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The Effects of Progressive Velocity Robot-Assisted Gait Training on

Lower Extremity Muscle Strength and Balance Abilities in Stroke Patients
Jae Ho Park, Ph.D., P.T.

Dept. of Rehabilitation Center, Chung Nam National University Hosipital

found to significantly improve in MRC and BBS
compared to CRG, and CRG showed significant dif-
ferences compared to the control group in MRC,
BBS and TUG (p<0.05). PRG also exhibited sig-

Abstract
Background: Balance disturbance is a common dis-
ability in stroke patients. Robot-assisted gait train-
ing offers potential therapeutic benefits in improv-

ing lower extremity strength and balance and gait
ability after stroke. To improve these impairments,
the purpose of this study was to investigate the ef-
fects of progressive velocity increase robot-assisted
gait training on balance and walking ability in
stroke patients.

Design: Randomized Controlled Trial.

Methods: All subjects were randomly divided into
three groups: Progressive velocity increase ro-
bot-assisted gait training group (PRG=25), comfort-
able speed robot-assisted gait training group
(CRG=26), and control group (control=24).
Additionally, all subjects participating in this study
were patients with subacute stroke for more than 6
months. The robot used in this study was the
Lokomat Pro, and subjects from PRG and CRG re-
ceived robot-assisted walking training for 30 mi-
nutes, three times a week for 6 weeks.Muscle
strength (Medical Research Council, MRC) and bal-
ance abilities(Berg Balance Scale, BBS) (Timed Up
and Go test, TUG) were measured before and after
the intervention to compare their effectiveness.
Results: The study results showed that all subjects
showed significant differences in all measurements
post-intervention (p<0.05). Additionally, PRG was
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nificant differences in all measurement in the be-
tween-group comparison with the control group
(p<0.05).

Conclusion: These results suggest that PRG may be
effective strategy to improve muscle strength and
balance ability for with stroke.
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HESS HEW A9 oo = Qs EF S0l AMEHAY SFo| WA 2H ZAAR] B 24 A
Sl Agtolrh o]Het ¥ &4 4Y AR} 5 A 58 A, & 1 ol 59 EAIE ZHstH, ol& <l
7% 50| Aokl 73Rl B sfdo] Ueh AAAR] B ol REEtHOh &, 2022). °l2f3t 5715
9] &S EAF)7] Yo FEH R ARARY] &2 o83 AU g A = (Neurodevelopmental treatment)tt
IR AZEZ A H(Proprioceptive Neuromuscular Facilitation)¥ 22 E8]X|& 7|Ho| &-8=o] gt} 18
L ol2gt A g A 5ARR] 2 SULE 8761, X=ARY] AlAA Fdo] 211, vHEA SHo] AddT} e 24
o] o]l A7} AtHKwon & Shin, 2020). £3] HE&EF T &5 5 9 X 7k SX1S flof ¥HEHo]1
A5AR1 &do] ASHA|TL ol= XA MELEE F7HI7IAL, DRt A= EHS FAISH] oA Tt
(Park®} Chung, 2018).

ojlzfgt TAE FESH| Hoto] T 2R TS &3 FA WSl I k. 2R A2 IA A=
2 ZX{(therapeutic robot)T} HZ-& ZX{(assistive robot) 0.2 FHEH, o] & B3 7|5 &S Q5 T8 28
2 9lZA Y (exoskeleton type)T ©LZE71F(end-effector type) 2.2 WHtKPoli 5, 2013). dl#2Ql oJ&Z4F
252l Lokomat Pro= EHEWY} 28 A& Adsto, vlg] AFH B4 B3 e 7|jke 2 gxo] ¢
FEsks 715= AlSttth o8] A% dAto] W=, 252 E8% By S92 HES S By 5 JiA
ayHolet AFstal AiPark, 2015). Dias(2007)6= E& H3 &do] B3 58 Fpo] a3t AS Hlsila,
Mayr(2007) 52 <83 A-89] e 3 Uehathal 93t Bonnyaud(2014)5-2 2EREPEH| H[hH B
= 7Ndste] 715 ES ST Bsiginh oA Y ERHPSHLE HES A9 7|5 SEH Y 52
of a¥tAQl =g Z-EE I it} 12y BEEAon AT X|&H 2REHPTAS FA|9 52 HEgE 2l
A2 £ 3wt dasta, g9 Je5Y Ashh BT & vkl H st Pennycott &, 2012).

A Aol W2, g THNA 5 Aol tigh 2Ho| Lsude] A SXlsta, A gk HF
L5 A et ARl 5 75 d5E AT 5 Aot BA5tHLee & Kim, 2012). 2EHFPEHA
BrzdL ditdog Bl & AFA|A]E(Body Weight Support, BWS), =2 (Guidance Force, GF)9 &
= B9l o]FofXIth. E5] BWS 34% ©lst, GF 70% olsl, BlE &=} 22 2704 &8 8-&0| 7P &= Bt
UHKim &, 2023). o714 B3 £&o] F7t= ovA] AHRRE S7HA7IH, B 2 28 AH 7Isd 29
Fole 3R FFE vHT AF5HATHSeo & Yang, 2021). A3 A7tol] EH E| =S o] 83 thafst
£50] By g9 F wkE S50 A WRo] 1yl £LE B 715 JiA] B Bl A 02 U TtHSullivan
5, 2002). Hesse(2001)5-2 HlE &£59] EgEd B 90| 5819 dZHEE T7HIA ols &2 =0t
1 Bstgom, Lee(2015)= &k WSS S8 Y &Ho| o|A] A=k Ak AH|EF 5 AlH 7159 |-2en|gt
MdE FEshirtar B

TPy ol2et B K 79 A8 W A 249 Ao Etsla, 7|E < =
ot By &% $slo] wgtE]o] glon, 2R HIPTHN HAHR] &% ¥slE 83t A= EET o] & Ak
HEF S e R HARZR £o] 25 By TS A8otal, 1o o oA L8 9 589 #kE &4
StoEN Hoh aubAl 2R A MeE AAstaAl gt

m
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H A3 AFA-ARE B2 g2 A A (pretest-posttest control group design)E 7|HHC 2 Sttt A
off Zadgt YA} AFES Y3l G-Power version 3.1, Heinrich-Heine University, Diisseldorf, Germany)& &
B3 23 95E 0.05, A7] 0.80, HEY 80%F 7IeC= #ARH 23}, ZERE 4 201 o] diAt
gt ZAoE Yeth S 9=E 10%E 1eoto], o 4 227 ol sl A4S APt HEH e
2 £ ol SEtheug Y AZAE ] Jo $2 HEF SR 95780] ol sieltt. Ak SPSS Z=17H(25.0
H74: IBM Co., Armonk, NY, USA)9| 529} 2 & WHe 28310l FA9= Al D522 ozt &4
7R A & I3 & HJEE o|fiohe SRR FES A v o2 FolE doj AZStnt Aol
Fogh A A 22 ot 22 7o R RS (1) AA™ ARE Qg BAZR A 48t
5171 ffoto] HESS AT 24 o7ldo] At e7L, (2) #8589 £A1E 7] - Hmax Berg balance scale
score 45), (3) A=A et 5 R|AjF E)of| thsfl osf T 4= = TR 1A 5= 2 A (Mini-Mental
State Examination »24)5 Z3I5I3t A9 7IEol= (1) HES ATS T3] 982 et &8y 22 7/
Egolut 41745H = ofgfA o7 EQMRE el RS A|lQ] 20 5i9ith. tAES A= Ak Y

o

HA0R Qlste] TeoA HiAlEoH, T3S WY sk =% WA HU(=7) T2 AYM AoHn=8)5<] °olF
2 15%0] Sk gEeigint. A= g 2 A 29 RERPTARNA = 459 AT 473739
OlfE S TECIAL 182 FHAY B BYUCE ol5o TSIt B HlRt £0] RREYPEAS T8
3 25 399 HdH 199 Y oz SeEEeler s 24 7 384 & 699 dii A B
Helo] Melnt AA Aste TAHS EXSItHFigure 1). 472 ZAE &ol7] Hte] Tdg A&e] o)A
P B7et Elo] & ARe 7t JFsiolon, Ev1E Xdshs A=Alet B 3

A7) FFe & o+ Ue AT dPskE 2 e ASHEm ey
(2-1040781-AB-N-01-2016113HR)2] 591& &2 & Y HgloH, Ao Jofdt BE tdAe Aol digt
ARt AE 2 F A0l A F 7 RSl
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Stroke patients
(n=95)

— >

Excluded(n=5)
-Declined to
participate(n=5)

Randomized (n=90)

Allocation

Progressive velocity
Robot-assisted gait training

3times/week, Gweek) +
Conventional physical therapy

Group (PRG) (n=30) (30min/day,

Comfortable speed
Robot-assisted gait training

3times/week, Gweek) +
Conventional physical therapy

Group (CRG) (n=30) (30min/day,

Control group (n=30)
(over-ground gait training)
(30min/day,
3times/week,6week)

+ Conventional physical
therapy

Pre-test

Follow-up

|

Lost to follow up(give reasons)(n=>5)
-Medical condition(n=4)
-Discharged(n=1)

Lost to follow up(give reasons)(n=4)
-Medical condition(n=1)
-Discharged(n=3)

Lost to follow up(give reasons)(n=6)
-Medical condition(n=3)
-Discharged(n=3)

Post-test

I

Progressive velocity
Robot-assisted gait training
Group (PRG) (n=25)

Comfortable speed
Robot-assisted gait training
Group (CRG) (n=26)

Control group (n=24)
(over-ground gait training)

ot
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e . o
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Figure 1. Enrollment of stroke patients
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Z-gsto] RPsigitt 2RO 27|EHPE = T 27] ZF ERolA 7T HekRt £%Q1 1.0~2.0km/h= HA5to]
st oH, AS A R|(Body Welght Support, BWS= 30~40%% 4745l AYstHHKIim 5, 2023). 2HEH
FEH9| FE2(Guidance Force)Z 100%< A7gsto] &5 0]9]9] o thet H4E Apdsiint. £9 119] &
717 65 %t 5 33], 30 B¢ XFEQ. 2R B3 £ Qo 65 9t WY 3024 EHAQ] EYAEE
Hrork

(Progressive velocity Increase Robot-assisted gait training Group: PRG)

PRGE B2 Z87F HPTHOE 108 7HH0= F ¥19] 10%2] FAA £=9] By TAS oufeity. 27
HPET = Aqto] it tiigAte] HlRt Bl £ TS AlZks] oA S5EXE 25 7hsstiaA St
LS o 7P el £ Ao tHLee, 2014).

(2) HZE &0 2REHPTH

(Comfortable speed Robot-assisted gait training Group: CRG)

£ 9] HIlE FX] g2 ERHYPTHE oulotr T ALE= By Sr= A Lle Wt £ R
AL 9%

A Lee, 2014)

o

(3) Yz Control group)

2t A = AT FUS HIEo AIZF Bt A B TS stk B3 T AT RV E
6 &% 3 53], 3084 HHAQ] EYAEE Wokow, AFEPEH St S AYsh] Ho £ 34 o))
o] A BEES 7 EYAEA] = S0 By £31S ¥sItHPark & Chung, 2018).
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(1) sk

SIAIEY Bk dACIA 7P HEZFos wo] BRI e I Bt E—T“ﬂ Medical Research

Council(MRC)ICC=0.95)5 &-&sto] B7}7} o]FoiFirt. sHAIZEB7HY =2 F o7l == BrIstelon 53

Ar2 307 o R 75519l B7PL o]FoiRl AR 2 I I3, A, & 23, A, U T =5

HHe 2402 67H4] 542 B7IsIelth He S48 o2 Aol S451ith 1 S5 WHEA 0] £A4]

o
T RRE FURS AN F SYAUD S AU WS 9E JAH $2 HES AN F S
SUY SHS RES W 9 AN SYSAT, MSIIDL Y5 AR AFTIZS Wit Yre
S0 5 4 742 3 Seke] B T, S8 7 3029 $4% elel NS A9t sl

(Gregson 5, 2000).

