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Effects of Mat Pilates Exercise on Lower Extremity Function,
Postural Balance, and Walking in the Older Women with Total
Knee Arthroplasty

Wonjae Choi®

3Department of Physical Therapy, Joongbu University, Republic of Korea

Objective: The rehabilitation protocols for functional recovery have been emphasized after total knee arthroplasty, and Pilates is in
the spotlight as a safe and easily modified exercise method. The purpose of this study was to investigate the effects of mat Pilates
exercise on lower extremity function, postural balance, and walking in the individuals with total knee arthroplasty.

Design: One group pretest-posttest design.

Methods: Eighteen older women with unilateral total knee arthroplasty was recruited in the study. The subjects were evaluated on
lower extremity function, postural balance, and walking before and after mat Pilates exercise. All subject performed one hour mat
Pilates exercise, 3 times a week for 8 weeks. Mat Pilates exercises were focused on core stability and lower extremity
strengthening and, more dynamic movements were added to increase the difficulty of movements every two weeks. The lower
extremity function was measured using the Western Ontario and McMaster Osteoarthritis Index (WOMAC), knee joint position
sense, and five times sit-to-stand test. Postural balance was assessed by single leg stance test, functional reach test, and timed up
and go test. Walking was measured by OptoGait system to temporospatial parameter.

Results: The lower extremity function, postural balance, and walking were significantly improved after mat Pilates exercise,
except for five times sit-to-stand test (p < 0.05).

Conclusions: This study demonstrated that the mat Pilates exercise was a useful method to improve lower extremity function,
postural balance, and walking in the older women with unilateral total knee arthroplasty.
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Table 1. Mat Pilates exercise program for total knee arthroplasty.

Position Exercise

Purposes

1 ~2 weeks
Supine

Abdominal draw in

Core muscles stabilization

Dead bugs Core muscles stabilization
Side-lying
Single leg lift Hip abductor muscles strengthening
Single leg circle Hip abductor muscles strengthening
Inner thigh lift Hip adductor muscles strengthening
Prone
Alternative leg lift Hip extensor muscles strengthening
Single leg kick Hip extensor & knee flexor muscles strengthening
Sitting
Spine twist Spine stretching
Spine stretch forward Spine stretching
3 ~ 4 weeks
All previous exercise
Supine
1/2 roll up Rectus abdominis strengthening
Single leg stretch Oblique abdominis strengthening
Side-lying
Side kick Hip flexor, extensor, & abductor muscles strengthening
Variated side kick Hip flexor & extensor muscles strengthening
Ankle dorsi & plantar flexor muscles strengthening
Inner thigh circle Hip adductor muscles strengthening
Prone
Double leg kicks Hip extensor & knee flexor muscles strengthening
Lower limb extensor muscles strengthening
Sitting
Saw Spine stretching
Quadruped
Opposite arm and leg Core & shoulder girdle stabilization
Hip extensor muscles strengthening
5~ 6 weeks
All previous exercise
Supine
Criss cross Oblique abdominis strengthening
Double leg stretch Rectus abdominis strengthening
Bridge with arm crossed Hip & knee extensor muscles strengthening
Side-lying
Side bridge Core stabilization
Hip abductor muscles strengthening
Prone

Superman

Whole body extensor muscles strengthening
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Table 1. Mat Pilates exercise program for total knee arthroplasty (continued)
Position Exercise Purposes
7 ~ 8 weeks
All previous exercise
Supine
Alternative bridge Alternative hip & knee extensor muscles strengthening
Side-lying
Side bridge with hip abduction Core stabilization
Both hip abductor muscles strengthening
Quadruped
Prone bridge Core muscles strengthening
Shoulder girdle stabilization
Prone bridge with hip extension Core muscles strengthening
Shoulder girdle stabilization
Hip abductor & extensor muscles strengthening
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Table 2. The general characteristics of subjects.

