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Abstract

Background: Lower limb amputation rehabilitation
requires tailored protocols that reflect the unique
biomechanical and functional demands of each
amputation level. Despite this, structured, lev-
el-specific gait training is rarely implemented in
routine care.

Design: Retrospective multiple case series design
Methods: This study was conducted at Severance
Rehabilitation Hospital and included inpatients with
amputations—hemi-
pelvectomy(HemP), hip disarticulation(HDis), trans-
femoral(TrFA), knee disarticulation(KDis), bi-
lateral(BiAM), and triple amputation(TriAM). A total
of ninety-one individuals participated in stand-

lower extremity

ardized gait training. Two protocols were utilized:
one with eight progressive phases starting from
parallel bar ambulation, and another with nine
phases including an initial preparatory stage. Both
followed AAOS guidelines and were delivered by a
multidisciplinary team. Progression speed and time
to clinical milestones were recorded.

Results: Seventy patients completed the training.

© 2026 by the Korean Physical Therapy Science

Progression varied by amputation level. KDis pa-
tients advanced more rapidly, likely due to pre-
served joint function. TrFA participants showed
greater variability, influenced by residual limb
strength and pain. Those with bilateral or com-
plex amputations progressed more slowly, often
due to comorbidities or skin issues.

Conclusion: A level-specific, phased training model
facilitates structured decision-making and in-
dividualized rehabilitation. The preparatory phase
prior to prosthetic fitting may affect total recovery
duration. Larger, longitudinal studies are needed to
assess  long-term  outcomes and  broader
applicability.
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SHA] A &Abe] A §9E 9Ed HAA A BY Z2EF FH: oF A 97 51

A2
A7 A B3 THL sHA A DA AgollA AR FAR, oA, ¥, L AR 715A =1
e FPAIE H 28E EriMadou 5, 2024). ©] FHL Ak 298 QA sty EAT 7157 87E 5]
of AsHA 2= ook shH, At F9jofl mE 1720 EAKS shEstaA JPEHCzerniecki, 1996). & E9]
F8 FHe B A] oA &HIE Hasbsia, HRdE 2 2 ﬁﬂ‘ﬂ% EolH, S E&2o|1 bt
=4 B3e @ 7 =R 7S I5A7I= Aol Waters &5, 2004). E2E, ko= QIsf AL 4= Q= o3 FA<
RBAGSE S el Aw 283 24 & sholcMeikle, S, 2002, Waters 5, 2004). AAOS Y4 A=
A Z(Posada-Borrero 5, 2022; Potter 5, 2021; Coull & 2018)°] HEE|QloU AR A4 9 27| Aoke

Sk= © $8%F 117F4] digte] ZotEo] &4 A4dls T2o] E & o, Ad & Aol 28T 4
xR 7o tHAE Flo|=ElolzkA] AlBEHEA] It Potter S 2021) AEA gl shx] At
JAEFPA 7 T2EFL XK FH] GA(Pre-prosthetic stage)ollA] AlZFsl ALE o] o]27]71x] thekgt
HRoAs dAFORE HET £ QI AR o] AAZCR FY=o] JUATHARE, 2012). ZF GAIAE At
HEE Zdoto] 2ARe] AA1A 82 76| {18l A7141 HEkA] @7t ol FojAH, o|F B o R XA 9| A5
SA7F AR E It Abou &, 2022; Marcon Alfieri 5, 2025; Posada-Borrero 5, 2022). °o|&3t IS 53
S| oA KT 5 SIS, A&H R S Wy ZE o R Heh JfEslEo] SrHAIRE, 2012).
R EPAN5E DAER HZA HHe}, B4, FeE A T7HRFHEN 29, A7E, H3 58Z FHAPI=
n2HOoR AU, AAOS XEAZ] U EC B o]HdRE Sh=clo] WA = ATHAIAE, 2012). B HAL
(gait deviation)Z Igt AHA] ThaH] 9 ZZAA ZAIE HA[67] fJirle Bage] th/d 3=t Hayuje o] A4
371 "85tk Jarvis 5, 2017; Waters 5, 2004). 2JAIE 283t sHA9] A5 Al&sta PgAos A4S 4 .
& ol= Al FoF S92 FXIFo) 1 GA IRl 2130l E a5t Schnadthorst -5, 2023; Dickstein &, 2010). E3F
1584 A proprioception)?] A, 59| HhIAHORE QI A4 #F ZAIE sHdske Zo] TasH
(Marcon Alfieri 5 2025; Pasco, Stuart 2020; 3341, AEEF 2018; Wong, Ehrlich 2016). o|8st & d+1=
I T A WgFo] SUSHHAE 11 o] dRE A ey WA ZEAAR o] FTHAIXE, 2012).
R3] &9 7+ dA oAM= 9Jsd, AEd, 183l BXR7)714 8Rls FHH R 1Esto], Awrt 1 vekA|
(multi-disciplinary team)?] =3t oAbAd Io] mItE= AL FHT A7 ATFET oA ol
(Sureshkumar 5, 2024: Kahle &, 2016, Meier &, 2014).

o} Ak Aok Bodga —TL;_V—‘G}K%, Uk Ak hemipelvectomy, HemP), 138 o]tk hip disarticulation,
HDis), tH¥] A trans-femoral amputation, TrFA), FE53& o|tHknee disarticulation, KDis), A& &t
(trans-tbial amputation, TrTA)S.Z Wt Meier 5, 2014). HemPE= J4I9] YRE A ASK= 274 Al&o|d,
QupH 02 ok Zofolu} TEAI AlZIst QRS X =3 95 AlE= a}x] Aol 3t 4oz Zut AA Lol

A% 3K Wedemeyer &, 2011). HemPE 2% whEaE Aoy} SIX|E HEok= WE vhEHE A (XAl HE)o=g
U, 2 Bt R vhant A2 ERke] A% o' FA Aol 0“391 5ol gk 322 A=, W
E kgl A2 ZHF S43k0] AL20)A4 tiQte & AAFHATHWedemeyer 5, 2011; A&5, 2010). TrFAE &5
WA} gEZ9] Alg Fio] £Alxjo] olF F29] ARg-S Iet B3t A1 w0 @ 1EItKSjodahl 5, 2001).

A= 1 TE Qe oksh It 712719 571 FE V1Y 59 BAY & U(compensatory movements)
< Hold, o] Qs B9 tfAAdo] A= oA ’\317} Z7VHHCzerniecki 5, 2017; Waters 5, 2004).
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E3H ART] HAA 915, YA AFAA] AR 7, QXS SRR BE F7F, AW vhEE A 59 @2 58

Ql H3PE B ofHA WEtHAbou 5, 2022). 915 FE3 #Ho] g8 28-S ¢t AAH FoKcognitive load)
T3 Eof, YA 99 S 2 AEE fE0= olojd 4= QItKSjodahl % 2001). TrTAS duk4 o0& TrFA Hoh
B3] MY} 584 SHoNA fElshdt, of4ds] Bt B Qfdo] UehdtiHighsmith 5, 2016; Kline &
2019). 59| QA& 283 Ho] B2} Q7] AlRlo] AL, §47] B Uy WiSE A 9 B 13k 25
717t BEEHBrooks &, 2002). 2R HEO] Algkd 7Hs HelE 13E 80 tigh QR E w9 5 HH9
3o} B2 =2 Z7FI Waters 5, 2004). T3F TrTA $H= A73E AlQlof v]s) Hajo] HEAdu} nij o]
S7Foto] @ Aot 9 W /0] ok 4= Qlok (Keklicek ., 2019). 47 2R84t AAHA AARE of2gt
71's Astoll AHARI JAFE vIXER, TrTAoA &3] F85H 1r2j=olof THOmana &, 2023).

