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Ha otk HARARE Al k= ICC=71~.96°19, AAARY 4z =+ ICC=.72~.939]

}(Brandsma, 1995).

<Table 1> Manual muscle test scores and grade standards(Kendall et al.,

1993)

Function of muscle Symbols
No Movement
No contraction felt in muscle Zero 0 0
Tendon becomes prominent or feeble contraction felt
in muscle, but no visible movement of the part Irace 1 !
Movement in Horizontal Plane
Moves through partial range of motion Poor- P- 2-
Moves through complete range of motion Poor P 2
Moves to completion range against resistance or
moves to completion of range and holds against Poor+ P+ 2+
pressure
Antigravity Position
Moves through partial range of motion Poor~+ P+ 2+
Gradual release from test position Fair- F- 3-
Holds test position (no added pressure) Fair F 3
Holds test position against slight pressure Fair+ F+ 3+
Holds test position against slight to moderate

Good- G- 4-
pressure
Holds test position against to moderate pressure Good G 4
Holds test position against to moderate to strong

Good+ G+ 4+
pressure
Holds test position against strong resistance Normal N 3

3 QA AL FAAT BE ABUEE A
AN 2RRE EHE A ANY gEew A

Arnheim, 2013). @w&tq S5
of =Ao] o] H}(Hsieh et al., 2010).
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<Table 2> Physical characteristics of the subjects

Age Height Weight
Group n (yr) (cm) (kg)
Control 5 24.40+4.16 178.80+2.28 80.40+4.61
Exercise 5 34.40+18.31 171.8+10.69 70.00+8.86

values are expressed as meanzstandard deviation
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Participants(n=10)

Control group Exercise group

CPM+Agquatic gait(n=5)
&

CPM+Walker gait (n=5)

&

Pre test

ROM
MMT
VAS

Circumference

& &

Aquatic gait program(5 days)
CPM 30min

CPM 30min
Walker gait 30min Aquatic gait 30min
&

&

Post test

ROM
MMT
VAS

Circumference

Pata processing

Discussion of Results

<Figure 1> The experimental design
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<Table 3> Land exercise program

Total

Repeat

Time

Contents

time

30 min

CPM

1 hours

D min

Walker standing

1 day

3 times

D min

Rest

30 min

CPM

1 hours

D min

Walker gait

2 days

3 times

5 min

Rest

30 min

CPM

1 hours

7 min

Walker gait

3 days

3 times

3 min

Rest

30 min

CPM

1 hours

7 min

Walker gait

4 days

3 times

3min

Rest

30 min

CPM

1 hours

7 min

Walker gait

5 days

3 times

3 min

Rest

_12_



<Table 4> Aquatic gait program

. Total
Contents Time Repeat .
time
CPM 30 min
1 day Aquatic gait Slow gait D min ) 1 hours
— 3 times
Rest D min
CPM 30 min
) ) Slow gait 3 min
2 days Aquatic gait - - - ) 1 hours
Quick gait 2 min 3 times
Rest S5 min
CPM 30 min
) ) Slow gait 5 min
3 days  Agquatic gait - - - ) 1 hours
Quick gait 2 min 3 times
Rest 3 min
CPM 30 min
) ) Slow gait 5 min
4 days Aquatic gait - - - ) 1 hours
Quick gait 2 min 3 times
Rest 3 min
CPM 30 min
) ) Slow gait D min
5 days Aquatic gait - - - ) 1 hours
Quick gait 2 min 3 times
Rest 3 min
4 XYY U Y
1 #2759 =% (Range Of Motion Test)
JygHoz AN 24 A RAHFT AT BH AAZE)
(goniometer) & ©| &3] sHE A EAVF A SERETEHAE SHE

Aol @9+ Z(degree)E o] Fo I th(Nussbaumer et al., 2010).
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<Table 5> AM.A (American Medical Association) standard exercise range
according to measurement security

Region

Measure Degrees(®)
Extension 0
Knee joint
Flexion 150

<Figure 2> Goniometer

2) =8 4 AHManual muscle testing)

2 Ao A thdAEL2 Kendall

2oz AA Bk 4 A 35 wE =

X

= g5e WA Ao B

s



0 1 2 3 4 5 6 7 8 9 10
(53] Ao
HON=T 4 B 8 10

B85 98 23 M@ 3y zo
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[

<Figure 3> Visual analogue scale

) %% &9 (knee circumference)

b WS

5 2de e/lE TEHAM SN Y. s R edE

Ego] HEA BAR] 9% AXZ AEHA

k3
||'rﬁ

<Figure 4> Knee circumference
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5. At 2 XN

