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Objective: The aim of this study was to investigate the effect Tiger-step walking on the movement of the
lower extremities during walking.

Method: Twenty healthy male adults who had no experience of musculoskeletal injuries on lower extremities

in the last six months (age: 26.85 + 3.28 yrs, height: 174.6 +3.72 cm, weight: 73.65 + 7.48 kg) participated in
this study. In this study, 7-segments whole-body model (pelvis, both side of thigh, shank and foot) was used
and 29 reflective markers and cluster were attached to the body to identify the segments during the gait. A
3-dimensional motion analysis with 8 infrared cameras and 7 channeled EMG was performed to find the
effect of tigerstep on uphill walking. To verify the tigerstep effect, a one-way ANOVA with a repeated measure
was used and the statistical significance level was set at o=.05.

Results: Firstly, Both Tiger-steps showed a significant increase in stance time and stride length compared
with normal walking (p<.05), while both Tiger-steps shown significantly reduced cadence compared to
normal walking (p<.05). Secondly, both Tiger-steps revealed significantly increased in hip and ankle joint
range of motion compared with normal walking at all planes (p<.05). On the other hand, both Tiger-steps
showed significantly increased knee joint range of motion compared with normal walking at the frontal
and transverse planes (p<.05). Lastly, Gluteus maximus, biceps femoris, medial gastrocnemius, tibialis anterior
of both tiger-step revealed significantly increased muscle activation compared with normal walking in gait
cycle and stance phase (p<.05). On the other hand, in swing phase, the muscle activity of the vastus medialis,
biceps femoris, tibialis anterior of both tiger-step significantly increased compared with those of normal

walking (p <.05).
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Conclusion: As a result of this study, Tiger step revealed increased in 3d range of motion of lower extremity
joints as well as the muscle activities associated with range of motion. These findings were evaluated as an
increase in stride length, which is essential for efficient walking. Therefore, the finding of this study prove
the effectiveness of the tiger step when walking uphill, and it is thought that it will help develop a more
efficient tiger step in the future, which has not been scientifically proven.
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Ainsworth & Hipp, 2008; Lee, Wastson, Mulvancy, Tsai & Lo, 2010;
Rueterbores, Spaich, Larsen & Andersen, 2010), £5| 2tH| S22 9|
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(Ministry of Culture, Sports and Tourism of Korea, 2020).
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220|= o2 2852 H3E HIRM =TT 42EE0| T EIC
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#2 0| HEHoz O|RUX[=H O|AS E&F7|(gait cycle)t

22 EHO| 3|l X|HO HE{O| it =Fot Lt X[HS
Z2e EX 2, ACHE o|8%t ATEY 2|10 =0t L2(arS
= BMEYO R FLEE|7|= BHCHRiener, Rabuffetti & Frigo, 2002;

Alexander & Schwameder, 2016). 22|Lt2tHe S EO| F 64%7} AtX|2
O|RO0|N ZALEHO| LAMSO|M AtF Ldste stEXel 48
7FX| 1 RACHKorea Forest Service, 2016; Korea National Park Service,
2020). 0| & QEUAANEA2 HX|HHO| H3| AT, FEHE
X FE9 ¥F 7|20 B75t=
E48 X0l 0|HA2 LA Center of Mass (CoM)2| MHO|5S &
Moz 35| 2ot SHX|REe| FE SEH HIEtn Hug|
1 QUCHLeroux, Fung & Barbeau, 2002). EE3H Q ZLZAIEH S HX|
Halo|| H|5to] 30 thste 225171 S7tE7| HE0| o =2
| SHX| 282840t O 2 CoMo| #=HZXUS LE = 289
St H#HolS LIEFHCED 2a{M RUCKLay, Hass & Gregor, 2006; Franz,
Lyddon & Kram, 2012; Silder, Besier & Delp, 2012).
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RUCHWon, 2014; Yang, 2015; Kim, 2017; Korea National Park Mountain
Safety Institute, 2019). HI2EABE ACI2|7t X|HE XK T 47X
7120 YArtz|of stE2 A1 ShiEl= ArE(e] FIHCZ QIS
KA MEtees ARO|H E3 F SCh2|of |SAS M3
UCtH= 2B 7HX|1 AUCHJeong, Ahn & Yoon, 2011). B AEAH
Ol Ht510f EFO|AHAR2 2000 CHEHAIIAYO| EH57| 7} EQte |
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Safety Institute, 2019). EEDH EFO|HAEI2 g

2 S{HX| HZE g XtALAHA ALER™| W2t RFEE 7HEAIT
= 2559 FHE HoE = s FTO| A7| HEo]| o= 2HA
HEC 28Xoz QELHARAS AT = ATt L2y U2
0, £5| 2220 ZR0l= SHE 2TAIZIH 27| TR0l &4
o 230k E=0| &t LM UCkLee, 2015). AL} EFO[HA
He 2EZUMEE 80| 7Is5HH, Stk Al ARBSHA| &H S4l2
R '.=_'.'0'| | 24 ?:I% 7t580| &7| WE0| FolBiof ot= H=