ol2|gt o}x] Adte] £72 1/T B wjedt 7154 £AE oprloh, olof weh Bagh A HIE ilER
F5g Aol RSHHAIXA, 2012). 18u AR Aolds A 291 #3ld REY L TREF] B
PR ofUe}, ] AEY AAHICR SHA] Ad SRS 54715 E HolA EHsh|71A] 9 Qx| H A 9 o)A
T E AAZHCE Ag¥slr] ojzf9], AA| ¥ 7 A oA & WA SRR 5, 2020). 2 A7
A A 2597 AlEHA REEY X QAR S T2 EF o uEh AR QgollA vkt oFx] At 3Rt
|55 ZgotHA Ao BoER 209 B2t S8 AlElE EUE, QAR &3 Z2EZO] 7} dAE 7|54 Y
Aol 288 A& 45 Ao, i QurjdoME £ I2ESE Bt 47 48 2 Hud & ke
SkarA}; g
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1. A+

AlBEA g o] YT sHRIET SRSt o2 et 7| EARE St Table 2). ddAF A
7152 20049 39 20249 12¥71A] JHsto] QA HFY A7 mrEFof wlet 2|zo] Foigt shAEH ghAto]
H, A7 NIAE EjQsHaA BdolE7t 2k A ALJstial, WeLfabdQl ZA= AlBgkA shA| At
AN HFY TH TREF X Fof ePUo R HAYsirhyt AUYLT B= Y JL7IHE AlQlskithFigure
1. & ofx] Ate] A9, /95 FEoI(Table 2, 3, 4, 6), ¥ sHAATO R Jst AF= /9 A
BAE dEFE 32 FAZ9 A 52 AESItHTable 5). 4= A Qlof & & A]olHelbow dis-
articulation)o] ZESFe AHA] FeHtriple amputation, TriAM)2 Wz ZLESIHTHTable 7).

579 A2+

AlBgkA Zerg ol Afgofetn HiEe], EYARAL AJRARAL, AR EATE 7|4} 5ol 2087 v
T2 A shAAT o] 714 oJx] B X2 EFZ 7|0 2(AIA1E, 2012), ZF ©AE FATT 3
Ste o 28% A& IeE AR5 (U-severance) 22 HE] $5I3I0

IE A= IR EESE o EA SEHIE Ad 2R FTdlsto], AFHolEE S 79l A £
E7Fs3H SHHtHARE &, 2020). Ad A9 ES|X|2AP} QR E 8 ETjX g ig o) et 729 By &
oA 8sk= 7154 FAU= T flol A=E Xt v 3= ol ZFAR Al s du-2T
u]g(amputee clinic rounding)ol|A Z} GAE E25 W8-S AlAsHMeier 5, 2014), AAIZHOZ2 BEAIHS oH]
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SHA| Ad &Ate] Ad FE 953 A4 JA HYP Z2EE T OF A A7 53

I, o 2 T2 RS AP 2] T2 oG DAE o LA ST A ZHEHAHMeier &, 2014). GAE A&
A 9de= AR daEeY n|goA ZAE TEA| A wet %1'9—-_13?—‘51 MZe B T2 IHS gPst =g, vy
518 A7IRE A7 AQU4E ARGt 712519 tHSureshkumar <, 2024).

3. AR 92 B9 T TZEF (Progressive prosthetic gait training protocol)

1) YA B8 FH|DdA (Pre-prosthetic stage)

AR B A5 ZREoof sk AdEAlA ol & A/F Bl 45HR] & oFeR Fa% ot
(Poindessous, 2025; Potter &, 2021; AAE, 2012). dd &2 3t 55 ¥ JAI=E L2t 52 97
2k T 7|=Zo|1 A8% 9] A Aolsl= £Q%F Q9lo] & 4= 9o o] dHIsH
Ao g APt tHHijmans 5, 2020; Klarich 5, 2014).

& Aol & F == ZZAA ZAIE k] S8 dASA 3
.u.:TJ—]- AZA9] A9 THS A5 tHDe-Rosende Celeiro 5, 2017). —’T—% Fofl= AR
< 7A3sta, AdS shA9] ZEu AV A, Ad RO A BE X
(deep transverse friction massage)E Aoty 2HE, AR5 5 55 TElo] dist ¥8-3 A|ds
G, 2014). & F AR ZE AR SAY FHUASZOE SiA IEAF0] A717] Hoh 55 & A% Hl 5=

olgsto] At RS o= A2 FF A &5 oY A AR{E A5k 352 AaAATE olfo] A
o 1B 23 5 7Fs/30] woItiKahle &, 20165 41X, 2012). gt HIAE slEjy e Eof] = A=
1 2 15 7S =o1A Ha, o Alelof] HZhE 719 A2 1E A 755 Sxl"KArribart 5
2025). webA At & F 57 A SRE = SRR dEYA sto] 1 =3 52 UAlskL, 29 91@‘4'
WATEE PAok= B 39| 2843} 52 Y AESIItHKlarich 5, 2014; AIA1E, 2012).

R EY FHTHAY 7= I 9 2 S, TEVFsHS S, A ol IAoIA BA0R ofF, EA|
& 5 I 9 7S 189 $HS 51 AlFBIYtHDe-Rosende Celeiro 5, 2017: Meier 5, 2014).
AIA| Zﬂ‘:]*‘]‘a‘ SR, AT A7 {A D AR 2 A3 52 Al A A2 H[EE AlFgstGiET, ol 240
F2, RE G & A A, RS A7), FES o83t o & v 3 A| BRI AR 4 A3lol ko] Sl
a A& ko] BZQ SAtA 2507 ?‘”4‘6]— AtHDe-Rosende Celeiro &, 2017). &7 S Sl At
SR % ‘?af‘?’l’ 5 ?J 3}04 o] mekE & whEol7ke htAER](elastic shrinker) 282 S8 5 3
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2) AAA oA B3 A (Progressive prosthetic gait training stage, 1~8A)

9]x] £ (Fitting a prosthesis)

SR Aok & AAE SRR Qe AA19 F8 FA™L HAdER] &2 A &, A= tE2 olFsHA "ot
(Miller &, 2002). 3}A] At EAlof|A| 753t 5 B QA& 2k8 &, HPE QoA A A AIAZ = A2
SERo 2 2|97 58 SAMS Y FE o] Alolo] YAISH st, & AA|Q] #¥o] FYA|l= AL sl

LT G EFAE w=A skt 2wl HA f%(Kahle 2016) «]X% 1}%3}1 A A & 3 gE B 52
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7] Qlsf W A mARE ERlskl, 22 AlF Il 4Ao] & B ok 4= 7] ol YT ASE fAY
& Qe E 3l Marshall 5, 2016).

ojgolmo] ofgfjZo] Q= FESH B0l 5w A d(ischial tuberosity) B4 Thebst oz} 5.2 E0]x}o]
%= A= Aot ASHolE Add AHo] BA 2 FtiDudek 5, 2005). AFAA 2= & AEH AT} 7l6)
o Qg B A7} H-8517] ofHANE, e A3k Zlo] LR/SItHHanspal 5, 2003). AF AX 4
FUE7] 524, Adtol AstA AldbE a7E 28 Aol

ZAE 4= AHGailey 5, 2008). AAE 2gstal A A THS sHHA 555 =2 Wt

BIEA] 271 HlojA] Ad g5.9] m|BAEE 216t tHFinucane 5, 2022: Dudek &,

oA 28 Fe %]
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4 4 gE, T4 BE, O8I 55 59 59 9A 50 19
SAaL, gt 2Rl AdollA HoY wiels KA FAAA B Ao FoRA HE, A, BARE, HoiA]Y]
k. Aol weh A4 B HEITE ARSSHL, olF

2 ol 24 old] 52 W83 vfeto] 127
Fe A1g 5 T BEINY) 2 BAL AP Meier 5, 2014). TS o)1) g U o), o P T8,

5% 7k TRl oA AHg WS SR A OfX] g 9L AFoHATK Talaty 5, 2013). 0] oI 12
432 S0l OAS HEIIL A AP FAS ARSH] ARE 15208 F 2AS G ANE A,
olF A T NS BT HET 5 UL WA HE AN FUHOR Leizty, F F ol Aaxolr

(Marshall &, 2016).

