ho
=
=

N
N
il
nz
o=

cHlhet 28 FEE A B 125 o]

o}

BB | vjEeichk! 2RAIeE Y STt aikE
1 RM (repetition maximum)2] 70-80%2] 55} 253} WHa-
URky o & HAE|H 2 7 o5te] 5L FRIAR]I

2o} ele] e G5k 25 Fhel

i

o

)

o

i)
n
2

q

2 7. 0] 1 RME] 20% O3} A 2 5]
W Aitastel Ul A, JEaA|, A8 2 B deek 2]

foHr & =2
h & o
2
£,
ofrt
°
pacs
+
el
du
)
rot
tlo
QL
X
i)
=}
jubag
o
=)
>
2
i—‘a
)
mt)

e 2 o
r
o
o
fl

et
_IO
o
H1
et
ofr
=
2
ity
b
i)
=
2
_)‘4_4‘
)
ut)
<
>
o~
o
o

B, 528 220 B &
SIER" B0} Ak} &
512 7P 9, A FAk 2] B
o] Frjela P ok &
o) %7k sl AR
o] MhAgato] e 7w L0 2
HATEE Bl K0
vepel, 2AZY Y U 2ee] dee %
Jek 2 2 5ol Tofstis A3E 22| gtk A
ofl - ]Ik BFHIL You 542 877 BF 4|
Eop e vt ool 8
FollA] 127 mg/mL 35715 9L, 1 RM2] 20% e 2 57

dm et
ol
S}

oX,
o o
o

> 2L

I~} Ol.n
_)&
o
N
>
ot
o
offl
=2
>
O
i

o
4
é_‘
et
|
fru
o
2
B
riot
o,
|o
il
I
_?L

N
f
ox
o

{
I
©

x
o

4
[

T
)
o
_?_Iv‘
N,
HL
v
2
[
<
fol
Boope o

L
to o
P,(,
R
Ql"
rir
S
o
fru
o
)

2ot &g
i)
rd

;:O
o S ope 1

) =)
B

2

=)

3l

=

52

rlo

2N

=2

R

o

ngh o

)
off

|

=

-

Received Feb 28,2017 Revised Apr 11,2017
Accepted Apr 11,2017

Corresponding author Yong-Nam Kim
E-mail kyn0231@nambu.ac.kr

80 www.kptjournal.org

Copylight ©2017 The Korea Society of Physical Therapy

This is an Open Access article distribute under the terms of the Creative Commons
Attribution Non-commercial License (Http:// creativecommons.org/license/by-nc/4.0.)
which permits unrestricted non-commercial use, distribution,and reproduction in any
medium, provided the original work is properly cited.



Different Sizes of Blood Flow Restriction

28 Edo g Slo] Y5 2R el Z71E Huslel” ¥R
AT 2 F Ak S40] WA Zste] Aok YIS 2R %
7P R G el £ 371 TP Aehs 7H9g A
93171 A SRelskiA shck

BF A HATE B T8 27] ST Teje] A A
T YR AREER Bl S50 B3 BEAS) B 5
o AIAYL WS gk SPAEE HYATE S o] Hol
U ohe] g 3 Kol 8 Ae 5 A5 vlae] Hakwo] Qi Algol
v, £ A7 I B o) el ) velg il 8 AE
Shol RALA §79] WALS 2sto] TAka Bgo] AWSS T4
4 73] APl Sl ] 283 £4k: Bl G B 28]
7w o] e A} 2A) Aol B3 AT 23] Gl Aol
ok IHEE B ATE BF AR FAk WA WEHE ol
Ak B Aol Gl Siz Zehte) Ll skl B AR
2 314 F5He AL B9) BE 259 e S
o2l R 4511 A} St QA1) A &5 2 o] 7%
A2 25H v B 2jo] glrk

1. APChe

2 Ao Zhofdt didAb= B Nfjel 20 7Rt AJ¢l 5278 otk
A 32, oA} 208 o= E R ARk S| Y ERA &
(flank exercise group, FG) 13, o9t E&F A5t & Z3Y3 &
(upper limb blood flow restriction flank exercise group, U-BFRFG) 139,
cl2lo] @7 At & Z=3 2% (lower limb blood flow restriction
flank exercise group, L-BFRFG) 137, B} th2lof| &7 A|st & S22
S--&(upper limb and lower limb blood flow restriction flank exercise
group, UL-BFRFG) 1370 2 U=R1ar Zf wtofc) Ehx} 81, o2} 51
¥ wpgsto] 4TS WYelrh 2 A7 B Aol Boig
F I3 212} -37] Weko] 140 mmilg ol4F 7] Lol 90
mmHgE W) o 2} 2 27 48 W e o4 471491 &5
& 610 O AL £ TR ST 4= G AR A2l

ek AF k] B R A7 Qo) whgAle] ofsto] At

Table 1. General characterisrics of subjects

JKPT

= AEZCm, 20169 3YRE 67) L1 ARSI om, A
A1) LuEd E-/d-2 Table 13} 2}

2. HPYY

7 ARES Aol =24 SUAE o8-8t = to] 7P MES
U-BFRFG= % 7 5o uf= of2f) F-9j0f], L-BFRFG= 2% o
2] A9 ofefjell, UL BFRFGE= ¥ A=go] iz oo} o
2] o] g ool B AIR-E SHEIck 7H e oF e
& ZpAellA] Zrofl 80 mmHg Tl 100 mmHg F & 15740 2

