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<Abstract>

The aim of this study was to investigate the kinematics of young adults during ascent ramp climbing at
different inclinations. Twenty-three subjects ascended a four step at four different inclinations(level, 8°, 16",
24°). The 3-D kinematics was analysed by a camera-based falcon system. Groups difference was tested with
one -way ANOVA and SNK test. The different kinematic patterns of ramp ascent were analysed and
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compared to level walking patterns. The kinematics of ramp walking could be clearly distinguished from the
kinematics of level walking. In sagittal plane, Ankle joint was more dorsiflexed at initial contact and Max.
dorsiflex. during stance phase with 16", 24" inclination and more plantarflexed at toe off and Max.
plantarflex. during swing phase with 24" (p<.001). Knee joint was more flexed at initial contact with 16", 24"
inclination(p<.001). Hip joint was more flexed at initial contact and Max. flex. during swing phase with 16",
24" inclination and at toe off with 24" (p<.001) and was more extended at Max. ext. during stance phase with
24" (p<.05). In frontal plane, ankle joint was more everted at Max. eversion. during stance phase with 16, 24
" inclination(p<.001). Knee joint was more increased at Max. varus. during stance phase with 16", 24°
inclination(p<.001). Hip joint was not differentiated with different inclinations. In horizontal plane, all joints
were not differentiated with different inclinations. Conclusionally, In ascent ramp walking, the different gait
pattern generally occurred at over 16~ on the ascending ramp in sagittal and frontal plane.

These results suggest that there is a certain inclination angle or angular range where subjects do switch
between a level walking and a ascent ramp walking gait pattern. This shows their motor control strategy
between level and ascent ramp walking. Further studies are necessary to confirm and detect the ascent ramp

gait patterns.

Keywords : Gait analysis, Ascending ramp, Kinematics.

e A7 2%, 4983 221 2% 7158 sl
Aoz o|fol A3 B34 &5 Fr¥oln (Beck,

I.M B

Az AG e FFRAY By @739 wsje of
719 vnd @RS 93 2 A} AN Fag A
& Sye o] FH(HAMY, 48, o)UY
%.2001). 32 =& ¥ ol AYASNAS Wi
3] dojite AR A2g Al3] EAloly, Arle 1
ojut At e 27| 22 d3HA AREHM E
& S ATHA Y F,2001 : Nevitt, 1997). vt
AB7A e B3 4L F2 YA (level) oA o] oA
o v} (M Kuster et al, 1995), AlgtolL} AAl= s} 22
nzY Ao Wslel g B {9 AFE ¥k
. Ayzkact

B Qi AAA S} 2EZAA Fol FEAZ A}
45 B3 HolH ¢ six7} 4719 | A
£ fAlIghs B2 Bl g d A BS o2
oA st dLHoln NEHQ F2 ot} (Perry,
1992). A& AFE AYstn § AP /A A
B ohlg}, o] FA S Aoz o|FAF = F8
& 7158 3t oldf dojuke 3|9} BAlY &FHY
dde ¢5&, Byole FH(AFHE A,
1994). 23 =HolURARE o 7|3te] AA doj

Andriacchi, Kuo and Fermier, 1981), W2}, &, A7t
o] N2 FAAY AL & FA: B, R £5E
FE3hs AU FAMEHAS HBA: de I
(Wilson, 1987). Rg& Jd33 Wgoz Paj &5
£ fAEle AR E dAF oz Aol 1EE YSH
AYAY FFolH, B A& =, Az, B
AE3ARE JAH (S 5, 1993) V1EFeR A
FR3Tzoln AT FIE FAIstn AAE A
o FZAFH ol g 718 L5& AT}
(Galley & Foster, 1987). €A Hajo] o]Fo]x|]
| ] 7k BA A7} Fysojof shed AA, F AN
o] Jddoled Aol A FAL A L, vlejel TF
o] o]FojAotstm, B4, Y7l FUX AA EA AA
7} A Holot 319, AA, §27] B¢ F47] F ol
uietollA] @A s] Hojzo} &tar, vhA o2 AAE AW
o2 2ANY £ gl 2EF AR} FFHo ok 3t
(Oney, 1996). H&g A4AGA olF] Fdolv}
o7} g i clejolx EFHE Y FE22 o)
£ F83H 3 Q) $golot.
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Asta I A =T & AMEAG e &
&4 1M S AM R AT S5 99 TEs g
Asl $H(Craik and Oatis, 1995). &719] §<t &3
Ql B3 MM At} AFESG AA7 2] AR
o o3 FA o BFF &3PS 3 A B4
9 29371x 3E3) dAE Foh(Whittle, 1991). |
tedelx, d3idE, AVSZ], 29K, sKEA,
YW (force plate), THE R oAtk 4w 23 4|
24 & o] &3] Ko AIz-A] Wl ¥ gojug}
7 +5%4, 82 5984 Ars 24k €%,
vz} Avld] #3 AEES 9& & W HUH(Harris
and Wertsch, 1994).

