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Abstract

Background: This study was designed to evaluate
psychometric properties of the Figure-of-8 Walk
Test(FBWT) in individuals with stroke, including in-
ter-rater and test-retest reliability, minimal detect-
able change(MDC), MDC percentage(MDC%), stand-

ard error of measurement(SEM), limits
ment, and convergent validity.

Design: A cross-sectional study was conducted with

25 participants diagnosed with stroke.
Methods:
the FBWT
correlation coefficients(ICC).

were evaluated using

Inter—rater and test-retest reliability of

Measurement
was assessed via SEM, MDC, MDC%, and Bland-

0.998). The MDC ranged from 4.29 to 5.07 seconds,
indicating an acceptable
error. FBWT performance showed strong and sig-

level of measurement
nificant correlations with all functional assessments,
particularly TUG(= 0.878) and mFSST(/= 0.823),
supporting its convergent validity(all p<0.001).

Conclusion: The F8WT demonstrated excellent in—
ter—rater and test-retest reliability and acceptable

measurement error.

of agree—

Its strong associations with
functional balance, strength, mobility, and gait-re—
lated measures support its utility as a simple, reli-
able, and responsive tool for evaluating advanced
walking ability and functional recovery in stroke
rehabilitation.

intraclass
error

Altman plots. Convergent validity was examined by

analyzing the Spearman correlation coefficients

between F8WT performance and
functional measures, including
Sit-to-StandTest(FTSTS),

Fugl-Meyer Assessment of

established

Key words: Balance, Figure of 8 walk test,

Stroke, Turning, Walking

the Five Times
Berg Balance Scale(BBS),

Lower

Extremity(FMA-L/E), 10-Meter Walk Test (10mWT),
Timed Up and Go Test(TUG), and Modified Four

Square Step Test(mFSST).

Results: The F8WT demonstrated excellent reli—
ability, with inter-rater ICC of 0.987(95% Cl: 0.971-
0.994) and test-retest ICC of 0.990(95% Cl: 0.978-
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OZ 0IFUXNEE Mol 22/olACt Ol Soff Bot 20t dlds =011 5 2FE zAsboiith S8
2H AIZIE(ICC2,1)= S50l (HE D& BOHL 2 XS £01D| Ich, L& Al LA =4 3H2| 8RS e
OFZ & Ho| HIHKA, B)Jt 20IM 3L 2HH22 22t SHAMCR 43S HIIGH:, SAI0 2&ohs HAILR2 A=6t
ALH Gt 2ilte &5 S7= ofkl BERL, H2H0I1) SgHel HIE 2o flgt itz 240Ut
SAEMHZAL AZIE(CC3,1)= SO AJH 1R EIIE 2t28t 7, =2 LIS 72 £= 102 2o THEDIGH
XS BluotALh 2 A7 EH= B 8otz 2dE = = sts 20E HiMIoH LA 8Ot A0l S=8t 2t
S0 012 Solf 202l dl2ld=S =2otXt oL FBWT 2l FEo| datds 26| flol 23] Al = Eogt
= 2t NE0IA=E 30602t FAIGHES GIRICH 01F HIAEXe Jis+8 Eotk= H1

~times Sit-to-Stand Test, FTSTST), 0Lt
Jl ZAHTimed Up and Go, TUG), Z=2 010l SFKl EIOHFugl Meyer Assessment-Lower/extremity,
FMA-L/E), 10mE2&#HZAH10meter Walk Test, 10mWT = HI2E AE ZAHmodified Four Square Step
Test, MFSST)E A AIGIQUCE RES| =AZ 2~320 2 ZISGIA2MH 2 BIt OICt 2 LIZEE £A316H| <IoH
2t EOt AIO] =& 2~322] {4 AlIS HIBOIRUCHES2 S, 2025; Pang &, 2015). TIAEXS] Jis+8 Hot=

FBWT 2t= ZXIX RES EHGHACHFigure 1).
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Participant Recruitment (7=29)

Characteristics assessment
— Sex, age, time since onset, diagnosis, side of hemiparesis, MMSE—K, plantar flexor spasticity
(affected side), type of walking aid

|

FBWT reliability assessment
— Inter—rater reliability (assessed by simultaneous observation, 2-3 days apart)
— Test-retest reliability (reassessment after 7-10 days)

Functional performance measures
- BBS, FTSTS, FMA-L/E, TUG, 10mWT, mFSST (assessed over 2-3 days)

|

Final data analysis (7=25)
— Exclusions: Early discharge (r7=2), Declined participation (7= 2)
— Performed by independent blinded assessor

Figure 1. Flowchart of the study procedure
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J
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=

(1) 8% 2% A2 28 AAHFigure—of-8-walk test, FBWT)

8XH HEHC H2E 202 EOHS RS 88Xt DUOZ Folcls ACZ @EAlE ES9 AXIE UEUE 2oz
HOH=22| Heles 1.52m(5feet)Z 6t), OS2 JIECZ 2 0.61m(2feet)®, & 1.22m(4feet)ES HOILIX| Z=
Sl UCHFigure 2). 200 HOHS2 Z2HIAM AIZGHH Al BHH 2atoZ 2150 HS2 =0t AIE XIEe2
CHF AIH 2SO 2 LIHAI HOHSS =0t Al2t2 S&6ks 2 AI0ICHHess S, 2010).
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=2 NE0IA 2 20l SH0PD| AlXEE AIZRE, 20| THAI AIE fIXIZ2 SFHoll HHDE ELt= TIIEK =AIHS
ZHOIACEL FBWTS =8 24 T 80l AR5 = AR 2SS & JEE= B8 = IS =B 2feet(0.61m)LHO
N SHOILERT @10 2= A2 0 ), OlUL()Z JIS5HH ElK UCE "TiHAelE S22 23 Al XAISH0|1D #21EQ)
2= SHE Botols XNHEZ, SE2 080IM 3EIMIZ L0 ACL It e=0ls BS, HRHE, = Babt
TS0, 2t =2 08(02dE US), 18(0HS §AS)22 MHEE!HL 0l ARMAM HET XHAS2 EHot
SIS 4TIt R AOHIKIZ=0.25~0.40&)22 2DEAI| H20(Hess S, 201
HatE Eotots0l 22tX0|1) 2IZst F8WT Ol ARE=E AlZtS 0IZotRiCt gtd &
FBWT 2l SFXt AZIE ICC= 0.95~0.9990ICHA XS &, 2012; 2H&AL 2017;

5 14
- 1.22m
J ey l
18

Figure 2. FBWT set up. Arrows indicate direction of walking pattern(Barker S, 2019; Hess S, 2010)

(2) HHO =8 M=(Berg Balance Scale, BBS)
E3RE, B E32 2|, AMII XA, KAl B35t S 30 9oz RAETN UL

BBS=E =& 78 s¥2 Eoiote
2+ S22 0&(ZIA)UHIA 4B(EICHIX MECIH, S 1400 &=229| 8t == ZI0H 56 0ICHBerg S, 1992). &=Dt
=248 S8 28 S30| %2 2|0I6HH, 0] ZAR AKX M2IE ICC=0.950|CHFansbjer S, 2012).
(3) 53| AACH LOILII| HAKFive times sit-to-stand test, FTSTST)

2010 Us 22Z0| Sl= AR LS 7, dE2S 8F L0A WAtst NN 2= X @2 dH=2

DIE OA Xtell BH=ot, Ol ARE & AlIS

AOIAIISH O S0 SZS DBl SO0 SOIoIA ZOiX
Oz =S 0ISAI17| AUsH SO SLOIIA XS HOIXI= AIFSE, DIXISH S0I CHAl S0l HE5H=
S22 HOIEICH 0] 2At] S/XRF AIZITE ICC=0.9988 IR &2 +Z22 B1EUCHMong S, 2010).

(4) =2 01010 oFKl JIs(Fugl Meyer Assessment—Lower/Extremity, FMA-L/E)

FMA-L/EE ZIES &Xt2l OHHI= oHAI0IA LIELlE THEAE 25, BHAL BHE, 82 =38 52 S8 22 EIIoH(
ol 2S5 === SEok= HII=70ICL S 170 =222 240 /), 2 =2 02822 MELH, 2
2 34F0ICHFugl Meyer &, 1975). OHHI=E GHAI2l 28715 H0i =E2 EIt =01 215t F=otACt 34E2
daf, 203382 2 E0K, 232882 =T &0, 18-228=2 & Met 0, 1cl) 178 Olotes &5 HHZ =257
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SIACE FMA-L/ESl E&RI2t A12|& 1CC=0.920ICHHsueh S, 2008).