Variables Subjects (n=18)
Age (years) 78.67+6.18
Height (cm) 151.94 +5.04
Weight (kg) 55.71+£5.82
BMI (kg/m?) 24.12 £2.10

Values are presented as mean £ SD.

Table 3. Changes of lower extremity function, postural balance, and waking in the subjects.

Variables Pre-test (n=18) Post-test (n=18) t(p)
Lower extremity function
WOMAC (points) 33.61 £16.32 23.22+15.69 2.735(0.014)
Position errors
TKA knee (°) 5.88+2.98 1.75 £ 1.69 5.179 (<0.001)
Sound knee (°) 4.19+2.52 1.55+0.95 4.486 (<0.001)
5 Sit to stand test (s) 9.93 +£2.87 9.87+£2.41 0.179 (0.860)
Postural balance
Single leg stance test (s) 6.50 +5.40 10.22 + 8.41 —3.299 (0.004)
Functional reach test (cm) 28.30+5.44 30.96 £5.78 —3.886 (0.001)
Timed up and go test (s) 10.59 £2.27 9.30+1.98 4.027 (0.001)
Walking
Speed (m/s) 1.12+0.23 1.34 £ 0.31 —3.165 (0.006)
Cadence (step/min) 93.68 £17.14 78.07 £ 16.83 4.310 (<0.001)
Step (cm) 60.59 £9.50 79.35+11.96 —8.467 (<0.001)

Stride (cm) 121.36 £20.32

167.57 +33.34 —7.883 (<0.001)

WOMAC: Western Ontario and McMaster Universities, TKA: total knee arthroplasty.

Values are presented as mean + SD.



Phys Ther Rehabil Sci 11(4)

=2 =
W PN A9 98T L5oleks AL wsh
Ak T AdSWEAASES W Qo] A 9
3

[34]. "HE FefE~ —r£° —4 1?7} 04015 HJ
94 i]zo ;qsyoi A]~9—o}_]_ _{‘__5 0]_1:14 o El'ootgl'}" %
Foto] AL 4= Q7] w2l 5ol gt FulE &+

TS HHOR F17] wjFo] 2
< &2h=0] 3o S(core muscle)?] 52 FHISlH
TEAA A B Aoty 9 AA 7s HA
of Tgo] He A ZR2I F SR AREI 9)
{11, 35]. 34 HF3= sl &5 5 oY
3o Aoz AL A Aojsl 2 QrE EEo] 9
22} FAAE Aolshs SHOR[36] 5 WALHS
7 AFFES AdRlel Bis| 3o 8o] T efstE o
Q7] wEol o] I8 HIE T T4 HEIH
I Q5}r}37]. Batiay F[38]¢] AtollA= 857k &+ 3
3] WE gty s 52 TS oA e
e 59, s Foll A9 7%, Ll
|3 ERLH Lo T4 F71E H1skal, Karimi
513919 Aol = 83 5 38 1JHE et A 5
F5 wybd g Ao A HERe o &%, Fgo
BAlEsl 0 WOMACS] foje 24 5
2 A= vjE detE A 52
Jir T 25, o 288 AER] ¢ =2
TR J3F doleE wo 21857 ELH%Oﬂ 310]
453 ohe] 459 A3E R 5 Aok 53], o
FolE7](bridge) 51 £ 23l A 5
1929 7F7RS FEAIAZ)
aqlq,] Aol =2 JJréj e B 75 4

I
i)
)
[>
rir
ofx
nb o
O F_r‘

rL mlo

(‘1

ﬂ = elels g5 WOMAM
S AUTE FAND 4 AT A0 AL
SRk 53] et} ol AAke felet Aol o
olek. A7 tle] Hl3) FE WAL A ol
o ot Qoli] IS Skt Bot wa] Al
A gaE Hasks] g8 dokeuzaage) 2o
HEE B Yok eage] SRRt B4 tehdc
[42]. £ ATolx st = Webgls e5 thelo)

