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PURPOSE This study examined the effects of visual input and stance width on static
postural control in transfemoral amputees using linear and nonlinear COP measures.

METHODS Seven male unilateral transfemoral amputees performed 30-second quiet
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standing under four conditions (ECN, ECW, EON, and EOW). COP variables included
path length, velocity, sway area, approximate entropy (ApEn), and sample entropy
(SampEn), which were analyzed with two-way repeated-measures ANOVA. RESULTS

AP path length was significantly affected by vision (F=12.532, p=.012), with the
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highest value in ECN (76.4+12.0 cm). ML path length demonstrated significant effects
on vision (F=9.773, p=.020), stance (F=9.991, p=.020), and their interaction (F=8.372,
p=.028), which also peaked in ECN (66.1+15.7 cm). Sway area was influenced by
stance and interaction (F=19.679, p=.004) and was the largest in ECN (4.8+2.3 cm?).
Nonlinear indices increased in AP ApEn and SampEn under visual deprivation, while

ML measures showed a significant vision X stance interaction (F=7.082, p=.037).
CONCLUSIONS Linear measures indicated greater instability during an eyes-closed
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narrow stance, whereas nonlinear measures revealed increased complexity during
visual deprivation, with a non-significant vision and stance interaction trend in the
ML direction. These findings suggest that both instability and complexity characterize
postural regulation in amputees, underscoring the need for the integrated use of
linear and nonlinear metrics in balance assessment and rehabilitation.
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FOo B A KA BAE T A3t ofA] AuAts A5l © 3
&t AlZk FEI7L At 2704 AA] Aol H WolRl=
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A2 oA Aol A E5] A9
50% ol/gol & 13] o] Y& 7
al., 2001). Y Ao 2 Id 8Rluh= &5 o3} 7t A&,
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A, Ao & Aty 7147 otske} 4h9] A Aotz A" Miller
et al., 2001).

BAAEY AZF RV} AlgtE B E59 A7)
o] §45] 7Kt AA UH] GA 49 FAE
2 7| Ao M= A £l AR #F A7} ES oYX
(Winter et al., 1998). £3], 512 AdA}= A J737to] £AE o]
Z} Al7F5(sensory reweighting) ©] 2] upet A1ZF i} 4o
£ 2ol o&sfjoFstr| wiolth.

olgjgt AA =4, 454 +8 589 AT Brl= dEFA
H(center of pressure, COP) £4& &3l 753, ZFA| -84,
7% 59, B3 Ay FFH E4 9 A 50 e 28EHT
Ath(Ichimura et al., 2022; Ruhe et al., 2010; Schmid et al.,
2005). Mancini and Horak(2010)2 t}eFgt COP 7|4t W7t Y
A dlE 9 A g7 AT AV ok R A9AE tA
O & 3t AFoAE COP #49] {§-8/d0] ERl= 3t Schmid et
al.(2005)2 H= tfE daAte] 23 & COP ¥ & 40t 115
I %5 Atolofl AIZHAE-F1HA vt o] EAE HFHoRE K
S}3t}. oli= COP £410] Aol 2 H|th 4 A & o]5 E4
< WAsHA 22T £ Qe HolErh

COP 7|4t A #+= A AP AxY BAF ARE FEEH, ©]
52 A Aol AR g F9E F7% e (Duarte & Sternad,
2008). Ruhe et al.(2010)2 AAA EA1Z-S Tl F2 A
A COP A R9] HA-AHAAL A2 =8 HESFY 21, Mancini and
Horak(2010)2 ©]=gt COP 7|9t W47 3 A%k Wdsty o
A AEE dISches H YFEeE AT Bskgih kA A
QA= AR ZA| M 2 FFH R Prtols IAHA
A& &89 4 St} HAE AH= COP AAEY A7 %,
& A 24 Y19 AT o F 78S FEBIRIT Stergiou
and Decker(2011)= A Alo] A AHIS] B3 §-A4, HAF A
o] tFol A ARE B9 s 5 Ue= HASIGe
), Blazkiewicz et al.(2023)2 H]AE EXo] ZHA| Ao F719] {F
ast J2YE AAZHCZ HESHALE Hlavackova et al.(2011)2
HE dAE o= BT S COP7H duEHt W2 e <
E21](Sample Entropy, °]3} SampEn)E ®ol|, ¢ #2129l uf
g Ue L, ol F ohE7t A 248of| S-55HA 7o ekA] o=
2 A|AI5FE. E3E Sadeghisani et al.(2016)2 314 EHAE ¢
Ao g & AT B2 2ANA A A EZ T (Approximate
Entropy, ©J5t ApEn)& &45to] 9% F7ol wheh A4 5-2.9] +F
2ol Detxle Baotlom, AlZF 29] R I AT WA
FYBHA UEhEE gRlstiet. o= HIAE X #7F AdAte] 2
oh2] 7t 71k 2pole} 37t 27 §igtol| viztstA vkt AF A
HERFo 2= gRIEA] = 2 Aol EAAS =
Argtet.

