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Changes in Korean Knee Score and Range of Motion after the

Implementation of Structured Nursing Exercise Programs for Patients

underwent Total Knee Arthroplasty: A Retrospective Study
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Purpose: The purpose of this study was to examine the factors affecting changes in Korean Knee Score (KKS) and ranges
of motion (ROM) of the knee after the structured exercise programs for the patients with total knee arthroplasty. Methods:
This was a retrospective study using electronic medical records from January 2015 to February 2017, and the subject
of this study was a total of 124 out of 434 patients underwent total knee replacement operation. They took part in a struc-
tured step-by-step exercise program conducted by orthopedic nurses, and then were evaluated for KKS and Knee ROM
for 12 weeks after operation. Results: Post-intervention scores increased significantly in the KKS subdomains including
pain and symptoms (t=-22.31, p<.001), function (t=-20.68, p<.001), evaluation of floor life (t=-14.18, p<.001), socio-
emotional function (t=-28.94, p<.001) over time. As for the change in the ROM, knee extension (1=9.23, p<.001) and
knee flexion (t=4.04, p<.001) showed a statistically significant changes over time. Conclusion: This study illuminated
the factors affecting the changes in pain and symptom, physical function, evaluation of floor life, socioemotional function
and range of motion after structured exercise training programs for knee arthritis patients.
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FH| &S F7HIA 2T 2 2 419 A& ATHAI7 = 9
o] &]7] &= gtt}(Choi et al., 2009; Woo & Oh, 2015). 1&]3}¢]
STEEY 44 37| = HEF, o2 2o T2 AFY
a1 glom ojo] wE 7]l w7t Fasith(Baek &
Kim, 2013).

&4 A X3 (total knee arthroplasty)S £AME 72
A ISR ER vHto] = 27159 AZ3t A517t
UAU o w3 A 2ol &= HE 7} EA] GBS PR X 24
O 20 A E= w2 2 o|th(Seok & Lee, 2013). 7 A
AR o= FE XS 17 AT 7t wet A
£x o7 ZI15F Ao 2 qAE =Y (Van Manen, Nace, &
Mont, 2012), ¥=19] o= IUAZEEFHe] 20154
Aol = A E =& 4= 60T o] F 49, 70f 0] %3
ANE Aot LT F8 & F sE v a1l

AT 59 7] 53 Bl G2 Rtk ol 22 &
SOE QAT Yoy BF AR AFH I S 1S
SHA7) AL, A 2 Q3 o] A7k fls) AlA ARl &5
ol & T 27| FH 7P o2 BT Fof|l = A 7|7t 2
A4 HEEA] AJFEofof gt o] 23t £ MR e A
o Amane Prts 559 B, TS H A
3] (Kim, 2007; Pang et al., 2000), & H<=3to| L} 34 o] 1
F a9k 8 AlA| A W3} (Seok & Lee, 2013), AFS] A A 2]
H3K(Choi & Ra, 2016), A Zof| A 2] 2}7] &7 (Kim, Yoon,
& Han, 2011), TF£E= 1} 49 2 (Choi & Ra, 2016; Lau, Gan-
dhi, Mahomed, & Mahomed, 2012; Matsuda et al., 2013) 5
o2 29E9t} Te} s F R0} )5 PREEs}
A QIoke Zfol7t gl 5704 AR F717F 420 E
2,7 dNUE B0l AR B EA S oju Aol ¢
& A=A g A7 A H o2 D asit
A AFe) 57| & (Electronic Medical Record, EMR)oll+ 7
AHE I} ejof x| & A B oA 9] B, AY, Aol g
He o] B 2l Qo] 7| 554 efoj e gAY of tht
SJAFE G ERE ok} ol HiTt 2AE 7HA AL
(Ha, 2017). wrebA], A1 23 5¢F9] EMR £41& F5}] Q1
W X0 sE d SRS AT 23 L Fus =
239 ¥ 27] 35 7|7k 5o st Lyl = T 5,
AR5, HABEF7L A FAE 7)59] Thedet g 9ol
Ao A radts 2EE 08 Prshe 7o ABFA o 4
33t 719l = &3 <4 (Korean Knee Score, KKS) <}

