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Kinematic Gait Analysis of Ramp Walking in Normal Adult

Hasuk Bae, M.D., Chang Il Park, M.D., Ji Cheol Shin, M.D., Yong Wook Kim, M.D., Joon Lae Roh, M.D. and Ji Hoon Jang,
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Department of Rehabilitation Medicine and Research Institute of Rehabilitation Medicine, Yonsei University College of Medicine

Objective: To investigate the characteristics of ramp walking.
Method: The sagittal kinematic and temporospatial data of
ramp and level walking were obtained by a motion analyzer
for ten healthy young adults.

Results: Compared with the values of level walking, the
range of motion of ankle at all degrees for up-hill walking
and the ROM of hip at 20° down-hill and all degrees for
up-hill walking were significantly different (p <0.05). The
peak dorsiflexion of ankle at 20° of up-hill and at 20°
down-hill walking increased significantly (p<0.05) and
peak plantar flexion of ankle at all degrees of up-hill
walking increased significantly (p <0.05). The peak flexion

Key Words: Ramp walking, Kinematic analysis, Gait

B2 AGAL-SHl iy T2 L& 3 o]l

=2
el A= %%S

oY AT
7F A Bl i Aoliet. 4L dAoll= BAT
ol sl ol ohlmz A 1ol vtk Aed 4 ols

FEApA w-¢ F23F Lofr}, FAE HIPL B &
Ef‘ Al 7124 L4olm, AR W3 A wbe, -5, a3

Ao o] Wl Fe2lzl Z4L RolAl Hol, A4z 1
sol] vk AAA olale A9 A5 BAw, oA

Pell Jge vNE ofe] AR Aehn W AT
Lol DAk A 027 BAel] helAlE w2
chobgt 17} Hofgkor, ol & F& kAR X %ol
ek A AR EAelel AFe AR A Eg) o

T9: 20031 59 169, AAMSUY: 2003 104 6%
A2 i%ﬂ% AEA AUET AES 134

@ 120-752
Tel: 02-361-7588, Fax: 02-363-2795
E-mail: jlroh@mdhouse.com
%?—% AZ7)E BT AENEARL ] A =Dl elsto] o] F
71 9 (HMP-98-G-3-061-A).

of knee at 20° of up-hill walking increased significantly (p <
0.05) and peak extension of knee at 20° of up-hill and
down-hill walking also increased significantly (p <0.05). The
peak flexion angles of hip at all degrees for up and down-hill
walking were significantly different (p<0.05) and peak
extension angles of hip at 10° of up-hill walking increased
significantly (p<0.05). The temporospatial data showed no
significant difference.

Conclusion: Ramp walking showed a different kinematic
gait pattern. So, this study may be useful to evaluate the
effect of gait training on the ramp and pathologic gait
patterns. (J Korean Acad Rehab Med 2003; 27: 952-957)
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Fig. 1. A slope which was 1.0 m wide, 3.0 m long and from 10°
to 20° for adjustable slope angle.
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Fig. 2. Sagittal ranges of motion of ankle during level and ramp
walking. *p<0.05.
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Fig. 3. Peak dorsiflexion angles of ankle during swing phase. *p

<0.05
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Fig. 4. Peak plantar flexion angles of ankle during terminal stance
phase. *p<0.05.
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Fig. 5. Sagittal ranges of motion of knee during gait cycle.

Wk $A7HE WS Aaste l-El A chFig. 5).

AAE B3y A 3 Ao 524 205 FAE W7t
71 Al HF 124852 A B A 66.49_:_01] v sl EA1#
o F oA FTUH £ E Helon, o9 FA A
= BAEY Ao} FAH T gt Hol & HQl §
= S th(Fig. 6).

AAE B A ERA 9 A AALE 208 FAE W
H717] Al FHE 1119502 H, 105 ZAZ U2 717] Aol
= T 8885k 10= BAARE by w4 A A &
A AAZGL HF 10145901, 205 HAARE 227 A
ol 1 120653tk A K Alo] HF 7.255% 0] H] 3l
2.27] 2059 WH7}7] 20504 EAS 0= oln| g7
Z7hElo] A ThFig. 7).

