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[Abstract]

The purpose of this study was to investigate the effects of applying a neuromuscular exercise
program using biofeedback on muscle tone and proprioception in elderly female patients undergoing
TKA. The subjects of this study were 10 subjects in the EG and 10 subjects in the CG who
underwent biofeedback neuromuscular exercise program, and performed 3 times a week for 40 minutes
for 8 weeks. The results of this study showed that after applying biofeedback and neuromuscular
exercise program, muscle tone and stiffness in the VM, VL, and RF significantly increased, and
proprioception also showed significant decreases in the changes in COP, TDAP, TDML, MVAP,
MVML, and TD. Therefore, the application of biofeedback and neuromuscular exercise programs is
thought to have a positive effect on the functional aspects of elderly women by improving the muscle

function of the Quadriceps muscle and the proprioceptive function of the unstable knee joint after TKA.

» Key words: Elderly Women, Total Knee Arthroplasty, Biofeedback, Neuromuscular Exercise,
Muscle Tone, Proprioception
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I. Introduction
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+ O 85k Yo=s ARRE| 1 QIT}28-32]. Table 1. Subject Characteristic

= 7Is & < V= Muscle Tone: MT)= olghd < Variable EG(n=10) CG(n=10)
£9] 71AE = 258 AEHA O TSt A & AFIE HAgs({r) ) 16577.41011;86.4307 16596;00021;76.4064

- eight(cm 16, 0216,

F7EreRos S49 o A }KP} e Ages A Weight(kg) 63.17+3.84 65.52£8.64
9] H[33,34] MT: SfjHetAl AAAof|A] H]|ZEE| o] AlA Fat(%) 41.1242.79 41.50+4.63
R SMM(kg) 19.79+1.49 19.80+2.96
5H&lo] ormol al gjool SR

Al = st Y AR Q of £85= A Mean+SD, EG: Experiment Group, CG: Control Group
ofe] P4a4olch35]. AA| AMZ GAlst BEA
%E}(\):]l% EX]—O}7] ‘IAOH MT& 7] JCI)_]_ 5—@0]”:][36] B| 2. Body Composition
7‘%?_]_' MT7} 04]:}‘1] 054 7]1— El I'_Z_]_—/\Ol-oﬂ}ﬂ 3":]_-7‘%4 SH ;\];q.J_} ]xo K}E ;I\_];;O]. iﬂ%ﬁ](GL-lf}O, G-Tech

RS ARlshs s8o] 442 4 AM{37]. International., LTD, Korea)& A}g3to] £A519 0

28 eAga Al sHs JHsT Aol TKA & mde £%7)(270, Inbody, Korea)2 AH8-5to] AIA|4ak
SRA T AEA 71st Lea8dte et 1w 3Adsre axstoI)
+ =& Z2I30] sy, gt 252 F9l A8
22 AR-8d7S PRI EAY] 7158 P 3. Biofeedback
S d2aAPaL, AR D8ES 7HssH sto] A uolQ mjuwlo] Al e Srj8 Empi 300PV A2
o PGS SAAA 4 Ut o= =822 TKA ¥ (Empi Inc, a DJO Global Company, St Paul,
Aol Al 7141 o] d o2 Argst Zlojot Minnesota)2 AM2s5to] AlAGIgon gubAlQl dolaly]
TtA & A o =0l SRME O os e 229 2t AR =R 2aE(Maximal Voluntary
ZURY WRAE(TKA) & vfolemesls HESh 413 [sometric  Contractions: MVIC)S  AJ4sh7] 93]
o J9 ez o] a8t & RN O paufer=(38lo] ALR3SH EU)8 Abx|eF £ mpEo] A