o) ofN 2
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4 59 (Range of Motion, ROM) ¥ 3lo] EA4] 491
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& g S o] B e IARERE AT
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£ A7 BA e e AN LS AW WA B
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Bl B4 Selsitt
- ApEE ANe 2VAY BAE 3 TrokE 0%
38 T2 F KKS §40h &8 ROMS| ¥s g
2 shelsitt
- AHY B3 Y B B4 e TxotE S
=233 5 KKS A4 o] xfol & glateh
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oA 33y
1. A7A

r =

Z2I3 A9 F KKS Heo &3

ROM Histet #dl 542 1331 sl "Ae) 77 = o]
HESt] 24 S 2ARA oI

2. A7y

2 AT A2 20159 1 1955 2017'd 29 197k
DAJo]| 277t & sty Ao AR 9l Y SRz AT HE
AR ges T2 S d S 4347 9] HolH7t 4530
th ¥EO| £ G*Power 3.1 T2 1YL o] &5l AR E ¢
HAE 930 two tailse] F-o)4=2 .05, 23+37] 0.3, 2R
902 2| 40| #E0] 379 = 119901 A7
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3. g7+

1) 3=+9 £ 3d A4~ (Korean Knee Score, KKS)

20094 eH4d § ] 715}3] (The Korean Orthopaedic Asso-
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Vol. 25 No.2,2018 65



JE
40
o
JE
rto
M

Table 1. Structured Exercise Education Program

Stage Scheduled time Contents of exercise Education POS.SIPIE
activity
Initiate Pre-OP - Pretest for KKS & ROM
- Provide pamphlet about TKA operation
- Educate for the importance of exercise
* Introduce & practice the initial exercise Face to face
D 1st Exercise: Quadriceps femoris exercise (5 mins)
@ 2nd Exercise: Ankle bending exercise (5 mins)
® 3rd Exercise: Knee extension exercise (5 mins)
(® 4th Exercise: Straight Leg Raising exercise (5 mins)
1-day after OP - Check the patient's condition and give related information CPM
- Check how much (s)he understands about initial exercise (D-@) Wheelchair
- Set a goal for exercise walking
- Encourage & check the patient's compliance to the program
Mid-term  2-day after OP - Check the patient's condition and give information Face to face ~ CPM
- Give feedback on the compliance of initial exercise D-@) Walker
) . ) walking
* Introduce & practice the mid-term exercise
(® 5th Exercise: Knee flection exercise (5 mins)
(©-(1) 6th Exercise: Sit & bend knees exercise (5 mins)
(D 7th Exercise: Using walker exercise (5 mins)
- Check the patient's condition and give related information CPM
3~6 day after OP - Encourage & check the compliance to the initial exercise D-@), Walker
& mid-term exercise 5)-(7) walking
Advanced 7-day after OP - Check the patient's condition and give related information Facetoface = CPM
mid-term - Give feedback on the compliance of initial exercise Walker
- Encourage & check the patient's compliance to the previous walking
exercise program ((D-(@)
* Introduce & practice advanced mid-term exercise (5 mins)
®-(2) 6™ Exercise: Sit & advanced Knee bend
Late Discharge - Provide pamphlet about discharge & wound management Facetoface =~ CPM
- Encourage & review the initial M-@), & mid-term exercise ®-@) Walker
. . . walking
* Introduce & practice the late exercise before discharge Uk i
8th Exercise: Stand & bend knees exercise (5 mins)
(© 9th Exercise: Walk up the stairs exercise (5 mins)
10th Exercise: Walk down the stairs exercise (5 mins)
Advanced 4 wks after OP - Encourage & review the previous exercise programs Face to face, =~ Walking
late (initial exercise (D-@), mid-term -, late 8)-10) Follow-up without aids

. . hospital
* Introduce & practice the advanced late exercise

@ 11™ Exercise: Bending knee assist exercise (5 mins)

8 wks after OP - Encourage & review the initial (D-®@), mid-term (5-®), late ®-@, By telephone
& advanced late @) exercise
- Encourage & check about compliance of exercise program