() DA A ] Aol g A H‘M% 20
T AAE W7 B4 A HEF 3995901, 105 7
2 WH77] 2 Alells H T 4336530 10% 7 x}i <
277 B2 Aol HA 5405, 205 AAR &2V &
2 Alofle H 63.605%tt o] F HA WY Ao AF
4707500 vl HE7H7] 20=9F e717] B3 105, 20

ﬂz

72.48 ss.57
704 [ — 6649 6755  gp.1

60
50

30 A
20 1
10 1

T T
20° down 10°down Level 10°up  20°up

Fig. 6. Peak flexion angles of knee during swing phase. *p<0.05.
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Fig. 7. Peak extension angles of knee during terminal stance phase.
*p <0.05
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Fig. 8. Sagittal ranges of motion of hip during gait cycle. *p<0.05.
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Fig. 9. Peak flexion angles of hip during swing phase. *p <0.05.
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Fig. 10. Peak extension angles of hip during stance phase. *p <
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Table 1. Comparison of Temporospatial Parameters between Level and Ramp Walking

Cadence Single limb Double limb
(steps/min) Speed (m/sec) Step length (cm) sup}gjort (%) support (%)
20° down 106.3+5.7 1.13£0.11 62.5+6.3 38.4+2.5 25.0+3.9
10° down 106.4+6.6 1.15+0.10 62.7+4.7 37.5+2.8 26.8+2.8
Level 103.6+6.2 1.13+0.10 64.1+4.2 37.7+2.1 26.3+3.9
10° up 101.3+6.4 1.14+0.09 63.215.2 38.8+2.3 25.9+3.3
20° up 101.6+5.2 1.11+0.14 61.9+8.5 38.6+2.1 27.2+3.7

Values are mean=S.D.



956 [HSHMWEQIEISIX : K 27 & Xl 65 2003

AAA7)E B 259%%2H, 205 HAAE 2 27] Aol
HF 272%0|% ek, HA B A thalA A A 7] 263%0l
vlel AAZ W3l A okstA] R A7) oA EAIH oz
gu e Aol Ak

2o

AAE B SRS Y AR e b BEAA B4
o2 53, oe) 714 Aol abe vIXE A% gw
R B oS UE 4 F b oAl JA
B BAe YA oz Prhehs AL e Fasiet ]
EF, ¥Avhi), A5E4A BE AAZ Ha B4L o
3 el PE B4 3o bz A4z 0 Ba 2
& 2 A ool ols ek & 4 glek. aeh oleld
ATE A7) YA E20 AAZ, A4 B
o EFeh8 st FFH7 Aol P4z 027
4o $EYFUA o7k wg Feeht

AN S 1A A s

o] FEHAA A%} FE5Hdt
2 A 3ol 3t A= AR A S Y] Aol m
A& dokg olafiste dl vl HFHolct ulF el
% (Americans with Disabilities Act)e] ¢l vz} A&
ARl BAAZE Al A AXl e % sl 5 BAE
o AU Fookar ek S A2 AA4IA vim
A 7heAS AR AR AW vpEE e of
BAol zormg FAAEE HHZ wje AW shdHd o
3 AT/ R Yenf® 2slo)] ofe] AT B A
&Y Folrh

S A wlE 45, A A 4R, $5HSE BA

o

2 off

Halol| H)slod AAH HEY A EATH o §9
2 B} Kuster S°9] AFLol|A] AAZ 195 s}k
BA Bl nlzl] SA e oA F o] 85 7
AL Basglon), B AT aste Ay
o FAF vl ek

2949 71% W7} Lebrlr] & A AAT) A4
Zrlslg o, ol ERAL wE2FF gl EX]FZ9
7tz Qg Aol Wel7lr] SaellAE Autdog &
wA e ThE 7t SR A SAT TS 7t obYet
ZHA ] wjZFTo 7 olg AL o 4 9t}

