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PURPOSE This study was conducted to investigate the effects of a 12-week walking-
based exercise program with square stepping exercise (SSE) on chronic pain and

sleep in community-dwelling Korean older adults. METHODS A total of 42 older
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adults who had not participated in a registered exercise program in the past 3
months were included, among whom 20 participants in the exercise group engaged
in a walking exercise program once a week for 60 min per session for 12 weeks.

Repeated measures two-way analysis of variance was used to analyze pre- and post-
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interventions data on chronic pain and sleep. RESULTS The exercise group showed a
significant improvement in the chronic pain score after the intervention (2.0 £ 1.4 vs
1.4 + 0.8, p < .05). Similarly, there was a significant difference in the Korean version of
the Pittsburgh Sleep Quality Index score in the exercise group after the intervention
(6.1 £ 1.8 vs 4.9 + 2.6, p < .05). CONCLUSIONS The walking-based exercise program

with SSE is an effective intervention for alleviating chronic pain and simultaneously
improving sleep quality in older adults. Our study suggests that a walking-based
exercise program, which includes varied stepping patterns, could be a viable
approach for addressing societal challenges, including the increasing healthcare
expenses due to chronic pain or sleep disorders in a super-aging society.
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Table 1. Walking—based exercise program

Time .
Phase . Exercise

(mins) Intensity

5 - Dynamic stretching -

- Senior gymnastics
10 - 16 walking-based dynamic
movements

Warm-up 11-12

RPE

- Square Stepping Exercise 28
step patterns
Main - Ist week: 6 basic steps 40-60%
exercise - Between weeks 2 and 12: HRR
Performing 6 basic steps + 2
new advanced steps each week

Cool-down 5 - Static stretching -

RPE, rating of perceived exertion; HRR, heart rate reserve.

S AAHoE gt} vHE 98 53 712 miEo] Q<%siA |
2L 38 S AAsHon gt Aoz XY =
shltt. A7) &5 ZEIHL ofefl (Table 1) AAIRE BR} 2ot
BA Ao g ERE tdRte 58S AXE ofA] gokoH, 125

— T =
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A7 &5 229 SA7E =919 WSS o] nAlE 2iE
A5 A 25 A A AARAAE AASHE e 1253
A Z=IH iﬁ T AFHARE AASHA.

1. 9uk8 54

AFHIALY] Lub B2 AdF, JE, 2&5E, BALES %
SO Aottt AAFA4(Body Mass Index, BMDE Al5(kg)
2 719 AFLRE e ghke/m) O 2 Fok3t.

2. 9535 B7t

WSS Frkelr] oA A1Z4 AFAFR E(Visual Analogue
Scale, VAS) B7IA & AR5} tHScott & Huskisson, 1976). 09
A 107H4] 1em 0 & 35514 10525 9] U= w5 A 53
Ao Ad 77T 711 Qe B9 AEE BAISH B & A
3t st9loH, 09 YA&E B35l A9 gl JH, 59 94X F
7t BE9] 5ol = AH, 109 %’-V‘]E e A2 Lo 55
o] Mgt HH = APdF o BN F7t 2255 WIS A=t A
gt Ao @rtE 2 griA|oAe 01?4, 55, o, ), 7t
&, He, 4 5 770 £9 3= S 55 AeE ek A1z
2 AT VAS 719 AF = =90, p<.01°]H(Price et al.,
1983), & HFo|A4 9] Cronbach’s e+ .86°] At}

< S35 o) 2EstE SH Q1 S w2y
11 4H9] A A4 (Korea version of Pittsburgh Sleep Quality
Index, PSQI-K) =5 AFESFATHSohn et al., 2012). ©] =+
= 3T S g 509 o A Wk ArF Hala] AE ko]
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w FHF 0 BFrlet A9 H(sleep quality), H FE7|(sleep
latency), &% A &A17Hsleep duration), &=H & S(habitual sleep
efficiency), s=H&MN(sleep disturbance), +H & AF&(use of
sleeping medication), 7t 715N (daytime dysfunction)®] 7
712 49 F 19709 £FOo2 o]Fo|A 9t} 774 FFES A5t
= AFe 0~2171X9] B3 AR Aed = 5lom 4 37 A
2(PSQI-K score)7} ¥&E $H o] @2 o= HriH
Soon and Lee(2019)9] dollA PSQI-K 2 =9] Cronbach’s a=
.63, ¥ A 49| Cronbach’s e+ .62°] 31t}

A= A7

2 Ad+E o +34E JFE= BAZEI9 IBM SPSS version
29.0 for Windowsg ©]-&ato] EAst3ict. A8 Ayt 54 A
o] dutx EAO] HwE 2337 =9 ~-HH(independent r-test)
< AT WSS Y] Mt A4 Ve AR (E T
EEHAE A2 & HHESA o|U¥FEH(repeated measures
two-way analysis of variance)= A5t o] Fa3}, A]7]9]
Fan g Jad A7 F5AEaTNE EAoth F83 =
AEALTITE G oA et B9 ZF ek W T A7) 7] Alo]
= WS -HA(paired t-tes) 2.2, ZF A|7] Y| F et 7] ztol=
=9 r-#%(independent t-test)> AAISIAL). Partial 7*S £
a3 A7)(effect size)g AASFAT. BE BAEHY Fo=E(a)
< .058 AAsIdt

Sz

AT AR Qb B4

Table 2. Participants characteristics

Variables' EG (n=20) CG(n=22) p

Age (years), mean+SD 73.8+4.8 747+£64 246

Height (cm), mean+SD 1555+58 1559+6.6 .813

Weight (kg), mean+SD 594+7.6 604+109 .724

BMI (kg/m?), mean+SD 24.6+2.7 247+34 872
Female 19 (95.0) 18 (81.8)

Sex .188
Male 1(5.0) 4(18.2)
High school 17 (85.0) 18 (81.8)

Education  College/ 3(15.0) 4(182) 556

Junior college

Ecggom.ic No 16 (80.0) 19 (86.4) 4

participation Yes 4 (20.0) 3(13.6)

TReported as n (%) unless otherwise specified.
SD: standard deviation; EG: Exercise group; CG: Control group;
BMI: Body mass index.

125779 7] &5 A4 ¥ 55 HilE E4sk7] 919 whE
AAE BIE (Table 3)0] AAHAC.
F=4.502& BAHOZ F9Jst zfo]7}
YR THp(.05). 015 o2 AZAHS 3t thg -AHL AA]
o Az, Y Joe] ES Herh AR A A 2.0+1.43, A
A A 1.420.8H02 BAZCE Folgt Aol7t Qe Aoz
WP THp<.05). SA Hee] A9 -2 Ao 7} vrebA] ekttt

AT hgAte] Luba E4J2 (Table 2)?1] AATSEAT. A, A, 1272740] A7) 9% Zx) T Zuio] o] Male BAsly] 98] ukz
A AEEAT, A8, L S BALS TS AW AEHE 2 ojamgnag AR 23S (Table Ho) AN W
Table 3. Change in chronic pain (Mean+SD)
Variables Group N Pre Post Source F P Partial 5
. Group 0.141 709 0.004
: ; Exercise 20 20+14 1.4+0.8#
Ch;‘s’z(‘;e];a‘“ Time 2.604 115 0.063
Control 2 18212 18£15  GroupxTime  4.502% 040 0.103

*: indicates a significant main effect or interaction effect; #: indicates a significant difference between the pre- and post- test scores.

Table 4. Change in sleep quality (Mean+SD)
Variables Group N Pre Post Source F P Partial
, Exercise 20 61418 49+26%  OOU 0.037 848 0.001
Sleep quality .
(PSQIK score) Time 1.596 214 0.039
Control 2 SA£2L S8E24 GroupxTime 6665 014 0.146

*: indicates a significant main effect or interaction effect; #: indicates a significant difference between the pre- and post- test scores.
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A0S, o A3 AT “41% A3
Ay guel 9 Bk e +1.8%,
A 4.9%2.6802 BAHOE 74 3 x}om L Ros e
(p<.05). B4 W] S 943t Ho|7} et gpatet

] 1_‘: A 7L24
A Hdﬂ?iotq Y
TagE Bk §h,
37 YEA] gkeket
"1?* E"—ﬂ:?l' A 24:7]7]' o ¢} 5_} 7] i 9 ke ek
AH 845 AFSt= Ado] A 252 E8oto] 27 FA =2
TI5E AEollth= HolA 71& A= A8/dS 71

27] 50| k19 W55 dato] artAolgts H& v A

ﬂ?—oﬂ/\‘] TE5Ho2 BUska 9tHSoon & Lee, 2019; Lee et

1., 2020). 53], &=Ql& YO 2 3t 16HY A A5 ST |

v‘:_]‘&] AtollA 7] &5 SAHY B A7 2715 Hedges g =
-0.43 (95% CI = -0.59 ~ -0.27)2.& AAlstH, 7] 50| &5
Aol 8-9Jujgt g 3= v|Xcha g th(Park & Kwon, 2018). 2
7] S 438E %’i}c\’:}"ﬂ ZJtEo] glo] e 5 A R
o vlg] Aol w1l FAAE = AdiE o2 WoKO' Connor
et al,, 2015), Q& o2 W55 Ystol= ol E3HHl 5
A o] & 4= St}

=y 7129 27] FA ZREIHL iR et A4 A7E
FHOE =] Qlof, B7] &5 Aol old &5 4
A3t 7]oF=Alo] gk A AQ] A2 RSt v 2 A
TollA AAE 7] 25 TIPS Afo] AF] 25E V|Hto=
ofo] ok A-thZbAd W FH 2 o]Fol= 2ol 2EH F 287149
Eoh4Ql e oz FLAF It Park and Kwon(2018)2 w2 7Lt
L3 £E9] §ig} thefeh 7] sido] shA 9] o8 53 T F9
A=ote] THdE5S Astol= ol EREY 4 Yokl Hsky
Ao AF] @52 wjEHS 715kl YRt AR o
Al BE&sfoksl= Ad 845 metolal Qlo] Bt A4 27]<}

}E 3l E ch(Pereira et al., 2014; Kawabata et al., 2024).

h:l o
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o rle 0}m

n\.i

rlr [ R} mlm
N

7129 A= IEH, AAEET 1A 9] Ak A1F 7t
2SS éxl ot (Lee, 2009; Park, 2015), o] 55 A 24 4
FHO A AT {omgt JdBAEE 7HE 4 Aoty BaE Y

(Ohn, 2023; Embang et al., 2025). E3t, thFst A7) oigl =3
14_ l:ﬂ—oJ: X']Q,]-O Z‘]_’_Cg 0310:10 H]—EZ—] o= ;{]——'—‘Lo]—\:q ]‘—— *Z0 PQ
Y 9 37 QAT T2 X Q1A 715 SHAA sET 5
Z QAo Hwofsts FFAEAY 24 58S FEAE £ AT
(Nascimento et al., 2022; Lee et al., 2025). W&tA] £ ALofA]
i 55 A3k £HY A P2 dA AAEEY SR ofy
o} oheget 271 e oheF 249, 118 aL RIX A A=) A
o2 wj7=E NS 7Hs7dol Ath(Kharde et al., 2023).

S 2 A= 18, F 1289 vy 32§k A7) &5
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g2 0] AlFEUSole &6t RIS e A K
Al FAgk i Bt ERIE QI o]2dt &5 Rl PlmAX=
9]5}3](American College of Sports Medicine, ACSM)llA %+
Shi= 3 33] o9 At &5 VIR E2 FoltHOzemek
et al., 2025). 20z 344 277t Uehd o]+, Ot /4t
4 50| opd Tkt Wk A /IAH 8 AE AT AFo] A
] 59 EX(Pereira et al., 2014; Kawabata et al., 2024)°] 4]
71Q1gt Ao = At 4= Qith. &, 3t 7] B1F Tt A A 27 &
ol vlsl o thdet 25t3) B o] A=EUE 7ol e
9, ol 59 54T ARl SHA F 13)ge R ks
AP AR AlmEH. o2t Ak, 94 Aol R
44 ZAR QI8 714 50°] o2& kol hgAENA B
AZRL A HIREE AT 4= Slrhs HollA] AHE 997t =2
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Supplementary Fig. 1. 28 square-stepping exercise step patterns.
No.1 - No.6 patterns are elementary step patterns. Black number indicates a step with the right foot,
while white number indicates a step with the left foot.
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