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PURPOSE This study investigated how resistance training affects foot pressure during
gait in older women with knee osteoarthritis. METHODS A total of 10 older women
with knee osteoarthritis underwent a four-week resistance exercise intervention,
and their step length, anterior—posterior center of pressure (COP) displacement, and
foot pressure were measured before and after the intervention. Step length and
anterior—posterior COP displacement data underwent paired t-tests, while time-

series foot pressure data of the rearfoot, midfoot, and forefoot during the stance
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phase underwent paired t-tests based on statistical nonparametric mapping (SnPM).
RESULTS After the intervention, a significant increase in step length (P = .020)
and anterior—posterior COP displacement (P = .001) was observed. SnPM showed
increased rearfoot pressure during early to mid-stance (6%-29%), increased midfoot
pressure during mid- to terminal stance (20%-57%), and increased forefoot pressure
during terminal stance to preswing (74%-89%). CONCLUSIONS Resistance exercise

training improved altered foot pressure during gait in older women with knee

osteoarthritis.
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Al dgsto] Azl Aol whet FE RS FT|EFOR otE=
A7 A5 HEE K Metcalfe et al., 2012). ©] 313 e 2E Y
oz s, 55 9 T4 47, 75 £4(Wang et al., 2020), o5

A Ak, B8 £=9] A5HDriban et al., 2020)% i%]'?} A4S
oA &2 FlE A} 75 SEL w2 49 Bl 5
NME By 7159 Atz 41 A 5Y&0 AL {4 44
ol g v]X = (Brandes et al., 2008; Freijo et al., 2023), YA}

I} 28 2x}A Q] &4L0 2 o]ojE 4= O‘E}(Manlapaz et al., 2019).
AR, 75 238 RS2 B Al B35 =017] 9 FE5Y

7]£H4$4(range of motion), 7‘¢E(angular velocity) 3 d =
E(adduction moment)S ZaAl7|= Heko 2 B HRe W}
*] 7= A3 Bt Messier et al, 1992). 53] £2 ZEYE 3
9] oA SAY ERE BAok= A2 Hge] T‘?JE]% 8
A 713& olsfiol= Hl F83 AEE ATT 5 Ut AE
2 279 A= By A AZR(forefoot)2} Zza(rmdfoot)
9] ZAYo] F7FetaL, S 4(center of pressure; COP)9] A&
A7} ZAsH= Ao 2 Yehgti(Panyarachun et al., 2022). H
ot s AF A9 Hae 55 7MY dAa o A4
Aol YERE oW (Saito et al., 2013), HJAAA QA A Bl
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Kellgren-Lawrence (KL) G5° 2 2% 5=t B ¥ Participant recruitment
B = ck(He et al., 2023). webA 5 SITEAG A9 B 7] (n=10)
s MAsk] s AEe SA7E B ashd, ol SA9 avte
A9 242 B9 U WAL 5 9 !

22 2R9Y SAOlL So3) nEY A 240, 1 5 study explanation
NAE 257 AABES F2-go] FAs] A A3 o] l
27 uhgo] 58 2RAPY Azo] 9o A WA FA= AxHc
(McAlindon et al., 2014). o= So], 82:7F9] AL E (resistance pre-test measurem;:::u:rgait analysis and Foot
training)> #& TUEA IAE9 By £k (gait speed),
o' XA(cadence), EZ Zo|(step length) &7} & o|FA|A] A7+ l
(double support time) A4S 2133t B 7)5E /fASHA T 4-week resistance exercise intervention (three sessions
(Rosada et al., 2024). =3t, A3 HEFHEA](meta-analysis) A= per Weei;::;]s;f;oz;?;,Si:;;_gzmﬁ% :,?inr;ﬂn' main
Ay 5o $E 2UAY WAS 55 ¥ AAL Yokstn B
P 25 MAHS BIEFH KL et al., 2016). o|AH AFA l
T%%O] ‘?’;EE %%:Vé‘ﬁ ‘?‘]_:X}—_E_’] E—g 7]“5‘ 7H/}j_°ﬂ —9-4']'1'] 0] gﬂ\%oﬂE post-test measurements : gait analysis and Foot
7S, olef WE 2 A ZAY WL WSS 2T ATE pressure
3 AAoltt. E9] B 7|5 T SAY #a} 2HY @‘74]”01] l
g A= oF4] %—Er’?ﬂ oo x| %] glo}, F 1<l 1+ A7}
3] FEEA Qo £& 2RE) s 78 B V)% xﬂ 2 Saaancies
o 247 ghu 29 $F U FF WP GFS vt Fe . .

_ _ Fig. 1. Experimental procedure

1251 (Saito et al., 2018), AP &0 M2 A 2o W
S AT I 871 it Table 1. Characteristic subjects (Mean+SD)

oA & Ao s FF 78 HEEE Ad &2 Ofl*a‘% o
Ao 4 5710 ARA L5
AR BE W W 7] HEE AL B, 49 ATE
©2(Li et al., 2016; Panyarachun et al., 2022; Rosada et al.,
2024), Ao £F FAE 28 2 B0 B SAo] I
2 ulA BE U B AT A% W AXY, BN, FIN
o ZA% Bxo| WBHE B Flog Fue Agslgtt £ a7l
A 78 3VEY B BY 3 81 S 9 AT 5
AAe] 7| 2AR2 288 4 9tk
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E A+ A9 ARYEREH FF £ WEFE Ak
704 o] =91 o}/ 1082 o= si3ith. thdAts E271+ §l
o] £YAQl o] 753kl 10m o B $3o] 7Hsoh,
=+ 671 ol ARl fAtA 5 SHA] gkow, 3 23] o4
TS AAGHA] g2 A= AgsldtHChen et al., 2019). &
st AEE A 1EY, g, 51“:}“6“6 S gt vgEge] ¢l
I, @ A8 & = 73%o| gote] mItelqltt ®
2 3719 Af 75 S04Ed i}x}_,] Ry At AGtoA HHEH O
2 2885 HE 175 (n=10-14)E Farsto] AA st th(Baert et al.,
2013; McQuade & De Oliveira, 2011).

AT A9 712 DFE ZTEA 530 Aot AL =30
Agto] Y= A 2322 T ABA ERE 7H D AU F
= 370 ol WA A4S AAT A )AIHeY HE At k=
OJAtAE ol R Aol FA =o] o F%- 4) A 2 A <

F

N,

o
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Variables Female (n=10)
Age (years) 76.2+6.1
Height (cm) 149.44+3.3
weight (kg) 60.1+10.6
ol o] 291 2 A5ttt A2 Q] B3 Ao IA T2

A -
Z o] ol WS F2 ARESI=A] RAF] A tiAdREe] o] &
F Q2L FAslth(Lee et al., 2023). E£3F A+ A A
Yol A A HH3} FX}, A== /g7 oo sl F&3] M
B & AH 598 W AFE APsIAT. 2 A9 HA AE
AA 2 &5 A= (Fig. DI 2o AFHAAE2] AA12R1 £
2 (Table 1)} 2t}

AY =7 9

2 7ol 700 kRl oS er 28T A5 HY 5
4 sk FgEor BASH] ffste], FAAL 7R By 24

H|Ql OptoGait AIARI B F £AG 9 S41 £40] 7Hs
Pedar Mobile A|~8-& AF8-5}1 tHFig. 2).

!

1. ZAA 7|9 B8 BA Ay

OptoGait Al2E(OptoGait, Microgate, Bolzano, Italy)S &
Al & =418 LED AlA7E EAE 9ei(do] 1.2 m) 10742 7445
ol gler, Z grfioli= & 96779] M4 LED7F 1 cm (M 0.2 v
g=]of St} AlA= AHCZRE oF 3 mm =o|of A= o], B
Al BZ(step length)2 ¢H& o] WHF#EXA] HE A HEH Hj & o
9] BFEEA| A& A -7A Q] A5 A2 J oY, OptoGait 4
TEJol= LED At HEE o]835) ol& A5 ALretdth(Healy
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(A)

®)

Fig. 2. Experimental equipment. (A) OptoGait system (B) Pedar
Mobile system

et al., 2019). =E dolE= 100Hz9 &Y Fukg $3H o]
OptoGait A& AZE0o|(Ver. 1.12.23.0)0F S A&}

2. EAY &4 4|

ZA< 71dF B9 242 Pedar Mobile System(Novel GmbH,
Munich, Germany)& AH&-oto] =8otqitt. £ = e Al
ol A 7Hset fAgt A& FHO AIAE Bl B F SAY
dloE & HAZto R &5, ZF Q1&olE 99709 HH 4 o4 Al
A7F FdstA v = o] Qlet. 4 HlolE&= 15~1,200 kPa #1919
&Y EXEE 50Hz9] F7I1=2 7]&5otlon, B4 4l HAE 59
Pedar X® £ZEo]&2 A4}t

