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PURPOSE This study investigated the neurophysiological and emotional impact
of exercise in children and adolescents with cerebral palsy. METHODS Fourteen

participants, aged 10-18 years, completed a 12-week rehabilitation program. The
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program consisted of 60-minute aquatic or land-based exercise sessions, conducted
three times per week. RESULTS EEG analyses revealed that the aquatic exercise
group experienced significant increases in theta, low-alpha, and high-alpha activity

over time. Positive changes were also observed in several subscales of the Exercise-
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Emotion Scale, specifically fun, pride, vitality, catharsis, and achievement. These
results suggest that the unique sensory characteristics of the aquatic environment—
buoyancy, hydrostatic pressure, and temperature—may promote emotional
stability and neural activation. However, frontal alpha asymmetry (FAS) did not differ

significantly between the groups, indicating that neither intervention produced
marked changes in motivational tendencies such as approach or withdrawal.
CONCLUSIONS These findings support the potential of aquatic rehabilitation as an
effective emotional intervention and emphasize the importance of incorporating
long-term, neurophysiologically integrated approaches in future research.
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Table 1. Rehabilitation exercise program

Program

Aquatic
rehabilitation exercise
(10 minutes of warm-up,
40 minutes of main
exercise, and 10 minutes
of cool-down)

Dorsi flexion flexion, plantar flexion

Lateral bending right, left.

Prone position and supine position abduction adduction.

Float on the water using buoyancy rings on both arms and perform walking movements in forward,
lateral, and backward directions.

Walk forward, backward, and sideways on an underwater deck while wearing weights, water breath
dance.

Accordion, Rotating accordion, Near and far leg rotation, seaweed.

Aqua yoga.

land-based
rehabilitation exercise
(10 minutes of warm-up,
40 minutes of main
exercise, and 10 minutes
of cool-down)

Dorsi flexion flexion, plantar flexion.

In a lying position, stretch to the left, right, and upward, then pull toward the chest and hold the position.

While seated, extend the legs and hold the position.

Assume a quadruped position with knees bent (horse-riding stance), then lift the left arm and right leg
diagonally. Alternate between left and right sides while holding each position.

While lying prone, raise both arms and legs at the same time and roll from side to side.

Wrist stretching.

Seated stretch with both arms extended overhead.

Seated forward bend with legs together, reaching toward the chest.

Breathing control.
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of & a¥t gl Jza-go] UehA] ekttt
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Fig. 3. Figure of theta wave results by rehabilitation type and time period
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G AAgo] A T HIHEEG)O PRl P vl skl
E3] Aletute] Wsks FA4og 2% A3, 534S o] A4k
A ol vl A5 717to] Aol whet Aletate] &%=t
SouI3A 271 AE R

Aletoh= dRbg o2 A A kY, WA g, ol et 7ol
o], 53] ol A4l A% 24 U Held oY e
Fot= Fask AEld A EE FFHHHarmony et al., 1990). ©]
3 JHAA E o, 234 5°] HHH ol ofs-HAEY

=
A Y 8 A A A ol o AnEol9leS AN
a

5% WAL B, 4%, L5 AT 52 5o 148 ek, 25
5o A AAH BRe Zolrt BT ot ole RaSo] Bt
Moz Agste] A olgh U vt BAe] FHH wslE G
2 /R4l 9

kjss.sports.re.kr

W, AL S8 T2 AHZ o & 9] gifo] FA}de
gt Fetolu 217to] AJiH o2 ol Aletute] F717E Algha o]
S 4 Qth(Carayannopoulos et al., 2020). & A5 A= A&
A& Al % &70] A 7|5 F/dE obzt XA Holl= 34
A T € & Uthe 2AE AT FolA g7t et &9
A 24 590] n&3t ofs- A7 L] Hut 7|5k
A S AFo 2N B8 THsdZ AARRITH

X HH o7} Q= obs-FAUE AR S AL
2 o] A5 gupu(E-Yn}) 40 nXs JFE ok
ot 1 A, £3AE AE2 Ags 713te] A 5 29Uwt
o] @ FRAH o2 F71eE i, AL koA = Fogt
ASE7F UehA] 9ottt ol=jet Aate =% S0l X A3 A &4
3t 9 HAA o o FHAR] YIS & 5 U AR 5
FAES] avk= o