A= Jare dohu mx} AAIEgiTh S0z AAstent
A7 ®7] A= X 87](Neuro-Muscular Electrical
Stimulation: NMES)9] A& A]7t &= A7ty =Ust
II. Methods Al AEstlon A7IA s g MIdhs jee] A8
oWl 0 d(Vastus Medialis: VM), 71&EY2X(Vastus
1. Subjects Lateralis: VL), @the] 22X Rectus Femoris: RF)o]| A
2 A9 tdAte G ANO 281E & CZol  8a19iTh{39].
A 25 W THEG(0A)2 Qs AAZH=(TKA)= A
Al 65A1] o) /g ol eAbE tifer Al 105
A 108 os BRdl § 20802 F/dsiltt. Al
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4 IZEE Bl Yol uto] 2&(MyotonPRO,
Myoton AS, Estonia) 8|5 A5 o0 €& 2] &
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Fig. 2. Muscle Tone Measurement

5. Proprioception
155871710 EXO Plates(KForce,
Kinvent, Montpellier, France)& o]&st0] &X5l% 0

o % chel2 A4 Sgetgct

DRA§UZY B WEe JogiSlal] BHS 47

KForce

Open Eyes Two Leg Stance Close Eyes Two Leg Stance

Fig. 3. Proprioception Measurement

6. Exercise Program

wsZ2 WL Jogis{4l] X Springers{42]o] AJA]
g m2IAG 24 Bl AAjslglon] eEme Iy
2 Table 2.9} 2t} RE T2 Fxpsz Ao
O ABE w&dt g8 wen2 1S ugst

k.

Table 2. Exercise Program

Neuromuscular Proprioception
Exercise Exercise
1. Ankle pump
2. Q-Setting
3. Supine Position Total | 1. Open Eyes Two Leg
1-2w .
Knee Extension Stance
4. Assist Towel Knee
Flexion
I Inclu.de 12w Exe.ruse 1. Include 1-2w Exercise
2. Straight Leg Raise
3-4w 2. Close Eyes Two Leg
3. Clamshell Stance
4. Bridge
1. Include 1-4w Exercise
2. Assist Tubing Band | 1. Include 1-4w Exercise
5-6w Knee Extension 2. Open Eyes Single Leg
3. Assist Tubing Band Stance R/L
Knee Flexion
1. Include 1-6w Exercise | 1. Include 1-6w Exercise
7-8w | 2. Box Squat 2. Close Eyes Single Leg
3. Step Up Down Stance R/L

7. Data Analysis

7242 IBM SPSS(Version 26.0) =2 7885 o] &
slof L= chgate] ARA S4S J14EAE A8
oA $A4 W3e o6 SumE TEY
(Independent t-test)2 AIA|3}ICE At} A]7)7t Al
A antdsS Ssh ol WhE 24 #A(Two-Way

Repeated Measures ANOVA)E AlAlstgich £4 At

a o
AX)(Paired t-test)S AlAlslgCH BE £
2 a= .02 AAsIYCT

III. Results

1. Quadriceps Femoris Muscle Tone

= 71" = =(Muscle Tone)= Table 3. ¥ At} 71&
SoH(VL), SEEL2HVM), Soie22HRE)OIA AT
b APIZEY e Alg antel(p<.001) F8A7Il= &
Ofeh Afo|7F UEr oL p<.001) HHT o= F2Jeh Ato]
7F YEHYA] Qfott.

CGOIM VL T 4A=(p<.001) B & % =(p<.01)7}
w5l 571kl ot EGolA & 3R = (p<.001) 2 1
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Table 3. Quardriceps Femoris Muscle Tone
Variable Group Pre Post F p
CG(n=10) 15.99+3.39 16.54%3.39"" G 2.741 115
VLF T 73.326 .000™
EG(n=10) 18.21£4.63 20.62+5.34"" GxT 28.953 000"
CG(n=10) 325.40+58.15 334.60+57.84™ G 1.870 188
VLS T 241.232 .000™"
EG(n=10) 352.10£94.92 403.80+94.51™" GxT 117.484 000"
CG(n=10) 2.16+.42 2.16+.42 G 378 547
VLD T 55.158 .000™"
EG(n=10) 212+ .50 1.95+.47" GxT 59.005 _OOO***
CG(n=10) 15.72+2.72 16.2142.76%%x G 1.312 267
VMF T 106.036 .000™
EG(n=10) 16.71£4.69 19114457 OxT 16,315 000"
CG(n=10) 311.80+50.67 321.20+49.46™ G .028 869
VMS T 120.830 .000™
EG(n=10) 298.50+£72.22 343.90£75.52™" GxT 52 146 000"
CG(n=10) 1.87+.31 1.86£.30 G 113 741
VMD T 24.035 .000™"
EG(n=10) 1.94+ .50 1.68+.38"" GxT 20813 000"
CG(n=10) 15.18+1.75 15.65+1.67" G 6.196 .023°
RFF T 142.906 .000™
EG(n=10) 16.27£2.26 19.16+2.53™ GxT 74.132 000"
CG(n=10) 300.20+28.71 309.30+28.69" G 1.531 232
RFS T 144.055 .000™
EG(n=10) 301.50£55.62 358.20+60.30™" GxT 75.386 000"
CG(n=10) 2.09+.48 2.08+.48 G 315 581
RFD T 24.389 .000™
EG(n=10) 2.121+.62 1.78+.55™ GxT 24.099 000"
MeansxSD, VL: Vastus Lateralis, VM: Vastus Medialis, RF: Rectus Femoris, F: Frequency, S: Stiffness, D:Elastic,
Pre and Post: "p<.05, *p<.01, ""p<.001, Two-Way Repeated ANOVA: "p<.05, “p<.01, ""p<.001

Az (p<.001)7F S5 71519t
CGOM VM 2 R %(p<.001) L 2 TV (p<.001)7}
ol S71sigion], BGoIN 2 AH(pe.001) 2 3]
e (p<.001)7F Sol5H] Z7151ict.
CGOlA] RF 2 AR & (p<.001) 2@ = 7181 (p<.001)7}
00l51 Zrlston, EGoA] 2 AR (p<.001) 2 71
=(p<.001)7} Qo514 Z7t5H9iLt

2. Open Eyes Two Leg Proprioception
= ]2 AA] AR|EE 1.9 8717t0] A}
= Table 4. o} Zt}. OE-TD+= Ay}t A|7|7F AFSARS

L.O]I
=

aater 157 o= §eldl Ao} UELA g &
BAVRIOE R Ao} etsiei(p<0l). £4 Coa
G 2.5 §oIsbA Z4019cHpe.05, pe.0l)

OE—TDAPt Aok} A]717H A Are gatet 227t
© 7% Afol7t UERUA] 9IRS SRAIZ I o= &
OJgt Afo]7F UEPITH p<.01). E3F CGx} EG B% Fosf

7t

Al ZAsHATHp<.05, p<.01).

OE-TDMLZ ATt A]7|7tol] AJSARE gijel(p<.01)
F7A7 1700l = [oJsh Afol7b YO (p<.001) A
7J0ﬂ/\1L AFol7F ERYA] ofortt. ®3t CGt EG

ol5tA 7HAsHATH p<.001, p<.001).

OE MVAP= % LL} A|71710] A2 AR @ ikH(p<.05)

ofgt
7}
=

""Wﬂﬂoﬂ + woeh Alo]7t UERF o (p<.001)
S et ﬂom UERA] ofotct. &gt CGat
EG 2% 6}711 ZHA8HA T p<.01, p<.001).

OE- MVML% Akt A)7)17F A s ARR gkt 12710
+ 7oRt AFoI7F YERA] QAR ERAIZ IR0l &
oJ3t xfo|7} LERITH p<.001). Alttal A]7|7to] AbsArS-
= YERGA] oFoftt ®35F CGF EG 5 QolskA &

P~

SHFATH p<.001, p<.0l).