43y 8%

1. A3 25 A

£ ATY AP 25 T2OHL By P58 S BHoR
Q1 o9 A A BEAE gfste], o] FeE 4] Yo 5}
A Y& A3t 5 e SRR PG *F e 4F 5
et 3 33] AAJst3lon, FH|LE 108, £ &5 208, "HREes
1002 FA5IAH. 2 59 4 g2 A4 AAsi, &
AQ - FT &5, 18 9F *F, IE HS 2% @5 1Y &
Sttt dojA)7] o] EFE| o] it

H 2%0o] g 12 (Vincent & Vincent, 2012)9] & =4
A T4 QIR AYY o2 FPT ZRIWE V22 R H
Aof| HEgt Hols FA FowA o] 29 e T 5 Q=
BAER F5HATE AT tdAEe] QPHStY BEE AR FRS
% & 5 JEE A7 Aot &5 FAE A A%
Y &5 ZEIHO AR A (Table 2)9F 2t
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Table 2. Training program

Sesstion Exercis Mode Time
Warm_up Sea.ted range of 10 min
- motion exercises
1) Seated knee extension
2) Seated knee flexion
Exercise 3) Seated hip abduction 20 min
4) Seated ankle dorsiflexion
5) Sit-to-stand exercise
Cool Down Seated static stretching 10 min
Set 8 ~ 10 set
Rest 30 sec

2. 53 715 87t

ARG &5 A AT By 75 ¥kE FFHo R EA5]
A8l FHAL 715F B B4 A|A=(Optogain @t SAHY 24 AlAH
(Pedar Mobile System)& &-8oto] B A] BE g ZA4E =7
5}t Optogait A|AH9] - AFA vie FZofl 10m Zo]9] Al
Al g E AAoto] B 17hS AA5E3 o™ Pedar AIARRZ Q&
FE O AAE A 5ol Ahsto] HolHE ottt A+
Aol A7 542 agsto] 7fQlo] B4 2gote A ARSIl
), A AE BE SAA T AL E AS AFstct A+
gt A A% 2 540l IsAEE 13 A3 A5S 3o
Aot 2 S8 A A3 A = 47 234 T 432 UL
W A s ALY S22 JA BPS Yot hFig. 3). E
gt A A Aol Mg AEfoto] 4 ol A 543
TS AT T & Qe BRAE 9 S0 g7 HS 4
T2 W 7MY GRS H4ste] Yo & A-S I o Im, &
Z A™ES 9 FH1m APz A5 HKlotzbier et al., 2021).
At WSS B A ZFet F Ao wet 2 AFPoE
=opzkor o2 HIFE o 1& 7 FAlskqth 2 A9 dx=
+5 A AFE LA -85ttt

Fig. 3. Experimental setupsystem
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Aw B4

B 752 WA 9o BET g 54 %

ot 50, Ag97E
22 Tpse] Q2] P BRsE S
6}"“‘\‘f]'(Alimerzaloo et al., 2014, Fig. 4).

2 OptoGait Ag £ZE

A% ols AgE 54

HIF O 2 et BelE S5 S55

AY AAES 24

ol mE HQlL 33 |t

B 2%} go|E 9] HiihS A5t YE9] HE(Step length)
013 A&k **Eo}@‘ o, g4

2 A B 715 vEhd 5 o

2% 34

(Rosada et al.,

o|% 7t BEL
2024). AdFFA A5 Ag)= PEDAR X T2 13

(A)
70
P=.020*%
E 60 2 i
L o °
= © O
‘g'\ —ar
@ o ol
)
4 ?
] 50 .
-]
— L A
40 T T
Pre Post

oA A= FEFA AT LT AALoIA dZ7] #2149 HEakat
H|Zk AfolE Bl Aokt

A B4 Al A7) 2 EHEA] 7 (Heel strike) 8 HE
7] (toe off)7HA1 9] 7+ ofuletH, 217 Zoff 9] 10% AAIRE
< 71E02 A5 AT ot Ao R HostitkBlades et al.,
2023).

A A=

2 AFolA AHEE B BRIoA e Zo|7h gles sk
oug QEwdof fist E4 AHuS A A Bamber et al.,
2021). AP & A0l 2 B A] BET} PS4 AT o]
5 A HskE B7leb7] 93l IBM SPSS Statistics 25(SPSS Inc.,
Chicago, IL, USA)E AFE3to] -3 HE ¢ AX(paired t-test)S A
Aletant. TS AP 5 A T B Al SAY wiHe] HE
gelsk] 9J8ll, W27 1(stance phase)® Falet 55, 57, A
SHE EAY AAE ARE AFoZ FAF B4 v (Statistical
non-Parametric Mapping, SnPM) 7|8F -3 2 ¢+ A 5t
k. SnPM 242 SPM1D o] B (https://spmld.org/)E A
%’5}01 Matlab =2 132 E3) 351 tH(Pataky et al., 2017).
= A 249 f94E2 052 A5kt

? Ao oiet fS;E « AH A, Z%W
—’3—(‘[9 2.822, P = .020, partial 7* = 554,
A% AZIH9 = 4.674, P = .001, Fig. 5B) &

F55 ZAdo] et SnPM 75 SRR « 44 2% A2
6-29% RN HEH 2% FA 0% SAUo] folsHA Sk
Ao BusgtkFig. 6A). 5% SAY] the 14 23k, 4

(B)
18

P=.001*
17

-

COP length (cm)
G

=
k=
L

i

12

Pfe Pc;st

Fig. 5. Gait performance following resistance exercise intervention. (A) Step length significantly increased following the
intervention. (B) COP length showed a significant increase after the intervention. Box plot shows individual data
(circles), median (horizontal line in the box), interquartile range IQR=Q3-Q1, top and bottom of the box indicates
Q83, and Q1), maximum value: Q1+1.5 x IQR, and minimum value: Q1 + 1.5 X IQR. COP, center of pressure. P { .05.
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Fig. 6. Foot pressure during the stance phase following resistance exercise intervention and SnPM results. (A) Rearfoot. (B) Midfoot. (C) Forefoot. P .05

5 BA °o1F dZ71 20-57% F7HOlA FEHE SAYGY ST
= A H(Fig. 6B).

AZE SAY] digh 24 A3, AZ7] 74-89% 7ol A A1
25 A T 37H SAYo] YEthFig. 60). F7H 2 &, SnPM
7158t & E2 t A8S Bl AP 25 A olF o SAYo]
Z71H 992 4¥s}tHMontagnani et al., 2021, Fig. 7).

i Ol
)
2 5E VAL AU =9l L YO 437 AP 25
34 8% 23, 1Y A BE L FABY AT A I B
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ZE ek B3 &5 S olF B 477] B9t SAY BE ¥
s7F I e AR R, Q7] 6-29%0l A= FEH £9)0]
S7FHAL, 4Z7] 20-57% ol S5 SAY, 181 97
7174-89%N A& F ASHE SAY] S7F TEE I gt
AEe ¥ 72 ITHEIE Ad 9 J4L gAe R A4
=5 A7 B3 75 Aol AatA QS AlAketH, o= S7bE &
AL S BofAE I 4= Slrt.

A8 A ZA3tet YAt (Rosada et al., 2024), AP & F
A & 22 ZHEA RS9 BEo] TSI BEL B Vs
< d#s= AHE F SHUE, o4 75 ITED IY A4S 75
555 Eo7] Yol BES A= BA AZE Blth(Rana et

al., 2016). A% A7l War )l YoM BE 75 dF
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Peak pressure distrubutions
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Fig. 7. Peak foot pressure at each sensor following resistance exercise intervention and SnPM result. < .05