10 wks after OP  * Introduce & practice the advanced late exercise By telephone
@ 12™ exercise: Stationary bicycle exercise (5 mins)
Final 12 wks after OP - Posttest KKS & ROM Follow-up
- Encourage & check the compliance of the entire exercise hospital

programs (initial D-@), mid-term ®-@), late -1, & advanced
late exercise @-1©)

Driving car

Riding
stationary
bicycle

Daily living

CPM=Continuous passive movement; KKS=Korean knee score; OP=Operation; ROM=Range of motion; TKA=Total knee arthroplasty.
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44.4%, 109 o] A}o] 4] 20 nwtk 2

41.1%, 20 o] 4} £ 14.5%
&0 2 Uepgth e 224w = 94 9.9345.3250]¢ o
10%= w|¥k HE o] 54%, 105 o] 4ol 4] 20% m|qt |y
41.1%, 20 o]AH M& T 4.9% 2 LFERTHTable 2).

A5lE 2508 T2 AlF 5 KKS X489
R

KKS9] 319 3291 55 0 242 44 9 24 4 T 57
o] 31.10+5.87 0|4 39.32+4.754 08 EAH oz 905t
Aol g HYrht=-2231,p<.001). 7152 54 R 54 A 5 3
0] 39.12+9.628 o] A 52.04+8.694 0.2 Ao & oJ5t

Aol & HATHt=-20.68, p <.001). HA AL Frt=ra L 5
A A & Ho] 9.07+4.56F 0|4 B 12.99+3914 0 &2 EF
A o7 §oJ3t Alo| & HrHt=-14.18, p <.001). A}3] H A&
7eTe Y A A T HFo] 9.84+3.38 ol A Hat 17.59
1337702 BEAF O GOt Xfo|S HYrH(t=-28.94, p<
001). KKS9] & Al 224 1 22 A & BFo] 5469+
13.069]14] 74.36111.16 2.2 A 02 §-2J5t x}o|& HY
THt=-26.96, p <.001). 24 E5HY] A== 4
ZFA A T gGFo] 7.78+7.55% A HF3.19+4.70= 2 EF
Ao g Qo5 i} 12 BYch(t=9.23,p <.001). 227t 4
% 9 21 A% Pto] 129.68+13.89% oA HHF 124.19+
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Table 2. General and Disease related Characteristics of the Study Subjects (N=124)
Characteristics Categories n (%) M=SD
Gender Male 18 (14.5)

Female 106 (85.5)
Age (year) <65 29 (23.4) 69.30+7.45
65~<75 66 (53.2)
>75 29 (23.4)
BMI (kg/m’) Normal (18.5~ < 23) 14 (11.3) 26.414+3.97
Overweight (23~ < 25) 28 (22.6)
Obese (25~ < 30) 82 (66.1)
Housing style Apartment 32(25.8)
Multiplex 22 (17.7)
Detached house 70 (56.5)
Education level None 13 (10.5)
Elementary school 55 (44.4)
Middle school 29 (23.4)
High school 20 (16.1)
> University 7(5.6)
Living with Alone 26 (21.0)
Spouse 69 (55.6)
Children 14 (11.3)
Etc. 15 (12.1)
Surgical site in knee joint Right 62 (50.0)
Left 62 (50.0)
Present illness Yes 104 (83.9)
No 20 (16.1)
Type of present illness ¥ Cardiovascular 88 (84.6)
Endocrine 44 (42.3)
Urinary 8(7.7)
Neuropsychiatric 11 (10.6)
Respirator 6(5.8)
Autoimmune 6(5.8)
Muscular skeletal 7(6.7)
Etc. 3(29)
Muscular skeletal operation history No 81 (65.3)
Yes 43 (34.7)
Type of operation history ! Shoudler joint 9(20.9)
Elbow joint 1(2.3)
Hand joint 5(11.6)
Spine joint 22 (51.2)
Hip joint 8 (18.6)
Knee joint 12(27.9)
Ankle joint 4(9.3)
PCL PCL retaining 65 (52.4)
PCL stabilized 59 (47.6)
Complication No 108 (87.1)
Yes 16 (12.9)
Bone mineral density Normal (T >-1.0) 20 (16.1) -2.12+1.08
Osteopenia (-2.5<T <-1.0) 61 (49.2)
Osteoporosis (T <-2.5) 43 (34.7)
Age at primary treatment (year) <60 60 (48.4) 58.23+£8.74
60~< 70 49 (39.5)
>70 15 (12.1)
Duration of osteoarthritis (year) <10 55 (44.4) 11.06+6.94
10~<20 51 (41.1)
>20 18 (14.5)
Femorotibial angle (degrees) <10 67 (54.0) 9.931+5.32
10~<20 51 (41.1)
>20 6(4.9)