olZ|g B Ao 5L AAF o2 ANy By
o] Helujo}, AL, Tl oi@ A A A
AR ATE 39 FAZ 3 doH(249, 2001). B
3 EMo|, B3] F7149 Z A7 w2 dAH
289 48 € o2 Usl AAAA A7l Auvhd
#(ground reactive force) 5% ¥4, 239 §3¥
(pattern) S NS HAH (A FH 9383,
1994). 23 PM& HAQ Bae vehle SAIAA
A& AU o3RS E Fohlo] A B} L A3} 8
of #li, Hrlsked] -Aolth(&sE 5. 1992).
o ohjl A By f39 24 ANE £H%n
A% 449 18 13& Ausiske Aol YasHH
7140 &, 2002).

F9e E3] & & gle Aol AARE $70]
o F88 ALESe|Y A f2A, AFA, 894
o] 5 HlF] 23 $9E0] Avrhd 4 gla kot B
3 A7t e AREC] o] 43717t FE A9t Bk
w2t AR e AR ol &8 £ gle AREEdAA g4
Ho|| BY3}E 1 gl FAoltHFEE, 1995).

BA Bae] ¢4 o] &4 3 3L APsu
ke el £ el gle 2 SRR RE R
Med d2igltdtn dch(Kowalk, Duncan, Vaughan,
1996). =& WA-93 2iE9] oo f§ Rx|o]&
& olu] Saunder, Inman, ¥ Eberhart(1953)9]
¥~ B3 (compass gait) %3, Gracovetsky(1985)
ol ‘B3 A (spinal engine) °|& Fo o8& A2
QoBz, FALZ e} Aol e] B g A7 AF
A3 24 AolA Yol RE 2AYES 3839149 3
AYAA E4E B8 ojfojo} i}, olE EYH &
dide 224E & o A A &3 & A
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getA o] A7) B3 L AXAA FAENYE 9
&3] 0F Atz BY A] A vl i 3A] &
A9 71" A (kinematic) ¥3HE EAsHE A o]
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of Ag FA 2000 24 3 A FY 239& 3L
2 g em(Ed 9% : 22.34+2.584, HF 4%
172.87+8.63cm, B AF : 65.26:10.04kg, B
8217 : Lt + 85.9544.23cm Rt : 85.87+4.12cm),
olE L BF AR YL BAdta, AP Fds)
A AL 49 Ao e 93 of ATE AdA
€2 0°(level), &, 16°, 24°9] 2. & AA2E ke
FAE s

2. 29| HAlZ H=E}

AArzel A 8§ FARGE Za4e Ag wE 2
Zztzoln] NASAS H3E #Fasid 28’ n dnsh
A o} (Corlett, Hutcheson, DeLugan and
Rogozenski, 1972). wd, dntalo g o] 4
e 0°- 20° 2 Fstz Yok g4 91, 1990). = v
Z e 08 BYL 71E0 2 7AIRY A



71%€ 0-20°& AN 3t Uok(Irvine, Snook and
Sparshatt, 1990). @b o] AFME AL mo
ANE (Fig. 1.DEZ 0, 8,16, 0z 248
F A SHEAD(FEY. 1995), HPA) 2}2te] o8
AN Badhs B¢ Mgl By 4 Wge 2
B3ttt do] 3m, & 1m, 1.5m9 $P77e g3

J8 1. 2oldy FAE

3. AFETF

°] 7€ 29 FA2E APA] AP F WY
4 3A9A By BN A8 BYFH B 6l
A7l falcon) & AHE3IRAR, B, & izt @
Fo= 6ul) Slete A2, 60 frames/sece]
£E2 94S FIUHaY 2).

