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. |+ 34

7Y A= TKR #2449 e 7ARS 2AR 754 EA1e #dd
Ar 2 F85 T3 #283 5SS A4 Verhagen 5(2005), Dean &
(2000), AATF9} BFAE(2016)9 5 T2 AR ga, 2 AT Fojxel
TKR Aol Al =& dE7t 395 24 SeAAEYH Z2a90S A48

A79 A3 TKRS w2 § 1~25F Aol #45 dide=z CPM¥ PNF &
3% CPM¥% BOSU &5 AHAeArt 54 el wel A5 Folze] 4

4,84 2% R S 2 BAE WAL BRE doluy, 4¥e BE B

e
B

&% AXNE Aga7] Adel AAEY SAH §24 A4, A 2705 DAL

ol
o

A 2 BAE AL 2P FRade 47 9 7% ZH(WOMAC)E ol A
53 CPM¥} BOSU €525 28st9

T, AT ZAOR AAEAUET FUSA A AAE Adstel ABPRS AF

Mo
N
g
™
o9=
—|~
_ﬂ
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=~
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e
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_&'ﬂd
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Z,
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Ho

al
ool dA Al AHAAE <Figure 1>3 2t}
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NZEZAE, HA4, 35 2715
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(73 3, & 29)
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Figure 1. The experimental design
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2) AT

2 AFE JHY SA AAe ogdoA TKRS wd & 1~25 Alo]e] A=
£

detitt. A= AFdicta AW ae 9ol IRB (JJNU-IRB-2020-041)< <!

Table 1. Characteristics of participants (Mean=SD)

ariables Age Height Weight BMI Affected side
Group (yr) (cm) (kg) (kg/m’) (right/left)

PNF

(n=5) 75t6.08  151.44850 56.5+7.26 24.74+3.55 3/2
]?r?_SB[)J 731447  151.842.58 61.46+£9.67 26.61+£3.69 4/1

BMI, Body Mass Index
PNF, Continuous passive motion & Proprioceptive neuromuscular facilitation Group,
BOSU, Continuous passive motion & Both side up ball Group
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ALt TKR Ao Q@ FAMES A2 757l

ro
(o]
-
{0,
Mo
offt
o
(&l
fr
[
)
i

Ao #HE HA 2 FAHE FE 283 & AFAdS Verhagen
(2005), Dean %5 (2000), A7 7F2 ¥F4-8(2016), A7), 704, 1455(2007)9] &5
Teafs AR u. B A7 FolAel A =E PNF %3 BOSU ball
5oz A FAste]l PNFe BOSUS 2709 Hdoz A3kt

PNF Aote] 544 z2a9e CPMXEE 30%37F AAlsta
207 WAk BOSU Hete] 5% L2 CPMAEE 3083 AAsta
BOSU #&sAAE 20 Agstdnt. 2719 I BF &5 A F 60w0™, +
33], ¥ 253 AAEA

WS <Table 2> #t}

AAHQ &

oft
[

Table 2. Total of PNF and BOSU training program

Construction Type of Training Time Intensity Frequency
Warm up stretching exercise 5 min
Main CPM CPM 30 min  ROM of painless, 3 days
exercise PNF BOSU 20 min RPE 11-13 /week
Cool down stretching exercise 5 min

CPM, Continuous passive motion, BOSU, Both side up,
PNF, proprioceptive neuromuscular facilitation;, ROM, Range of motion
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1) PNF H& 5% Zz19

A9 152k 254 sLdeA A 838kl FA o] e(hold-relax) 71 o] 23], &&4 <t

tlo
=
=
fr
o
il
4

A (rthythmic inhibition) ¥ &4 &% (combination of isotonic)
‘gato] Aldataitt.

152 PNF AA zzafe] 2pAdle & 24, the] Ha 32 ZAoln gy
o g0l £EA A, AN B 47 102 A Y e 93] 73l

2

¢

F 102 ¥
oith $EAHAE & 387 APsta 287 F4S sk & PNF A AW+

o

Do
%N
N
Z,
)
2
[
ot
u
%
1o
N
B
e

= s R FE A e ApAlolH| H)
A9 1729 2 7IHow AEAARE AFA] EEHS 2A 4853
sdstA Al

2 <Table 3> 2t}
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Z,
r-q
N,
i
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-
)
o
Mo
offl
&l
il
N
i)
= o

2) BOSU 49 &5z

BOSU #wo] LExx Zaadle 2 2F2 AAsgth AR Zzade
CPMS 30 ot 3hAto] wHA #astar, BOSUE 20%7F AAE T BOSU &%
A2 TR2aRe 1F29} 272 A A AFEH EF5HES g2 8359