BMI=Body mass index; PCL=Posterior cruciate ligament; " Multiple response.
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Table 3. Comparison of Outcome Variables between Pre-post Test (N=124)
sl s 5 Pre Post .
ariables ub-groups ange
. = M=SD M=SD 4

KKS Pain and symptoms 0~48 31.10£5.87 39.32+4.75 -22.31 <.001
Function 0~68 39.121+9.62 52.04+8.69 -20.68 <.001
Evaluation of floor life 0~24 9.07+4.56 12.99+£3.91 -14.18 <.001
Socio-emotional function 0~24 9.84+3.38 17.59+3.37 -28.94 <.001
Total 0~100 54.69+13.06 74.36111.16 -26.96 <.001

ROM (degrees) Knee extension 7.78+7.55 3.19+4.70 9.23 <.001
Knee flexion 129.68+13.89 124.19+13.39 4.04 <.001

KKS=Korean knee score, ROM=Range of motion.
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Table 4. Difference of KKS according to the General and Disease-related Characteristics of the Subjects (N=124)
Differences of KKS
Pain & symptoms  Physical function Evaluation of Socioemotional Total
ymp ysicatiu floor life function
Characteristics Categories
Post-Pre Post-Pre Post-Pre Post-Pre Post-Pre
torF torF torF torF torF
M=SD M=£SD M=£SD M=£SD M=£SD
) () ® () ()
Gender Male 7894341 -037 13.94%6.65 0.68 3.94%£3.21 0.04 878%3.34 159 20.73+6.74 0.60
Female 8274422 (715) 12.75+7.02 (501) 3.92+3.07 (.970) 7.58+2.90 (.114) 19.48+835 (.547)
Age (year) <65 9.21+4.02 202 1410%6.77 056 3.90£3.02 038 8.03%£250 046 21.36+7.45 0.84
65~<75 8.29+4.30 (137) 12.65%6.99 (572) 3.74+323 (682) 7.82£339 (.632) 19.23+8.81  (433)
>75 7.07£3.53 12.34£7.16 4.34+2.83 7.314+2.42 18.9417.08
BMI (kg/m?) Normal 9.29+456 1.65 11.71£536 027 3.29+261 045 6.86+293 257 16.86x10.64 1.72
Overweight 9.07+3.88 (203) 13.39%£597 (.763) 4.25+298 (.641) 8.79+2.62 (.082) 21.65+6.80  (.184)
Obese 7.7414.06 12.96£7.53 3.91+3.19 7.55%3.05 16.4617.98
Housing style Apartment” 7941462 232 12721633 085 3.94%3.09 141 6.66£345 533 19.06+7.19 1.86
Multiplex® 6.73+4.12 (103) 11.324+815 (430) 2.95+3.43 (.248) 7.00£2.83 (.006) 17.07+9.69  (1.60)
Detached house®  8.81+3.76 13.51+6.84 4214294 849+2.60 a,b<c 20.75%7.89
Education None 7.38%£3.78 033 1223+9.03 034 4.69%£239 075 815%291 048 19.79+8.80 0.45
level Elementary school 8.11+3.74 (.858) 13.38%£6.47 (.854) 4.02+£3.34 (.557) 7.80%£329 (.753) 20.13%£7.40 (.774)
Middle school 8.62+4.20 13.34£7.17 4.14+2.88 7.144£2.90 20.38%7.90
High school 8.10%5.23 12.25+7.56 3.25+3.35 8.20£2.19 17.59£10.29
> University 9.29+4.15 10.71+4.46 2.71+1.80 7.8613.24 18.64+7.56
Living with Alone 781+395 110 12.85£640 027 3.50%£2.30 051 7.04%£273 0.65 19.14+6.86 0.57