=35 A8 PASW(Predictive Analytics Software 18.0 version)S A}83lo] &

Mgt 24 2A S i Fd(Mean)H FF WA (Standard Deviation) & 4+

Stk JAe 7, A7) Zhel gig gbE 54 FARA S AAste] {98 Aolvt

=3 <) TEHEE Bl $3

Independent t-test BH& AMEet, 2EJGH AT 7He] =29 o -
=

22T BFEEY Y AHEE v Er] Y8 Paired t-test
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5U%ke) $F8Y F IRALE wate) J1ETAT P w2 PARY 29
7

= <Table 6>, <Table 7> % <Figure 5>} Zu}.

<Table 6> The results of repeated measure ANOVA for flexion ROM after aquatic

gait
T SS DF MS F Pr> F
Group 1280.000 1 1280.000 5721 .044
Period 2420.000 1 2420.000 92.190 .001
Group*Period 320.000 1 320.000 12.190 .008
Error 210.000 8 26.250
Total 4,230.000 11

<Table 7> Comparison of flexion ROM after aquatic gait

flexion ROM
Group
pre post £ p
Control 92.00+15.25 106.00+12.94 -7.483 .002
Exercise 100.00+7.91 130.00+6.12 -7171 .002
t 1.042 3.748
p 328 .010




140
120 _—

100 / --------

-=- Control

30
— Exercise

60

40
20

Pre Post
<Figure 5> Comparison of flexion ROM after aquatic gait

5Ute] $ERY F AARALE WY JEFAY R W22y 2ARY A3

= <Table 8>, <Table 9> ¥ <Figure 6>3 2t}

<Table 8> The results of repeated measure ANOVA for extension ROM after

aquatic gait

T 55 DF MS F Pr>F
Group 80.000 1 80.000 1.422 267
Period 180.000 1 180.000 14.400 .005

Group*Period 20.000 1 20.000 1.600 242

Error 100.000 8 12.500

Total 380.000 11

_18_



RS FARRA 29, Jd e fFoF Aol (F=1.422, p=267)7F UEhuA] &
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<Table 9> Comparison of extension ROM after aquatic gait

extension ROM

Group
pre post t |4
Control 18.00+4.47 14.00+5.48 1.633 178
Exercise 16.00+8.22 8.00+4.47 4.000 016
t -0.478 -1.897
p .645 .094
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<Figure 6> Comparison of extension ROM after aquatic gait
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<Table 10>, <Table 11> @ <Figure 7>3 #Zt}.

<Table 10> The results of repeated measure ANOVA for flexor after aquatic

gait
T 5SS DF MS F Pr>F
Group .200 1 .200 1.000 347
Period 5.000 1 2.000 33.333 .001
Group*Period .800 1 .800 5.333 .050
Error 1.200 8 150

Total 72 11

I, A A7 ghllE §-93 2o](F=33.333, p=.001)7} vebgh Haa A 277
o W& Auage aRE F9Y3 2| (F=5.333, p=.050)7} YE}RTE

<Table 11> Comparison of flexor after aquatic gait

flexor
Group
pre post t p
Control 3.20+0.45 3.80+0.45 -2.449 .070
Exercise 3.00+0.00 4.40+0.55 -5.715 .005
t -1.000 1.897
p 374 .094




@2 YA (t=-5.715, p=.005) F7I% ZHOoE EIET
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<Figure 7> Comparison of flexor after aquatic gait
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<Table 12>, <Table 13> % <Figure 8>3} Zt}.

iy

<Table 12> The results of repeated measure ANOVA for extensor after aquatic

gait
T SS DF MS F Pr>F
Group 450 1 450 .783 402
Period 4.050 1 4.050 32.400 .001
Group*Period 450 1 450 3.600 094
Error 1.000 8 125
Total 5.950 11

HEESA BabEA AR, A s K93 Aol (F=783, p=402)7t YERR] &
k3L, AR 7|7E Zhelle F9F 2ol(F=32.400, p=.001)7} vebygtch dakz 2 x) 77k
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<Table 13> Comparison of extensor after aquatic gait

extensor
Group
pre post £ p
Control 3.40+0.55 4.00£0.00 -2.449 070
Exercise 3.40+0.89 4.60+£0.55 -6.000 004
t .000 2.449
14 1.000 .070
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<Figure 8> Comparison of extensor after aquatic gait
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1) NZEZ=%3(Visual analogue scale, VAS)

5U7e] R T AZAEZSF Ao VLEAS L B854 FAEH A7

= <Table 14>, <Table 15> % <Figure 9> Zt}.