4. AT HX

DAY A &
B3 o322 AHgele) INE HRY sxe LAY
IRl W@ e S HYAE Y ¥ 4

13 3. Helen Hayes
Marker Set

EBAIRE EAZ A Fe] 2(Stephen et al, 2004;
Rakie et al, 2002; Redfern et al, 1997), ZAl2 2
=9 U] 75T E BE} VER 2Ysig (YA
P0°, L AAR 1 8°,16°, 24°), Holx 44
°]% Bo] S5 HAlA Wo|§ FaUcH Hansen,
Childress, Miff, 2004 738, 1995) a9 D).

a3 2. HHA 1=

TELE Zolsli 81 719 BRAE 2F i, 24
2 ddolg ASFEZ(ASIS)T WEEAN medial
malleolus)7}A e} A2 344 tha] Po)g 2359
I, VY3718 o84 FEuu)e wEY) 383
2 S 3FAAT. 3 & 25mm A E Bl
REH 5842 284 299 Helen Hayes Marker
Set& IR mA9 YA ARt A2 (sacrum),
2 A4E2T, A4S =8 2 (midthigh), F92 =
£9] 913/33}H(1ateral femoral epicondyle), -2 7
2% (midshank), #¢3 22 9 2Hi}(lateral
malleolus), #¢% E4 WulgmW olg) (second
metatarsal head) ¥ #$% $FAM (posterior
calcaneusl) HZo] 23892y 3).

a3 4. HHxte 2EAME
2y Atz
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2) 4¥9 A543

WAL AP A&etsS 58D B8 AH5S &
F, B3N Adxg Bon ATE A S
A FAl M) BHPE HA DA 7]15E Fsi
I ol¥ 28 AAE Hy-g Al wel 4zt A3
Aot A ARE B3 @ AW 2molA A IES
T g, FAAE TR S ot 2EE AR
3, 0F BAIRE LN thE FHTFANA A S
ANEAEt. A A M A2 B &2 A
=5 QAR o2l A& Zzhe] FAZeA 33
AX 8] o] B Y-S Aoz MHsdHad 4).

A &AL 6U9 & &3 vzt ol FoiA
Faicon System(Motion Analysis, U]3)& ©]&3kd
23U B3 B4 A4 ATEHYCIQ EvaRT4.0
# OrthoTrak 5.0& o] &8t ojFojAHrt. Falcon

113 5. Cadan-Eular 2T x|

5. Xt7 24

o] ATE AARAA 25 BIYF she B AAE
9] Atz wet 8iR] B WEE AwRe ol
339 A M4 AAZ gold @& 2R %7 (intial
contact)ell A2l zt Ao Zhzol & 7] (toe off) A1H
oxe] zt Ao Zhx am 7 A Yy, 2
T Ad(max) A=ES Al AN via 43}

System< %32 £39] &8 ¥ &S 60HzZ 438
2 29 vAYAE 127 6071 33743, EvaRT
4.0& °lF A volE g Yol Yo W& xolz
€ AAsn B 7] 549 dolHE FE3%
83 OrthoTrak 5.02 #&& & 71 549 viA
HA dolEl & o83l BE A A 57 A4=E
A 7 QA HANAR, 249 28 JaE) oA
ANSRAKFig. [ .6). 9o Zxe A2 39
& AAFETS 2 E o) g3t AR, FEHA
Az SEYZEA, dSUgdT, AAFEF| wia
£ ol&3lgct. HEHA] Axr F UHH FE2FS,
2 9 &RA} a2 n 95 dERT Aol ZxE A
2)8l9tHCadan- Euler Angular decomposition) (2
¥ 5).

b

28 6. mEXte A o a3

AtH(Benedetti, Catani 5, 1998) (28 T)(X 1).

7BALR ] At me] F717t 31A] #A 9] sl vl
T 9% 49E7] 948 99 FEH (one-way
ANOVA)E FAIR B4 vhdoz AHgslgled, &3
BATE fod d52 944 Student-Newman-
Keuls(SNK) HALE <] &3 283 391 fodFEe
p { 0.052 A3sAct.
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Max. dorsi.flex. in stance phase
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flex. in stance phase
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9ol ¥d x| MFE
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1. AlateA 2

Aol A, 98 HAAIRS A Frtd) e
#H(LEFA, FEU4, 99o1FH)Y 237 A
W3 F8 L ol 187 22y 7).