T ekste RS ANNE APAOR et

v =

dojup7] TAIe} AR Bake lol] wjEol TEe
RSN A EE Aew Amd

@ ol e ] 9 AEas
# B o] tlo] Wl ale] vlof 3 o

g ARl w43, 8 AEHAAATES W
AeFe epan RaEd S age) ol &
AA sk 715 H e #ye] A5t

= l

PY3}7A| ElTH44]. Carpes 54512 @8-S FAAIZ]7]
Sol 7183 Sepd P kel A3 3
34\% %tg—s}giL Karaman 544> 75 ¢l

F7re) WiE Petd|2 2Fo| #3

o
o L

=rle rlr

)
B
5
401'

o

X

off =
iy
i)

o

N odo o (o oy bojemﬂ: Iﬂ flo ox bo
P\ﬂ
-1 9 &
ru
%
o2
o,
i
RO
N
rE
P
(o]
1o
ol
i

N

2ok g
AEFF

o o

>

ul
d
of
o:

o
2
N
3

Esﬂoﬂ [ HA = 8 2Y, -89,
AT o] kst g FRol AFFEIEAA
?lr%a HE AFES HY A patt FREOR HokE
A7 w7 98 FhE(step) Zol7F FoFAAL 4= HA|
& ROl FoE Y wWol Fof EAY BEHS ¢
< s Hol8) 75 W AS 7R = AF
He Ut vPAAQ] B ajel S Holy ol &
o] EQHg/del 71QIRITHAT]. 2 AFtolA wiE et
2 ol o] FEE FVHIA FEY S &F
AAZIaL HFR e FFeE Qs HEr] S =
of s Zol& F7HZ 4= UNH Ao AbmETh
oFcha] 2}7](Double leg kicks)?} 473 M(superman) 5
2k ohe|o] g AAFo R ZFEHA7]7] o] K
Wo] 2L A B SES Z7AL & U
& olt). A3 s Zolo way HE F7), W
st woe) W P elvioke Aom o

Do} Yim[28]9] Ao AFFSTENeE
Qerd 9 st 950l AA Vs Bas %
sl A dhel] B AT SRS 4 ok
2 Q7o AFtEe HE Perels 5o W o]
2ol thale] 2y HIE FHor A5k B
7] wo] AW ATE vl 0] 50| 2ejol
U ok 259 2Eo] AU AOR ST 45
of et 1Ei 2 Aol aE viE ek
w50 TRl SR AE 7] Hi2el AHE &
ol e 8 =asiete] AlAsr]= oY vhA|
BroR WEol fiRas FA X7 el dsd
AAEE & Aldske dubdl 87t sk 2t

Bl20] w7} ofeisiet.



Choi : Mat Pilates Exercise for Total Knee Arthroplasty

523

zgs

£ Qo] Ane EdE = Des 2Fo| B8
ABWIANGES We oidle] el 7%, 79
W mae] AvbAel SEYALS SIS Y4
oR FZ JTWHANIE o|F 27l FFo
i SEL otelt AT Holy] yRe] = Loty
2 958 Thle JER SYTthd 2] AR 4§

= o

&yt ope} vjE Beje|x L5 SWF /1T ¢
o Hole] AFE AFOoR o83
omw FgHol ¥ Aolth

Ht

ALl =

B Aol WekHls £ Zzage] TS 9
242 2ok olg, =

1, Sl AR A AR S AT

References

1. Hussain SM, Neilly DW, Baliga S, Patil S, Meek
R. Knee osteoarthritis: a review of management
options. Scott Med J. 2016;61:7-16.

2. Busija L, Bridgett L, Williams SR, Osborne RH,
Buchbinder R, March L, et al. Osteoarthritis. Best
Pract Res Clin Rheumatol. 2010;24:757-68.

3. de Lima F, Melo G, Fernandes DA, Santos GM,
Rosa Neto F. Effects of total knee arthroplasty for
primary knee osteoarthritis on postural balance: A
systematic review. Gait Posture. 2021;89:139-60.