AR Zebrt7] SAelA SR J-TZ%%J—TJ% L
o] FFo| T7kE L, £RA L] FFo| FUteA ghe 4
SR Hol AAR %EVM FAAE FE FRA 2
HAo] Holats Aoz AL AAZ WelsbrlolA
SR wEFFol 2;—7}5]51, £3A 9] FZo| 2718 £
7, aela ad e FFo] 7ad LA Hol Y}
7] FAAE F2 SR} SRl Fojsle Ao

}U: r?l e

EY

o

=

©:

F4

F

o

o
i M
32 b

o[N

:
cwd 2o 23 74, o)

M
2
2

e A 2ol v)

sto] A B3 Al AP o2 o3 Xpo] & Hir).
Kuster 5] °4?-oﬂxi EWA9 FF Y77] Fiboll 20
E ol &, S §47]0 1054 E sgEE e Ao =7}
she e Holvh £33 A A2 FA AR
al3F Bl A BF Q1zb7] Z7)6 Huj11+55) 3k Bt
S A 5 Ul TP SRl e s
¥, N 7P7l SR E Sk Ags Eie
o, 141347}71 A A SPA L A, wiEEFo] FIKE &
AL /A ZFo] 20 W77 FAbellA 2u|$iA

Pl‘nl‘”ﬂ oz A7tE),

0% BAARES 2279k We7t7] FAtellA] 2t S7}
°ﬂ upe} SJu| Al /A AH o] 43t o]+ T
A GFo] RS A7 A3 AR A 745114
I A =5 4%, A AH 4, FEHAE HA
Hejol| niste] AAH B A FAgHoZ Fofgt Aol
5 Borh Wall 579 QoA AAZ gk B3l A] %)
Hefoll vlal) &34 =59 ZUhek a3 =59 4 £
AL HYor} Fuke] 3Aole ko] glrkar skt
Kuster 579 ol tol|2] AL AAR &3 B3 A 3
o] Zraste £ Hol B A9 dXsh= AHE B
o} Wall 5'7¢] o)l LAz a}Ae) s HA
oF AR sl Wl Aol xolE Holdl|, £3HA ] ¢
P79 SRR FFo] Frlelw, LA FHo]
E F47)e gk sk AR B A] a3k
5 A SEprly] B oA niAEe] &
Tbele a7 Bed ol SEhy] Sl =
Aol wiFE o] Frkste] FA FAlo] Fo] Aol H*l
sto] APA ] FHo| Tkl AR AZEH, W7t
7] B3] FAol| A aPA L] =5 24Tt AobAl A Y
7he Bl il v d17] witell A FAlel &2
Fko g o]gste] APA FFo| hast Zlo g A7)

Al S 7 XLJ.-E'—*JOHH H&Eo ek W) A Zvlsln
g A ZHaslg o, EAgHo R ou] Qe o]
o] A& ‘3&9&‘:} Simpson 5" AAZ Wby B2
°ﬂ -16%7H A = A&7 XLJ-OHH A HE el o3
FA ek oP izlﬁr Il 52& 20% 7 A ENA
H&o] Z 9 BEo ZrAaE Hovhkar shgich
shek B3 A9 JJr 9] A gofl A= Aol
slzke|a qict. E Algkslo] At A= glow,
Wall 579 7% l AL BES ARs ] A
735, H Aol nal 1()% A% Héo] ZHAsle 7S Byo
o, B dAFo A udE 59 Ao|E Ho|Z gk

Kawamura 5% HZ W i3], A&2 £52 73*]‘
25 e 7 doll AAETE S7HE s asitha By
310t} McVay$t Redfern” 4 AHE9} HZo] el o] ¢l
bz B 13k vl Qlv} TreadmillS ©]-&3F Wall 5'7¢] o1
A= treadmill®] FAET} F7HEFE HEo] ZHAgtt

rlr

F

o{N

O{N ﬂﬁ’ﬁ

x
Nl

J

%N JI“J

[l
r:i o o 4N

olN Mo

fz o

o o 2> it o



I 3giek B dFollA e Al vlsl AR ety
2 Aol #4577 S7HE &7E Helow, W7ty
oA e EE57F ad 27 Bk

Redfern?} DiPasquale'”9] <dF-ollA AARE s}fH Y A
AAEE &l e FA S A N, B F7= H
AE7} SR sk, BES AAETE (1559
205004 oJu] QIA Fhasickar &gl

2 AT AHZE
AR e g &
off uhE AAE B3 F2He]
Fol o3 oz AZEY, 5
ZAEA ol &5 e U 5
= BUEE A%ts| Awsly] olgivke A, 2
TollA oln] FHE YA A ol w3t A7} o
A gbrhe Ao 2 dA] ofof] i3t A7t Had A
AZke|w, ok AR B3 FEtol Ao E Hole A
M AL Qe B Atol] tigk AR B PAE W
WHo] AAAY Egol H g AeA,
AR WY 52 T4 Az} ofd ARAAE
gk A7 e Alow Azt

&
=
[

e

2,

o

o
o,
oft

~ e
ot
N2 o
N

s

g:g‘
N
w8
Sl
=
‘?‘h
o
N
e
rn OE ox
>
Lo

N
=

2
ki
f
2 oo ke
it

2l

o

rin

K
ﬂ N?—" ﬂ.l{o

%
o

[e:

o
ox e
2 & o oo by R oL O X ogE N

TL 3
a-qr

e 22

L ox oft r
e olN

Dy

A =2

—

B 7= 109 20~30t] HAS iAo sto] AA

2 0 B4 PA B AR FARAINE o] v
of vl PABte] thed 2o ATE Aglet

1) Andriacchi TP, Andersson GBJ, Fermier RW, Galante JO,

HiSHA Q1 521 : HAIMOIOIM BN B8Ol BA 957

Stern D: A study of lower limb mechanics during stair-
climbing. J Bone Joint Surg 1980; 62-A: 749-757

2) Benedict FG, Parmenter HS: The energy metabolism of women
while ascending and descending stairs. Am J Physiol 1928; 84:
675-698

3) Buczec Fl, Cavanagh PR, Kulakowski BT, Pradhan P: Slip re-
sistance needs of the mobility disabled during level and grade
walking. In: Gray BE, editor. Slips, stumbles and falls: Pedest-
rian footwear and surfaces, ASTM STP 1103, Philadelphia:
American Society for Testing and Materials, 1990, pp39-54

4) Dean GA: An analysis of the energy expenditure in level and
grade walking. Ergonomics 1965; 8: 31-47

5) Kawamura K, Tokuhiro A, Takechi H: Gait analysis of slope
walking: a study on step length, stride width, time factors and
deviation in the center of pressure. Acta Med Okayama 1991;
45: 179-184

6) Kuster M, Sakurai S, Wood GA: Kinematic and kinetic com-
parison of downhill and level walking. Clin Biomech 1995; 10:
79-84

7) McIntyre DR, Bruya LD, Eubank KM, Jackson AW: Gait char-
acteristics of children during free ascent climbing performance.
Human Move Sci 1982; 1: 201-214

8) McVay EJ, Redfern MS: Rampway Safety: Foot forces as a
function of rampway angle. Am Ind Hyg Assoc J 1994; 55:
626-634

9) Ramanathan NL, Kamon E: The application of stair climbing
to ergometry. Ergonomics 1974; 17: 13-22

10) Redfern MS, DiPasquale J: Biomechanics of descending
ramps. Gait Posture 1997; 6: 119-125

11) Simpson KJ, Tant C, Shewokis P: Effects of velocity and
gradient on temporal kinematics during downhill walking. In:
Book of abstracts, XIIIth ISB Congress on Biomechanics,
Perth, 1991, pp464-465

12) Wall JC, Nottrodt JW, Charteris J: The effects of uphill and
downhill walking on pelvic oscillations in the transverse plane.
Ergonomics 1981; 24: 807-816

13) Well R: The protection of the ground reaction force as a pre-
dictor of internal joint moments. Bull Prosth Res 1981; 18:
15-19