SEfAe] AXFHQ WE AMEE Hx) B
277 (initial contact) A% ZZX A|Fele] B
ZutolA] W& 23 =gle, & w7] (toe off) AHNA
A2 ZF(plantarflexion)©] Yelsti7t §2471604 o
Al v & 23] deldt}. 123 AR HAte] &
7185 AR)7) 23 33 447] 49 A wiE
T e 1 167, 24° oA BAA R {Ag
a}el g HATHpC.001). 2 7] AlAS A 23 @&
BRG] Z7184E F7HEIAR 24 ° oA FAAez
Fag Zol7t AN, F247] T A AS 2F e
SE BAE 16 ° A e 2 Aol7}t il o} 24 ° oA
ZFasgen FAHLE F48 AolE EAG
(p<.001).

ZE0A] AAAQ WstE AWEH HYA] By A|
7)o o] #aA=Y B3 F7]9) 50%F A
7182 EZo] BAE7] AlFSIH R, L ol F thAl AA

B 2. AdgidolMel A7 24

=t 2F A2 B3 /3L BA BYP w3}
Aen B3 F7) Auld] 2F §Y0] vein. A=
9| AAtzZte] FHEFE AAY) 2F gl TR
16°, 24° oA BAALZE {4 AAol7t JAAn
(p€.001), & w7] AjS] 23 g2 YA 233} v w3
8°. 16 ° dlX & A2 3o 24° oM e oA F715t
A AR Fo Aol YRk = 47 F
< i 2 g2 AAol RS R F
ARz fofF Aole Uk 23 /47] ¢
0 2T F& 0§ MR 24° N 23 ke
FAALE Fo@ 2ol YU

ol RE} AAHQ AE AN BY 3] T
g Fo Ao} et FA719 F710 2F ol »
BT}, 2. F BALRS] o] SAVEEE AA7] 25
B2 F7HAL, 167, 24° A FAHLE FA® A
ol7k AATH(pC.001). & W7 A 2] %L BAG
16 ° 7R & Aozt eyt 24° oA F7kEIIa,
ARez fo4F oIt UANATHpC.001). 471 T
ol AA e 2§ AR 16 ° 7A€ Aolst YU
24° oA 2oy FARCE /A F Aol Sl
o /A7) B Ao 23 e 08 AMEY A+ 7
AHe] E7HES4E F718I0 16°, 24° oA FAA
o2 {FoF Aol7t AAH(p<.001).

ohel - ZE(°)

a4 gy Fzk p& =Ygy Fz p&
wEgy Al 74.955 <.000 *** A2 6.484 .001 ***
A3 31.038 <.000 *** AM 8.227 .000 ***

Bepa K1 41.836 €.000 *** K2 1.905 {.141

K3 1.592 .203 K4 1.758 <.168
LA L 22

Jrjo} B4 H1 31.535 <.000 H2 7.199 .000
H3 2.816 <.049 * H4 31.291 <.000 ***

* p< 0.05, ** p< 0.01, *** p<.001
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2. BRI 24

TGN, BAIRS AAzte] B3l e WE
#d, FE8H, Jdolgd e Axdez AujE W
2 obef a3t BH(2Y 9).

BA B3 A =2 Fde) Wl (inversion) ¥
(eversion) W3} 32 2=]7]9} B3 Frldle o
2 AR ]lgy] Fut ool YTyl RaFs]
60-70%°) Hdl o] LAY, BALR S FHA}zZo]
71T E AR719 B3YF7] o ghe] FUHEIAT 4
Z}7] B¢t Ad W 3L Aol F1EeE Fol6lY
2167, 24° oA BAHCZ {olF Aelr} Ut
(p€.001). #2471 B3t Aol W g FAAlde] 1
5 8°, 16 oA 237 F7IEIAtt 24 ° oM e ¢
42303, BAHo2 o8 Aol ATt

YA B3y A & #AQ Wit (varus)I &yt
(valgus)9] ¥3t 3 23] F7] Atd] jylo] e}
weounl ