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Effects of Knee Extension Exercise Using Blood Flow Restriction
on the Thickness and Balance Ability of Tendons

Jae-Cheol Park’, Yong-Nam Kim?

'Department of Physical Therapy, Graduate School, Nambu University, Gwangju, 2Department of Physical Therapy, Nambu University, Gwangju, Korea

Purpose: This study examined the effects of knee extension exercise using blood flow restriction on the changes in the thickness and
static balance ability of the tendon of the rectus femoris muscle and achilles tendon.

Methods: A total of 30 subjects was were divided into two groups of 15 subjects each. The changes in the thickness and balance of their
tendons were measured by ultrasonography and balance equipment. The measurements were taken three times: before the experiment,
4 weeks after, and 8 weeks after. The results were analyzed by repeated measure ANOVA, one-way ANOVA was conducted in cases
where there were time-to-group interactions in the intra-individual effects test.

Results: Significant differences in the thickness of the tendon of the rectus femoris muscle and Achilles tendon were found between the
groups, over time, and in the time-to-group interactions (p < 0.05). The changes in balance in both feet when the supporting positions
between eye-open and eye-closed states were significantly different in the time-to-group interactions (p < 0.05), but were not different

between the groups (p > 0.05).

Conclusion: Knee extension exercise using blood flow restriction leads to significant differences in the increase in tendon thickness and
changes in balance, indicating that the results of this study can be utilized as basic data for future studies and for rehabilitation treat-

ment at clinics.

Keywords: Blood flow restriction, Tendon, Balance, Ultrasonography
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Table 1. General characterisrics of subjects

BKE (n=15) KE (h=15) p

Age (year) 21.26+1.16 21.20+1.26 0.271
Height (cm) 162.26+5.95 166.0£8.91 0.162
Weight (kg) 49.80+8.74 56.13+10.84 0.127
BMI (kg/m?) 18.78+£1.95 20.20+2.31 0.502
Gender

Male 5 5

Female 10 10

BKE: blood flow restriction knee extension exercise, KE: knee extension exercise,
BMI: body mass index.

42  www.kptjournal.org

Jae-Cheol Park, et al.

RAG ALES YT} L ETE Alo] BE B9 217} 2
< thelo] 5o WA A A8sirk BRATLS A5 ¢4
& HFR =@ APA ol A] 152516 455717) 150 mmHg 92 & 529151 4
= ZHLE] 83571] 200 mmHg e F7IA1A 283k 25 2]
2 vk g A4 2 oo ¢4 vto] & 3] EHi(Chatta-
nooga, USA) 418 Hj|5}0] A|22] = 0 & o]-g-5}of vfo] 2 1]
=H QHE2 80 mmHg] Y7 3715 7Y 525 A&k} 54
of| 140 mmHg Y72 &4 £ & H -2 :

A%t 73zt v) g gslo] L2

5190 3084 Agelo] ZH1e, vhRe e 55 5k Ale

O

offl
o
EL

2
i
=

BN
S
flo

i)

o,
4o
ofl
o
o
pac
o
ﬁ
rlr
it
=
2
B

b4

S
s
=
Nl
o
ofl
|
i
o
o
=
1
oft
B
1=
rlI.
1
ol
=
ol
u
=
1
_O‘L
pas
o

(e}
Singapore) & AH8-SFATE: o] | 0] rubas B H9)=6.5-85 MHz
o], gain®] HY+=20-800]3, M3z |+= 3.5 MHz A g erZ2}(linear
transducer) 2 0] 83154k AR} 740] Rjo] H23H5p] 91a) ol

o] st 2|43} 2ot Aol 4EE BelARAL 1918 24

£
oF
olr 0
W
o
Ay
ox
o
ol
N
4o
o
=

iorescue (Biorescue, RM Ingenierie,
L5}49t} o] ZH]+= center of pressure (COP)E A]5}+=
Wt} dloje e AR E o] 8she] 4 49 olF Az,

o WA, o) =S 24T 4= 9tk o] F o AekE 79 5

https://doi.org/10.18857/jkpt.2018.30.2.41



Knee Extension Using Blood Flow Restriction

Hgh SAGC 2 o833l SAgro] Ao FE R 0
FES UeRdth S vl Al P AR AA|OIA & =4
= A2 dHRlA B2 1R S 38 AT e @ Y Al
2 o3RItk SAHARES 127t S4ke FES sl 54 2l |
w0 FAAR ol ol

4. 24 U

HE A= SPSS ver. 18.0 57 L2 I17 & o] §-5HIAL T Ao Ut

2 EAJO| AR s dobi 7] 9Jaf T F X Kolmogorov-smirnov
WS slol HTRE7} QgElo] F g A8 At A 475
A% 87 2] 27 wielo] ofeh MBS o] gla) hE g
AHEA(repeated measure ANOVA)S o]-8-51%itt 7RAIW &} 40

Rl
>

1719} 3 7 45-80] 9l 7490l AR EAHE H(one-
way ANOVA) S S15131 AR AA.0 2 Scheffe T LA S 5191
o A S0l 1A 918 0052 Aslelct

JKPT

2. OrZ| A8IE 7| Hst

7} wko] o |23l & A st gt i

719, Al719F ot 7 A2 Ak AT TEHstol| A RofRt kol 7t Q13
THp < 0.05)(Table 2)(Figure 1).

=

Table 2. Comparison of tendon thickness and balance (mm)(cm)
Pre (a) 4 weeks (b) 8 weeks () F Post-hoc
Time Time X Group Group

RFT BKE 0.25£0.29 0.27+£0.33 0.30£0.38 64.326* 42 479* 7.546* a<c
KE 0.24+0.27 0.24+0.35 0.24+0.32

AT BKE 0.48£0.06 0.52+0.07 0.56+0.06 76.815* 63.740* 4.594* a<c
KE 0.45£0.11 0.44+0.10 0.45+0.10

OEDS BKE 20.90+6.96 18.20+£5.39 15.09+4.15 9.439* 23.701* 1.394 a<c
KE 19.60+£5.73 21.10+£6.85 21.00+£6.16

CEDS BKE 24.75+6.72 21.82+6.48 18.34+6.20 9.616* 45.030* 0.954 a<c
KE 23.37+£9.13 24.66+10.79 25.75+£9.52

RFT: rectus femoris tendon thickness, AT: achilles tendon thickness, OEDS: open eye double support, CEDS: close eye double support, BKE: blood flow restriction knee

extension exercise, KE: knee extension exercise. Post-hoc: one way ANOVA.
*p<0.05.
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Figure 1. Comparison of quadriceps tendon and achilles tendon thick-
ness. RFT-BKE: rectus femoris tendon-blood flow restriction knee ex-
tension exercise, RFT-KE: rectus femoris tendon-knee extension exer-
cise, AT-BKE: achilles tendon thickness-blood flow restriction knee ex-
tension exercise, AT-KE: achilles tendon thickness-knee extension exer-
cise.

https://doi.org/10.18857/jkpt.2018.30.2.41
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Figure 2. Comparison of eye open and eye close balance. OEDS-BKE:
open eye double support-blood flow restriction knee extension exer-
cise, OEDS-KE: open eye double support-knee extension exercise,
CEDS-BKE: close eye double support-blood flow restriction knee ex-
tension exercise, CEDS-KE: close eye double support-knee extension
exercise.
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