3. Close Eyes Two Leg Proprioception
= gl F O AA HARE ARagd7te] Ant
+ Table 5. ¢ 7*@ CE-TD= Attt A17]7F At Ak
aitel Jg7ole qofgt Atol7t YRR opAlgt &
BAPZIRE Refet i}om UERSTHp<.01). E2F CGt EG
oSl FAastRtHp<.05, p<.01).
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Table 4. Open Eyes Two Leg Proprioception

Variable Group Pre Post F p
CG(n=10) 146.14%34.45 116.80+13.66" G 026 874
OE-TD T 16.925 001
EG(n=10) 142.39+72.08 127.92+66.94™ GxT 1951 179
CG(n=10) 128.87+36.14 102.57+15.21" G 004 952
OE-TDAP T 15.178 001"
EG(n=10) 123.91+66.48 110.27+65.56™ GxT 1525 233
CG(n=10) 46.53+7.71 39.90+7.73" G 139 714
OE-TDML T 63.470 000"
EG(n=10) 47 17£19.11 44 05+£18.67"" GxT 8.201 _010*
CG(n=10) 13.00+3.46 9.4941.16" G 046 833
OE-MVAP T 28.340 000"
EG(n=10) 12.3716.63 11.02£6.017 GxT 5618 029
CG(n=10) 503+1.16 4204129 G 012 914
OE-MVML T 54.697 000"
EG(n=10) 487+1.96 A21+1.66™ GxT 803 382
MeanstSD, OE: Open Eyes, TD: Total Displacement, TDAP: Total Displacement Anterior posterior, TDML: Total
Displacement Medial Lateral, MVAP: Mean Velocity Anterior Posterior, MVML: Mean Velocity Medial Lateral,
Pre and Post: "p<.05, “p<.01, ""p<.001, Two-Way Repeated ANOVA: "p<.05, “p<.01, ""p<.001
Table 5. Close Eyes Two Leg Proprioception
Variable Group Pre Post F p
CG(n=10) 198.92+69 55 164.85+40.62" G 942 345
CE-TD T 15.562 001
EG(n=10) 165.54+70.75 144.71+68.43™ GxT 904 354
CG(n=10) 173.86%65.60 145.47+42 43" G 1.154 297
CE-TDAP T 15.303 001"
EG(n=10) 142.81+£59.67 122.93+59.44™ GxT 476 499
CG(n=10) 58.46%23.69 51.44+19.36™ G 222 643
CE-TDML T 31.354 000"
EG(n=10) 54.25+19.65 47.04+1952™ GxT 005 943
CG(n=10) 17.3446.49 14.14+4.22" G A37 517
CE-MVAP T 22.563 .000™"
EG(n=10) 16.02+7.07 11.9316.65™ GxT 333 571
CG(n=10) 6.36+2.53 4.89+1.38" G 990 333
CE-MVML T 18.702 .000™"
EG(n=10) 5.35£1.99 4.31+£1.49"" GxT 554 466
MeansxSD, CE: Close Eyes, TD: Total Displacement, TDAP: Total Displacement Anterior posterior, TDML: Total
Displacement Medial Lateral, MVAP: Mean Velocity Anterior Posterior, MVML: Mean Velocity Medial Lateral,
Pre and Post: "p<.05, *p<.01, ""p<.001, Two-Way Repeated ANOVA: "p<.05, “p<.01, ""p<.001
CE-TDAP= AT} AIZ7I7F AJeAte gyt 2571 CE-MVML2 A&} A|7|7F A=At mE- |
= S0t APt UehIA] QRIS SRAVRY SOl & 8ol Aot UERtA] QRIS 57 17 2 ol
Aol 7 e THp<.01). T3t CGat EG R 99JabA] 2 Atol7h LERdTHp<.001). T3 CGt BG 2% 90l51]
ASFATH p<.05, p<.0l). ZEASHATH p<.05, p<.001).
CE-TDML2 Adat Al7|I3F 2 A-g autet 21571
£ ROl Aol7h UERIR] QoA SBAIE foigt
o7 K p<. Est = O9l5kr . .
Fo17F LEFHTH p<.001). CGY} EG 25 R[5 IV. Discussions
HastAth(p<.01, p<.01).
CE-MVAP: Tt AVIZH 43AHG &ujot 2830] o] el oy wol S4j2 o Sepd 3k
£ QOJ3 Afo|7h UERIA] 9IRS SHAPIZE GOIRt  ol(0A) RAISE(TKA) 3 vlo]2. e m@ APE!
Aol UERTHp<.001). B3 CGTt EG 2% olabl  7e} eEmaaalo] & 1Azel 164871710 0jx]:

TAsIRTHp<.05, p<.01).

o
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w0lo] DEWHY| AL 194877 2W, WIS
Wel 24 @ AR, J1 gouiely 2915 o
2744 Sol £2 wolui[43] ol2ig SAEE Fpal
7] Sls TKAS Al3pEIck. T2l TKAZoIE rfeu
29 2 Jl5o] 40% ZAT oSl UNWLAS

(Activities of Daily Living, ADL)LJ( HA T X5t
59 715A FAIE oPIE 4 Y. ek aabARl A
g5 BeAolt, 55| TKAS AMER7|o AT &
&(Neuromusclar Training: NMT) %= 725
(Sensorimotor Training: SMT)2 Z3sto] 13487
2 33, 29 % 85 52 PPIE 250l A
K02 AX|E|ojo} Fr44]
SMT2 NMT+= TKAS
(Mechanoreceptor)?] £X1-8 £4f
L O 6]:/\1-}\]7]_1

—~

a4l

[

I1AR%-87)
Ta% e 27
L SUIE SF Tglo e g adet 7
282 §cHad). 53], NMTS 7JWoR 3 1648
21 0A @9l W 9Ix 22 jHeR o

S ol ZojHel

60%S ARlsts 50 Q9102 HuETH4g]. o] 7
Habr| 9o AR IR 2R ZNMES)2F S 252
WAL A9, NMES US H82uct dokeiuze)a)
Ho) 294 SAY 2LHMVICP] O auos 5
Ffahe Z02 UERGT) of= NMES7H 2§ U] A7}

oM S FEsto HAES 2452 FAUE

o ofjel, A 250l 2 2ol S7MIA 9l Yo
Oist Azls Shektezy 245 52 FIEIH
AL SHITH49].

Lepley ={48]2 NMES®Q}+
dofelize2e) 345 %
ojAIckn B nslglon], ® e
d Fol NMES2F NMT= %’\loﬂ
229 MVICZL oF 20% 5715t o2 UERHTH50].

S5, goieidaeizel 715 ofet 2 2952
317 9Jsl NMESE =83t elpojxe R A7|d A}
Furt 2 A1 A0l 245 52 Pl 6% &
a0l R SIACH51]. ol NMES 2t 57

HH

B

i

42 Fystel 2490 47t WOl &, J) 4871t
tg gupAog AFHof met MVICTE & =9le A
ofa} Ay7IEIct. of23t A7 AuE ulEoR B ool
T TKA & NMESE A-&st NMT &zo0] & Z1&% 7hA
o el AT LERES BHelstict. T2iL NMTO)
23} RE Rl SUsk Uehks Ze o,
Ao] wet cheA] ¥ & 9lrk. 1dE Bt
7168 S0l P SAlo] OAQ] Rl {25 TPAA|
e 71E At ZaH47IE AR

ohoE w019 AL AlAdZ AgrE(Neuromuscular
Junction)] Ao & Q5] AL AzEof v]5 AAZL &
Wt griHoz AAT 4 ok Ho| wug up 9ot
[62]. ol={et g 1= o, TKAS Aledet o7 =91 ¢
ArolAl NMESE A&t NMT 252 715 @l5u W3
M Foe ol Bast 9T T Aoz AzHch

Yor o A
I} 39 £289] B4A

l'IJ

[54]. 22l g%gkgo BRI 7155 e ol
ol FFL 0lAIi[55), ol2iat o B o) 7

oA &40z Qlsl wAste] 7IAIM A8 R A 4
A7 20| BAA| ¢JarS njA 2

YR 4TS QIH56].
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