Korean Journal of Sport Science
2019, Vol. 30. No. 4, 663-676.
https://doi.org/10.24985/kjss.2019.30.4.663

Aigmsior

© Korea Institute of Sport Science

Effects of weight-bearing exercise and CareRing treatment on cardiovascular

variables in 30-40s women with prolonged standing at work

Ko-Eun Choi', Byung-Sun Lee!, & Man-Gyoon Lee™*
'Kyung Hee University

[Purpose] This study was designed to investigate the effects of weight-bearing exercise and CareRing
treatment on cardiovascular responses, popliteal vein functions, and vascular elasticity of 30-40s women
who had worked longer than eight hours a day in a standing position. [Methods] Thirteen subjects
participated in 30 min of standing up treatment (STAND), weight-bearing exercise treatment (EX), and
weight-bearing exercise with CareRing treatment (EX+RING). Each subject took part in the three trials
repeatedly in a counter-balanced order and proceeded with a wash-out period of at least one week
between the respective trials. [Results] The main results were as follows: 1) Significant reduction in
EDV, no change in the diameter of popliteal vein, trend of reduction in blood flow of popliteal vein,
and increased baPWYV, indicating reduction of vascular elasticity of whole body, were shown in the
STAND. 2) CO and EF increased significantly, and TPR decreased significantly in the EX. Blood flow
velocity and blood flow volume of popliteal vein increased significantly, and baPWV decreased
significantly from immediately after the treatment throughout the recovery phase in the EX. 3) HR, CO,
and EF increased significantly in the EX+RING. Blood flow velocity and blood flow volume increased
significantly in the EX+RING. Diameter of popliteal vein increased significantly immediately after the
treatment and decreased significantly at 40 minutes of recovery. TPR and baPWV decreased significantly
immediately after treatment compared to the STAND. [Conclusion] It was concluded that
weight-bearing exercises would be effective in preventing venous or cardiovascular diseases occurred
due to long-standing in 30-40s women, who are at high risk for such diseases. Furthermore, it would be

more effective to combine pressure treatment with CareRing during weight-bearing exercises.
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o] AF9l gAks Gioll AFdhe 30~454 94
13 o 2A, 1) 949 8AIZE o) 7] 22 2738k
Aol Td o) TAYH & A}, 2) ZOM E87} 26~42
cnQl ZH(Rastel & Lun, 2018), 3) Fole] FatA|1e
FAZE 3 em o]kl &b, 4) AAFAS(body mass
indexi BMI)7} 30 ©]&Fel AH(Takashi et al., 2013),

5) < 671E Wl &4 vk §l= & 6) AR &%
Effﬂ ol 2 gt vt gle A, 28l 7) A E

WA Agke] WEo] gl AR At A7 didAk
«l Fe B A8 AF(Zy et al., 2011)E AR
AHgte]  AFESIHTE Repeated
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gt ol (0) 5%, A48 (B) 80%, 182 3]
0.255 A&3t] Ha& gdAE 24K 47 129402
AEHAT gEES adste] 1592 A8t o] o
TE AAe o, AT A oA 28] detste] HF
1399 Z2E HTEA o XA A AR Ad 4
To] 5243} Aate| tste] AHstom, o] & of&lsta
AR o 2 ojatal sk ARTE HAFEAE
T Add AR st} o] AFE Kefgta A
29198 2 FE $9-& WUTHKHSIRB-19-007).
t32ke] 21HA 542 (Table 1)ol AlAIE vhe}

G*power 3.1%

ML R of rlo
oAl

Table 1. Physical characteristics of participants

Variables Mean+SD
Age(yrs) 38.75+4.43
Height(cm) 160.35+7.03
Body weight(kg) 60.70+9.80
Body mass index(kg-m?) 23.64+2.58
Calf circumference(cm) 36.94+2.00
Calf fat thickness(1m) 19.66+2.7
Systolic blood pressure(nmHg) 113.4+8.17
Diastolic blood pressure(mnnHg) 79.25+7.69
Resting heart rate(beats/min) 64.08+7.18