[

Korean Journal of Sport Science 2025, 36(4), 513-524



520

J.-H. Ko and K.-M. Ryu

ol, mt} Thort A7 At Y A3 A e W A%
FAslo] F3 24 AT A0 AT 4 UrkKim et al.,
2020). £3] 29guie ol 4% v 2 A4 kgl vl
o] 27] o], 5% o] ol5-HAW) A 14 estet Bl
+] Gojo] gAatol 7ol 7Hs4o] UrkAllen et al., 2004).
Sl 3548 YO AT ASolA Theta 3917 $215H
Z7stglon, A el AE fole Wt tehiA) gor

off r_?_ll

ol % B9 A7 ATl ¥ 7k PHs] Hef mTHoz 3
SRS AR W, AR JdollA |23t Wt glld
e hEdoln o4t A2 B4o] A7 Yeld W3S SEslo]
=AY 4 93-S YEPATHEdmunds et al., 2019). °]+&= A4

ANge] A= FEv thgrdo] Hat stol] SESHA] A 7He S
A7\sk, 5 AR ZEawe] 24 8o AT AA9 W
d& AMARITHCao et al., 2020). o= % &4 9] 42 A=0] H
715 E/93te] aatdor AESES Koot v, AdAEgS
A=) FEo} thfdol FEste] 417 A4 WHaks Aok
FHAZE AAH AR st

HEH FolE 713l ofs-H AW 10A1~184)S thdo = 4%
A&z} 2ol stoldutniHigh Alpha Power)oll F]A&= J&F
< vttt 1 AW, AL S Qg5 7170l At
wtzt stoldutut] F7H7F FElokA Uehd BHA, AdAE Holl A
= vt Wsbrh e A gttt ol At 58l A
Sh= A2 A=3F AEA b7l AR oA 3
4] e 513 & S AT Sl sojemiui ve) ok
H ZHg AdE E QIAA A vl BEe] Qle AR dEA glo
(Fox & Davidson, 19806), °l= 358 Fdolvt AEH A stet
= DA #Ho] tk(Klimesch, 1999). wetA] =FA&o] ot
Hado) A7 A2l S1Bo] ut BT A4S ATHES TR
o] Slth(Becker, 2009).

S, A gl A stoleubutel Wslt Lrehia] gk 3

£ 7129 datolz 4% AR A0l 33U W5 S
oJug 4= 9ItHKolb & Gibb, 2011). £3] of
348719 ﬂ‘“ E‘—;‘t A7 7ta/dE BolBg, Bk ookt A7
ATe By 94H Aol e B AT ATk Hue
(Schafer & Moore, 2011; Taub et al., 1999).

= W o7t Qs o FAAE R 34D AN
Z2do] dutn} &Fof HA & FFE vlastqich 1 23 A
Ao g HH Aol M STk Ao R gzl dufute] “Jr-rlﬂ 5
AL FolA AGAE HeETE fou|stA =A Yefstth o
$5870] obs-H4EY Z“V* g 9 ol¢t vH-& %Eﬁ“’l?_
A AFF duph 3LE £AFE 754 AARTHKang &
Kim, 2017; Lee & Park, 2015; Lehrer & Eddie, 2013).

9, A4 JAdolA= g5 717l Aabotel et dajut
o919] §-ofgt Halrt TEEA] Ittt o= Aol 58
H|af) A A 0 8 737 A}=o] AFHA o) AL, HolxlEolA AeA 7]
F& FA6] H2A7IA ERE 75/l Atk Becker, 2009). ERT
A AFAEro] HHE o] 1 TR 2L 9% HrAlo] AA A vrSS Qs

710 =3 4 ItHAnttila et al., 2008; We1ss & Ferrer-Caja,
2008). ol2gt A= A AtolAl AXE 55 484 o]
& ZIH: =, #, 259 8 57 A 73*"E]°W oA

_|>4 OH

Y

AL

Korean Journal of Sport Science 2025, 36(4), 513-524

= SIUers Ao Slopl ol 53, AR skl Tk 3
AL AA A, FAWE, AEAA B4 53 DA A
of 510, ol 4540l B4 % YA oL 394
3] ]

& v)E 5 A2 AARIHCannard et al., 2021; Sabu et al.,

Frontal Alpha Asymmetry(FAS)

u g9 o7t e obs-H2dE R SEATT A4S
n2 o] Y dujut v A(FAS)Ol mlA]= FFS EAoHtt.
O Az Aok, 2ARA)7] 74 283 Agdat 2HA)7] 7ke] A5 Ak

w04 §ofat Xjolt hehtA O}am 1—5— SEAET A

o|4

2% AREe] 3.9 Luhte] Holo] T FFL v1AA] Yok
2 oJujsiet,
FASE B0l 454 A9 AR sAEglo, 2T aF

oAx= A 5719 ’:(—-iﬂ S71E Sttt AR ofsfE= Zlo] B
o} ehgsioha EefA Qltk(Sabu et al., 2022). kA 2 ATofA]
FASQ| ¥k} f-9J5tA] Skt A2, & Ag&s0] 14 424
£ B2 A Hgole S A, Foly A3 5719 SH
ol A= £33 ¥skE FEoHA] Za= AR

ESE A oAy 4271 AltE(n=14)°191L, 57 BAl 2 1]‘
Folu FA AdH 5 BAIEA Zet 8150 Ao JFE vH
7Fs7dol Sltth. FE AtolM = 2 5 Sfista, A& 7|9 ;‘3
Al A2} A FASE £49510] HA HEket 5714 819 A
S E5tx o7 AES a7} At Acar et al., 2017; Misic et al.,
2022).

25-44 A

¥ g gol7h Qs oFE-HAUE ttoR 45U AT
22799 VA UM, £5-9A 450 B3HE Lol
o 1 AT AR FIzke] ATl whet £5-44 FEo 519
29l A, 24, B, A}, 43 947t AAHoR P P4
ol WERT}. o]t ATk AB-eBol Bt A 7] slEuat
ohua}, Hojxte] 424 YAH Swolw 2R Feke ek
£ AL AT, 53] Auie Belo) 5718 B8 ARLEol ok
HAdol 25 Fol 5712 24 A7)1, IAeh AAe S A
1857 9 A BH0IE 7)ole 4 ee HolET ol 7|E

[¢]

N

Park, 2015)2tE IX|3ict,

ER A AF, 22 FYY Zg3to] AAA e
AAE Gt &5 d8e AT = 3], FogA=el 9 4
olx A 2ol YT =+ ANE ALz Hn 53] =ol=
E2 3170] o}Z- P AW Tu|E x2sty, St A Hsh
oA B Fu a3E A 7HsAE Atk ole 5 &

Ad A4 A= Ae2E g axel] 7191t AL & Aok
(Ogonowska— Slodownik et al., 2024).

mlx

o -

E
2y
@
mlo

i)

[

o, v e Jl o
m

E

https://doi.org/10.24985/kjss.2025.36.4.513



Aquatic and Land-Based Rehabilitation and Emotional Change in Youth With CP 521

242 A M

AT H HH A7t 9l ofsHAES Yo R £EAE
ﬁr Aol A2 HIHEEG) ¥ HAFF Lot B A(FAS), &
F-AA HAxo) vX = JFE B wEAT. EEG B4 23, A
g A2 At 29k, sto|dnint oA A& 7|7to] 4
e 5 Y=t v4°}7ﬂ Z7bete A% Hoown, olE A

2 Qrg, ol JFY P S BAH o Eoltt. v, A
AL Aol A= 01610& W37l Algt oz yebgtt olst 2
= 5 B0l AlFshe 8, Y, 22 59 % Eﬁ-aﬂ@ 2
o] A A At ¥ 715 BT FHA TS HHS A4
st} AAE 25 42 1132 48t A7) AA RS %04 A
Z o] fLdl= 9 fEet 2AS ATIHHKim et al., 2020;
Becker, 2009).

U, AEQ gut v dolAE Jd 1F 598k 2ol et
LHA] okttt o] FAS7E 384 HAET= I 5719 B3] 57
£ HHsH= A OB E(Sabu et al., 2022), & A&-E&E0] FA A
FH Hiols 9% FoY 5714 SHAE F3HS HslE &

25-A A BAAE =5 =
3}, ZF SolA ot £33 - Bo, 5] Tt

715 35E dol AAA-HEH SHAE FHAA FFE vH
< Hoj&H(Ogonowska-Slodown et al., 2024). °]+= A& o]
571 2 A7) 553 SHE 71T £ Sl 7S AASH, 3
T A 2O 24 A BAA FA aaE 12 3 AAY F
/S Fx3A

£ AT A= 540l HHH Aol obs-HAEY FAA <t
A} Huk &4, 34 B4 A EREY 5= USS AARIE 0]
of wet FF A 2T HA Al et 75 JES oA FA
A A a3s FU3E = e EF 89l dE B0l 58439
A4A A=& A4 08 28T a7t ok

3L AFY Do v 22 AT A Ee Wt Ha
A gox xgﬂxﬂ,o 7ido] "ostez Kot 7|2 o] A A=
M) 22O B3l SFABAY FA 715 F 78S B
oF gt} "}0}7} AL avs vAH o= Brstr] fls) FA, <

A, X738 AEE SPH o BAok= Fol FF AtolA &
sk g87t Stk

npEto 2 2 A= ZF Ao 799 AE BES GO R S
0"71 ol ko] Uxtslol= Algte] Jlom, IF9] wIH A+

2 349 5= Stk FF AqoA= Bt SES HE 5 gHE o]

BAR AR A Mg =D eI A

o
do 2 ox

A o] Avl, 24, 2

CONFLICT OF INTEREST

£ A0 g0l ouigh 240258 Adg B Aol A4
2 ) ggto =Ro] 33 1 & Ut oHY WAL PSS
i

kjss.sports.re.kr

AUTHOR CONTRIBUTION

Conceptualization: Ji Hyun Ko, Kwang Min Ryu, Data curation:
Kwang Min Ryu, Formal analysis: Kwang Min Ryu, Methodology:
Kwang Min Ryu, Projectadministration: Ji Hyun Ko, Kwang Min
Ryu, Visualization: Kwang Min Ryu, Writing-original draft: Ji
Hyun Ko, Kwang Min Ryu, Writing-review & editing: Ji Hyun Ko,
Kwang Min Ryu

Korean Journal of Sport Science 2025, 36(4), 513-524



522

J.-H. Ko and K.-M. Ryu

Ml

kL

—

Acar, E., Levin-Schwartz, Y., Calhoun, V. D., & Adali, T. (2017,
May). Tensor-based fusion of EEG and FMRI to understand
neurological changes in schizophrenia. In 2017 IEEE
International Symposium on Circuits and Systems (ISCAS) (pp.
1-4). IEEE.

Allen, J. J. B., Coan, J. A., & Nazarian, M. (2004). Issues and
assumptions on the road from raw signals to metrics of frontal
EEG asymmetry in emotion. Biological Psychology, 67(1-2), 183-
218.

Anttila, H., Autti-Rdmo, 1., Suoranta, J., Mikeld, M., &
Malmivaara, A. (2008). Effectiveness of physical therapy
interventions for children with cerebral palsy: a systematic review.
BMC pediatrics, 8(1), 1-10.

Bax, M., Goldstein, M., Rosenbaum, P., Leviton, A., Paneth, N.,
Dan, B., Jacobsson B., & Damiano D. (2005). Proposed
definition and classification of cerebral palsy, April 2005.
Developmental Medicine & Child Neurology, 47(8), 571-576.

Becker, B. E. (2009). Aquatic therapy: Scientific foundations and
clinical rehabilitation applications. PM&R, 1(9), 859-872.

Cannard, C., Wahbeh, H., & Delorme, A. (2021). Electroencephalo
Figurey correlates of well-being using a low-cost wearable
system. Frontiers in Human Neuroscience, 15, 745135.

Cao, Z., Ding, W., Wang, Y. K., Hussain, F. K., Al-Jumaily,
A., & Lin, C. T. (2020). Effects of repetitive SSVEPs on
EEG complexity using multiscale inherent fuzzy entropy.
Neurocomputing, 389, 198-206.

Carayannopoulos, A. G., Han, A., & Burdenko, I. N. (2020). The
benefits of combining water and land-based therapy. Journal of
Exercise Rehabilitation, 16(1), 20-26.

Clarke, A. R., Barry, R. J., McCarthy, R., & Selikowitz, M.
(2001). EEG-defined subtypes of children with attention-deficit/
hyperactivity disorder. Clinical Neurophysiology, 112(11), 2098-
210s.