A A 9 9 ox) 21 A (1-29A)

I Aol = HaEolA A ZAAE FASHEA Y A= BHe At #3S A4ty E28% A9 T
Hi2 A3t 7o) LS fAokE EHE AAISHItHEngstrom B., 1999). £3] 35240 550 YT 3+
o|& skl Yol A Ao =R 7|2ojA ZHEdHPd Al anterior pelvic til)E FEshs AL oA s oF L,
dhegluteus maximus)®] 534 $52 AHH0R fAL 4 U= Frowy 27 FX, 55 43t &
427012 FE& JJASHES 9 THTokuno 5, 2003). Al ZpA| & Qof 9J%] 28 +4 A|7He FxFHo=z
Z7MANA, AAR7E Qo= 51 22U 2RS4 =S At Kahle 5, 2016; Marshall 5, 2016; Hanspal

AL, EHES] 27 A Kposterior pelvic tilt) H £2-21A] 524 9] A Aolg &3 "LHEA—~ ASole— LH
FAR ool dA9] LS WEH R ALAFHTKDickstein &, 2010). 53] 1A otk H2 whgnt A
oAt T o] AEE o] Jlomg, BRe} o] $59] AoE B o WAt Corio 5, 2010).
ol dAIS] oA A& AREE: Skt 8ARE oPdeE RANRL, F 23] AHETY n¥S ) 7P a8
Hyjol & & =% EAF 2o HielS ZRlstHA oF 3/8~1/4%04] AlojollA theldolE 2dstitHighsmith 5,
2016; Friberg, 1984).




SHA A &Ate] A Bod 9Ed AR A By ZE2EE W oF AR 9T 55

AR YJREY TH 3~6 TA)

3HAE BPE UFolA 2R B TAHE o= BAR, I £E8 g YHEA o AFolso] 4
54| o]Fo| R == St TtHFinucane 5, 2022; Posada-Borrero 5, 2022). &H#EA]9] ZHR] A|-ojA ZHE} A
o] Ado] FAIEH, thie E AKE 71929 384 I5 Bolyo] dlo|ER, 43 B¥(4-point gait)o] AHAA
A BHEF st tHHeitzmann &, 2020). old] 2J#] Zol= 25 tiH] oF 1/4%1%] A 245t tHMathis
5, 2021; Friberg, 1984).

> r:i

A NM = BE WollA 43 Eadufiio] YFsHA 742 o, Ba-aolA vt 5 2718 ARgsto] 43 B
A&5k= Ao g FEAAIZTHFinucane 5, 2022; Miller 5, 2006). ojd 7 £835F AL AHlst X|of FHEX|
27E $Y5IHA, A S E A5k Ao|tPereira 5, 2019; Hendershot &, 2018). Nordic ski walking
o] ZHE S-&5to], A F5Y I8 SHSI6HHA B FEAE sl shAl Ad Y] TREAE AZoR
FARE AeollA FiE JEF s, dies a7, ovA 88 371 55 34 o T30l =Huo
(Wiltmann, -5, 2016; Knobloch &, 2006). =& H3o] M= 47 HegoM 27 HeJo= HeAs=s {39
THSchiffer 5, 2006). °] ¥golA 24 141 Adte] AF A=2= Qs 2Ao] ¥skl 4= 9loug B4 T
289 59 AAT mRo] UALE JA518tHHanspal 5, 2003).

I ot

SEACIAE O 2 S04 oA 28 20 Wi L0 e BT AT, TE T & 2 AAs
oK Finucane . 2022). o SHAGA 5 A VIS 482 SN AT 231 8 SRS A5 80%

o), B3 T AEe I AT 24, 55 R 24, UFEA 7] 59 YAAle)7} FYH o0& o|FojAH
A =3 B gl ofx|of thgt Apilzde] 71, E‘?:I tfAl e Zgolz wAIsk= 6HAIR HHAIFATHCoull &
2018; van Velzen 5, 2006; Sjodahl &, 2001; Zuniga 5, 1972). o|dl= S 13kd AlAE 9 A29 & ]
T 3] FFotHA, gHola AL BY wjglo] HER sI3rWaiteman 5, 2023; Kim &, 2020;
Pasco 5, 2020; Engstrom B., 1999).

A9 HyPEdH dA (7~8 2A)
1-69A7} A B8 dA|(even-level stage)eHd, 7THAREI = A9 HPEHA DAl(uneven-level stage)ZA 7
A2 4 Al B8 38E A5t Finucane 5, 2022). FAR 2270k AHE ohA|9] 13k A A5
Hbgo] ZEo] 4, SRS AHAHA 7|0 AAE HOE So|HA oUX] ARE Fold= HAFRo] A

It Czerniecki 5, 2017; Waters 5 2004) olo] i AAR E3Y Alofl= FARlo] H]8] B3 ePgAdo] Hojd
0], Y| F UE TEY 5E, JPgde] 29 2EE Frottt EE 9 HY £ 5 AR §= Qlojof
st, B3l QFYAAS F-AI5H] Yol xﬂ A FA0 FsHATHASA &, 2016, €14 &, 2015; Engstrom B,
1999). E3F FAIRE Weld o= 9|9 HEA|7} ©2 Fof HHtgo g AjFo| olEdhe= &1to F53 ZXto]

ko 1ol Hick ol WS no] ] LolEA B0 Mol BESIY 4 2lo] Foleisict
(Coull &, 2018; Highsmith &, 2016; Wong 5, 2016; Hd¥ &, 2013).

SEA AoIA] BE B T2 BT AAElE BAS S A FHlRA, B HojRol} BEHA X
oM XS 8 thelvt nmeEAA PES G4 FOF Tlolof S|, IAS o] SAR ARG FASE
AN BRFA ARAAHI AT 5, 2016)

)
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AR A B A QBE A ot Ahely, UL AxEvIee] £29 Aol glo] WolxA| glop
S 18 + Hol, PRI G $4 Tk A B 2ROy BuEeld e ¥ U
AAZ AHg3le] Bt 24 BAloloA Lol TS AYsteict olF B B4 o WAool vl
S AF851] Lol e TS AWslo] oF G0~80MIEIS B 4 9l 457 ARG At A4
2 WRT S9, A4 BRssh, Aol A% BACKS e LA, e o X2 $AERL, Aol Seters
So] QApgEe] Wagh Haste] A9 B WWsILh (Shin 5, 2014)

m. 9+23

1. A7 RS durd 4
B Ao 204 1070E 59 YRS R £ 9199 o1 HuslE g g 519, AlEEA sl E
GAEY T ARESS A=t 7099 IS AR7|ES EA5IHTable 2).