HAY A& F ApEn ] AR gtou, A7 X (self-
match)& 518-517] W&o dol§ Zold wte} gho] HEFd 4= 3l
o} SampEna A7|YAE HiAsto] glojg Zo|7t JH o= F
2 XANAE dBgo] FAEY= FHS Z=HRichman &
Moorman, 2000). Wt & ARE WPsto] A= 49 Al =
Aol 2L Bt g H o2 frIek 4= Qlth

Ku et al.(2014)2 514 AA2] B2 71gAAoA COP E4<
AESH] AlZF JE {50 iE Zfo
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= A ;e} HjAY A
Haste] AR A JA] BET Aot A7 A ‘e AA
H 3 A= 11 oA 5
AE= 24 Ao EAS HojFEE(Duarte & Sternad, 2008;
Stergiou & Decker, 2011), & X E5 5202 d|4dlof g5 &
GAFO] ZA| Alo] 4L 45| ol 4= Qltt. of=gh At T
oA A A8 43 59 MAS % 2EE A A= A
of AdAQl FAE oF7IskaL et
wpeba] 2 Aol A kA AekA}, §9] tiE AeAKtransfemoral
amputee)E AR AJZF HHOF AHA H] W37t FA <A <t
Aol mAl= TS AP L HAF COP AEE Bl #A4Te R
A, G B G A, BEE AL A g AEAHQ A
£ Algstaat gk

1)‘
rir
=
6=
-]
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+13.7 yrs, 71: 172.4 £ 4.9 cm, B5A: 7
AtH(Table 1). & m@A=2 75, 4 59 955 8592,

£ Ao gt AFAES FH A7) AANAY #+BS EA5
Fom, 48 B4 ol A 7] (Kistler, SWI; sampling rate
2,000 H2)E AHgsto] ARE =401t} BE mdA =2 Yl 714

£ 27004 3023 FH A'Y AAIE H6IA. Wl 7HA &
AL (1) =2 4 $2 AAZ A7](eyes closed narrow stance,
ECN), (2) =& 71 |2 AA|Z A]7](eyes closed wide stance,
ECW), (3) ¥ =1 F2 AAE A7](eyes opened narrow
stance, EON), (4) =& T3 Y2 XA 2 A7](eyes opened wide
stance, EOW)& FA = AcHFig. 1). COP £42 A&(intact
limb)#} 2+=(prosthetic limb)& 2% X3t A7 AA] FEF4H
(whole-body center o;f pressure)2 %3}t

2 AFoA A"A vdl= IEZA9] W 74 (foot width)E 9
o5k, 2 AAl(narrow stance)s T B2 JH, W AHA
(wide stance)x= HEAY] YFY B 7F ] (anterior superior iliac
spine, ASIS) ZF A& 7|E 282 AWA HH|E A5t

Zr A3 271 Atololl T 2o 95t #39] AfolE FHAdtelr] ¢
sho] 24 387H9] FAlo] AlFE et

Table 1. Subject characteristics (Mean + SD)
Variables Male (n=7)
Age (years) 573+ 13.7
Height (cm) 1724+4.9
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Fig. 1. Experimental conditions of quiet standing, arranged from left to
right: ECN, ECW, EON, and EOW.

30%2F 94 HolE &, 7] 52 7] 5%F AT 20% 5%
9] COP #t& 45ttt 3= 2,000 Hz9] dlofE+& 100 Hz2
thAERSHe] (Table 2)9] $A408 ZF 2749 3 HSHE
AP length, ML length, AP velocity, ML velocity, sway area, AP
ApEn, ML ApEn, AP SampEn, ML SampEn®# Q& E5}o] H7}s}
At ApEnTt SampEn-2 &4 A H|o]¥] o] 2 A|AE flsto] 23}
A 53 HE Y2 " (cutoff frequensy:6Hz)E #8351 oH,

AEZ T A&S 95t mehv] g s AP AL (Richman & Moorman,
2000)% vigo g2 mj'Zdo] m=2, AN YA r=0.2 x SD& A
A5kl

7Hl¥ 7] AH(base of support) 7] ZFo]7} COP A& 34
of DA AL Asty] gstol 2da ulE olge A
(normalization)g& F7F2 £ttt e Ay 24 WS 7 1
AR A”A HH|E U 5138 ARE ARESNE2 A"A 10
cm, W2 ARAE JRQIE = AALZ=HASIS, mean: 27.29 cm,

range: 26.2~29.2 cm), 0|5 F1 A7 2 A A SFIHTable 3).
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12} A H(eyes open/closed)?} AEHA HH] ZA(wide/narrow)ol|
2olE A5 sl £ A9 SHT AFEARRIT v
A0l 9] A ghS AR5l IBM SPSS Statistics 23.0 54 =
20 Z HHE=A o] YEAREA(2-way ANOVA with repeated
measure) SFATE £ FANS} TG AW} Uehte 4
Bonferroni H'H& AMH-5Fo] AFFH A (post-hoc)& AAlsH o™,
EAA FY 2L ¢=0.052 AH3FA}.

A1z
Azt 270, 22 o) 220] 12 AH A4 29 W B
éﬂ—‘& ‘ﬂr%_’ ZtH(Table 4, Table 5, Fig. 2). 78 2% &=

ECN 20l|A 7V &2 <2 Ak

AZHEF 0|5 A (AP path length)e A1Zte] ZaIHF(1,6)=
12.532, p=.012, 7°=.676)7} R-9l5tt. A3 A4 A}, &2 72
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Table 2. List of variables

Definition and equation

Total path length of the COP displacement
AP in the anterior—posterior (AP) direction
length n_l

§) |COP _COoP |
AP i41 AP i
i=1

Total path length of the COP displacement
in the medial-lateral (ML) direction

ML
length =
El | COP,\ i — COPMW |
Total AP path length of the COP divided
AP by the trial duration (Time)
velocity AP < ngth
Time
Total ML path length of the COP divided
ML by the trial duration (Time)
velocity ML < ngth
Time
Sway Total area covered by the COP trajectory
arca %2<COPAPJ X COPyyp iy — COPypyy X COPyy )

AP Approximate entropy of the COP in the AP direction

APER Ap B p(m,r, N) = 9 (1) = B3 ()
ML Approximate entropy of the COP in the ML direction
APER  Ap By (mor V) = @, (1) =00 ()
Sample entropy of the COP in the AP direction
AP 4
SampEn SampEn 4 p(m,r,N) =—1n AL
Byp
Sample entropy of the COP in the ML direction
ML P
SampEn SampEn,; (m,r,N) =—In ML
BJIL
AP : anterior-posterior, ML : medial-lateral
COP : center of pressure
Table 3. Normalized variables
ECN ECW EON EOW
APpath g 65 120 2414041 536+129 1.96+0.56
length
MLpath ¢ 11158 1624029 4434060 1.47+032
length
AP
., 0383+0.06 0.12+0.02 0.27+0.06 0.10=+0.03
velocity
ML
.. 0.33+0.08 0.08+0.01 0.22+0.03 0.07+0.02
velocity
Y 0.05£0.02 0.00£000 0.02£0.00 0.000.00

AP : anterior-posterior, ML : medial-lateral

ECN : eyes closed narrow stance, ECW : eyes closed wide
stance, EON : eyes opened narrow stance, EOW : eyes opened
wide stance
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Table 4. Mean + Standard Deviation for each condition (Mean + SD)
Variable ECN ECW EON EOW
AP path length (cm) 76.4+12.0 65.4+9.9 53.6+12.8 529+13.9
ML path length (cm) 66.1 +15.7 44.0+7.0 443+59 398 +7.7
AP velocity (cm/s) 3.8+0.6 32+04 2.6+£0.6 2.6+0.6
ML velocity (cm/s) 33+0.7 22+03 22+0.2 1.9+0.3
sway area (cm?) 48+23 1.4+09 1.7+ 0.4 1.7+1.2
AP SampEn 183 +£.061 173 +£.037 157 +£.038 141 +£.029
ML SampEn 128 £.046 237+ .129 120 +.029 113 +£.044
AP ApEn 182 +.061 172 +£.036 156 +.038 140 £.029
ML ApEn 127 +£.046 236 +.129 119 +.029 112 +.044
AP : anterior-posterior, ML : medial-lateral, ECN : eyes closed narrow stance, ECW : eyes closed wide stance,
EON : eyes opened narrow stance, EOW : eyes opened wide stance
* t L
[—] o o 100 & |- = i |—| -
w0} e - -
=3 FOoN | I =2 o = N
BB LW LY B LW B2 FOwW
E = g *% B
= = £
& £ & | | =
g 0 I ; 1 i g | |
;E o0t | g w0 | ; I 7
% 5 E
20t 7 20
f// /
0 |7 )
ECN ECW EON EQW ECH ECW EON EOM ECN ECW EON oW
*
¥ [ I t
3 I L l - l I -y .
- B .. W & -
' ] | ®= —-~ T L — o
E % =6 %
g3 [ | 5, [ Eos
. 3 :
E2 ! | ¥ % 04
2 7 w3
| / : =
1
u 7 .. N7
ECH ECW EON ECW (=] ECW EDN W ECN ECW EON EOW
t *
+
i 030 - s
= l I = oW I I : :—.\.. 04 I I = ECW
0.6 = Fon 025 = ecH [— N ]
@3 oW oW FOw
ol 020 03
[ £ | s
i 2015 E
:-?! 0.3 ] | Fia=
010 l
= 01 I
a1 0.5 /
= ECN ECW EON EOW 020 ECH ECW EON EOH/ i ECN ECW EON EOW