10 mmHg¥ %14 0 &2 Z7MA7 358xtoll = 2 100 mmHge} T

120 mmHgE B §3to] 5677 &5 S BT 25 A

Q=) A Aol o g st B THo] AAH Abel 91 st
LRATEL 90" FHL 3ho] ot hefol v 25 A2}
Bl Whetat BEAE ol §5te] B2 Ashgla A4S vlet

& M stolem AR vl 97 Al Aol f1IsHA Bt

Fstsick

o
ox
Mo
offl
o
of
(o))
]

o
N
(OS]
toh
o
=
2ha
1=

4 HEH = 6.5-8.5 MHz0] AL gain®] Y $+= 20-800|t} 253}
317|= 3.5 MHz A3 =K linear transducer)o ™, A&} 7t

2 2315}7) 919 2 30] cheh st A\ Hat 28} Akjo]
=t

A=

A} 1919] SApE AAIE OB, T8 5 A4

c
o
)

% 7PARRlel f1AIsHA A stol S48kl S50l L5
T v Zle aEste] 2] & 5Ea HE Al S48t
L

=
2 gk AHOIA BBl TS ¥A F BFY

i

=
w
=z
=2
2
i)
>,
o
)
A
rlr
D)
m
=
2,
N
o
)
ot
1)
=
é
o)
=
w
poss
ry
o
o mo¥R oo o Jl o

EEE
\ o™
Sh2E
iy
g X Y
ﬂll°j9 ETS
2o
. OIN oL
;%HEFE\(
o
oy 0=
oﬁﬁm‘lm
o b X do
e o T
o 20
L5439
NOI;R
Fiad
M 2 1o
E%Tg‘o?d
o = E e
38 4o do
mlms_ojzrulm
B o= 2 o
B8 EW

FG (N=13) U-BFRFG (N=13) L-BFRFG (N=13) UL-BFRFG (N=13) p
Age (year) 21.7£1.48 21.7£1.48 2181134 21.5%£1.26 0.705
Height (cm) 171.6£5.23 169.3£8.44 168.0+7.04 168.3£5.85 0.423
Weight (kg) 75.1+17.92 71.6+18.82 66.00+8.66 66.9+8.05 0.408
BMI (ka/m?) 25.3£533 246+4384 23.38+2.78 23.5+2.22 0.056

FG: flank exercise group, U-BFRFG: upper limb blood flow restriction flank exercise group, L-BFRFG: lower limb blood flow restriction flank exercise group, UL-BFRFG:
upper limb and lower limb blood flow restriction flank exercise group, BMI: body mass index.
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(p<0.01), At 7+ Ao A BATA O &2 §-05 2}o]7} §1)
(p>0.05). 32218 2212 flol] dUufAEAREA] A} L-BFRFGE}
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(Table 2, Figure 1).
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FolH 947 Aol 9191

Table 2. Comparison of external oblique abdominis and biceps brachii muscle thickness (unit: mm)
Pre 3 weeks 6 weeks .
Post-hoc
a b Time Group Time X Group
EO-T FG 0.62+0.15 0.65+0.15 0.67£0.16 439.493* 0.444 21.108* ab,c
U-BFRFG 0.61+£0.16 0.68+0.17 0.76+0.17 ab,c
L-BFRFG 0.60+£0.13 0.69+0.11 0.78+0.11 a<c
UL-BFRFG 0.61+0.14 0.71+£0.13 0.81+0.13 a<c
BB-T FG 3.39+0.64 3.40+0.64 3.39+0.62 209.498" 0.314 25.563* ab,c
U-BFRFG 3.21+£0.59 3.54+0.58 3.84%£0.61 a<c
L-BFRFG 3.15+£0.34 3.38+0.34 3.66+£0.36 a<c
UL-BFRFG 3.18+£0.58 3.53+0.58 3.93£0.59 a<c

EO-T: external oblique abdominis thickness, BB-T: biceps brachii thickness, FG: flank exercise group, U-BFRFG: upper limb blood flow restriction flank exercise group, L-
BFRFG: lower limb blood flow restriction flank exercise group, UL-BFRFG: upper limb and lower limb blood flow restriction flank exercise group, Post-hoc: one way

ANOVA. 'p<0.01.
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Figure 1. Comparison of external oblique abdominis muscle thickness.

82  www.kptjournal.org

50

40 i
35k —m— U-BFRFG
—4— L-BFRFG

—k— UL-BFRFG

mm 25

20

15

1.0

0.5

0 | | |
Pre 3 Weeks 6 Weeks

Figure 2. Comparison of biceps brachii muscle thickness.
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