29 F7l= W14 A AN Berg Balance Scale, BBS) (ICC=0.99) &} dojAA 27| HAKTimed
Up and Go, TUG) (ICC=0.99)% &gl F7IE AYsI¥ et BBSY TUGE FAONA 71 &3] ARSEl+ H7)
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Wood—Dauphmee & Wllhams, 1995; Pod51adlo & Rlchardson, 1991).

4. A= &4

B L SPSS ver. 25.0 program (IBM Co., Armonk, NY, USA) & &-83lo] Akg BA4S 319t} Yo, 7],
=7 A, ‘iitﬂ 717 22 Aol ofgt thidAte] ARt B4 E4I5H] flste] 71s BAE Aldskla, ZF AT
A A & Holol] gt B4 ol thS EE rtestE ARESE] BASIIH. BE SRI0lEUE 6 £ Al IF
7re] kA S8t #F ol diste] SAHCE [ofu|gk Zfo]7} QleA] SISk s WHESAEARE A (repeated
measures ANOVA)S ARS8 T, Duncan methodE AMESHO] ARSEAS AA| 519t & A9 EA1%91 5-9]
52 p{0.052 HHstt.

Aoz F 7589 HEFT APt E=o] Zofsielth. A-tell Zofet thidRe] A2 PRG(a=25)=
1378, CRG(#=26)= 973 1597 A4 1178, R n=24)°l= o1 1678 @A 890] eiskal
o}, oAt B ﬁ 42 PRG2 57.68A, CRGE= 54.72A), tE2 58.65812 we-otA Exst9ct. E39t 7 &
o] Pt AT AEL PRGE 162.31cm@} 68.92kg, CRGE= 165.68cm®} 72.11kg 183 RS 161.28cm}
68.18kg® L}E}Uru} aﬁ 7 159 MMSE-K&4+= 29.33+1.07, 27.16+1.74, 27.37+0.952 Uergth tid
Ao} Hat W 717 2 2 733704, 7.33704, 7.7570EE 671 ol HES TSR Sttt TR A
of Zrofgt M AHE2 Brunnstrom's Stage 4~5TA|2] TAER F/J=0|9)oH, PRGZ 494 139 554 124,
CRGZ 494 1578 54| 119, Rt 497 159 524 9502 =it o]&H Aol Fofgt HE At
o] A¥kAQl A4} oshd] B4 ol AAlsH 71551 AR stitkTable 1).
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Table 1. Clinical characteristics of participants

PRG(n=25) CRG(n=26) N ZHn=24) F P
Age(year) 57.68+8.42 54.7245.39 58.65+9.90 172 812
Height(cm) 162.31+6.84 165.68+5.40 161.28+7.83 .338 721
Weight(kg) 68.92+4.16 72.11£5.05 68.18+£9.10 733 .848
Onset(months) 7.33+1.15 7.33+1.72 7.75+1.77 192 .812
MMSE-k 29.33+£1.07 27.16+1.74 27.37+0.95 .994 .688
Brunnstrom stagelV: 13 stagelV: 15 stagelV: 15 312 192
(stage) stageV: 12 stageV: 11 stageV: 9 ’ ‘
Gender 13/12 11/15 8/16 882 162
(male/female)
Hemiplegic
side 15/10 12/14 10/14 748 224
(Lt/Ro)
Mechanism
(Hemorrhage/ 12/13 12/14 11/13 232 121

Infarction)

PRG:Progressive velocity increase Robot-assisted gait training Group, CRG: Comfortable speed Robot-assisted
gait training Group,
MMSE-K: Mini-Mental State Examination Korean, p<.05

2. B7} &5 B3 A3

(D) st

B 7o) A3t Aof Fojgt qidAr BE A o] MRCOIA oIt ZolE YeERHtH(p(0.05). £3] PRG=
14.96£0.967°1A4 20.76+0.878= 6.20+1.088Y] FJ3F S EATHpC0.05). o= ZF ZF 4.96+1.317,
3.50+£0.9749] Wsts Uehd CRGRF it Blwste] {ot xolg Holn 9 9] ZAig et
(p€0.05)(Table 2).

2 ¢354
B 7] Avt Ao Folst iRt B FA o]F BBSOIA Relgt 2lolE YERATHp<0.05). E3] PRGE
38.88+2.527014 49.60+2.168= 10.72+2.9979] F93t FdS HATHp(0.05). o= Z 7} 8.61+£2.747,
7.20£1.8679] HeE HQl CRGE} tixt H|wsto] B & H3kE Kol {23t AJolg VEHtH p<0.05)(Table
2). T3 TUG 23 PRGE 29.12+2.062°04 17.56+£2.93% 2 -11.56+2.12%29] H3}E Holn H{oJ5t 2joj=
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ol

YEPATH(0.05). ol 2+ -11.46+4.17%, -8.87+3.53%9] WSS HQl CRGS} tixwo] vlsto] © & WIS
Hou IF719] vlaoAs tiRatet BlaofAs §-ogt olE B O1Kp(0.05), CRGS} HlHoA= 2ok
2K p»0.05)(Table 2).

Table 2. Changes in outcome measures of the participants in this study

PRG(n2=25) CRG(2=26) Control group(n=24)
F P
Pre-test Post-test Pre-test Post-test Pre-test Post-test
MRC
(scord) 14.56+0.96 20.76+0.87 14.88+0.86 19.84+1.18 14.45+0.83 17.95+0.85
Difference 6.20+1.08" 4.96+1.31* 3.5040.97
(post-pre) e U IVEL 34.615  <0.001
t -28.700 -19.299 -17.532
D <0.001 <0.001 <0.001
(slifrse) 38.88+2.52 49.60+2.16 40.41+5.21 48.16+1.80 39.12+2.00 46.33+2.09
Difference 10.7242.99* + 8.61+2.74" 7.20+1.86
(post-pre) R T e 11.438  <0.001
t -17.907 -16.013 -18.940
D <0.001 <0.001 <0.001
TUG
(se0) 29.12+£2.06 17.56+2.93 29.07+3.14 17.61+4.14 28.83+4.06 19.95+2.89
](Jiif:tr_erfef ~11.56+2.12" ~11.46+4.17 -8.87+3.53
PostTh 4912 0.010
t 27.227 13.987 12.316
D <0.001 <0.001 <0.001

PRG: Progressive velocity increase Robot-assisted gait training Group, CRG: Comfortable speed Robot-assisted gait
training Group, MRC: Medical Research Council, BBS: Berg Balance Scale, TUG: Timed Up and Go test.t:
Significant difference (p{0.05) between PRG and CRG, *: Significant difference (p<0.05) between PRG and Control,
CRG and Control
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HES e deE o g S| 29| ofste Qs AN £E 50| AstEw, & <l vt ARl +3
Bopgst AH|Z Ko7 Hrk. olagt Al WA 93le 277 2 9910 283 De Oliveira 5. 2008;
Srivastava 5, 2009). & @7 ol2gt ZAIE siEst] fls FAAR] £=0] 2REPEHC| HES TR 5HA|
LY 79 sl HAE FFE BA6kL, BIER] 2R A" Mg AAstaar =
, % A oA I8 Y 58 ol AHERl AR UEHH 2RE
FPedZ 283 AAHPRG, CRGZ 3A T kA 8T 79 sHolA F2tt S B2 (p(0.05), F AE
o B R Blaste] AR [ofu|gt Hd% UEFHTH(p<0.05). EREFTAS EFEdyt 28 S
Agsto] ¥HE2ARl &5 552 Rty olzfel BHE T2 57| 65 9 X 7k X0 7]ty dEA
QJtiKwon & Shin, 2020; Lee & Kim, 2012) Mayr (2007)52 2R EgPTHo| 2 IATE AAAA 28 U
<+ 7Y 58S PRI Harsielt). ol ¥HEARl FAUE Fo SAEIFEO] =gt AR} FAstod,
71 A Mo WRFo 29] HAFA oso] golsiA 54 «F o] °VJ’H‘:}7 4513l D1as(2007)—-4 Oq‘_rL
NME 4079 HEF TS o r 2R HE PS4
PIEGIom, o]z WHEA HEY =0 &4H 93t Fsnds %”"39}0}01 73 7k é = 15}—’ o|Z QI3 &=
24 587} Z2Eo] JiAE AoR siAHEr L Bsketh Bonnyaud(2014)6-2& 2REFEH0] HF A] i
& EAIA 48 59 A0l 3841 FFE PIRHHAL gk v it} & AFoAE PRGRF CRGs= SHA| &€
F7bollA ZH2ZE 6.20+£1.08%, 4.96+1.3189] S HooH, tix29] 3.50+0.978°] || ] & ¥slE HolH
A9 ATre] ATk SIEsignt ol#fet & A2 BBS ¥ TUG AAMIAE tixt tfy] f-2oJgt 42 YERYio]
(p€0.05), EREHTA] Mtz GI-S 2ot
=4, £ At 2o dEY FHAHQl £io] 2R HPSHo] £ o] WHIlE | 32 EREPZHI} B 5o
SR 21 B #4599 FoA HRH anAel AnE UElth HEF B 7 IES fsiAE A
Ago] A7), 4, A= 59 8471 Fa5HH, o] FolME A& Fre 5ud A 22510t 58ks0l $a%t
P HFITt L B EQItHLee & Kim, 2012). EREFPEANA = HHH 0 R &5 AFAAE, =8 5= X
Slo] &5 AEE M o qlow, HiE £ EF i T g5 SRS TTHIZIAL YA AREE
EXAA BHARQ] FA WHOE AXEIL QTHKim &, 2023; Hesse 5, 1995). & 37t wet 219 6‘%75.91
5 o7t fEEY, ol Huh oAl K ey} R ‘é ZH= olo]d 4= UtKKim & Choi, 2013).
Lamontagne & Fung(2004) =35t EF=d 79F 2 RHPTHo| IHA| X|gFolH & o2& Q] FAUS 7FxotH,
R £L7t S71l et & 24%, E84, A £E s8] gL syt & Oq:rLC’ﬂHE PRG= SHA|
o4 CRGEY B & = H3oH, ols &k WPt 29 Fxlof| 344 ¢S F9== gt &
T UHpK0.05). Lee(2015)= AAAQ] &= Heks 83 B EHo] oiA] AH[E ofyzt 250 thgh A1zt
P& HRTIL HAsiyle ol & Aol &= Hap GARE 2REPEH o] ut ‘/]“:4"/]'1‘ B2 A9
T4 EF0 2 QIS EaWt 3}1‘3 s 20|11, A9 554 HolE Rl 5 aed 48 P
P22 AARRETE AR PRGE= BBSOIA 10.72+2.9989] 332 Kol 8.61+2.74%8& 7153 CRGET 79
t|sHA 93t 43 A BE YE ‘:Hp<0.05). ghd, TUG ZHARNA= PRGSF CRG 7 R-2J8t Zol7F YA
AUTHp0.05). ol= XA £ s} B4 #yolle EHHolgloy, 54 #3 9 olsdZ B7Hsh= TUG
A= 54t aTE HolA] itk oA 52 TV it dRtdo s nybdy} s3kdy) 42 AlSHsES

|

ol
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A R PP ST LS S, R} 2L AL PUL 1Y Srot 54 o] o WY ]
o} QIck(Punt et al., 2017). & ATOIAE PRGS} CRG 25 14 28 ahae Hglon}, 72 Agyaind F4e)
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