Fig. 2. Mean (£SD) values of variables across four conditions (ECN, ECW, EON, EOW). * indicates significant main effect of vision (p{.05), **
indicates significant main effect of stance width (p{.05), T indicates significant interaction effect (p{.05), T indicates significant pairwise
difference confirmed by Bonferroni-corrected post-hoc test (p{.05).
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Table 5. Results of 2-way ANOVA with repeated measure

variable factor F(df) p n? Post-Hoc
vision 12.532(1,6) .012%* .68 .
AP path length stance 3.573(1,6) .108 37 -
vision X stance 3.496(1,6) 111 .37 -
vision 9.773(1,6) .020* .62 _
ML path length stance 9.991(1,6) .020* .63 -
vision x stance 8.372(1,6) .028%* .58 -
vision 12.532(1,6) .012%* .68 _
AP velocity stance 3.573(1,6) .108 .37 -
vision X stance 3.496(1,6) 111 .37 -
vision 9.773(1,6) .020%* .62 _
ML velocity stance 9.991(1,6) .020* .63 -
vision X stance 8.372(1,6) .028* .59 -
vision 3.589(1,6) .107 37
Sway area stance 10.214(1,6) .019* .63 ECN > ECW
vision x stance 19.679(1,6) .004* 7
vision 7.509(1,6) .034%* .56 _
AP SampEn stance 0.644(1,6) 453 .10 -
vision X stance 0.037(1,6) 853 .01 B
vision 4.376(1,6) .081 42 ;
ML SampEn stance 4.333(1,6) .083 42 -
vision x stance 7.082(1,6) .037* .54 B
vision 7.500(1,6) .034%* .56 .
AP ApEn stance 0.648(1,6) 451 .10 -
vision X stance 0.037(1,6) .855 .01 -
vision 4.371(1,6) .082 42 .
ML ApEn stance 4.334(1,6) .083 42 -
vision x stance 7.080(1,6) .037* .54 B
*p<.05
ol A =& & AEE 2A et H AP EA Hel
8% o157 2I(ML path length)= AIZHF =9.773, p=.020),
2’AF=9.991, p=.020), FZA-E(F=8.372, p=.028) LLFO]A] A0 SampEne A2 JE 579 FRad| AT {203 Aol
|3t AolE UEP o, F2 AHMA0 AL W AdARD 2 HAHF(1,60=7.509, p=.034, 2=.5560). v& #< 20| ==&

TE YR, w5 -2 24004 E 2AET F 3ol 14—15]—;@:}
AT HSE(AP velocity)= Al FE FFOIAT |o5 5
7 YRt eH(F(1,6)=12.532, p=.012). = 32 270X &=

E AR fo5HA 2 # et

F2ueF £ (ML velocity)®= A4 JE (-5,
21l o5 2to] HaZgoA BE {9t }
F(1,6)=12.532, p=.012; 2814 F(1,6)=9
£ F(1,6)=8.372, p=.028).

EE59 HA(sway Area) AEIA YH|9] Fa3KF(1,6)=10.214,
p=.019, »2=.630)2} A|Z} R} A=A YH|(stance width) 7+
A58 Ga3HF(1,6)=19.679, p=.004, ?=.766)°1A4 Rt Z}o]

£ UEleh AR 23 ECN 2710] ECW 271 Bt f-2J5H
A veheth(p=.039).

AEA Y|
£ BT
p=.020; 52

15
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E 28 {o5tHA ZA UErtth

Z--H9F SampEn+s A% 2HE A3HF(1,6)=7.082, p=.037, 7%=
541)014 F-EJuIgt ZpolE B et A A, ECW R4 7
A =0 H2A9 B oL} Bonferroni 24 & 89514 &otth

AT ApEne A7 AE {59 FaEA AT {25 Afo|& B
At (F(1,6)=7.500, p=.034, »?=.556).