<Table 14> The results of repeated measure ANOVA for VAS after aquatic

gait
T SS DF MS F Pr>F
Group 1.250 1 1.250 1.613 .240
Period 11.250 1 11.250 40.909 .001
Group*Period 4.050 1 4.050 14.727 .005
Error 2.200 8 275
Total 18.750 11
BHE A AR AT, A9 7HEF=1613, p=.240) Fo& Aelrt vheubA ekgh
v A #7117 7HF=40.909, p=.001)3} I3} A =71 7HF=14.727, p=.009) @& 4%

&

&9 &I fol@ Fol7t vehgt,

<Table 15> Comparison of VAS after aquatic gait

VAS
Group
pre post t p
Control 3.60+0.44 3.00+0.71 2.449 070
Exercise 4.00+1.00 1.60+0.55 6.000 004
t 784 -3.50
p 455 .008

A vaste] 4% d2gdee FAT Aol7b HEhA fdsten, &Ed
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<Figure 9> Comparison of VAS after aquatic gait
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iy

<Table 16>, <Table 17> ¥ <Figure 10> Zt}.

<Table 16> The results of repeated measure ANOVA for knee circumference

after aquatic gait

T 55 DF MS F Pr>F
Group 8.320 1 8.320 1.094 326
Period 7.565 1 7.565 33.324 .001
Group*Period 264 1 264 1.165 312
Error 1.816 8 227
Total 17.965 11
WES4 2R 23 A dol= fof7t Aol (F=1.094, p=.326)7F YEIA &
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<Table 17> Comparison of knee circumference after aquatic gait
knee circumference
Group
pre post t p
Control 39.20+1.52 38.20+1.64 2.828 .047
Exercise 38.14+2.31 36.68+2.30 6.137 .004
t -0.856 -1.202
p 417 264
FE=EYUe dxFded E5dE gl &5dY &5 FAE F9% Aojrk yE
A st
A A vlaste] A¥F 2 H(1=2.828, p=.047)3 5 I D(t=6.137, p=.004)°]
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<Figure 10> Comparison of knee circumference after aquatic gait
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Abstract

The Effect of Aqua Walking on Joint Range of Motion,
Muscular Strength and Pain for Patients with Limited Joint

Range of Motion

Yang, Soon-sil

Department of Physical Education, Graduate School,

Jeju National University, Korea

Supervised by Professor Kim, Young—pyo

The purpose of this study is to identify the effects of aqua walking on the
joint range of motion, muscular strength and pain by involving patients having
limited knee joint range of motion from surgery, joint fixation, etc., in an
aquatic exercise program. Among patients with limited joint range of motion, 10
subjects were chosen. 5 of the 10 subjects completed a walking exercise on the
ground (control group) after receiving continuous passive motion (CPM) therapy
on the ground, and the other 5 subjects completed an aqua walking exercise
(exercise group) after receiving CPM therapy. The acquired data was processed
by PASW ver. 180 to compute the averages and standard deviations in the
measurement categories of each group. The repeated measures ANOVA was
used to verify the difference between the groups and the duration of the
program. A paired t-test was used to verify the significance of the observed

difference within the group before and after the program, and an independent

t-test was used to verify the significance of the observed difference bhetween

_42_



different groups. The significance level was set at a=.05 in verifying all
hypotheses. The results of this study showed a significant difference in the joint
range of flexion motion in comparison to the conditions before the program, and
both the control group and the exercise group showed a significant increase
after the program. The control group did not show any change in the angle of
joint extension after the program while the exercise group showed a significant
decrease. Regarding the muscular strength during knee flexion and extension,
the control group did not show any change after the program whereas the
exercise group showed a significant increase. A significant change in the visual
analogue scale (VAS) was shown after the program, and the exercise group
showed a significant decrease. Both the control group and the exercise group
showed a significant decrease in the circumference around the knees after the
program. Overall, the results demonstrate that aqua walking together with
therapies on the ground is an effective therapy which provides outstanding
effects including increment in the joint range of motion and improvement on
muscular strength to patients with limited angle of knee joint, as well as effects

including reduction in pain and swelling.
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