SD: standard deviation

£3 =50} 4y
TE Al Al 71EH0l W Al 25874 2
AP 913 AEA] 2AS SRS Sl AE 24413
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Fig. 1. Weight-bearing exercise with CareRing
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Table 2. Cardiovascular responses obtained during three trials (mean+SD)
. . . Immediately Recovery (min)
Variables Trials Baseline after treatment 5 30 % P
+ +
. 64.06+ 83.72 64.28+ 62.76+ 61.06 .
Standing 203 9.88a 822 773 7.56 Trial <.001
' Hitt ’ ' #
. . 128.21+ 70.79+ 65.14+ 63.98+
- 1+
(EI:;‘:/;?E) Welegi‘;lc’f;mg 63‘3(9) 17.00b 9.78 8.84 9.43 Time <001
' Hitt #H
ight-beari + +
Weight-bearing - ¢, |, 131.33 7178 6742+ 6537= .
exercise 240 17.89b 8.74 42 220 TrialxTime <.001
+ CareRing ' it # ) ’
. 58.30+ 56.59+ 59.46+ 58.49+ 59.02+ .
Standing 5.56 8.04 9.71 9.98 8.49 Trial 212
Weight-bearing ~ 60.96+ 58.03+ 62.52+ 62.34+ 63.80+ .
Stmk(emvl‘))l“me exercise 7.40 10.67 7.23 8.78 1137 Time 047
We‘g;t;bf AME 59,84+ 60.66+ 6537+ 64.72+ 6589+ o 810
exereise 7.40 14.10 831 1041 11.93 aiime
+ CareRing
4.65+
. 3.65+ 3.74+ 3.63+ 3.59+ .
Standing 0.42 067a 0.80a 0.67a 0.652 Trial <00l
Hitt
. . . A8+ 4.58+
Cardiac output ~ Weight-bearing 3.84+ 748 >8 4.03+ 407+ .
(ml/min) exercise 0.68 1.05b 089b 0.57 ab 0.75 ab Time <00t
X . i i . .
Weight-bearing 3774 7.98+ 4.59+ 431+ 427+
exercise 0 54 2.35b 0.72b 0.68b 0.72b TrialxTime <.001
+ CareRing ' HHt i #

SD: standard deviation; a, b: Different alphabet indicates significant difference between trials, same alphabet indicates no significant
difference between trials;
# p<.05, ## p<.01, ### p<.001: Significantly different from baseline within a trial.

deviation: SD)& A|AlStiTt. Al AA] 2F, 2|3 7} A] A4

7] b F&HRle Aol 2 FAlel E4sh7] Sete] ks

o] A A (repeated two-way ANOVA)Z A A8+ AlE T} HI2

o ARG T A7 FER, a2 AR 9 A)7]9

R EAGo] )8 A, AN W A7) 2 AF o] #4 HR, CO, 12132 TPReA} =

S gsto] W2 QYRR (repeated one-way oo HERITH HRel A

ANOVA)Z  HAf97 BAW(east significant o AT TIREEHACAIAA 2kl Frel st Aol 7} §i512.

difference: LSD)S AT A7) U] %) 7+ ol W, ZIRAAE of F HA ol vlsle] frefaiA woket. 8

AR (one-way ANOVA)IH LSDE AZstgdey. 571 3018 SAH R fefdl el Aol op At

DE ERM0 99|22 (0)L 0.052 AR Ak EA A g AT HokeE +A B AA 7L 71HA
o Blall £ S Halth. CO% TPRe| A &= HR#} -

1219} A719) A5 gl
s

A A% AFR5 £5A

A3} YA gt SV, EDV, 283 EFelA & A
A2| 7o frel gk ako] 7k YERA] 2kt Table 2).
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Table 3. Cardiovascular responses obtained during three trials (Cont’d) (mean+SD)
i Recovery (min
Variables Trials Baseline [mmediately very (min) P
after treatment 15 30 45
+ 4
Standin 111.87+ 9185'7575 104.30+ 103.11+ 1(1)2‘713 Trial 202
anding 16.11 ' 17.90 19.43 ' & :
it #
o n
End ‘}“’ﬁf"“c Weight-bearing ~ 112.17+ 9137'5326 10870+ 11008+ 111.15% i o0l
volume exercise 15.93 ' 13.01 16.84 19.73 © '
(ml) Hi
P n
Weleg;etrlc’;aemg 109.99+ 9142'4;7 109895 109785 102LE o
| CareRing 18.80 s 18.21 21.02 19.02
a3 UTTE 2462+ 2450+
Standing 118 324a Sada 4504 521 Trial <.001
Total peripheral #
Ol:i’setl;ic:m Welght bearing 23,86 1314+ 19.67+ 2149+ 2137+
(nl/fmin/ exercise € 4'44 1.76 b 396b 3.38ab 3.94 ab Time <,001
nnHg) ’ i it # #
Weight-bearing 23914 1343+ 20.01+ 20.86+ 20.56+
exercise 4' - 349b 3.74b 3.80b 3.96b TrialxTime .001
+ CareRing ’ Hit # #
. 53.02+ 58.01+ 57.20+ 57.09+ 56.57+ .
Standing 830 8.82 4.50 4.86 445 Trial 290
. . . 62.83+ 57.82+ 5691+ 57.52+
Ejection Weight-bearing - 34.73* 10.34 6.13 5.13 428 Time <001
fraction exercise 5.40
%) # # #H #
Weight-bearing 55,00+ 64.63+ 60.56+ 59.97+ 60.42+
exercise 5' 08 13.17 10.18 9.77 9.42 TrialxTime 704
+ CareRing ' # # # #

SD: standard deviation; a, b: Different alphabet indicates significant difference between trials, same alphabet indicates no significant
difference between trials;
# p<.05, ## p<.01, ### p<.001: Significnatly different from baseline within a trial.

M A 1 A%
357 Fell=

A7 71‘%%1 l H|af frelatA =3k
= dREES A A37E el 5
2| 9} A F Rk E+A01 A K] o] HA A o] <%
A% o)A F7hE o, 718 A oA

H]5lo] #]2] 2

g
=
A %‘l“i—

& ol @ 2717} ERIA eh3kekTable 3).

e

ey

RbaPWV$} LbaPWVel Al 2] x| oF A]7]19] 45 2}-g-0]
ol 8HAl UEFETE RbaPWVell Al 23] 2% #5535}
THA G AT +ATH AR 7F 7T HA A o
of folstA WA UEET 3157] Fe BAHL
T3 zfol 7k YEhA] Fot Al SHshEEA]
A FH-E +A G AR 7} 7| A 2 of] vl e g
< 29t LbaPWVelM % RbaPWVel AR A3}7}
UEREARE, M 2] 2 Fell= Al AA] 7t BAHCR

791'
9% Aol 7k hehA] skt 8187] Fele AF e
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Table 4. Popliteal vein functions obtained during three trials (mean+SD)
I iatel Recovery (min
Variables Trials Baseline mmediately very (min) P
after treatment 20 40
2534 3.26+ 232+ 2.54+
Standing : 0.66a 146 a 1.29a Trial <.001
0.88
#
. . . 521+ 3.47+ 3.30+
: Sl+
Blood (fcln(]’/vsvegk’c“y We‘eg)lzetrlc’iimg 20581 1 1.36b 0.70b 1.09 ab Time <001
' iz izid #
Weight-bearing 2 404 7.68+ 4.17+ 3.58+
exercise 0 20 287c¢ 1.27b 0.90b TrialxTime <.001
+ CareRing ’ Ht fiiaid bizidid
. 5.1+ 5.5+ 5.1+ 5.02+ .
Standing 0.9 13 14 1 Trial 732
Blood vessel Weight-bearing 4.7+ 6.0 3.0+ 4.6+ .
. . 1.4 1.0 Time <.001
diameter exercise 0.7 0.7
(mm) Hith #
Weight-bearing 484 5.8+ 4.6+ 4.4+
exercise 0 7 1.0 0.06 0.7 TrialxTime .020
+ CareRing ' HHtH # #
. 0.048+ 0.058+ 0.023+ 0.038+ .
Standing 0.073 0.056 a 0.015a 0.038 Trial 085
. . 0.090+ 0.052+ 0.054+
: +
Blood flow volume Welegil;z’;i““g 06002192 0.046 ab 0.028b 0.039 Time <001
(£/min) ’ it fizcd #
Weight-bearing 0.121+ 0.066+
+ +
exercise 0600323 6 0.057b 0.026 b 0(;0(;1 28 g TrialxTime .007
+ CareRing ' Hith iicd '

SD: standard deviation; a, b, c: Different alphabet indicates significant difference between trials, same alphabet indicates no significant
difference between trials;
# p<.05, ## p<01, ### p<001: Significnatly different from baseline within a trial.

FHAAGAAZL 71 AR vlete] feletA Al U oo ZaEdth(David, 2018). 2 A3 e A2

Epyt. & kg0 R Wal= ng ety 3wl A shiat ol g}
A RABIS®F LABI® 7% Al 2] 7t f2) 3t 2} Weeadsa A2 T A Agke i sE &
o7} YehA] ekttiTable 4). 771 & Yele] (Greenland et al., 2000). whehA]

al uHa21v 23 = %
= 9 Te o st el thet A7t FE AT
o] A ZAR A E frAdle AdTE o
AlST HI20| Eis} o 71-AA, AFHeEEAA|, 2o AFHekE
i=SE=S Y E]_]: ] E
A 71H A E fAske A A Agske 7] glate] SPgAl, EAS, 557] 168, 304 45%9]
9 ol S7HE ] opA A9 Auprlwol ol F B Aol A8 dES St 1 23 HR,
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Table 5. Vascular elasticity obtained during three trials (meantSD)
- R -
Variables Trials Baseline Immediately ecovery (min)
after treatment 20 40
Standin 1115.38+ 1111974'220: 1117.77+ 1120.46+ Trial 317
£ 116.68 ) 143.70 132.64 ’
HH
Right brachial-ankle . . 1050.00+ 1039.69+ 1081.92+
ht- 1153. .
pulse wave velocity Welegxerlc’;i“ng 12 2gi 136.66 b 139.75 152.11 Time <001
(cm/sec) ' fikicid s fH
Weight-bearing 116,152 1056.31+ 1035.54+ 1046.08+
exercise 1 0' ” 14401 b 132.77 106.39 TrialxTime <.001
+ CareRing ) # Hith iid
1169.34+ 1157.69+
. 1105.08+ 1132.08+ .
Standing 138.40 121.81 146§0 a 146.50 Trial 294
Left brachial-ankle 1052.54+ 1033.85+ 1080.92+
. Weight-beari 1160.62+ .
pulse wave velocity elegxercg‘;“ng o 153.70 147.98 b 176.96 Time 006
(cm/sec) ) it itid #
Weight-bearing 110,69+ 1054.77+ 1032.85+ 1052.08+
exercise 1 7' 43 138.21 123.26 b 109.86 TrialxTime <.001
+ CareRing ) # HHt itid
. 113+ 1.07+ 1.09+ 1.08+ .
Standing 0.10 0.09 0.07 ab 0.07 Trial 948
ioht-beari 09+ 04+ 12+ .
Right Weight: b.earmg 1.09 1.04 1.12 1.10+ Time <001
. exercise 0.06 0.08 0.05a 0.09
ankle-brachial index - -
Weight-bearing L5t 1.03+ 1.05+ nn
exercise 0 08 0.09 0.07b 0 08 TrialxTime 054
+ CareRing ) #H HHt )
. 1.10+ 1.08+ 1.10+ 1.09+ .
Standing 0.08 0.13 0.09 0.07 Trial 782
Weight-bearin; 1.14+ 1.05% 1.11+ 1.09+
Left giibeating 009 0.08 1o e Time 008
ankle-brachial index exercise ' # ' '
ioht-beari +
Weight-bearing | ), 106 e 112+ o
exercise 011 0.10 0.10 0.07 TrialxTime 798
+ CareRing ' # ) )

SD: standard deviation; a, b: Different alphabet indicates significant difference between trials, same alphabet indicates no significant

difference between trials;
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