U ApEne A5 E73HF(1,6)=7.080, p=.037)°1A &
oJu]gt 2olg Bt SN AREHA A} 393t Zoli= UEA]
A%kt
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CX

B A7 A2k ek e et e Buae g 44 23
o BlX: JFE 4P L ulHY AES Foto] Wa} Fo|S Fhelst
374 st

2 Aol Al HH Apd 270 A E 2 3 2o
Al ol 5ARLY £&7t Koot S7ISIAT ol AlZF R A
of wet A7t 5% 5ol AgtEm, A7 FEIF AlgtE o 3 &
FH(sensory integration)®f 7|¥et HAF Agko] FE35] 25514 &
FE& 7Fs3E AR tit 12 =71 Hof o] sj4 2 7hs &
oA AAF A7 R AAPA 9 Zﬂ*é%”—}ﬁr A A 2
Aol A<l Aztoln, syt ded A9 589 7| Hle
7} $71oke A2 o7 APAolA B H} U (Horak, 2006;
Peterka, 2002).

F2 AUA Aol - FFY olsAY, & =9 93
o] FYsHA F715tAtt. ol F2 7AW 2 ‘%%329] 34
Aol EejotH, AAFA 0] 71AH A 77 ASE ZA] Aot
olH YA = EAJo] Q= A7} YA SHH(Winter et al., 1998).

Mayer et al.(2011)2 = 515 AUAE giAoZ Al o= 2+
|27} A&(intact limb)oll 9F 28% U B2 A5 A& vy 1
o} Mg Holn, o]t Fo} B H|tf o] ¢ W 589 {9
g ATE Zrethy Baskql. AREL AlE Fof Bt St
7} - 589 I E Bl Al YA AR oJolXrhal Al Gt
9t} T3t Hlavackova et al.(2011) tiE AdA=S iAo g H]
AdZo| v & AFol A od & 48349 123} £2rt 4
GEET A UehdZ Easiqith 2 A9 g2 tiE ddRt
2 Mayer et al.(2011)3} Adt 50| th2, F2 AHAOA -
59 W0 Z7Iet A= ol=e AS WF Fol 7|H¥} B
U= 7570l At gt & At HE AT BHEE A SH5HA
oo o] sjA2 F7} HFol Qsirt

2ol APAFANA Az AHA |H]| 7F 5 A-go] |9
SHA LRt Peterka(2002)= 3 2t 457} Alghd o ohE 2+
7S] 7W5A7h F7bete A2 A7Rsel did 7hs A= AlARRTE 2
AtollA EE FJea8-2 ollet 4 A5 7hs/d Tt Fatot
= Wolrh. bt E5¢ W3S ALt A= AFEHAC 7
OJstA] g¥of, AJZte] I} ARiAC] wEt DEfR]=A] T2 ARlA
BT A7 met G| eA 2 ARE EFT £ ok wEkA
R #ES Be A5l AT B AR A AR

A5 TFol A= SampEnet ApEn7t A7 HE f5-9] Fa3
Al Footglon, w5 T2 20| £ & ARG {5 2A
ettt ol2fgt AERTY F7h= AAE H1Y A5 7 Ha
£ 9ugtt}. ol tiE AdAirt B t-gote] ohet 24
Ao A|Esl AeA 9olio] wEol 25 9o}, AokEol 7]
AR Ako & Qg B H-ZH E12/d9 S7HE siAE oA = &4
gttt Stergiou and Decker(2011)= A4l 28 AARIS 344§
AT B A=) kol viAg AERE AFskE £ glom, &
S99 AR A2V AR Y EAS BY o 2F HE] & E71
5730] A BT dEE & e Agotrh

]7]' Ak Al A e ER 7L S71%E & A4 A3ks, A4
Blo]eF AJZF 21& Z3ote] AA] Alo] FHEE A3 Raffalt
et al.(2019)94 R 19} X7t o] A= A2 AT FAE o

H-I
rlor
o

Jo i

I
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4O oI FS AT B WSS 2 U] ZAGNA,
2 ge 240N T A&k BE A% WP SampEnt F71HES
o

wasich che A= Wste] YRR iy Agst 7 24
of e et 4 glome, & Ae] a0l e Fto] Wa
afet.