Table 2. General and clinical characteristics of subjects (2=91—70)

o Transfemoral Knee . Hip . Bilateral leg Triple
Characteristics . L . disarticulation . ]
amputation disarticulation . amputation amputation
/Hemipelvectomy
Gender (M/F) 34 (15/19) 15 (7/8) 10 (6/4) 10 (7/3) 1 (1/0)
Age (years)a 42.9+15.3 48.4+11.2 46.9+15.9 37.7+12.5 40
Height (cm)a 158.9+12.2 161.6+£8.4 166.5+13.4 166.7+7.2 163
Weight (kg)a 57.5+12.9 56.1+£9.4 58.0+14.1 64.5+8.3 54.2
Amputee side (Rt./Lt.) 18/16 5/10 5/5
“mean+SD

Participant in the multi-dimential
lower limb amputation assessment at a
Severance Rehabilitation hospital.
(N=91),(2004.3.2~2024.12.31.)

Excluding the period of hospitalization at another
hospital for internal medicine or dermatology
treatment before protocol completion
(N=22)

Excluded subjects with early discharge for personal
reasons before protocol completion
(N=8)

‘ (N=83) ‘

Excluded subjects with missing data on assessment
(N=13)

‘ (N=70) ‘
Figure 1. Modified CONSORT Flow Diagram for Case Series Study
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4= +0.692 27619, SEA= -2.79

A71E HlaAlel=

AAH JARY ZReFE HAE (27|

& 124

d, 6=

Hlas) B, et 5 oA3e
AN

= -0.6Y, 29A4AE -0.2Y AE7|7F A,

AHTable 3).

-1.1Y, 79A4=
-6.74 #&, -0.95 Aottt ARGST AE SHAE S B
A7de7t 294 s 1942 FPE A7)

-1.4

Y, 8=

Table 3. Duration of Each Phase in the Progressive Prosthetic Gait Training Protocol for Unilateral TrFA (in days and weeks)

TeFA ID Pre- Stage Stage Stage Stage Stage Stage Stage Stage Total Total AVG
Stage 1 2 3 4 5 6 7 8 days wks wks
TFL-01 X 6 6 7 6 8 6 7 5.5 51.5 7.4
TFR-02 X 6 9 6 6 8 8 7 6 56.0 8.0
TFR-03 X 7 6 7 6 8 6 7 5.5 52.5 7.5
TFL-04 X 8 9 6 6 9 7 7 5.5 57.5 8.2
TFL-05 X 10 12 8 6 8 8 9 8 69.0 9.9
TFL-06 X 9 6 6 9 10 6 6 5.5 57.5 8.2
TFR-07 X 6 7 6 6 8 6 7 6 52.0 7.4
TFR-08 X 8 6 6 6 7 8 6 6 53.0 7.6 7.8
TFL-09 X 9 6 5.5 6 14 12 8 6 66.5 9.5
TFL-10 X 6 6 6 5.5 8 6 6 5.5 49.0 7.0
TFR-11 X 9 8 6 5.5 8 6 6 5.5 54.0 7.7
TFR-12 X 9 6 6 6 8 5.5 6 5.5 52.0 7.4
TRR-13 X 6 6 5.5 5.5 8 6 6 5.5 48.5 6.9
TFL-14 X 9 8 9 5.5 5.5 6 55 5 53.5 7.6
TFL-15 X 7 8 6 7 6 5.5 6 5.5 51.0 7.3
AVG (preX)a 7.7¢1.4 73+1.8 6.4+1.0 6.1£09 82+19 6.8%1.7 6.6+0.9 58+0.7 549459 7.8+0.8
TFR-16 (0] 7 6 5.5 5.5 5.5 5.5 55 5.5 46.0 6.6
TFR-17 O 7 5.5 6 55 5.5 5.5 5.5 5.5 46.0 6.6
TFR-18 (0] 7 6 5.5 5.5 5.5 5.5 5.5 5.5 46.0 6.6
TFL-19 (0] 7 14 12 55 4 6 5 5.5 59.0 8.4
TFR-20 O 7 8 9 5.5 4 3 3 3 42.5 6.1
TFR-21 O 7 7 14 9 4 3 5.5 5.5 55.0 7.9
TFL-22 (0] 7 8 4 5.5 5 5.5 3 5.5 43.5 6.2
TFL-23 O 7 7 8 8 5 8 55 3 51.5 7.4
TFL-24 (0] 7 6 8 8 5.5 6 5.5 3 49.0 7.0
TFR-25 (0] 8 9 9 9 8 5 5.5 5.5 59.0 8.4 6.9
TFR-26 (0] 7 7 5.5 8 5.5 6 3 5.5 47.5 6.8
TFL-27 (0] 7 6 4 7 5.5 5.5 55 3 43.5 6.2
TFL-28 O 7 7 4 7 6 6 6 5 48.0 6.9
TFR-29 O 7 7 4 7 6 6 5 3 45.0 6.4
TFR-30 (0] 7 6 4 7 6 7 7 4 48.0 6.9
TRF-31 O 7 6 5.5 7 5 6 5 5 46.5 6.6
TFL-32 O 7 7 5.5 7 5.5 7 6 3 48.0 6.9
TFL-33 O 7 7 5.5 6 7 6 7 3 48.5 6.9
TFR-34 O 7 6 4 5 5.5 5 5 5 42.5 6.1
AVG (preO)a 71402 7.1+1.9 65429 6.7+1.3 55+1.0 57+1.2 52+1.1 4.4+1.2 482449 6.9+0.7
change -0.6 -0.2 +0.1 +0.6 -2.7 -1.1 -1.4 -1.4 -6.7 -0.9
TrFA AVGa 7.3%1.0 72418 64422 65+1.1 6.7+2.0 6.2+1.5 58+1.3 50+1.2 51.1+6.3 7.3+£0.9

TFL: Trans-femoral, Lt.
TFR: Trans-femoral, Rt.

amean+SD
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Table 4. Duration of Fach Phase in the Progressive Prosthetic Gait Training Protocol for Unilateral KDis (in days

and weeks)
KDis ID Pre- Stage Stage Stage Stage Stage Stage Stage Stage Total Total AVG
Stage 1 2 3 4 5 6 7 8 days wks wks
KDisL-01 X 6 6 6 6 8 6 6 3 47.0 6.7
KDisL-02 X 9 8 7 7 6 6 5.5 5 53.5 7.6
KDisR-03 X 7 6 7 6 6 6 5 4 47.0 6.7
KDisL-04 X 7 6 8 6 6 6 5 4 48.0 6.9 6.8
KDisL-05 X 7 8 8 6 5 5 5 3 47.0 6.7
KDisL-06 X 7 6 7 6 6 6 5 3 46.0 6.6
KDisL-07 X 7 7 7 6 5 5 5 3 45.0 6.4
AVG (preX) 7.1+£0.9 6.7+1.0 7.1£0.7 6.1£04 6.0£1.0 57£0.5 5.2+04 3.6+0.8 47.61£2.7 6.8+0.4
KDisR-08 O 7 6 6 6 6 4 4 3 42.0 6.0
KDisL-09 0] 7 7 7 7 6 3 5.5 4 46.5 6.6
KDisL-10 0 7 8 6 7 6 5 3 4 46.0 6.6
KDisL-11 O 7 6 6 6 6 6 5.5 3 455 6.5 64
KDisL-12 0 7 6 6 6 6 6 5.5 3 45.5 6.5 '
KDisR-13 @) 7 6 6 6 5 5 5.5 3 43.5 6.2
KDisR-14 0 7 6 5 6 5 6 5 3 43.0 6.1
KDisR-15 O 7 7 6 6 5 5 5 3 44.0 6.3
AVG (preO) 7.0£0.0 6.5+0.8 6.0+0.5 6.3+0.5 5.6+0.5 5.0%1.1 4.9+0.9 3.3+0.5 44.5£1.6 6.4+0.2
change -0.1 -0.2 -1.1 +0.2 -0.4 -0.7 -0.3 -0.3 -3.1 -0.4
KDis AVG 7.1+£0.6 6.6+0.8 6.5+0.8 6.2+0.4 5.8+0.8 53%0.9 5.0£0.7 3.4+0.6 46.0+2.7 6.6+0.4

KDisL: Knee disarticulation, Lt.
KDisR: Knee disarticulation, Rt.