4. Brismée JM, Paige RL, Chyu MC, Boatright JD,

JM, McCaleb JA, et al
home-based tai chi in elderly subjects with knee os-
teoarthritis: a randomized controlled trial. Clin
Rehabil. 2007;21:99-111.

5. Knoop J, Steultjens MP, van der Leeden M, van
der Esch M, Thorstensson CA, Roorda LD, et al.
Proprioception in knee osteoarthritis: a narrative
review. Osteoarthritis Cartilage. 2011;19:381-8.

6. Mills K, Hunt MA, Ferber R. Biomechanical devia-
tions during level walking associated with knee os-

Hagar Group and

teoarthritis: a systematic review and meta-analysis.
Arthritis Care Res (Hoboken). 2013;65:1643-65.
7. Levinger P, Menz HB, Wee E, Feller JA, Bartlett

10.

11.

12.

13.

14.

15.

16.

JR, Bergman NR. Physiological risk factors for
falls in people with knee osteoarthritis before and
early after knee replacement surgery. Knee Surg
Sports Traumatol Arthrosc. 2011;19:1082-9.
Alnahdi AH, Zeni JA, Snyder-Mackler L. Gait after
unilateral total knee arthroplasty: frontal plane
analysis. J Orthop Res. 2011;29:647-52.

Suh MJ, Kim BR, Kim SR, Han EY, Nam KW,
Lee SY, et al. Bilateral Quadriceps Muscle Strength
and Pain Correlate With Gait Speed and Gait
Endurance Early After Unilateral Total Knee
Arthroplasty: A Cross-sectional Study. Am J Phys
Med Rehabil. 2019;98:897-905.

Noble PC, Gordon MJ, Weiss JM, Reddix RN,
Conditt MA, Mathis KB. Does total knee replace-
ment restore normal knee function? Clin Orthop
Relat Res. 2005:157-65.

Byrnes K, Wu PJ, Whillier S. Is Pilates an effec-
tive rehabilitation tool? A systematic review. J
Bodyw Mov Ther. 2018;22:192-202.

da Luz MA, Jr., Costa LO, Fuhro FF, Manzoni AC,
Oliveira NT, Cabral CM. Effectiveness of mat
Pilates or equipment-based Pilates exercises in pa-
tients with chronic nonspecific low back pain: a
randomized controlled trial. Phys Ther.
2014;94:623-31.

Shea S, Moriello G. Feasibility and outcomes of a
Pilates
strength, posture, balance, gait, and quality of life

classical program on lower extremity
in someone with impairments due to a stroke. J
Bodyw Mov Ther. 2014;18:332-60.
Rodriguez-Fuentes G, Silveira-Pereira L,
Ferradans-Rodriguez P, Campo-Prieto P. Therapeutic
Effects of the Pilates Method in Patients with
Multiple Sclerosis: A Systematic Review. J Clin
Med. 2022;11.

de Oliveira NTB, Ricci NA, Dos Santos Franco
YR, Salvador E, Almeida ICB, Cabral CMN.
Effectiveness of the Pilates method versus aerobic
exercises in the treatment of older adults with
chronic low back pain: a randomized controlled tri-
al  protocol. BMC  Musculoskelet  Disord.
2019;20:250.

Raposo F, Ramos M, Licia Cruz A. Effects of ex-
ercise on knee osteoarthritis: A systematic review.

Musculoskeletal Care. 2021;19:399-435.



524

Phys Ther Rehabil Sci 11(4)

17.

18.

19.

20.

21.

22.

23.

24.

Levine B, Kaplanek B, Scafura D, Jaffe WL.
Rehabilitation after total hip and knee arthroplasty:
a new regimen using Pilates training. Bull NYU
Hosp Jt Dis. 2007;65:120-5.