F-9 B3] SampEn®}t ApEne AlZF AEHLQF ARA UH|9] AFS
22 g7} 89890, A A AT 24 7F Ajol7t BEA RO
2 [FYotA] Furt. 9 G vjAY ¥ B EHALE H]
WolH ECW 7oA grid oz & WE/do] IFH. ol A1z
o] At AejolA] 7] A o] ai!‘ﬂ’dgﬂi Etoka AN 7k b
A 24 Ago] AR 24 A53E 7Hsd= AR Raffalt et
al.2019) GA] - WFe AERT F7PF F Hd 5 LB A A
9 YA E Ik B sko], 2 weko] vl g whgol He & Al
5730 e} oh2A Uehg 4 e HolEth ot & A9 22
F(n=7)0lX= da52go] fostrlzte /d 24 2k A H1
9l ?:"57} Agrd &= 9long, o] Ait= a3ke] EAZr|Het B4

ELRRRE S ]7} Z}E}«] Pt %’&5]74] Hel vhd, e Bk
o*iﬁ% A7 BEEY oY
A S5 E A ot

R Bl A 50 F2 BR 9 AZ-29 eh o
ToHWinter et al., 1998), Mayer et al.(2011)2 ZAdA}e] AL
G4 olso] AdS W 59 ARty BE, sig
Aolo] F2 T4458770) ola) A} Aekel chejol A o
o] AAEo] 9]F & HiEo] A1 Z7to] Q= BAE 7|59
o Agsiainh & e duate A% UgolA UE A A
a7 olR2, oz g e 72kl Azl et QJEEs Ao
02 ot olett A7t 92 B717} A A A A 4
COP A&7} W1ZsHA W33t @-T’—]'i ojojzl AL & AT 4= 92
W Az} X 2pgdo] 2 A HieF Zojgho)| 9IFe m|Itty B
118t Raffalt et al.(2019)9] ﬁJ}Q}E it} g 29 kol A
= A7 50 w2 dFE Zpol7F F=35H4] &oFtt. Rougier and
Bergeau(2009)= @A AdtS stx]oA AHet 3] whE(force
reaction)& WFoHA] Xt AF Kok vt o] EAfst A&S
B35t HAF 7|4 WA It B sk E5] dE At A
T AGFED S04 o & COP M$E Eolom, ojzgh AA
Aol A&} AP 7 COP 7] Aol E 9F-H F= ¢
o] ootz AR YEl o= 29 Uk AN 4ol 47 A
Vgmct BUEe 72474 Aol o 27 74E - A48
AlARREE, & 29 WA Al 9] Wahr ) Bt 28 WHIE
ojojR|A] 3t AL, o] WY Mg/do] AlAA mwHe 1S 5
A9 vt Foteh= 71414 8Rlo) o $-AH o r AR i
o 7Fs/go] itk

EQF ARA HH] WL F o] nA IS A olA
ok HE AAE F9 VAHE IA ST A 7S A
2oz 9 MatA 7t} Luo et al.(2025) A% ARlolA AH
& HHZF A H F@ol vAls Gl A1z 24T FaehA #e- 1
FollA AE BFRT FosHA Z okl Biskglom, Raffalt et

o]o_‘l_t‘ ro[.

el

_l

o}
%

)
)

o]

o

https://doi.org/10.24985/kjss.2026.37.3.459



Postural Control in Transfemoral Amputees under Different Vision and Stance Width Conditions 465

al.(2019) A] e 28hA vnle] ol A5 - 39 kel wet
A 9 nAnE FEAYY £ dTelA Ads Favt U
J5Ago] F2 29 WG AToH BIE R ol /14

—’E?V\“OE 2l °H i—i "F— +AIg JO]ME}(H 7). u}a}x—] rm ANOVA
9] A4 7H8E 94 5] wESH| olElg o Q&g AEste], A}
Sfaat gukstol] o1& 71& et It W ¥WskE wgkokA TEot

7] Hlote] WHEEY AAE AEston, BAH /o8 3 &
#=27](9: partial 7)E @ | A Asto] AAA oJu|E ks3It
JRo| = E-4ok1 RHESY 449 Fd 7S A0 =
sl7] ojEg 5 ]O‘:‘] 8 24 2F AR o] BAIE Aol A
gtHo|t}, A 2 A Adks AW OE et J4 24 =
A EAS motelr] 91gt Al - g A 7| 225 R oA Eofof 5}
W, Ag-dAd 528 5 7H?l_]*§ I YR & A4E F
St 2ol "asith B4, AT 13 P22 A Al 7+ ¥
(intra-subject Variability)% %;ﬁ%] SAIGHA okt &
oA 7+ 27004 33] o] ¥HE 5FE Sl AFEE =2 2
74 Slth. AR, 2 A= A4 FESATE St A5 &5
N8 Fot BixE Ay gRlstA] oot % o5 AHRtg &
o] &3t - Fof B Z7go] HPATHH 2 Ao 4] AAIZE ]

% 5ot Bl 42 AW A5 & U Aol

ﬂ.I
n

ol

& A= Al BE Al of fef ARA UH] W5} oiE] ARie] A
Z H| X TS AP 9 ¥4y A 1E B9l 24515
A7 Aol M= AlZF Aol A - e W] o]5 A%t iE