Table 5. Duration of Each Phase in the Progressive Prosthetic Gait Training Protocol for BiAM (in days and weeks)

BiAM ID Pre- Stage Stage Stage Stage Stage Stage Stage Stage Total Total AVG

Stage 1 2 3 4 5 6 7 8 days wks wks
01_RTLF X 12 18 16 10 10 14 14 NT 94.0 13.4
02_RFLT X 12 17 15 10 10 14 13 NT 91.0 13.0
03_RFLT X 12 17 14 10 10 13 12 NT 88.0 12.6 130
04_RTLF X 13 18 14 10 10 13 12 NT 90.0 12.9
AVG (preX) 12.3+0.5 17.5+0.6 14.8+1.0 10.0£0.0 10.0£0.0 13.54+0.6 12.8+1.0 90.8+2.5 13.0£0.4
05_RDLF (0] 12 18 16 10 10 12 11 NT 89.0 12.7
06_RTLF (0] 14 17 18 15 14 14 10 NT 102.0 14.6
07_BiTF (0] 14 17 15 14 12 14 8 NT 94.0 13.4 141
08_BiTF (0] 14 16 15 13 12 13 12 NT 95.0 13.6 ’
09_BiTF (0] 14 16 15 13 12 15 14 7 106.0 15.1
10_BiTF (0] 16 16 15 14 14 12 12 6 105.0 15.0
AVG (preO) 14.0£1.3 16.7£0.8 15.7£1.2 13.2+1.7 12.3+1.5 13.3+1.2 11.2+2.0 6.5£0.7 98.5+6.8 14.1+£1.0
change +1.7 -0.8 +0.9 +3.2 +2.3 -0.2 -1.6 6.5 +7.7 +1.1
BIAM AVG 133413 170408 15312 119421 114516 13,4510 118218 65507 o * 13,6209

RTLF: Rt. trans-tibial & Lt. trans-femoral amputee

RFLT: Rt. trans-femoral & Lt. trans-tibial amputee

RDLF: Rt. Knee disarticulation & Lt. trans-femoral amputee
BiTF: Both trans-femoral amputee
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L RS ofdt SRb= ARG A FHluSE v *01 I9AIE= -0.1¢, 224= -0.29, 3dA4A1= -1.1¢
A5y e, I FE ARSShe 4dAARE +0.29 A%l 11 o]F SHA= -0.4Y, 6PAI= -0.7Y, 7T9A=
-0.3%, 89Al= -0.39E BT ZAsIlth AA A71E Hlﬂ Ao YA A EH S-S B 5] A57|%E
o] -3.1Y9 74, -0.4F A5t Table 4).

¥ ok At ke XS A FH| S W 50 Mﬁl +1.79 371, 294 -0.8% 74, 3HA +0.9Y,
497 +3.29, 524 +2.39 371 69 A -0.2%, 794 -1.6¥ #A, 8T +6.5Q ST, HA Al7|= +7.7
37k 1.15 37613t ABAI717E 7FE Aol 48AI= %@ o 2 3golg ARESE BPA7|olet. 1~TAA7FA| Q]

AF2 YL 2ol 0.2~3.2¢Y ZelQl ¥, 7 g5 Holrt 2 8uAQl A9 e -6.6%, -0.95 14gh
AR Holu, g5 shAEAT At AAE A EH R|2RE A FH| WSS W2 TIFofATE AR H Y7EA] XIPE
tHTable 5).

& HhERY/ A ok Hk 2xje] Ao+= % o St OFhs 2R, QAR A R e e TEolA
= AN Am7IRte] dasigit. 58] 194 FAE A7I01A -3.89 A4, 284 FBolA S 283t
t}e)9] st W w|7] ABAZ|oIA —4.2Y A, AA| A7) -16.4Y, -2.3F 7ASATHTable 6).

Table 6. Duration of Each Phase in the Progressive Prosthetic Gait Training Protocol for HemP, HDis (in days and

weeks)
HemP, HDis Pre- Stage Stage Stage Stage Stage Stage Stage Stage Total Total AVG

D stage 1 2 3 4 5 6 7 8 days wks wks
01_HemPR X 15 18 16 10 10 14 14 NT 97.0 13.9
02_HemPL X 14 17 15 11 11 14 13 NT 95.0 13.6
03_HDisR X 14 17 14 11 9 13 12 7 97.0 13.9 13.9
04_HDisR X 14 17 14 11 11 13 12 7 99.0 14.1
05_HDisL X 14 18 14 10 10 13 12 7 98.0 14.0
AVG(preX)® 14.24i0. 17.45i0. 14.69i0. 10.65i0. 10.28i0. 13.45i0. 12.69i0. 7+0.0 97.25i1. 13.92i0.
06_HemPL ) 12 15 14 8 9 11 8 4 81.0 11.6
07_HDisR (0] 11 13 15 10 11 12 8 4 84.0 12.0
08_HemPL @) 10 13 13 12 10 12 8 4 82.0 11.7 11.5
09_HDisR ) 10 12 14 11 9 11 9 4 80.0 11.4
10_HDisL (0] 9 13 13 10 8 12 8 4 77.0 11.0
AVG(preO)? 10.41il. 13.21i1. 13.%i0. 10.25il. 0.4+1.1 11.65i0. 82+0.4 4+0.0 80.86i2. 11.54i0.

change -3.8 -4.2 -0.8 -0.4 -0.8 -1.8 -4.4 -3 -16.4 -2.3
AVG? 12.32i2. 15.34i2. 14.29i0. 10.%i1. 0.8+1.0 12.51i1. IO.ZZiZ. 5.1+1.6 89+8.9 12.73i1.

HemPR: Hemi-pelvectomy, Rt.
HemPL: Hemi-pelvectomy, Lt.
HDisR: Hip disarticulation, Rt.
HDisL: Hip disarticulation, Lt.
“mean+SD

Table 7. Duration of Each Phase in the Progressive Prosthetic Gait Training Protocol for TriAM (in days and weeks)

THAM ID Pre- Stage Stage Stage Stage Stage Stage Stage Stage Total Total
! Stage 1 2 3 4 5 6 7 8 days wks
TriAM-01 X 16 20 28 29 NT NT NT 5 98 14.0

TriAM: Triple amputation
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AEA A 229 QoM oAl | AL A, 7 2 7P 8 5 SRkl g AR, A R]A],
AAgt A710) QA2 2RESHaL QR EPS Aok A, T 71 WS EFRE ol 83 8450] asitt
(Shin &, 2014).

SshA] At SRS 9%t B EYAE TRESS GAQl AE A A5 A AEAE AYsh, A
717tE GEAIA SRS AYA-AAY FEs At 49 A2 A= Hl 7194 4 tHMarcon Alfieri
S, 2025). & AgolA ARRE XA By ZREZL 7F gAY PEtt A5 3ot FA M| AR e
o, dd F9o] wgt H4s] 274 7ttt A4S sk Ioh4AIRE, 2012).

£ Ao A= TrFA, KDis, BiAM, HemP, HDis, TriAM $HAjolA 2 L2 e 285191, 2 I159] T
S DAINA A8% A& 7I7hE ¥lwstGitHTable 3~7). ZF $A19] B8 & ©AME 7|5 53 2 948 A=
A59] Aol M AA 58, A%, E, 9 A% 59 ¥ "t d2A UEgtMunin 5, 2001).

SRS SRR AIA 7P wo] WAsk= W F52 YA 2Hgolu B Ao B FofE fdditHjaegers G,
1995). 5kA] At o]Fofli= gto} Sli= Alzte] WobA|w, o]& QI &3 F3y} 1 F3to] F150] WA
ZtHBannister, 1978). HEZE AdoAs HHElER % (semi-tendinosus), YR AE(semi-membranosus)@
&=z Xbiceps femoris)2] B+ Einsertion)0] ZEoIAA Z23]5(flexor withdrawal)= GoJUAgt, A4
7|(extensor thrust)7} GoJUx] glo} ZHAAR FA " H]Jaegers 5, 1995). T3t 13HE9] =, 9, <J8d +
50| dojupr] 91, Ae 52 WEA7MEHY Leolu AEs R 5 s A & AR S5k
o] 52 HHAZ]7] ot Arribart &, 2025). 13 S5 75 € £33 S5 752 o] oA
+ 13 ARSI 3 AR A 52 fAIHEA 7154R1 22 e Algsks Ao T Sk
Afstal, 7153l SR AAIE Feet &S fohet At&o|tiMatalon 5, 2021).

Acto] HMEsHH ARl Y 7lso] EEEH, A ZETH § SR 5HH0E 43 & A HYHE,
323R10 Hlsf| o[ JA] AH|EHo] F7FATHCzerniecki &, 2017). oURIQ} Aba AH|E] SVl dvtdog A&
Ao} HAES AMSSE A& Aok AARIol Blsf 75% B B olvA] &B7F Baskl, 45 e dAd HEES
A1) ¥l 110% o B2 o] AH7t WastcKShin 5, 2014). & 3F AH0.15ml/kg/m2)19] At4
-8 7Rt ARH0.15mL/kg/m2)3 29koLt, 915 tiF] deke] 7% 20%(0.18mL/kg/m2, P=.023)¢E oI5}
A 37V, ¥ diE dhe] 4= 60%0.24ml/kg/m2, PLOODTHE RolsHA Z7hge]l Bu= e} (Jarvis %,
2017). 3% =T JHIE A E PSS o] lojA TATIRI QY7 £011, 5= E°le A< ddel

o] LIl 7H FHH o= ST ZolH.

¢

=

TrFA 159 23 &9 95

OJA] 2H& A 4| GA|(Pre-Prosthetic stage)ollA AF EHEglo] 23 TFoA TF-10° T2z 1~89A|
oA Mutzog B wiE A £52 BPY, TF-01, 07, 12, 15 SR= R A4 B2 AP Hoj, o]
A9}t FYst¥tHHijmans, Dekker 2020). ¥ “TF-05" 3= ZA| dAoA AdZ oz X|dH &3 55 T4
< HAL, TF-02'9F 'TF-04' = 297014 Aoz AA=]Ieh TF-06' k= 27] @A (029 AN 552
2 Qs =¥ HolE Holtpr}, 4dA oA & £ EAR Aes Wl 35 717k AXHA thh AAE B5E

o~
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Ho|7|z si3lont, 5i2] E 1k Al 33t $HS EIRE Fol-5-Z WA XE 8TAeIA = o F2 71kt
O npREste] SHRIARIRAE Foj-50] F8FSE HojFUtKKlarich &, 2014).
TrFA 34} T159] oA 28 A &4 GA= A W 27 25(bridging), SWFAAREE, w3k ToHe] 229 59
71Z2 5= TSI, olF 1E AT W oA, ARt I8 SAHY 249 A3t THe 33H R APl
(Klarich &, 2014). o] 1@AA = BBENA FLAA] A7) 9 i A7] F49] EAS AFL, 234} o] RE =
7k gAto] weh g@AE Ao 7h Astl oY, Wiikd sRbEgloly o iA] Rt PSS HarEX] gty A& XY
EE= S JIAARIS AIA 715 ol e RS ol AFE SYsttHKlarich 5, 2014; Munins,
2001). YA 2H& A SH) DA SRS & ST DF2 AP SHIRE2 AFSHA] ZeE 5] Hls) BE oA ARE-
HYSH dA oA wE AP Hoj o)A A} 5t Hijmans 5, 2020; Palmer 5, 2020; Klarich 5, 2014;
Munin 5, 2001). TFR-19, TFL-219] Z-9olxf= Aottt S0 A= Qlo] FA| AAHE BgS BAo 4A A¢
o|%ol= HARl AP Hrh EIF oA 2 % A 2| dAoA Fwgt 1 19 I g 3 ot dud
*cl'xi 9 229 E50] AAg IF0] HPHREAE ARSI EAZQ] 9X] B GA A E AriHoR HE XI5
HtHHijmans 5, 2020; Klarich 5, 2014).
o] ddsix A EPEAS AlARRE shAEE & B t
LHYgNA FHH 0 E PR HYo] 7k 77 EstH, o5 X HPEH AHA7ITE ZHelof whet o= At
2 EATRIS] 4 BE 107.1+£36.499] EH7|71o] A8ty HUE|THAR3] 5, 2018). & AollA] TrFA
9] 7|17 YA2E A FH[DAE XFsHA] 23t 159 Zﬁ%ﬂﬂ% 54.9-_%5.9‘3—-_]-, ° X] g A FH[DAE XHS
5 48.2£4.99, XA TrFA A9717ke 51,1+
107.10] H]sf 2JX|2-g A FH[DAE HYPsHA] 53t 15720 H°J7] % 51%, -’]X]X“l Xl —-—H]‘:}Zﬂ—% ZPet 15
45%, TrFA Q717 48%=A oF Avt A= Ad7|7to] AA A8 =3Itk

i

mlo

KDis 1&9] 58 4 §4
Table 4= KDis SAfoIA] -85t Axfolw|, AP F8] @AM B4 &5 (W25, SPARES, it 4%
51 TrFA A+ 551 Al3stiHijmans 5, 2020; Klarich %, 2014). KDis 3= 355tz EAJAF
e ekl AFAIA| 7hsste], BRE A7) TR $Pok= 53 55 glo] APEHULL, o= ¥kl oA K.
A7 A717F FEof| FFS FAHPolfer 5, 2019). ‘KDis-8~15" A= FH|HA THE AXA] et 13
8= S FolA ARt A=A, oA 2 AT wi2A| 19ARE TS AR 4= UYL, 29HA| o]l A
© AR GAE AEsHA 2t KDis 1—~EE} A DACNA wEA A=At KDis-02' s &
20 & APL T, A SR f AR A5l TaEo] g & RE B2t EPE oA EF
£ 9ty Y5t} 1eAo|A B KD QPX]'EE} S7HE| k. gHRof] AlSo] A= oA B mo] B 27 ‘1:_}741
of A Azl A8F= Aol B8, KD 1F FolA= 7H 11 A|=m717te] 428500, Behr 5(2009)2] A