O|EH St A| E'%*E%'Oﬂ ZENOIZIL LM = EIO[HA
Be X e AEDloM 1SS S310) AFBO| HRED Qs
AHOIXY, Y2 ME Sirolo] Ao o) KotEl weo|n|, A
Mol upstEol 2AHo| 7|82 FX| §toF CHEM X|X|IE YX| Rt
I e AFo|Ct MatA 2 AFe| 582 QEBTHEA RS Al EfO|
HA”O) it 2SSy 248 S30) ABHO| T DRl Bt
AMEE MESsk=H UACH
METHOD
1. A4

2 AF9| iakte AZTH 20~300 EA 20 (age: 26.85+3.28 yrs,
height: 174.6+3.72 cm., body mass: 73.65+7.48 kg)2 2 ZF QELO|
FSLO|H, 2|2 670 O|Lf 2E44A dsliLt =&3 Ho| gle A2
MESIALE 2 d7e K Heu dE22(/ 29 52 = =AY

SM(IRB no: 20210610-073), &2 st7| O|M0| 2= AFCHA

oA = Aol deERer Mo st 282 =9 o =, 2™
of ZHostz| fIsHM SeIMoll Selst TXt| shoto A Tidst
UL,

22030 Cfst MzEH=E AYSY| 95t & A7Ad © of
AAES Mo SE5 BXEHM MaHrE ZHSIIUCL
Y g AAEXEE EYEE ZAM0 Chet HSA|Zt S22t
FH| 252 MAISIRD, AT 2| E20|M(standing calibration)2
HIS 20| M 7HX| REol 22U N, YXIE Z= Bt
O|AHLE: T1, AZE 2= EIO|AHLE: T2)2 HAISIRACE & AT
AMEE 22atEW2 15" ZAA BX| MSHE0| 60%2 IR
oM M 7HX| BEHMIHS SR MEHSI0] HAMS +3BIRATHDom,

Wang, Hicks & Delp, 2015). Zf 232
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|E AL8Tt 3%t SEHEA0| HAZIRA, ofMf 7t 2tet
M |9 XtZ2F S8 (sampling rate)2 ZtZE 100 Hz2F 1,000 Hz
AEE|RACE 8Tl ZIH2t= 7IAH A2t X E O|FH EHASIAU
O, SHHOEQt 2 E H|O|E= Qualisys Track Manager (Qualisys,
Sweden, [QTM)E ABSIY A[ZHE SZE O|FD F=TE|UCL M
H ZFEHEE O {E F0/7| It e mHo| Ho| H|
AERen, YRZZ HOF A=0 20| LEZR OHX|2| HIE2(GM),
LIFET(VY), WSEZ(VM), HHEIZIZ(RF), CHE[O|F(BF), WWSHI=Z2
(MG), HEEZ A0 EHXFO0| RA[QJUCE ESH H3MO0| 0| F0{X|
372 NLT (non-linear transformation)2 AR50 H
Hx & 2/%, y = N/Z, z & &/, 8% &
QIhAM Zt THAALS| AAof & 29742 HHAL
FSF L ChFigure 1).

= A 245t HERRE F0/7] ¥
EXY| mat = -E IXEES JXtEs 24 MY sot E
(butterworth 2nd order low-pass filter, XtEHFELIl: 6 H)2 A 2|22
0, 28z X2 o9 S0t ZE(band-pass filter, XFTHELF 20~
450 Hz)Z M2|$t T RMS (root mean square) 20| AF2E|QICtH X
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HZ Holst ohx|#EC| 3Xt8l ROM (range of motion)0| AHEE|RALE

AN

2 AF0IM AHESH AN FEHEO ZtEA O CHEH Bk
x &2 flexion(+)/extension(-), y &2 abduction(+)/adduction(-),
=

o
=
=
2 internal rotation(+)/external rotation(-)2 HEo|E|om gt =

z
~
=
x & dorsiflexion(+)/plantarflexion(-), y = eversion(+)/inversion(-), z
% abduction(+)/adduction(-)2 2 HO|L|RACt EDH B3 F HItE
oE=0| 2H2 «4EFLt FFO| XSt AR7| W20 SHX|ZE=
o 2MztE H|WdtY| 250 2 AN = X CIRHE o™ ==

(maximum voluntary isometric contraction: MVIC) CHAl QEEE A

EYEl ZF 289| XX J|F Z(reference voluntary contraction;
RVO) &f & 20 =52 7|82 HFUHXES 28EEE BE
SHAIZACE d2|n HFEE RvCe| 2EEE g AHESHY Ch2a 2
O] Zt 289 Z2&E=It AEE|UCKHSchmitz, Silder, Heiderscheit,
Mahoney & Thelen, 2009; Wall-Scheffler, Chumanov, Steudel-Numbers,
& Heiderscheit, 2010).

EMGRrMs
EMGRyc

Muscle actvation =
EMGrys = SHA| 2 E 228529/ RMS gt
EMGRVC = X/Lg}z;/ 7/1;574515—0/ RMS 10745&*

= AFOA -E 2 E-2 3702| O|#HIE(Event, E)2t 2712l
(Phase, P)2 Lt+0f EMEQACt REZ0| X[BHI F= =7 X
C

2 H

[T

5

HojX|& =7t J2|1 CA| X|H| Ze &=7t0] 242F E1, E2, O2|
302 MAL|QUCM, E10A E277tX| O2|1 E20|A E37HX| 7L 2t

| f
P1 (stance phase)lt P2 (swing phase)Z &7 | ALt

N
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Figure 1. Maker and EMG set

3. SAN2]

2 gTo| Zuto| oiet SAX Fo|dE =S| /5ty Btes
o L@ HEE M (one-way ANOVA with repeated measure)O| =2
RAon, At2AZ2 BonferroniZt MAIEIUCE 2 AFOM 2t &2
£ BHoE9 Roldg e EAH ReAFEE a=052 2L
ACH

RESULTS
= g7 FRZN 2RE BEABS0M T2 LEEY JH ALO[of
M SAXM2Z [olgh X0|7t LIEFSt 2B (Table 1, p<.05) F+ EFO|A
E|

28 O[O M E SAH2Z Flgh XtO[E LIEFLIX| RARUACHTable 1,
05). =5t T1 B2 XXAIZh 2EH, 2|0 255000 L2
g I

Table 1. Mean + SD of gait parameters according to walking method

N T1 T2

Stance time (s) 1.00£0.10 1.11£0.15" 1.11£0.14"
Swing time (s) 041007 0.52+0.22 0.54+0.06'
Stride length (m) 1.13+£0.10 1.27+0.15 1.34+0.12
(;Zﬂj;ﬁf‘) 86.37+6.92 7665+875  73.33+807
Stance rate (%)  71.00£2.20 68.88+544  67.30+2.38'
Swing rate (%)  29.00+2.20 31124544 3270238

*indicates significant difference with N (p<.05)
N: normal gait, T1: tandem tigerstep, T2: cross tigerstep

http://e-kjsb.org
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Table 2. Mean + SD of lower extremity joint of range of motion

according to walking method (unit: degs)
N T1 T2

Sagittal X '

55564477  60.67+590° 6141551
plane

Hip  TOM@ 0804205 164452710 19072271
plane

Tansvers  1404:417 15732475  18274522"
plane

sagittal 4 49,4579 61264843  62.45+10.02
plane

knee M8 1040307 1306333 175124257
plane

Tansvers 15044360  17.86£393 23494567
plane

sagittal 356,437 43184908  47.78+7.63°
plane

ankle M8l 47050420 2800:610°  3438+679"
plane

Tansvers 10014277 1990+484°  27.01+530"
plane

* indicates significant difference with N (p<.05),
tindicates significant difference with T1
N: normal gait, T1: tandem tigerstep, T2: cross tigerstep

Table 3. Mean + SD of lower muscles activation according to walking

method (unit: % RVC)
Muscle N T1 T2
GM 16254359  2167+610°  23.55+7.07
VL 12394229  13.09+336 13.05+5.74
VM 13424220 1347253 13.28+3.04
Stance RF 14884244 1525362 16.32+5.80
phase
BF 11364247 19284778 2552+9.59"
MG 11404157  1251+352 13.60+2.78"
TA 11004272 12.66+6.08 16.5746.44"
GM 2544225 2.98+145 433297
VL 1.19+0.64 1494105 346+1.81"
VM 1.05+0.72 1.59+1.06" 243+138"
swing RF 8.85+9.15 7.544505 8.38+4.39
phase
BF 3.84+1.83 3704145 5.98+2.96"
MG 1629+4.83 1671879 21341862
TA 8.65+3.94 9.89+4.14°  12.55+502"

* indicates significant difference with N (p<.05),

tindicates significant difference with T1

N: normal gait, T1: tandem tigerstep, T2: cross tigerstep, GM: gluteus
maximus, VL: vastus lateralis, VM: vastus medialis, RF: rectus femoris,
BF: biceps femoris, MG: medial gastrocnemius, TA: tibialis anterior
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SHA|RHES| 3XHR 7HS -l 72 AdEE HMelet tREel B

FOIA EfO|AHAED ARIEH AO[OM SHH2Z 7ol Xt0|7}
LIEtSt e, 2= 220 2B +=EHO|M F EtO|HAR AtO[2]
SAHLZ [oIEH 0|7} LIEFKt Eh(Table 2, p<.05).

AN
S XX|F2HOf SR 2|e| 2EEEE HED WEOIFZ, WS

2 12|20 HEZZME SANH2Z 7oleh XAO0|E LEHRLL
SSTUNM HESD, 2532 HE0|F2, WEHS2a WEE2

oA Felgt Xto]E LIEFLY A Ch(Table 3, p<.05).
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