152 BOSU 252 22| A= ek Al ezt dojx7] A, J4

NAAAE ZH2E 102 A8 5 102 F25 93] sty ¢54xS F 387 1
gatal 281F F2A5 stk & BOSU =542 Wg 23] wHESAIT

)
N
_>|~1_,
os)
@]
w2
(@
Ho
oft
Y
Ik

2age] AAE FAZHAA, A7), Ay 27l

W, AR e Tl Agstdnh AN F4 AR, HEASE 1549 F

BOSUA We] AFEAQ $E=xa 73S <Table 4>3 71},



Table 3. PNF training method total elapsed time 50 mim

Set

Type Process Position Training Technique Time Rest Rep Set rest

1~2

CPM week

Supine Slowly increase ROM without pain . - - - -

Supine Assisted knee flexion with a strap HR

Long

1 sitting Knee extension on a towel roll RI, CI

week
Long : o
sitting Knee flexion by sliding foot on bed  HR

PNE 0 10 9 2 2

Hook  Assisted knee extension with strap R S6¢ sec rep set min
lying around the foot

weeks Sitting Knee extention RL CI
Sitting Knee flexion bYﬂ(S)gfing foot on the HR

CPM, continuous passive motion;, PNF, proprioceptive neuromuscular facilitation,
ROM, range of motion, HR, hold-relax; RI, rhythmic inhibition, CI, combination of isotonic

Table 4. BOSU training method total elapsed time 50 mim

Type Process Position Training Time Rest Rep Set rSeeSFL
CPM 1~2 Supine Slowly increase ROM without pain 0 -
week min

Sit and stretch your arms toward the

Sitting sore side with your hands clasped
1 Sit to :
week  stand Sit Up & Stand Up
S;E(g;g Static standing

0 10 9 2 2

BOSU : Dynamic standing :
sec sec rep set min
BS;?%IITHHC - Weight movement back and forth, left D
€ and right in a standing position
Wezeks One leg One leg standing
standing - Keep your eyes open and standing
Walking .
on BOSU Walking on BOSU

CPM, Continuous passive motion, BOSU, Both side up, ROM, Range of motion,
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Hr
160
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KIr

1) AA T4 (Body composition)

(DS-103M, Dong San Jenix, Seoul, Korea)E A}-&3&to] wulotie] v g 714 9]

54 #y A

7]

-
o

1748 AA

ATk 2

3

g A%

7] (Inbody 770, Inbody, Seoul, Korea)E

Fel A5 (body weight), A2 #A]4=(body mass index, BMI)E =74 3} 9t}

S

g

2) ANZ+EFA % (Visual Analogue Scale)

o)

(Merskey & Bogduk, 1994).
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ZAHEE ALES
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319 th<Figure 2>.
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Pain severe

MNeo pain
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Figure 2. Visual analogue scale
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3) 494 HAH(Flexibility test)

(1) A-d=

N
nj

o}
o
jans

vze)

Nr

AT

3

] &

=
=

(SC633616, SKARO, Korea)

e

Kol
=

Alolw, 1 #k

Aol A% 9

s

bl 2

S

L
2y

ATt

l(cm)E 7153}t

Z

PN
T

2315 AA

No
o|J
i

rvze)

X
N

BR
o

-

<Figure 3>3} 7t}

Figure 3. Flexibility test
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(2) &4 715 W9 (Range of motion, ROM)

N
ofr

71(Goniometer, Kineman

k

FEHdY JteW¥eE SAs] fHld A

Enterprises, USA)E A}-83}¢]
IS AAE B9l (prone position)ol A tHEZ 2] 9|4 T(lateral epicondyle)

£ Fo= ¥ =Y A (femur greater trochanter)¥} o] oA+

o] 9] EAMH (lateral malleolus)®} olojxl&= A& FAJUAR 3t 5 flv 754

=277} (passive range of motion, PROM)< 37438ttt SA75S & 2315 42X

sl Hdg(®)= 7153830t

ROMS A3 2452 <Figure 4>9F #Zt},

v

v =

i

2teg Z4san.

|\
oX,

i)
rlo

Figure 4. ROM test
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4) 34 271% HAF

A 2715s Atz fEiA doidA A7) HANTimed up and go test,
TUGE A&t dojxAa A7 HAlE By 78589 w2 =48 5 9l

2
= AArEHel, AR I SAA W AHEE r=098~099% AHETF 2L

o] th(Podisadle & Richardson, 1991).