¢

g 7HY] A go] RolobA] gokE WA, )l o dofA= BE A
&Ato] AlepE Zo HES H Y th(Stefanik et al., 2016). ©]
gt g Aol B8 B9 &Y, HE9] #28 EYEEH 9
A, 55 &2 Fe, driguiidEh Z4w)<] zfojoflA 710 4= 9L
tHBalcarek et al., 2010; Conley et al., 2007; Livingston, 1998;
Slemenda et al., 1997). £3] o}o|AA 75 2 I3 F&5 =
ﬂrx“ﬁ-‘ﬂ o T Bo] Yvke W& efstH(Slemenda et
,1997), & AtolA AP 5 T F BEO| TV 25 F
x}]oﬂ w2 5HA] 2 4 7Hs AT ol lE 4 QiTh
7t BE2 =9t o' o] WSR2 YEerd 4 ot APA+
Oﬂ WEH, BXo] FVNeE FXHE FHE ASKHE ZAY
T 371 Ao = HuEglom(Allet et al, 2011), & A7 2
-‘Jroﬂ’\iE AYY & T BE F71e A SAY 27}7} = A
o} 53], 37td EEL2 75 B ¥ wHlEe g AZd 764
L B3lele #elo] Ql=d|(Allet et al., 2011; Chen et al., 2024;
McGrath et al,, 2019), 95D (inverse dynamics) Lol =
A FE Al FAYe] S7I6Hd F5 B A-8ot= ZHET}
37}%} 4 Ah(Holder et al., 2020). AAE B3 F ¥ HF= A
Aok 2] BeF AU ofA] BE FME FE RE H B
HEo| 7P & FFS vZHElhafez et al., 2019). 11 T RE 5
g Bl A3t 75 g 292 5850 7HliAe 94 BHEE
BIHOR FAAA 55 A5l o|2 Q) &0l w2 &
9] 71 BXo] 3| EH Z o0& Atg ]
2 Ao AP 5 T4 T FE SHEA A9 By A
G934 AT A7t 371 E]lstant. dEsA A5 A 2
F5 ZTEA SAAA E3] Ueh= EFCE, At 75
W 7FsE Yol 7198 4 dck(Panyarachun et al., 2022; Saito
et al., 2013). o] Algkd T4 7t e AW JS A 22
ZAY TAE FH6lE= 9 (Panyarachun et al., 2022; Saito et
al., 2013), ol= 7% BHEE &0 ¥4 Folg AaA78 e B4
Ao g oA HKaufman et al., 2001). ]} G, & Ao A
AR &5 A= 75 EE &9 4E54H A% Age =

nz

& T

rlr
Bl

.I
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5 SAY HES 3EA7= AoE Yeith B E 2 AolA
55 B9 7MY BHES APH o0& SHA = A%,
FAY A4S Bl ol 22 dTH HIkE g HeRE &
AR

AH HE A FEHOA Y SAY S7H= E7HE d)7](toe-off) ©
AelA Yehts AEE ZAYS S71e A42AQ0 fdE o]F+= A2
2 HaE(Yu et al,, 2013). £ AFNAE AP &5 T4 olF
AZE ZA%%0] FYoHA S7Het 2o & Uehgte=d], o] 23t Ml
Z27] TFR JE0| JEEHHA 7] JA7)olA AEZHE 53 F2
o] Zste AdE AFREtHTaylor et al., 2005). AAZ, & &
HEA IAEL 55 FHE Yol YEolA Q] push-off FAE 7
AA7= BAF AZRS AP (MceGibbon & Krebs, 2002), ©|=
AZRY ZAY TAR Uehd 4= v} webA £ A7olA g1
AZE ZAY S7h= AR 62 58 A 49 A3t °]E1°}
H& 13tch B3 Fx12o] 27| A471Y
@_—f——br'- push-offell FA 9J&dth= FE 1T | AFY 252
55 STEY A BAAA By dielS /Mot B 582 3
Eol= o AT SAAS AR

ﬂl?.lf

] A
j84 T

T

o2

rulo o

2 A9 2E S B, AP 5 FAE ol &5 =
AY 9l o9 Bg7lso] FEE NS AT £ AAY. AT
A 252 £ IEY FAY &Y I3t 75 Aokg Aok
a3 %H g A k. APl =2 AP 252 F
£ B 282 Aol 558 AaA7| B H3A8E ol
(Turner et al., 2020; Vincent & Vincent, 2020), °|= E3 A] &

al

N

f’M

S0 2319 353} BE F7IE oo}, E3h 4§ o= &
TR AT 2AE FIAA F5 TE| 7oA = Fobg B4
7131 (Bennell et al., 2014), Z3}A 0 & qZE=A] o= W 249} 1
g& BASoke ) 71o4gttt. ol=et AE 1Ed] & W BE
354 A% Ag 9 SAYY 37t AYAE 250 OE EP75
9] 3 &5 wtgshH, o3t TV 5 SHEd SR HgH B
g AZE Aot 7154 B 35S S-0k= d aatHel A
HFAS AT

it

{E
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el ﬂa}i H49% 4 olch S B, A4 05 FAE 28
29EY Bt WYE B A RS 397 aNE ik
o, ol A9} WS BN BT 4 gct.

AP 25 SA0l WE AL W Holol: =6k, 2
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