Levine B, Kaplanek B, Jaffe WL. Pilates training
for use in rehabilitation after total hip and knee ar-
throplasty: a preliminary report. Clin Orthop Relat
Res. 2009;467:1468-75.

Kaya Mutlu E, Ercin E, Razak Ozdicler A, Ones
N. A comparison of two manual physical therapy
approaches and electrotherapy modalities for pa-
tients with knee osteoarthritis: A randomized three
arm clinical trial. Physiother
2018;34:600-12.

Collins NJ, Misra D, Felson DT, Crossley KM,
Roos EM. Measures of knee function: International
Knee Documentation Committee (IKDC) Subjective
Knee Evaluation Form, Knee Injury and
Osteoarthritis Outcome Score (KOOS), Knee Injury
and Osteoarthritis Outcome Score Physical Function
Short Form (KOOS-PS), Knee Outcome Survey
of Daily Living Scale (KOS-ADL),
Lysholm Knee Scoring Scale, Oxford Knee Score
(OKS), Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC), Activity Rating
Scale (ARS), and Tegner Activity Score (TAS).
Arthritis Care Res (Hoboken). 2011;63 Suppl
11:S208-28.

Ko T, Kim S, Lee J. Reliability and Validity of the
Korean Western Ontario and McMaster Universities
(WOMAC) Osteoarthritis Index in Patients with
Osteoarthritis of the Knee. JORM. 2009;19:251-60.
Lee H, Kim H, Ahn M, You Y. Effects of proprio-
ception training with exercise imagery on balance
J Phys Ther Sci.

Theory Pract.

Activities

ability of stroke patients.
2015;27:1-4.

Cho YR, Hong BY, Lim SH, Kim HW, Ko YJ, Im
SA, et al. Effects of joint effusion on proprio-
ception in patients with knee osteoarthritis: a sin-
gle-blind, randomized controlled trial.
Osteoarthritis Cartilage. 2011;19:22-8.

Suner-Keklik S, Cobanoglu-Seven G, Kafa N,
Ugurlu M, Guzel NA. The Validity and Reliability
of Knee Proprioception Measurement Performed

clinical

With Inclinometer in Different Positions. J Sport
Rehabil. 2017;26.

26.

27.

28.

29.

30.

31

32.

33.

34.

. Mentiplay BF, Clark RA, Bower KJ, Williams G,

Pua YH. Five times sit-to-stand following stroke:
Relationship with strength and balance. Gait
Posture. 2020;78:35-9.

Esbjornsson AC, Naili JE. Functional movement
compensations persist in individuals with hip osteo-
arthritis performing the five times sit-to-stand test 1
year after total hip arthroplasty. J Orthop Surg Res.
2020;15:151.

Sarac DC, Unver B, Karatosun V. Validity and reli-
ability of performance tests as balance measures in
patients with total knee arthroplasty. Knee Surg
Relat Res. 2022;34:11.

Do K, Yim J. Effects of Muscle Strengthening
around the Hip on Pain, Physical Function, and
Gait in FElderly Patients with Total Knee
Arthroplasty: A Randomized Controlled Trial.
Healthcare (Basel). 2020;8.

Choi YM, Dobson F, Martin J, Bennell KL,
Hinman RS. Interrater and intrarater reliability of
common clinical standing balance tests for people
with hip osteoarthritis. Phys Ther. 2014;94:696-704.
Yuksel E, Unver B, Kalkan S, Karatosun V.
Reliability and minimal detectable change of the
2-minute walk test and Timed Up and Go test in
patients with total
2021;31:43-9.
Siggeirsdottir K, Jonsson BY, Jonsson H, Jr.,

hip arthroplasty. Hip Int.

Iwarsson S. The timed '"Up & Go' is dependent on
chair type. Clin Rehabil. 2002;16:609-16.

Oshima K, Asai T, Esaki
Yamamoto J. Concurrent validity of the step time

H, Kameyama S,

and walking speed obtained from the smartphone
application CareCoaching in independent, commun-
ity-dwelling older adults. J Phys Ther Sci.
2021;33:621-6.