-

ZAuEe UG viete] BPel7k At oxje] WARE WA et 3

AT Aol eh TEAES A A AN Qojupd 3m ol A4
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rE
ot
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tlo
4
>
o
A
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o,
o
o2
|o
fr
B
=
o
=
it
i
dlo
o
fr
it
o,
o,
v
>
o,
>
-3
S/

Figure 5. Timed up and go test
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5) & &A% (Electromyography)

B AfGAME & FHE S-S 98 Delsys Tringo Wires EMG System(Delsys,
USA)S AMg3te 3 2HAEE SASAY. A58 F38t7] o o5 Ags
aststz] 98 €5 AlA

$u dmeE DH RAG ARl B Fo 2g) AT
ol Aol A8 ww A

£ Avanti Sensor(Delsys, USA)el <123}
2 10-350Hz=Z gol3t AolH & F

KeN
=

aN

e

=]
l
of FHaAT AL A5 Fug o
skl

ﬁJ

TR FHE AT E WA (rectification) 3 &, HE3E 98] 200mse] AH H
AW (root mean square; RMS) 0.2 A2l at i th A= e Ezbo] st 24 %
Azl =43 BEHS ¢35te] EMG Work Acquisition and EMG Work Analysis
software Version 4.0(Delsys, USA)E A}l-&3} it}

TAE AES A3 A FKES HEY, HEF(2013)9 ATE SAR UFH
AFFZ it (quadriceps muscle group)ol A= % 9 £ ¥ 2 Z(rectus femoris),

Y= (vastus medialis), 2|23 (vastus lateralis)ol]l F2Hatgich 4 =4 A=

gtk QAT &

2 S%el WHAZ F FolHlo| 2 o] fete] AusA
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Table 5. Electrode attachment site

o A3
HEAT SR APEERE ol Ao 1A WEow 25m A3
NEgE dE A A oF 6em 91 4K
g4 gE A-9% S o 8~10em ¢ A4

Figure 6. EMG test
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6) FE8EY A% % 75 (32 HF WOMAC Index)

WOMAC(Western Ontario and McMaster Universities) ¥ 334 @49 st
of 3t AWM E Hutshy] 9 AL Aol 53| FAA Aol A

HH 1A 2 75 AHE ke flgh A A o] tH(Bellamy, 1939).

Oj_"_‘j
<
1
Al

9% WOMAC Indexe AEAE ey, AL, o]F5(20097F =%
WOMAC Index A#A2 HIs1, WOMAC Index?] Ao} ElGEE 753
Ayt AA G oA 09401402 YERY @23 WOMAC Index A1F=7F =& 3
o7 HusEtt 3= WOMAC Index HAEA = F24EFdo 7 55 5838(H4 0

~20%), A A 28F(H5 0~8%), AT 1TEF(HS 0~689) 02 T4

Ho] gt Hrie= gA= 58 2 E(0=none, 1=mild, 2=moderate, 3=severe,
4=extreme) = G OoH, A7t =S5 HPA FHEG A=A S AgS v
El=

& mestel AR g AT HYS HL UPA $HE F AEF sl =
AR A WEe AEAC /Qstanh @29 WOMAC Index HEA 24

o ABLFY AL & $F 4G AP FRY $F F AHNA A3

off

=¥ WOMAC Index AieA1¢] &2 50 738t

¢
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4. X=X

H o oA d& =4 2A8E SPSS for windows(Version 21.0) EAZZ1W S
o] g3le] Z} Wole] Hif(mean)¥} ¥ WA (standard deviation)E AFEsA T Het

A8l 5HEE A (independent test) = AAsFF o™, ZF Aok o] WS o
olal7] Q& NSEE 4 (paired ttest)S AAEAH. BE B4 544 9

FE(pe 062 AA3A T
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TKRE B& & 1~2F Afole] uk 554 o4 oA A5 oz 257 PNF9}
BOSU 54 Z2adg +dste $34%, #94, o4 7% 2 & a4=

of M= FFe eyl fAste] AAg & Ao Adk= s 2o

PNF$ BOSU &=z 2 adio wE Az B H L9

=A% = ve <Table
6>, <Table 7>, <Figure 7>3 7t}

Table 6. The result of two-way repeated ANOVA for VAS

Variable SS df MS F D n’
Between Subject
Group 613 1 613 366 562 044
Error 13.400 3 1.675
Within Subject
Period 82.013 1 82.013 31.278 001 823
Groupx*Period 1.013 1 1.013 460 D17 04
Error 17.600 8 2.200
<Table 6>°] o|UdWEZHIAEA 275 BH, A o] @& WS =

ol g Aol7h U A Sk keh(F=366, p=562). ¥R, 287 THF=37.278, p=.001)
e fe@ Aok etk FAAV hE FEAE aveld feld Aozt
LERLEA] 2 Sk eH(F=.460, p=.517).
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Table 7. Comparision of VAS 2 weeks after exercises (score)