Damiano, D. L., Martellotta, T. L., Sullivan, D. J., Granata, K. P.,
& Abel, M. F. (2000). Muscle force production and functional
performance in spastic cerebral palsy: Relationship of strength
to gait speed and crouch gait. Archives of Physical Medicine and
Rehabilitation, 81(7), 895-900.

Davidson, R. J. (2004). What does the prefrontal cortex “do” in affect:
Perspectives on frontal EEG asymmetry research. Biological
Psychology, 67(1-2),219-233.

Edmunds, K. J., Petersen, H., Hassan, M., Yassine, S., Olivieri,
A., Barollo, F., Frioriksdottir, R., Edmunds, P., Gislason, M.
K., Fratini A., & Gargiulo, P. (2019). Cortical recruitment and
functional dynamics in postural control adaptation and habituation
during vibratory proprioceptive stimulation. Journal of Neural
Engineering, 16(2), 026037.

Fox, N. A., & Davidson, R. J. (1986). Taste-clicited changes in facial
signs of emotion and the asymmetry of brain electrical activity in

Korean Journal of Sport Science 2025, 36(4), 513-524

human newborns. Neuropsychologia, 24(3), 417-422.

Gorter, J. W., & Currie, S. J. (2011). Aquatic exercise programs for
children and adolescents with cerebral palsy: What do we know
and where do we go? International Journal of Pediatrics, 2011,
192-198.

Harmon-Jones, E., Gable, P. A., & Peterson, C. K. (2010). The
role of asymmetric frontal cortical activity in emotion-related
phenomena: A review and update. Biological Psychology, 84(3),
451-462.

Harmony, T., Marosi, E., Diaz de Leén, A. E., Becker, J., &
Fernandez, T. (1990). Correlation between EEG spectral
parameters and an educational evaluation. International Journal
of Neuroscience, 54(1-2), 147-155.

Hawkins, R. J., Sofroniou, A., & Thurston, M. (1994). Emotional
and behavioral problems in children and adolescents with physical
disabilities. Child: Care, Health and Development, 20(4), 267-
280.

Herting, M. M., & Keenan, M. F. (2017). Exercise and the developing
brain in children and adolescents. In R. R. Watson (Ed.), Physical
activity and the aging brain (pp. 13-19). Academic Press.

Jasper, H. H. (1958). The ten-twenty electrode system of the
International Federation. ElectroencephaloFigurey and Clinical
Neurophysiology, 10, 371-375.

Kang, H. J., & Kim, S. J. (2017). The effects of aquatic exercise on
brain wave activity and balance in children with cerebral palsy.
Journal of Korean Physical Therapy Science, 29(3), 529-532.

Kim, S. J., & Park, E. S. (2018). Effects of trunk control exercise using
motor imagery on balance and gait in children with cerebral palsy.
Journal of Exercise Rehabilitation, 14(1), 106-111.

Kim, Y., Lee, S., & Park, H. (2020). The effects of aquatic therapy on
motor function and brain activity in children with cerebral palsy:
A preliminary study. Journal of Korean Physical Therapy Science,
32(5), 289-294.

Klimesch, W. (1999). EEG alpha and theta oscillations reflect cognitive
and memory performance: A review and analysis. Brain Research
Reviews, 29(2-3), 169-195.

Kolb, B., & Gibb, R. (2011). Brain plasticity and behaviour in the
developing brain. Journal of the Canadian Academy of Child and
Adolescent Psychiatry, 20(4), 265-276.

Lee, D. G., & Park, J. Y. (2015). The effects of aquatic exercise on
physical function and mental health in children with cerebral
palsy. Journal of Exercise Rehabilitation, 11(5), 276-281.

Lehrer, P. M., & Eddie, D. (2013). The role of emotional regulation
in stress-related disorders and the role of biofeedback in its
development. Biofeedback, 41(2), 70-75.

Ludyga, S., Gerber, M., & Piihse, U. (2021). The roles of physical
activity, exercise, and fitness in promoting resilience during
adolescence: Effects on mental well-being and the brain.
Translational Sports Medicine, 4(1), 1-10.

Mani, E., Kirmizigil, B., & Tiiziin, E. H. (2021). Effects of two
different stretching techniques on proprioception and hamstring

https://doi.org/10.24985/kjss.2025.36.4.513



Aquatic and Land-Based Rehabilitation and Emotional Change in Youth With CP 523

flexibility: a pilot study. Journal of Comparative Effectiveness
Research, 10(13), 987-999.

Misic, M., Okanovic, P., Savi¢, A. M., & Savi¢, M. (2022). Frontal
alpha asymmetry and negative mood: A cross-sectional study.
Symmetry, 14(8), 1579.

Ogonowska-Slodownik, A., Jakobowicz, O., Alexander, L.,
Marinho-Buzelli, A. R., Devion, C., & Morgulec-Adamowicz,
N. (2024). Aquatic Therapy in Children and Adolescents with
Disabilities: A Scoping Review. Children, 11(11), 1404.

Sabu, P., Stuldreher, 1. V., Kaneko, D., & Brouwer, A.-M. (2022).
A review on the role of affective stimuli in event-related frontal
alpha asymmetry. Frontiers in Computer Science, 4, 869123.

Schafer, R. J., & Moore, T. (2011). Selective attention from voluntary
control of neurons in prefrontal cortex. Science, 332(6037), 1568-
1571.

Shao, X., He, L., & Liu, Y. (2025). The effects of exercise interventions
on brain-derived neurotrophic factor levels in children and
adolescents: a meta-analysis. Neural Regeneration Research,
20(5), 1513-1520.

Slagle, D. M., Smith, A. W., & Golaszewski, N. M. (2011).
Therapeutic exercise and self-efficacy in children with physical
disabilities: A review of literature. Pediatric Physical Therapy,
23(2), 152-157.

Tao, Y., Cao, Z., Shin, M. C., Chen, M., & Han, S. (2025). The effects
of hydrotherapy on athletic ability in children with cerebral palsy:
A systematic review and meta-analysis. PLoS One, 20(6), 1-21.

Tarullo, A. R., Garvin, M. C., & Gunnar, M. R. (2011). Atypical
EEG power correlates with indiscriminately friendly behavior
in internationally adopted children. Developmental Psychology,
47(2),417-431.

Taub, E., Uswatte, G., & Pidikiti, R. (1999). Constraint-induced
movement therapy: A new family of techniques with broad
application to physical rehabilitation—A clinical review. Journal
of Rehabilitation Research and Development, 36(3), 237-251.

van der Velde, J., & Junge, C. (2024). Using different methods for
calculating frontal alpha asymmetry (FAA): A study on infants
and 3-year-old children. Brain Sciences, 14(2), 174.

Weiss, M. R., & Ferrer-Caja, E. (2008). Motivational orientations in
sport. In T. Horn (Ed.), Advances in sport psychology (2nd ed., pp.
115-155). Human Kinetics.

Yoo, J., & Kim, J. O. (2002). Development and validation of the
Korean Exercise-Emotion Scale. Korean Journal of Sport
Psychology, 13(2), 103-117.

kjss.sports.re.kr Korean Journal of Sport Science 2025, 36(4), 513-524



524

J.-H. Ko and K.-M. Ryu

1257F 25-X|A Y
dAHel0f O|X|= F

-

AR}y 1i’l(Lyu42@hanmail.net)

slojrist

Ol217t, Y

*
Rl

Al

Li

(2] & 70] 2L o}E- 4 LYo o 1257 AVLES AT £ L5 Folrt 4AH =
ol w1 FaL W3kt L AANYSH 02 FHsH= Aol

(] A7 IR 10~184] ok F4d ol 1488 Ao /AL % 38 G0R 45253 A4 AT
5 22392 Assct

(A 243 23, 2342 L Ak, Z9Uuh, soldustolAl A4 Aol BE 93t 3718 Bon, &
B34 A9 o9] a0l Au], 3, B, A}, HHIAE FYH Wsbrh ehdet. ol 4% Bo] £, 4,
2% 50 U2 AL Bl A g ¥ 7 BAste] aabAe AR v, A5 s wh A (FAS)
ol At ATk 2k £L013 Aho]7} vhehbA] o, T AF 5ol AT B/ 3§19 22 AEY VN 5] Arl F
AL GG WX A ke Holze

(28] & AL $3480] 94 715 552 dol P4 34 SH02 B4E & U2 A, I 1349 A%

2
L MEEECETEER Bl

, g

Korean Journal of Sport Science 2025, 36(4), 513-524

. 73A BEG, A7 Lot vty

https://doi.org/10.24985/kjss.2025.36.4.513