Lee MM, Song CH, Lee KIJ, Jung SW, Shin DC,
Shin SH. Concurrent Validity and Test-retest
Reliability of the OPTOGait Photoelectric Cell
System for the Assessment of Spatio-temporal
Parameters of the Gait of Young Adults. J Phys
Ther Sci. 2014;26:81-5.

Jette DU, Hunter SJ, Burkett L, Langham B,
Logerstedt DS, Piuzzi NS, et al. Physical Therapist
Management of Total Knee Arthroplasty. Phys Ther.
2020;100:1603-31.



Choi : Mat Pilates Exercise for Total Knee Arthroplasty

525

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Patti A, Bianco A, Paoli A, Messina G, Montalto
MA, Bellafiore M, et al. Effects of Pilates exercise
programs in people with chronic low back pain: a
systematic review. Medicine
2015;94:e383.

Silfies SP, Ebaugh D, Pontillo M, Butowicz CM.

Critical review of the impact of core stability on

(Baltimore).

upper extremity athletic injury and performance.
Braz J Phys Ther. 2015;19:360-8.

Collins NJ, Hart HF, Mills KAG. Osteoarthritis
year in review 2018: rehabilitation and outcomes.
Osteoarthritis Cartilage. 2019;27:378-91.

Batiay S, Kiilcii DG, Kaleogu O, Mesci N. Effect
of Pilates mat exercise and home exercise programs
on pain, functional level, and core muscle thickness
in women with chronic low back pain. J Orthop
Sci. 2021;26:979-85.

Karimi N, Dehkordi KJ, Rizi RM. Effects of Pilates
training VS. Suspension training on quality of life
in women with knee osteoarthritis: A randomized
controlled  trial. J Ther.
2021;27:737-45.

Lin DH, Lin YF, Chai HM, Han YC, Jan MH.
Comparison of proprioceptive functions between

Bodyw  Mov

computerized proprioception facilitation exercise
and closed kinetic chain exercise in patients with
knee osteoarthritis. Clin Rheumatol. 2007;26:520-8.
Raghava Neelapala YV, Bhagat M, Shah P. Hip
Muscle Strengthening for Knee Osteoarthritis: A
Systematic Review of Literature. J Geriatr Phys
Ther. 2020;43:89-98.

Fu S, Duan T, Hou M, Yang F, Chai Y, Chen Y, et
al. Postural Balance in Individuals With Knee
Osteoarthritis During Stand-to-Sit Task. Front Hum
Neurosci. 2021;15:760960.

Dlugosz-Bos M, Filar-Mierzwa K, Stawarz R,
Scistowska-Czarnecka A, Jankowicz-Szymanska A,
Bac A. Effect of Three Months Pilates Training on
Balance and Fall Risk in Older Women. Int J
Environ Res Public Health. 2021;18.

Karaman A, Yuksel I, Kinikli GI, Caglar O. Do
Pilates-based exercises following total knee arthro-
plasty improve postural control and quality of life?
Physiother Theory Pract. 2017;33:289-95.

Carpes FP, Reinehr FB, Mota CB. Effects of a pro-
gram for trunk strength and stability on pain, low

46.

47.

back and pelvis kinematics, and body balance: a pi-
lot study. J Bodyw Mov Ther. 2008;12:22-30.

Sanchez-Ramirez DC, van der Leeden M, Knol DL,
van der Esch M, Roorda LD, Verschueren S, et al.
of postural
strength, proprioception,

Association control with muscle
self-reported knee in-
stability and activity limitations in patients with
knee osteoarthritis. J Rehabil Med. 2013;45:192-7.
Al-Zahrani KS, Bakheit AM. A study of the gait
characteristics of patients with chronic osteoarthritis

of the knee. Disabil Rehabil. 2002;24:275-80.