Spouse 8.19+4.09 (350) 12.58%6.40 (.850) 4.04+3.05 (.676) 7.90+3.17 (.588) 19.34+£834  (.633)
Children 7.3614.05 13.2149.02 3.4313.03 7.93+3.17 19.47+8.44
Etc. 9.87+4.42 14.33%8.63 4.53+4.37 8.13+2.30 22.244+9.14
Surgical site Right 824+429 023 1350+753 093 411+317 070 771290 -0.15 19.83+9.61 0.23
in knee Left 8.19+3.94 (821) 1234%6.33 (353) 3.73£2.99 (491) 7.794£3.08 (.882) 19.49+6.37  (.823)
Present illness No 9.00+4.07 0.93 14.25+698 093 3.66+3.19 -051 7.75£247 0.00 21.10+7.60 0.86
Yes 8.07+4.11 (.354) 12.66£6.95 (.352) 3.98+3.07 (.614) 7.75%£3.08 (.100) 19.38+£8.22  (.390)
Operation No 8.75+4.07 202 1433%£7.05 322 415+3.05 114 827+£297 274 21.09+835 2.76
history Yes 7.21+4.02 (.046) 10.26%£6.00 (.002) 3.49+£3.12 (.258) 6.77+£2.77 (.007) 16.97+7.00  (.007)
PCL Retaining 8371395 043 1274%+8.08 -0.31 3.98+3.17 025 7.86%£2.66 044 19.49+9.36 -0.26
Stabilized 8.05+4.29 (.672) 13.12+£552 (.763) 3.85+3.00 (.814) 7.63%£3.32 (.662) 19.85+6.56  (.801)
Complication No 8224399 0.03 13.08%6.99 0.68 3.82+3.04 -090 7.66+3.04 -0.90 19.60+811 -0.22
Yes 8.19+4.92 (975) 11.81+6.80 (497) 4.56+3.37 (373) 838%£258 (.371) 20.08+842  (.824)
BMD Normal 6.90+3.09 179 11.80£6.10 032 3.45%£3.07 027 7.90£3.08 0.04 18.02+6.34 0.49
Osteopenia 8.82+4.33 (172) 13.05£7.23 (.729) 4.02+3.27 (.761) 7.69%£3.25 (.962) 19.93£9.20  (.616)
Osteoporosis 7.981+4.10 13.26£7.03 4.00+2.84 7.77+2.57 20.0417.24
Age at primary <60" 9.08+4.31 314 13.88%+6.87 1.73 3.90£3.15 0.2 8.02+3.08 061 21.21+748 2.57
treatment (year)  60~<70" 7.67£3.02 (.047) 1257+6.65 (.183) 4.04£3.13 (.892) 7.61£298 (.552) 18.70£8.29  (.080)
>70° 6531558 a>c 10.27£7.92 3.60+2.77 7.1342.61 16.59£9.20
Duration of <10 751+416 251 13.27+£7.34 0.90 373294 056 7.60+3.07 031 1946+831 1.10
osteoarthritis 10~<20 8.37+3.81 (.091) 12.02+6.74 (410) 3.88+3.23 (.572) 8.00£3.12 (.732) 18.98+8.27  (.337)
(year) >20 9.94+4.39 14.39£6.30 4.61+3.13 7.504+2.31 22.22+6.95
Femorotbial <10* 8.33+444 012 12524731 .39 349+283 198 7.07+3.01 4.04 19.10+7.78 0.39
angle (degrees)  10~<20" 8.02+3.77 (.891) 13.86%6.66 (255) 4.27+3.31 (142) 8.61£2.75 (.021) 2043+8.95  (.681)
>20° 8.67£3.33 9.33+3.88 5.67£3.20 8.00+3.10 a<b 19.31£3.29

a, b, c=Duncan's test; KKS=Korean knee score, BMI (kg/ m2)=B0dy mass index, normal=18.5~ < 23; overweight=23~ < 25; Obese=25~ < 30;
PCL=Posterior cruciate ligament; BMD=Body mineral density, normal=T >-1.0; Osteopenia=-2.5 < T <-1.0; Osteoporosis=T <-2.5.
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Table 5. Difference of ROM according to the General and Disease-related Characteristics of the Subjects (N=124)