Group Variable Pre Post t D
PNF 6.8+0.57 3.2%1.681 5.041 007
BOSU 6.9+1.342 2.4+1.673 4.025 016
t -.153 754
D 834 A72

PNF, Continuous passive motion & Proprioceptive neuromuscular facilitation Group;
BOSU, Continuous passive motion & Both side up ball Group

Al wgE #AF A3 PNF 2515 (t=5.041, p=007) BOSU #%& 1%
(t=4.025, p=.016)= AR ARS-oll 2] @k Aol 7} YR,

10
9
3 69 |
'?g . 6.8 ‘\ :
< 5 \H\ ; -= PNF
9“2 4 T ] —-BOSU
= 3 \"* *
N
> 2.4*%
1 _
0
pre post

Figure 7. Comparision of VAS 2 weeks after exercises
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2) a4 HAH(Flexibility test)

(1) PNF¢} BOSU 5=z 2 130 & A sl

ofr
(&
Hl

PNF¢ BOSU £ ade] wE AAzZe FAHAAYE v <Table 8>,
<Table 9>, <Figure 8>3} 7t}

Table 8. The result of two-way repeated ANOVA for sit and reach

Variable SS df MS F D n’
Between Subject
Group 147.425 1 147.425 2.012 1% 201
Error 586.108 8 73.264
Within Subject
Period 219.785 1 219.785 14.579 005 646
Groupx*Period 16.381 1 16.381 1.087 328 120
Error 120.600 8 15075

=2
rlr
:[o
1o
ot
ﬂN_n‘
o
N
X
W
o
T
|\
o
>,
N
=2,
=)
it
o
fols
)
oo
fol
i)
=2,
>,
Ho
1o
ro
_>‘4_|J
o
N
XN

e} A] eFTHE=1.087, p=.328).

Table 9. Comparision of sit and reach 2 weeks after exercises (cm)
Group Variable Pre Post t D
PNF 17.98+5.405 22.8+5.859 -4.009 016
BOSU 10.74+5.807 19.18+8912 -2.591 061
t 2.041 759
D 076 470

PNF, Continuous passive motion & Proprioceptive neuromuscular facilitation Group;
BOSU, Continuous passive motion & Both side up ball Group
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<Table 9>¢] sit and reacholA F 7+ vuE 3 A3} APA(t=2.041, p=.076)3}
AR (£=.759, p=470)°ll o gk Aol 7b vebubA] gttt

A W ®ists &A% A3 PNF % 15 (t=-4.009, p=.016)2 AP} AR &
AX o2 folg Aol7b vyttt A% BOSU &6 1w (t=-2.591, p=.061)2 A4
I Aol F o gk 2ol 7F yrEbLEA] @Skt

30.0
250
€ 4228

20.0 r Ll

T 19.2

2 13.0+ /T -= PNF
% 15.0 / —0-BOSU
a
" 100 1075
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Figure 8. Comparision of sit and reach 2 weeks after exercises
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(2) PNF¢ BOSU +&s=Z2 0 w2 #4d 7ls el sl

PNF¢} BOSU Ssx=zadlo] wE #A7sHYY 443+ v <Table
10>, <Table 11>, <Figure 9>3} #t}.

Table 10. The result of two-way repeated ANOVA for ROM

Variable SS df MS F D n’
Between Subject
Group 2.450 1 2.450 018 898 002
Error 1113.600 8 139.200
Within Subject
Period 4410.450 1 4410450  35.017 001 814
GroupxPeriod 36.450 1 36.450 289 605 035
Error 1007.600 8 125,950

<Table 10>9] ol =24 RARY AshE v,

i)

o 2ol W s AE §
olgt zpol7b YA 2 UTHE=.018, p=.898). Wk, S A17] 7HF=35.017, p=.001)
o= fol@ Aolzh etk SAAVG wE AEas wveld feld Aot
LERLEA] 28 S EH(F=.289, p=.605).

Table 11. Comparision of ROM 2 weeks after exercises (degree)
Group Variable Pre Post t D
PNF 76£11.937 108.4+12.954 -3.478 025
BOSU 78+12.55 105+7.906 -7.216 002
t -.258 501
D 803 630

PNF, Continuous passive motion & Proprioceptive neuromuscular facilitation Group;
BOSU, Continuous passive motion & Both side up ball Group
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<Table 11>9 &4 7bg WA fAd 7 vlas 3 23 AP (t=-.258,
p=.803)2 AFF-( (=501, p=.630)ll o] g 2fo]7} LpEbLFA] Skt

A W WstE &g 23 PNF 2% 15 (t=-3478, p=.025)7 BOSU &% 1%
(t=-7.216, p=.002)=> Apd 2t Apg-ofl o3k 2Fo] 7} YERST

108.4%

- 1100
3 % 105.0**
o £
90.0 -= PNF
s -o—-BOSU
= ?8.09'/
o

70.0 760

50.0
pre post

Figure 9. Comparision of ROM 2 weeks after exercises
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3) dXA A7(TUG)
) PNF9} BOSU &5 Z2ado] 2 dojxx 7A7]e wWsal

dojM A A7e] SA4Z3= vhs <Table

PNF¢} BOSU Ssx=z1dlo] weE
12>, <Table 13>, <Figure 10>3} #t}.

Table 12. The result of two-way repeated ANOVA for TUG

Variable SS df MS F D 0’
Between Subject
Group 25.890 1 25.890 034 88 004
Error 6050.935 8 756.367
Within Subject
Period 4284.396 1 4284396 19.143 002 705
Groupx*Period 1.720 1 1.720 008 932 001

FError 1790.506 8 223.813

<Table 12>9] o]YntE=AHEEA AS HH Ao 7Ho & WA=
o]st zpol7} YrEFLFA] 2 tHEF=.034, p=.858). ¥rH =A A 7] 7HF=19.143, p=.002)

o= el o7t etk ZAA G we AaHe oA §od 2ol

UrERA] 2k 9kTH(F=.008, p=.932).

Table 13. Comparision of TUG 2 weeks after exercises (sec)
Group Variable Pre Post t D
PNF 47.306+23.118 17.447+4.958 2.8% 044
BOSU 4899%+34.155  20.309+15.322 3.364 028
t -.092 -.397
D 929 701

PNF, Continuous passive motion & Proprioceptive neuromuscular facilitation Group;

BOSU, Continuous passive motion & Both side up ball Group
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<Table 13>¢] A A7eA Hek 2+ vuE & A AFA(t=-.092, p=.044)
H AR (t=-.397, p=70D° freo] g Apo] 7} v okt

Het o ®sE g9d Ay PNF &% 15(t=2.8%, p=.001)7} BOSU &% 1&
(t=3.364, p=.028)2 AR I ARS-o Fogk 2ol 7F LrEbRk

60.0

isec)

40.0

UG

F 200

0.0
pre post

Figure 10. Comparision of TUG 2 weeks after exercises
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4) & &A% (Electromyography)

(1) PNF¢F BOSU ®&Z=za3] m& e

>

o 2= W)

i

PNF¢} BOSU 5 Z2a3] w2 ¥z 4%
14>, <Table 15>, <Figure 11>3} Zt}.

1o
N
ox,
i)
i)
rir
el
dlo
/\
=
Q

=
)

Table 14. The result of two-way repeated ANOVA for rectus femoris

Variable SS df MS F D 0’
Between Subject
Group 10.482 1 10.482 1.105 324 121
Error 75.879 8 948
Within Subject
Period 13.153 1 13.153 1.586 243 165
Groupx*Period 26572 1 26.572 3.205 A11 286
Error 66.336 8 8.292

<Table 14>9] o] SIMHEZARENEA A%E B, A9 7bo] Be WAL &
o Aol7h e @QITHE 17] ZHF-1.586, p-.243) 7ol 3=
93 Aol7h A 2otk 2G4l oe 45e mddA $93 2ol7

LA eFQFtHF=111, p-=.286).

I
—
—
o

a3

<
%)
&)
=

N
oxl

>

Table 15. Comparision of rectus femoris 2 weeks after exercises (V)
Group Variable Pre Post t D
PNF 9.408+3.655 8.725+1.264 334 121
BOSU 8.551£1.477 12.478+4.292 -2.110 102
t 486 -1.876
D 640 123

PNF, Continuous passive motion & Proprioceptive neuromuscular facilitation Group;
BOSU, Continuous passive motion & Both side up ball Group
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<Table 15>9] &2 LHAEgA At 2k vlaE 3 A3} AR (t=.486, p=.640)
7 AR (t=-1.876, p=.102)l Fe]g Aol 7b vERUEA] 29kt

g Ul WstE gelst 23, PNF % 15(t=.384, p=72D)7 BOSU &% 1%
(t=-2.110, p=.102)> AP Ao frofgh 2po] 7 VERA] erglet.

o

) 14.0
A0 12,5
S /
= 11.0
Q ]
b -= PNF
)
I —0-BOSU
oo 8.0
&)
=
L

5.0

pre post

Figure 11. Comparision of rectus femoris 2 weeks after exercises
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(2) PNFo} BOSU ¢ 5 Zzaale] np2 =3 2

2

E=o W3t

PNF$} BOSU 5=z add me u=

ofd

& 2

1o
B\
ol

A= v <Table
16>, <Table 17>, <Figure 12>3¥} 7t}

Table 16. The result of two-way repeated ANOVA for vastus medialis

Variable SS df MS F D n’
Between Subject
Group 8728 1 8728 706 425 081
Error 98.958 8 12.370
Within Subject
Period 2.628 1 2.628 226 647 027
GroupxPeriod 329 1 329 028 871 004
Error 92979 3 11.622

<Table 16>2] o] B2 ¥4 A3}

i

B, A el wE WSt M=
o) & Aol 7b YERGA] RGTH(EF=706, p=425). Z=AA 7] 1HF=.226, p=647)°1 = |
g apol7h wEhA ek tk Al e 35S Zdel A froldk Aolrh o
EFUbA] e b tH(F=.028, p=.871).

Table 17. Comparision of vastus medialis 2 weeks after exercises (V)
Group Variable Pre Post t D
PNF 20.479+2.278 21.46+6.34 -0.325 761
BOSU 19.414+1.084 19.883+1.194 -1.099 334
t 943 A7
D 313 599

PNF, Continuous passive motion & Proprioceptive neuromuscular facilitation Group;
BOSU, Continuous passive motion & Both side up ball Group
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<Table 17>9 WS3FL LA EoA FJe 3+ BlwE & A3} AP (=943, p=.761)
I AR (£=.-1.099, p=.334)ell frelgt xfo]l7} YRR S okTh

Jeb o Wsts glgk 23, PNF &% 14 (t=-0.325, p=.249)3 BOSU & 1%
(t=-1.099, p=.334)=> Abd 3t Apg-ofl o] gk Zbo] 7} yEbbA] 9kt

22.0
2 _m215
v 21.0 . —= =
E s - -
K 205w
= -
= -0—-BOSU
ég 194
C 19.0
=
Ll

18.0

pre post

Figure 12. Comparision of vastus medialis 2 weeks after exercises
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(3) PNF$} BOSU £5Zz1glo] w2 o= 2

L
b
Lo
rE
el

BN
ot
rd
rd
2
Sl
1o
N
ol
i)
i)
rir

PNF¢} BOSU @& Z2190] g &= T} <Table

18>, <Table 19>, <Figure 13>¥} #t},

Table 18. The result of two-way repeated ANOVA for vastus lateralis

Variable SS df MS F D n’
Between Subject
Group 201.359 1 201.359 8.168 021 505
Error 197.212 8 24.652
Within Subject
Period 10.658 1 10.658 561 A75 066
GroupxPeriod 38.243 1 38.243 2.014 194 201
Error 151.898 8 18.987

<Table 18>9] o W22 RARA AnE BRl, AW 7ho] 42 AslA Fe
& zpol7b eI THF=8168, p=.021). Z=AA17] 7HF=561, p=A475)0l = )& ol
bR rskth ZAA e wE Aadg GoleA feld Aol ehin
U THF=2.014, p=.194).

%)

Table 19. Comparision of vastus lateralis 2 weeks after exercises (V)
Group Variable Pre Post t D
PNF 13917+3.145 12.611+1.096 0.735 503
BOSU 17.497+6.451 21.723+5.88 -1.218 290
t -1.116 -3.406
D 297 024

PNF, Continuous passive motion & Proprioceptive neuromuscular facilitation Group;
BOSU, Continuous passive motion & Both side up ball Group
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<Table 19>¢] 9|3 ZHE=AA A 3+ HuE F A} ARA(t=-1.116,
p=297)ol A= frelgh zpol7h vpEbuA] kAR AR (t=-3.406, p=.024)l 4] F-<] e
ZFol 7F vhERSE

Aa u WstE e 43, PNF £%15(t=0.735, p=503)% BOSU &% 1&
(t=-1.218, p=.290)2 ALd =} Ao Fo) st 2o 7} vpEpEA] ekt

= 220 o7
|
5 1BY 55 —=-PNF
E T( ~-BOSU
i’ 140 —1394=<—
= TR 126

10.0

pre post

Figure 13. Comparision of vastus lateralis 2 weeks after exercises
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5) ¥4 1% % 7T ZH(K-WOMAC)

(1) PNF¢} BOSU &5 =219 & K-WOMACS % 43}

_\7‘_1‘
rir
el
dlo

PNF¢} BOSU +FZ=za#fle] wWE K-WOMACY %35 =44

<Table 20>, <Table 21>, <Figure 14>3} 7t}

Table 20. The result of two-way repeated ANOVA for pain
Variable SS df MS F D 0’
Between Subject
Group 6.050 1 6.050 367 562 044
Error 132.000 8 16.500
Within Subject
Period 414.050 1 414.050 48712 001 859
GroupxPeriod 450 1 450 053 824 007
Error 68.000 8 8.500

Zrol mre st Al §

<Table 20>9] o]t E=AHRBARAN Ans B Ho 7t
W SA A 7] 7HF=48.712, p=.001)

o3k Apol7F vEbA] R ATH(F=367, p=.562). 1,

o= % Aol vhebuk
PERA @k SkTh(F=053, p=824).

CEANIY e dsAg mitelA feoldh 2olrt

Table 21. Comparision of pain 2 weeks after exercises (score)
Group Variable Pre Post t D
PNF 14.8+3.899 0.4%2.51 5.374 006
BOSU 15.6+1.949 6.8+4.97 4.550 010
t -410 -.562
D 6% 539
PNF, Continuous passive motion & Proprioceptive neuromuscular facilitation Group;

BOSU, Continuous passive motion & Both side up ball Group
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<Table 21>¢ WOMAC EZA et 7+ vuZE 3 A3 ALA(t=-.410, p=.696)

o AR (t=-562, p=.589)°l F2|F zFol7b YERLA] et

® 18 (t=5.374, p=.006)% BOSU ¢ E1%

Mo

A Wl Wss Zlg 23}, PNF
(t=4.550, p=.010)= AP 2 ARF-ol )7k 2Fo] 7} YERS .

24
- 18
c 15.6
© 14.8
o 12
<
S
O 6
=
0
pre post

Figure 14. Comparision of pain 2 weeks after exercises
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(2) PNF9} BOSU #5213 & K-WOMACe| 2% w3}

PNF¢ BOSU < zaadld wE& K-WOMACY 747 =2AZAx:= v
<Table 22>, <Table 23>, <Figure 15>3} -t}

Table 22. The result of two-way repeated ANOVA for stiffness

Variable SS df MS F D n’
Between Subject
Group 1.800 1 1.800 286 608 034
Error 50.400 8 6.300
Within Subject
Period 80.000 1 80.000 42.105 001 840
GroupxPeriod 1.800 1 1.800 947 359 106
Error 15.200 3 1.900

<Table 22>¢] o]t ZALAEA A3s B, e ol wE Wsfel M=
o)gk o]zt YERUAl 2 UTHEF=.286, p=.608). WFH, F8A17] 1HF=42.105, p=.001)
o= g Aol7b yebutth. S wE F5AE ZaelM ol Akelt
LHEREA] 23 SEeH(F=.947, p=.359).

i)

Table 23. Comparision of stiffness 2 weeks after exercises (score)
Group Variable Pre Post t D
PNF 5.2+2.387 1.8£1.643 3.606 021
BOSU 6.4+2.074 1.8£1.924 5.662 005
t -849 001
D 421 1.000

PNF, Continuous passive motion & Proprioceptive neuromuscular facilitation Group;
BOSU, Continuous passive motion & Both side up ball Group
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<Table 23>2] WOMAC ZZ A gt 2+ vlag 3 A7 AL (t=-.849, p=.421)
7 AR (t=.001, p=1.000)I A& F<l et zFel7h veEpA] ek okt

He o ®sE g9d Ay PNF &% 15(t=3.666, p=.021)7} BOSU &% 1&
(t=5.662, p=.005)= AR I ARS-o o5k 2ol 7}F LhEbRkt)

)
o) 9
&3
Z 6
5 —=-PNF
(2]
" —0-BOSU
< 3
=
o
=

0

pre post

Figure 15. Comparision of stiffness 2 weeks after exercises
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(3) PNF9} BOSU #5213 m& K-WOMAC?]| 2144 75 s}

PNF¢} BOSU S5z 2adlo w& K-WOMAC? AA% 75 Z443= ot
5 <Table 24>, <Table 25>, <Figure 16>3} #t}.

Table 24. The result of two-way repeated ANOVA for function

Variable SS df MS F D n’
Between Subject
Group 84.050 1 84.050 122 420 083
Error 931.400 8 116.425
Within Subject
Period 4898.450 1 4808450 88141 001 917
GroupxPeriod 26.450 1 26.450 476 510 056
Error 444,600 3 55.575

<Table 24>¢] o]t SALAEA Aas B, He ol wE WUslel M=
ofgh Zpol7b YERUFA] ¥ UTHEF=722, p=.420). WA, F4A17] 7HF=83.141, p=.001)
o= g Aol7b yebutth. S wE F5AE ZaelM ol Akelt
LHEREA] 23 SEH(F=.476, p=510).

i)

Table 25. Comparision of function 2 weeks after exercises (score)
Group Variable Pre Post t D
PNF 55.8+4.438 22.2£13.103 7.058 002
BOSU 57.6+2.408 28.6+12.116 6.211 003
t =197 -.802
D 448 446

PNF, Continuous passive motion & Proprioceptive neuromuscular facilitation Group;
BOSU, Continuous passive motion & Both side up ball Group
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<Table 25> WOMAC AAA 7|5l et 3t vlaws g A3} ARH(t=-.797,
p=448)7} A (t=-.802, p=.446)°] -9 Aol7} vElbR] 2okt

He o ®sE g9d Ay PNF &% 15(t=7.058, p=.002)7} BOSU &% 1&
(t=6.211, p=.003) AR I AbS-o &gk 2ol 7} vpEbwkt),

v
@]
2 60 57.6
_ 55.8
S
5
5 40 —=-PNF
G 28,6+ —©~BOSU
< 22 D

20
s
o
= 0

pre post

Figure 16. Comparision of function 2 weeks after exercises

_48_



(4) PNF9} BOSU #5213 & K-WOMACe| x| wHs}

PNF¢} BOSU £z 2ado] w2 K-WOMACY AA 7% =A4x3= s
<Table 26>, <Table 27>, <Figure 17>3} 2t}

Table 26. The result of two-way repeated ANOVA for total

Variable SS df MS F D n’
Between Subject
Group 168.200 1 168.200 607 458 071
Error 2215.800 8 216975
Within Subject
Period 9856.800 1 9856.800  110.409 001 932
GroupxPeriod 20.000 1 20.000 224 649 027
Error '7114.200 3 89.275

<Table 26>¢] o] dtESAHTAEA AaE B, A hol] BE MM =
o) gk Apol]7F YERUA] R SUTHEF=.607, p=.458). R4, SAA7] 1HF=110.409, p=.001)
o= g Aol7b yebutth. S wE F5AE ZaelM ol Akelt
LFERUA] 23 Sk eH(F=.224, p=.649).

i

Table 27. Comparision of total 2 weeks after exercises (score)
Group Variable Pre Post t D
PNF 75.8+10.134 29.4£15.789 9.460 001
BOSU 79.6+5.941 37.2+1858 6.161 004
t =723 =715
D 490 49

PNF, Continuous passive motion & Proprioceptive neuromuscular facilitation Group;
BOSU, Continuous passive motion & Both side up ball Group
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<Table 27> WOMACeIA e 3 vjas g A3} AR (t=-723, p=.490)3} A}
F( (t=-.715, p=49%)° <ot ZFo|7} YA oty

b Wsts Qg A3, PNF &5 1+ (t=9.460, p=.001)3} BOSU &% 1%
(t=6.161, p=.004)> AP 2 ARg-of )7k 2Fo]7}F YERS .

[
5 90
) 79.6
_ 73,8 Wy
e g
L 60 : >
O
<
> 30
O
=

0

pre post

Figure 17. Comparision of total 2 weeks after exercises
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ol dasrthd &, 2003). EA7F A 2T WEEE Eo|7] fAdM=

44 T ol ROM= 9= AL g Fasta A7tk ROMe S7He #l6l

A CPM3} PNF 2E# A 7|Ho] 4 & A5 WHoR de AMEHI e
Aol thFunk et al,2003). 342 7E&F 5(1999)¢] Ao A= CPM A&

F#9 ROMel Watrh fojek Apol7h vebubA] Fgtrhal Bassl

Fol A= PNFS BOSU ¢%54x Zzadd w2 #4433 ROM 3
g ol A e Ul AZIA fod o7t vEbgth AdF e Z<Figure
8>o A= PNF o] frejgh Apel7h vebk ol BOSU H el Al7]e] wa F7}
Fo] 84cmo.® PNFHEUY 158 o] F7Fatitt. ROM| ®stel| = 5 o
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<Abstract>

Effects of PNF and BOSU exercise on pain level,
lower extremity muscle function and muscle

activity after total knee replacement

Park, Keon-Ju

Department of Kinesiology
General graduate school Jeju National University

Jeju, Korea

Supervised by professor Kim, Young-Pyo

The purpose of this study is to study the effects of CPM and PNF, CPM and
BOSU exercise on pain level, flexibility, lower extremity muscle function and
activity, and WOMAC for 2 weeks after total knee replacement. This study was
conducted on 10 adult women aged 55 years or older who were between 1 and 2
weeks after total knee replacement. According to the exercise program, it was
composed of a PNF group (CPG, n=5) and a BOSU group (CBG, n=5). The
results obtained in this study are as follows;

First, significant correlations were found difference in flexibility in the change
of body flexion in the PNF exercise program

Second, significant correlations were found muscle activity in the change of the
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vastus lateralis in the BOSU exercise program.

As results of this study, the PNF exercise program showed a positive effect
on flexibility after total knee replacement, and the BOSU exercise program
showed a positive effect on muscle strength development. Therefore, a program

that combined PNF and BOSU exercise is needed after total knee replacement.
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