(5) LOiLE ZOIDPI Z2AHTimed Up G Go Test, TUG)

sy JIs&E EII6| 21510 TUGE OIS0, T = S0 A= XA oL 3 m &S
Ozt & 180° 3IMGIO CHAlI 2IXt2 =0tet &= AlR+E =A6hk= 20ICHPodsiadlost Richardson, 1991). 3

Al & BRE2 0IE6IALE TUGSl EJ Xt 2 Al2|&= |CC=0.980ICHFlansbjer S, 2005)

kOl'

(6) 10meter 28 AAK10meter Walk Test, 10mWT)

10mWT E 0IE06t0 Xt SEfet Hotet 2ol £ =HOIRLE oid SBAls S 14m 2 22H0lA IS 2met
2% 2mE HMIQEt S2t 10mel 2l AR AlRIS & HZ JSFE LIgAe 2 A2 R 20l 2 m BEXE
Sitet AIBSH 12 m EXE XNE K2 2ot JISotl, 532 =8 =01| ?lol 38 25 =& =
LEE RS A0 AFZSIACE 10mWT 2l ZAFMMZ AL Al2|C= 1CC=0.930ICKSalbach &, 2017).

(7) 3= H2E A8 ZAHmodified Four Square Step Test, mFSST)

MFSST = 4012 XIZ0IE AtEot= CHAL HIS0 2Q1X1(5.08cm) 22| HIOIZE &I HEHZ PG 7ElS B=
Ch LIgXkt= 18 2G0IAM HES &oll & F, AIH LI 2, 3, 48 FAE =XE2Z 01=otd], 01F0= BrAIA
LSOOI 4, 3, 2, 18 FHCOZ HS0tEe EXZ +2UotRUCH SAF Al XA CHSk 201 2HHGIALCE Jtsgt
gt =0 WNIE +=lotsl, HIOIZ0 &0 X HES +=2[ot== oLl 2 #G0M= & 201 25 Bi50l
=00 OtH, 8 Stll= 32 Yee U2 SXIGIES XIAIGIACE AlZt SE2 “AIE" AS2E SAI0 JHAIGH
4, OREXIS 201 181 1901l =Eote =2F S=olRLE Lt HOIZE B2 [ =8 HRE &2 &= UESE, 729
UoliM= 228t 813 BE(ZS #)8 TN Sl oL 0l SRS I H2SE U= =2 AIH
S0, OFEXISE 201 19 20l €= =2t BEH0, S A2 AlZt2 0l & XAEE JIE2Z JIEHUCHRoos S, 2016).

IEXS2 13 A HEE AI&EH 5| 2 ZAE 23] 30110, O 248 SHUS AZoIRICE HAXDt HIOIZE

SfHLE, dEE UL, S 286K s #9= bidt2 B2 ol 2ik= 2= 2t5=0IRACH mFSST 2 S& A2t
Al2|E |CCE 0.94~0.9870ICHSE S, 2025; Roos S, 2016)

2= N== SPSS version 21.08 AlEoll 2461380, 448 & SE2E4s ZEob)

HZOIUCH CHAXIS 2Bt EM2 BIEEA0Z H =

XL, A2, =gt 2 ZUEICZ MAIGIICE FBWTSl =X 28 (RIS = S2HUAZH2=(Intraclass

Correlation Coefficien, |CC2,1=2JtAI &< Hi&, OIXH& B, 7é*EHOE'_I). SATHZA

= ZOIAL, OIXr &8t

0.89(2%), =0.90(012 28 EFECHMunro S, 2005) Eah OIEXDL SsLst SHE tE g [ 3 E

It 95% &2 722+ LKA LESHH RAS=X L= A2 Hs0| YMst=XE ZEo| fio S8 E&E Xt

V( -ICC) ]szr E A 2K H3HMDC = 1.96 x SEM x
5% 0]90|H =& JI=6IH, MDCIF IO 28 4=l

l

U

&t %E}(Beckerma S, 2001; Liaw S, 2008). &8t MDC
% [(MDC/EH ’é*—"‘—) X 100%]% HAMBIFH2H, Ol= S S0l &2 2 20| =0l CrFst 2AIIA dM2I&




o THEIM&S HlWdh= Ol AFRE 2= UCE MDC(9)IF 30% 0I2H0|H &A 2t £=20| JFsoiCHTurk S, 2008;
Smidt S, 2002). &t (HSE2 —2AAS AI=06H FBWTS SEXA 2H & ZA-THZAF 2t SH20] IH0I1E 2480
Z2M HMAHEQ! BEKSystematic bias)0l EIHot=XIE &RIGIICHChen S, 2009). &gt 2t B XH0I0H CHEE 95%
2l x| stAHI(limit of agreement, LOA)E IF6H)| 2lol Bland-Altman &4 YHE HEZ6IHCHBIand2 Altman,
1986). FBWT 2l &&= EI=Z == BBS, FTSTST, FMA-L/E, TUG, 10mWT, mFSST Zgie| 2EHAS AL|(2F Azt
Hi=2=(Spearman coefficient)2 0|26t 246ISCEL A2AHZ(r)2 oA JI=2 0.25~0.502 E=S(moderate),
0.50~0.74= 24, 0.75 O|AI2 R P46t A22AHE LIEMHCHPortney 2t Watkins, 2000). 2& SHSHE K9]
+=F2 0=.052 SIRL
I, A2

1. DlgXi=2 getMol E41 J|ls+d Eot

HIEXE =0l EMI Jisa8 Hol= CHS (Table 1)1k 2iCH

Table 1. The characteristics and outcome measures of the subject (7=25)

Parameters n (%) or Mean £ SD (min~max)

Gender (male/female)
Agelyear)

Duration(months)

13(62)/12(48)
57.96+8.86(34~67)
3.98+£0.92(2~5)

Diagnosis(infarction/hemorrhage) 14(56)/11(44)
Paretic side(left/right) 11(44)/14(56)
MMSE—K (score) 26.32+1.49(24~30)
Ankle plantar—flexor muscle(MAS score) G=0 / G=1~G=1+ / G=2 10(40)/13(52)/2(8)
Walking aid independent / single point cane / quadripod cane 11(44)/9(36)/5(20)
BBS(score) 43.20+7.36(27 ~55)
FTSTST (sec) 21.95+13.17(9.27~68.43)
FMA-L/E(score) 23.32+5.32(14~31)
TUG(sec) 20.83+17.91(8.39~79.53)
10mWT (ms) 0.63£0.28(0.32~1.32)
MFSST (sec) 28.43+19.89(11.09~81.06)

MMSE—K: Mini mental state examination, SD: Standard deviation, MAS. Modified Ashworth Scale, BBS: Berg
Balance Scale, FTSTST: Five times Sit to Stand test, FMA-L/E: Fugl Meyer Assessment—Lower/Extremity, TUG:
Timed Up & Go test, 1TOmWT: 10meter Walk Test, mFSST: modified Four Square Step Test

2. FBWTS| SEA 2tk A=A A2, SEM, MDC, MDC(%)

FBWT Sl Z&Xt 2t 2A-THZAL A12|E ICC= 212t 0.987, 0.99092 U882 R+0IRULCH FBWTS SEI}
2t o8 ZAFTHZEAL 2F SEME 212t 1.83%, 1.55%2 B =& Al2t2] 10% 0I2H0IA201, MDC Al 212} 5.07%,
429%2 ZU 28 AIZFS] 10% DI2C2 LIEHL 58 @Xt= JHHOR 518 Jtsdt +F0IACH E8 MDC(%)=
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U= Bist 2R s B/ULL F =4 2F0M ST XH0IDH A (0>.05) HMIHIZQ!

Bland-Altman M&E T 4 21, FBWT2l SEAL 2t ZA-MBAL 28 B2 X010l THSt 95% LOAE 242 -5.92
~4.54, -4.72~3.862F &X QXt= LANOZ HE IIsst £==0|UCHTable 2, Figure 2, 3)

Table 2. The Inter—rater and test—retest reliability of FBWT, SEM, MDC, and MDC(%) (n7=25)

Mean + SD )
Measures Median (Q1~Q3) Mean difference |0 @s% oy sem MOC o
: (SD) (%)
Min ~ Max
Rater A Rater B
Inter—rater 21.75+17.05 21.05+16.42 -0.69 0.987 183 5.07
(ICC2,1)  16.62(12.75~22.78)  15.07(12.15~22) (2.67) (0.971~0.994) ’ (23.69) 0.203
9.42~75.33 9.03~73.54
Test Retest
Test-retest 20.31+£15.41 19.88+15.71 -0.43 0.990 155 4.29 0.334
(ICC3,1)  14.71(13.38~20.63) 15.21(12.49~20.94) (2.19) (0.978~0.998) ’ (21.35)
8.91~76.32 9.10~74.21

Q1: first quartile, Q3: third quartile, SD: Standard deviation, ICC: Intraclass correlation coefficient, Cl: Confidence
interval, MDC: Minimal detectable change=1.96x SEMx+ 2, MDC(%)= MDC/mean score of measurements) x 100%,
SEM: Standard error of measurement=standard deviation of all the inter—ater or test-retest test score x+ (1-1CC),
TP was based on paired t test
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The LOA for the F8WT(sec) ranged from —5.92 to 4.54 The LOA for the F8WT(sec) ranged from —4.72 to 3.86

Figue 2. Balnd-Altman plot for the F8BWT (Inter—rater) Figue 3. Balnd-Altman plot for the F8BWT(Test—retest)
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