E YA SR, A|A bl 2T ARt E5Y
Ao f-oJgt JFS ulHh EEH HHAE AlZT A ‘—13
9] A5 algol folstylon, ALHA At & 1 A A 24
(ECN)o] == o |A A iZﬂ(ECW)EEP st & Aoz g
o]goﬁ;}

HAE A= AT WFY] SampEn¥}t ApEn©] AlZF Ak =
Ao A elatAl Z7retitt. JgafolAE Az AEA 1|9
3 Ago] Folot o, AFFHA 27 7h Aol ERIEA] gttt

o|2|gt At APA I} HAE ARV AN 2E9 AR T2
HE WIS Holeth mehs dE ddate] A4 24 598
7t 4 e TS AA5] fEiAe F ARE A 1
o} o] aHT

—=

L

Al
=

o=

oL N
N
T 3 fo

2 {uop n°1‘

al
=
<)

CONFLICT OF INTEREST

=8 24o] gl ojudt 202N S E3e AR AY
£ W) gorom kRo] YaFe A 4 Uk oHE VAL §eS
LS

kjss.sports.re.kr

AUTHOR CONTRIBUTION

Conceptualization: Jin-Joo Yang, Dong-Young Ahn, Yoon Park,
Data curation: Jin-Joo Yang, Formal analysis: Jin-Joo Yang,
Methodology: Jin-Joo Yang, Yoon Park, Project administration:
Dong-Young Ahn, Visualization: Jin-Joo Yang, Writing-original
draft: Jin-Joo Yang, Writing-review & editing: Jin-Joo Yang,
Dong-Young Ahn, Yoon Park

Korean Journal of Sport Science 2026, 37(3), 459-467



466

J.-J. Yang, D.-Y. Ahn, and Y. Park

Ml

kL

—

Blazkiewicz, M., Hadamus, A., & Borkowski, R. (2023).
Recurrence quantification analysis as a form of postural
control assessment: A systematic review. Applied Sciences,
13(9), Article 5587.

Duarte, M., & Sternad, D. (2008). Complexity of human postural
control in young and older adults during prolonged standing.
Experimental Brain Research, 191(3), 265-276.

Hlavackova, P., Franco, C., Diot, B., & Vuillerme, N. (2011).
Contribution of each leg to the control of unperturbed bipedal
stance in lower limb amputees: New insights using entropy.
PLoS One, 6(5), Article e19661.

Horak, F. B. (2006). Postural orientation and equilibrium: What do
we need to know about neural control of balance to prevent
falls? Age and Ageing, 35(suppl. 2), ii7-ill.

Ichimura, D., Hisano, G., Murata, H., Kobayashi, T., & Hobara,
H. (2022). Centre of pressure during walking after unilateral
transfemoral amputation. Scientific Reports, 12(1), Article
17501.

Ku, P. X., Abu Osman, N. A., & Wan Abas, W. A. B. (2014).
Balance control in lower extremity amputees during quiet
standing: A systematic review. Gait & Posture, 39(2), 672—
682.

Luo, W., Huang, Z., Li, H., Zhong, T., Chen, P., & Min, Y.
(2025). Regulation of static and dynamic balance in healthy
young adults: Interactions between stance width and visual
conditions. Frontiers in Bioengineering and Biotechnology,
13, Article 1538286.

Mancini, M., & Horak, F. B. (2010). The relevance of clinical
balance assessment tools to differentiate balance deficits.
European Journal of Physical and Rehabilitation Medicine,
46(2), 239-248.

Mayer, A., Tihanyi, J., Bretz, K., Csende, Z., Bretz, E., &
Horvath, M. (2011). Adaptation to altered balance conditions
in unilateral amputees due to atherosclerosis: a randomized
controlled study. BMC Musculoskeletal Disorders, 12(1),
Article 118.

Miller, W. C., Speechley, M., & Deathe, B. (2001). The prevalence
and risk factors of falling and fear of falling among lower
extremity amputees. Archives of Physical Medicine and
Rehabilitation, 82(8), 1031-1037.

Moisan, G., Miramand, L., Younesian, H., & Turcot, K. (2022).
Balance control deficits in individuals with a transtibial
amputation with and without visual input. Prosthetics and
Orthotics International, 46(2), 134-139.

Peterka, R. J. (2002). Sensorimotor integration in human postural
control. Journal of Neurophysiology, 88(3), 1097-1118.

Raffalt, P. C., Spedden, M. E., & Geertsen, S. S. (2019).
Dynamics of postural control during bilateral stance—Effect
of support area, visual input and age. Human Movement

Korean Journal of Sport Science 2026, 37(3), 459-467

Science, 67, Article 102462.

Richman, J. S., & Moorman, J. R. (2000). Physiological time-
series analysis using approximate entropy and sample entropy.
American Journal of Physiology-Heart and Circulatory
Physiology, 278(6), H2039-H2049.

Rougier, P. R., & Bergeau, J. (2009). Biomechanical analysis of
postural control of persons with transtibial or transfemoral
amputation. American Journal of Physical Medicine &
Rehabilitation, 88(11), 896-903.

Ruhe, A., Fejer, R., & Walker, B. (2010). The test-retest
reliability of centre of pressure measures in bipedal static
task conditions—a systematic review of the literature. Gait &
Posture, 32(4), 436-445.

Sadeghisani, M., Karimi, M. T., & Kamali, M. (2016). Nonlinear
analysis of postural sway in subjects with below knee
amputation during opened and closed eye conditions. Journal
of Orthopaedics, 13(3), 152—156.

Schmid, M., Beltrami, G., Zambarbieri, D., & Verni, G. (2005).
Centre of pressure displacements in trans-femoral amputees
during gait. Gait & Posture, 21(3), 255-262.

Steinberg, N., Gottlieb, A., Siev-Ner, L., & Plotnik, M. (2019).
Fall incidence and associated risk factors among people with
a lower limb amputation during various stages of recovery—
a systematic review. Disability and Rehabilitation, 41(15),
1778-1787.

Stergiou, N., & Decker, L. M., (2011). Human movement
variability, nonlinear dynamics, and pathology: Is there a
connection? Human Movement Science, 30(5), 869—888.

van Velzen, J. M., van Bennekom, C. A. M., Polomski, W., &
Slootman, J. R., van der Woude, L. H. V., & Houdijk, H.
(2006). Physical capacity and walking ability after lower limb
amputation: A systematic review. Clinical Rehabilitation,
20(11),999-1016.

Winter, D. A., Patla, A. E., Prince, F., Ishac, M., & Gielo-
Perczak, K. (1998). Stiffness control of balance in quiet
standing. Journal of Neurophysiology, 80(3), 1211-1221.

https://doi.org/10.24985/kjss.2026.37.3.459



Postural Control in Transfemoral Amputees under Different Vision and Stance Width Conditions

467

AlZH 2 ABHA L] X7 H310] DH2 CHE| HEtXie)
KMl 2R E45: Q2IZA| 7]HH 2

*
K
[
2
2L

i
Ho
=
o
o
5
S
o)
®
99
8
=8
o
o
g8

[E4] 2 A7 A7 Jret AHA HH|(stance width)7F HE] AeARe] 2] 24 2480

A ;2 BT

WAL Qo 4P H4Y

(] 2 e YRt 78S o R w7]/4719 F2/ 92 2WAS 233 4717 271(ECN, ECW, EON, EOW)
oA 3027F & A7) FAE +HsHHE COP Q12 path length, velocity, sway area, ApEn, SampEnC 2 A&

slgon HEZA o] YBARE AL AlA|5}Y T}

[Z7H AP path length= A7 G717} 998t T(F=12.532, p=.012), ECNOJA] 7}
path length®= A|ZHF=9.773, p=.020), 281A(F=9.991, p=.020), 4L L%
ECNoJA Hdigts EATH66.1£15.7 cm). E5¢

ECNof|A 7} tH4.8 £2.3 cm?). HIAE A #E A
£ a3} YERFTH(F =7.082, p=.037).

I

o
g

B
7 A

>~

|

[AE] 43 ARE A7 A3t 5 A0A 2004 44 2AgHe) Z7RHS RelFgle

[ kil

%‘}Iﬂr(76.4¢12.o cm). ML
Hom(F=8.372, p=.028),
AEHAL} AT 28 o]| A vA S I(F =19.679, p=.004),
] AP SampEn-ApEn©| 7t 0™, ML B3l A A5}

. E5¢ WA ECNO]

ECWEE foJsHA| Zltt. vy A= A2 A Al A5 SampEnd} ApEnol £{sH S715tAet. 9
FolA = F22gol fFAstR o AN SSHA| ket whebA tiE deAe] 3 g7k A% -uAg ARE

WA Teeke BYA Ho] wasich

F80]
CEER EER ET AR EIPS PEE UL R

¥ B A7 RANARY fUCE FREANANEFYY] HAY RIS ATNLAY A Qo] OJto] o £oiH Al
S H

(FA /RS HJ22C000300).

kjss.sports.re.kr

Korean Journal of Sport Science 2026, 37(3), 459-467