Differences of ROM
Knee extension Knee flexion
Characteristics Categories
Post-Pre Post-Pre
M=SD torF (p) M=SD torF (p)
Gender Male -5.28+5.28 -0.56 (.575) -9.17+13.96 -1.12 (.265)
Female -4.48+5.60 -4.86+15.25
Age (year) <65 -4.66%5.33 0.84 (.435) -4.83+12.21 0.05 (.955)
65~<75 -4.09+5.88 -5.83+17.20
>75 -5.691+4.95 -5.34+12.81
BMI (kg/m’) Normal -5.3617.20 0.17 (.840) -7.86124.86 0.20 (.823)
Overweight -4.2945.22 -5.361+16.94
Obese -4.57+5.40 -5.12+12.25
Housing style Apartment -4.06+5.74 0.30 (.743) -1.25+£14.86 2.36 (.099)
Multiplex -4.324+4.95 -3.86114.88
Detached house -4.93£5.68 -7.93+£14.98
Education level None -6.15%3.63 1.41 (.235) -9.6217.21 0.88 (.477)
Elementary school -4.09+5.45 -5.27+14.09
Middle school -4.48+4.50 -1.72420.06
High school -3.75%6.66 -8.25+14.17
> University -8.57+8.52 -7.14%£11.50
Living with Alone -4.81+5.19 0.61 (.608) -0.77£20.87 1.62 (.189)
Spouse -4.64£5.90 -6.74113.66
Children -5.71+£5.14 -10.36%+11.34
Etc. -3.00+4.93 -3.33+£10.97
Surgical site in knee Right -4.19+5.88 0.81 (422) -5.73+15.68 -0.18 (.863)
Left -5.00%5.20 -5.24+14.61
Present illness No -3.751+4.83 0.75 (.458) -7.50+18.67 -0.65 (.516)
Yes -4.7615.68 -5.10+14.38
Operation history No -4.57+5.60 0.08 (.937) -5.43+14.01 0.05 (.958)
Yes -4.65+5.50 -5.58+17.12
PCL Retaining -4.00+5.24 1.26 (.211) -8.15+14.02 -2.10 (.042)
Stabilized -5.25+5.83 -2.54+15.79
Complication No -4.95+5.49 -1.88 (.062) -4.58+15.24 1.74 (.840)
Yes -2.1945.47 -11.56+£12.87
BMD Normal -3.50+4.89 0.47 (.626) -8.75+15.29 2.34 (.100)
Osteopenia -4.751+5.43 -2.54+15.10
Osteoporosis -4.88+6.02 -8.14114.52
Age at primary treatment <60° -5.00£5.37 0.32 (.732) -5.75+£16.05 3.46 (.041)
(year) 60~ <70 -4.2916.12 -2.551+13.39 a,b>c
>70° -4.0014.31 -14.00+13.91
Duration of osteoarthritis <10 -3.55+4.68 2.47 (.092) -6.27+14.12
(year) 10~<20 -5.88%6.30 -5.00+16.79 0.14 (.871)
>20 -4.17+5.22 -4.44+13.49
Femorotbial angle <10 -410+5.07 1.68 (.191) -4.48+16.95 0.69 (.501)
(degrees) 10~<20 -4.80%+5.56 -6.081+12.62
>20 -8.3319.31 -11.67£12.52

a, b, c=Duncan's test; BMI (kg/ m2)=Body mass index, normal=18.5~ < 23; overweight=23~ < 25; Obese=25~ < 30; PCL=Posterior cruciate
ligament; BMD=Body mineral density, normal=T >-1.0; Osteopenia=-2.5 < T < -1.0; Osteoporosis=T < -2.5; ROM=Range of motion.
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