1

Sk, ST T AA| 715 ol o] AR] B, Kol AR]85 B AIA| 715 ol 1
I 9% A XA 715 EAO] JlotAl BlA TrFA 9 TrTA BAERT 5502 g A7l JFe F= FF
£ Atido=z 29 tkBehr 5, 2009). ‘KDis-04, 05" 3T@AIOIA] EF KDis 8:xjo] H]5] A A=|glo, 9.240]
QASE AIAF B4, 9ol BRI ot o g AA SARES & £y, tiE 80| B HEF] 15
EFgo] A1, 13-l 25 Wl AvtER] oA Hoke EFREA A AT AAE T 5 o] B
AA WA¥sk= AAA 54 C = (Baumgartner, 2011) XS ANGRE HPEHS & 35IAH:

E
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BiAm & 54 AH]

FZE SHA] Ak AR A, AR Y] Zo7t 71 Fo| 35 SkAIS(dominant side) 2= AAEH, s X
2 7 Atejo] wek A Fatol A ZEtHtiPenn-Barwell 5, 2014; Ashraf 5, 2012). 9% diEZ Aot 31}
9] ARz 3F SHA| At A Bl UF QRS AT o ¥ B2 oHAE 85te], ZR2> 2JA|(Short
Prostheses)= &-&7t A& T2 10| A 4= Q1L 27| GAoA A7t BEE Aol ASsfiAL 3 2
A Alo1E FFAIE H B2 & 5 UK Strelec 5, 2021). I &2 X5 Z-gol= Flo] E5ie} $70
w2t Aol HR|gith, A AQEEH0] ofEE At AFTFE W] Sl= YAE Astar Sl

‘03-RFLT k= 95 =R 4 25 olF dd & uF o] &3 1334 -2 o] qlqlow, uF A
o}tz Qlsf| F7toll B W o] Asyirt. 2L o] 717k B2t 7Rl 5 A&t Aut, 49A Al7]of AU
T, 65 B 2 oA BHY TS SRS, IS P dd &4 159 F9= AR A SHluss i
T R QR TIETH] HAARQl AU 242 135, 14.150]9, QR[2RE A 8| nS-2 W2 T1E9] A7)
7ol B 71 AAE HARY, AR AF A EFY FHAIZIE AT EH JA2HE d SH| WSS W] g2 52 8¢
A9 AL YA HFYS AS AlwskA] FFIL, 7HA Y AEF 9@ FAEY SHAZ7F Bt 139 280 iR
2 A 2 AR BPE AEstAY ohs oA SRE A9 Bl

HHH QJR|2RE A FH S WAL QR H S ARRE IFoA e F8as= BA] g 50 Bls) dtidos 7+
AW B EH AQ7710] AAL, tRE 79A19] Algat AR S BF vpEoH, '09_BiTF 2+ ‘10_BiTF
9] ARoll= 78AI EH7ITte] Ao E 2~4Y A3l=T, ol EYAIEAY] B 52 HoAe] TR glo] =44
o7 A BHyat FAIR HFo] 7hset 7] XP = UK Figure 2). EIF 8TAY] AL HP7IA] Y=o F5
QYA FolE ARESHo] MEA AeE 919 i A HeEd YW FE2 2P HYPrE 52 BT Al
9 EAS v o, B & 3 ZAAE GAo] ol sHT; A& 285kl Hask= BES SHAl HUTKFigure
2). o= YA A SH|IISEZ W SR AR nakd 9] 283 ks, SE e, ATy A Y

3t AR ) vl mRARR] 52 FESHA SHIske Aol RI2RE P 9 QLR BTN QlolA

= T AYE HoF3UtHAlmeida 5, 2021).
5 TrFA 2%(AZs4 AREAE K1 & K2 level)= o plo]A 2R 2AA Aoj4] QIF 521 Kenevo(5Y
S ARSSH BalojA= 9 717 s/ E(QS 28 A VY, SES A 378, Kenevo #H& 370, C-Leg
4 28 178D 12719 28 A 171, B53 A8 2719, Kenevo 2R 97fE)o] A8 =N, & A H5F
C-Leg E+= Kenevog ARESI] =34 HY 9 EY Fo= XY ARSJoflA oJA] Ha¥a {43 T5HA=T
(Toda &, 2025), £ A7olA9] F5/4 tiEdet Bl ‘09_BiTF & 10_BiTF k= 22|28 E&717to0] 4744
njeto 2 o AL, K HIHARA0fA] Q13 FES ARGSto] 9F0] 7|AIZQl TRglo] HQ19) & vk 9 Iwt
T T8 AREsto] B9 E91S silrh HAA0lA] F53 ARESE A Hi(Toda &, 2025)00A4+= A
HAPSIQAITE, & A9 & TrFA A2 G5 Y ABo|E ARl Haggh A9] Zjol7t Qlof A4
H g gloy, AR QIF FEo] ofd AR lF FEZ AMGSE Ao ¥ 997t itk

F| Tanaka 5(2023)9] AtollA FEE0] gls ¥& A2 A (stubby prostheses)E ARE-GIe] BPEof 415
B A2} 9% ZolE A 53, Y& 75 IES Ottobock & ¥ thF 4 FE50& "ML, o]& ofZ uto]g
ZIEZAA Ao} )& F-Z(microprocessor-controlled prosthetic knees, MPK)Ql KenevoZ At & U 674
¥ Zojli= & Qe X|3go|E ARgSlo] HPT AL vx| 1 E QS 191 AR 17} QItKTanaka 5, 2023). 253
O & AR g FEI I o A|BolE AREste] AQEYE s77HA] 671Ee] d¥7IZto] A8 oL
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(Tanaka and Ueno 2023), & 159] ‘10_BiTF A= P2 vz pA|oj4] & H]_Tl% 2] o1 25 A}gsla,
Gz 99t 2|go|E ARESte] ATAF =&Qlo] AR U HA =2 7] Agst F AU7]Zko] 105Y(3.570
HEA HRHA o] FE3HEo] ofd 54] HIAA] F5 WES ARSHEAE O]Z‘i 9] 671 HiH] 3.571He]
H717to] 2 QEQUet o] 2ok & AFoA= ol B F SHAIETRAT} BIHAA] Alof REHES ARG
AUNEP7IA] EASHL EJQSE 7 Qlo], AlEsA R HY DRESS J9 FXA HYY 7o) oS dEEH
4 RS ofd 3} AFoIAE 7t A FERt 7154 52 HSItH B ]l Hho] F 4 qlrkar AZgt

Figure 2. Progressive prosthetic gait training in bilateral lower limb amputee

QAN ol EE A Tri-Am’ SAHE Q8% FEY ofd, 9% o] At Q2% WEX| T ol o
42 BE &rjele] ge] vicis} el 75 e 42 27 P@ D9 B, 27] X2 BHI} A RCRE
AR 40 7. 4300 3l Gellany, 1989). 2710K 519 el A0l 2eoloh, &9 Ay
2 B9l SolgA W T BT A 287 BS £EL WA AW T, WAZN U FEUEL

H AN A A FAE BT, o £ 53 PR A AE FAS S g 2
B S Sl ST oI 9T S 190 B8 DS B w2 T4, 2
A=A G Aol v AAS A48T R ARsEA e £do] ke ARe B A
SJ5ick, Pl cialel B KIS e S SRVAS SE0% THINE ZEAIH A S AL
oF g0 YRS AT FHolE UL HENA 1 Foli wrhE 95 %%4 3 AAE Aol et

[©)

o K o

—

}‘Nr

m

sz0w sk THSHEA, 20 AF0lS U T ANZL F AL83 5 Y AYsISIcHEngstrom B.,
1099: Bellamy, 1989). o1 12545l o1 el 4748 o}gejo] 68 W Tes wosile). B9 Hos

=Is] 919 A B B Wago] ofd BAlolIA BT AAS A8stel B1 o0& Dol FAL
PSR oF 45 o) 2eFIgol, $HYY BAZ olf BAR WA §F EAL B9 9% £ glo] B4
Yol 4 g Holy, BEY T2 AW 9A B AW F o] Basioich

At Aol £W7S 71 Agolekat AEole 3 oF 249%k0] Atk B4 RPN GsheA TRt
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At Fojde FxolE M4 By S ZREZL A&Hos AAS d HAEITHPark 5, 2023 AIAE,
2012). Z2EZ0] Aol o AFEC] oAl S BAoL A5 HHE 574510, BE o512 At FAjofA|
2 neeZo| Ao w2t x| HeY o] Zhsdles A-8E o Jirh. Afgolshy o] Amstoll e ETAIEA;
2 AR FAL JREZY] Fw7t 5 A | g 2] 7R A9 mi 23] (BRe YY) w8Y) 29HE
Ak S g E35) o]FojF.oH, o|#st A7 Hriel 7k LAYETS] AAA Q] oA &L &) B X7 T2
EZ9] IAEe} 89 AUyt FAEUTHPasco 5, 2020; AX1E, 2012).

2 27 YA IBE B oA 48 U 2 4 901 39 ASE 9 AW EomAz
Be) o7 g A FHGAC] AR YT I Tel, TANSES T SIS U FIeF SO BeXnS

WK Palmer 5, 2020; Klarich 5, 2014). P8t 19 Abd 82 W) #1545 vl epgelos AU
SRR g % AR Ao QUG o 5 B e Sl SaT A S ¢ 6
A S R A T, R TR TS O S BB AR, WA S 43
SN SlelERE WElT, ahX WE & mpd 29 Teo] WS RE ol Az JushEA oAn
z3e /‘7—‘](0}71] Eh:KHljmans , 2020). o|& 7 At 799k Aglo] A9 BE O}X] Aok gt TIFolA Zhﬂ
Mol Ag7|7i0] Z7RFS Bk, o4 28 A ZUAS AN 23 AOol= B8] By T 138 W
glo] ¥l A0 P, TR ShAlIA Aghe etk o= ek o] AAE S, 1 e, 4,
o] Tyt 842 MR AA 7] Wbt olRolA T, oS Erjz We Beld A oS B Weg
o 23 Mxo] AW o obgzlo]n mutAel ¥al Telo] /Rseke AARHAAE . 2020).

4% 97 3 9N A quanticrive studyPHE AE RO 38 8 ERA A 2 KO HoH
HOHT, oY ATC] LIA B4 63%elA 5% T oIS H(E4 A B)o] PR B 117t YAoK Hijmans
5, 2020), & AFoA 9] HE 3 5R] Ak SR FAge] A Qo] FALR 9 AR v ofue} A Q] K7t
A AgPe]o] HZ7HA] B SPAEHRIALE tide g g AtE ¥ 7154 A Yol st Butowicz 5, 2025;
Marcon Alfieri 5, 2025; Santos 5, 2025; Sureshkumar 5, 2024; Toda 5, 2025).
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Z|L9] s ATERLY] Aol ThEE-S: HARA] mlo|H R 2 A4 Ao B3-S AN EiloH(Toda 5, 2025
Dobson &, 2024), 1~2749] &% T2 oA} Add 399 A2 o]t Tanaka 5, 2023; Kanata 5, 2022).
TR 2 Q0] 709 B AUEARE BE wA SEUES AMsle] 1AMl Ego] o B Aa o] A
528 AMgsio] AskHolAME AAE FRuoR Wi, AYsIztel wad o A A7t o Fe
L7 17 & 5= A0t (Jordan, Marks 2012, Kimble 2017, Marcon Alfieri, Mitiyo Odagiri Utiyama 2025,
Sureshkumar, Payne 2024, Tanaka and Ueno 2023).

2 o5 AR AFolA Ao RE 27] S Y] Alo], AR dEE Q1T AF &Y A,
T =0] A3to] o, tiato] A9l sFA] Ak 3kAto]| =Z3tE|o] Ao} At Flojrla =]} :
53] A gol= Agof Holsh= 57171 R A= AR, &0 5)oll ZA e, S50l gt a=7F JUEch
Ao E FoF 44 % ol FFolu BHY| LH ABE S ARSAE 9134’5}34% 3ol
Zold L2EZ £ ojg]go] YrHDoring, &, 2021). Il B3k, 2 d7E Aeolshy} AR9|, Xz
AL ZARJRBAL GJREZT] AE7t, AEEeAE, AP HE ] getAzt EY slofl, A Foid ovtA HAA oA B
P T ZREES AR AREHUL, F 23] 2FHE ddSYHolA I B 2 o 2&2 7 9AE
Y A} LS =0l Hl FFHYU dTo] HoItKHighsmith &, 2016).

2 AolA 9~L°]% 8% YA 9= oA 2HE A FHGAE FE0] FHT TAE0] YA BPEHS AlEst
© 1~32A0A et IH S5 HoHA AR A 7|7to] @55 Fde Bt ol AFolAE A2k
ZH] dAIEHY £35S B 1EtHijmans 5, 2020; Palmer 5, 2020; Klarich 5, 2014; Munin 5, 2001).
Ad 2918 Aolg HY, g dd S 28, 55 Al &5 ol tE 35 &2 gl (Butowicz 5,
2025; Caliskan 5, 2024; Lee 5, 2023; Wnuk-Scardaccione 5, 2023), €34 old A= A gstd oz 7]
ly XZ;]_ Yo AANFCZ HwA HE APS BIHHSi6din 5, 2024; Omana 5, 2023; Parry 5, 2022; Polfer

5, 2019; Siev-Ner &, 2000). ¥, = sHA] Ak SeAjollAf= AkA| o] ved, 714 Ak, o e 5 59 ¥
—0] A7 Ao FFS ol AHE B3 A FFS UePitHTanaka 5, 2023; Kanata 5, 2022; Strelec
, 2021; Schalk 5, 2015, Raya 5, 2013; Wu 5., 2001). JRXEHFPA|7 F A5 FF 4%, A A2 744, Azt
%J A 52 WAl a2l HY gl g4l qlol axtalelglon, §3] 2719 4 &4t 71&Y

A et 5 B 58 Pl 38A T nIHHAERE 5, 2020; FHA 5, 2018; Kahle 5, 2016;
Wong &, 2016; Graham &, 2004; Engstrom B., 1999).

T 2 2RO W A8 7 A7) AvE ASo] s oI Al B, 1k 291 550 29
W3} x| H Y o] HSlE Eoly] ol FAQ K3 HrEE Adstal, A7A 4 AF H AFAA A+
Zasith
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=t 34

)pﬂ w2 ol

E A= TrFA, KDis, BiAM, HemP & HDis, TriAM & Tt oFA] Aok SIS giayo 2 283t Uheg
AR o7 B EeR|a ZREFo] 4 AR FFA A& 7Fett 29 A& E7Ue HoFqltt sig
LZEEZL & A9, YA & old dARE 7] EYAE U AP w8o] 7hsotes HAEo], Ax2-E A
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Ao, Tt A A 7 Fde S8 FEE A2 Al el ol wonfkt Ve s E8E Ao= VY
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FEH
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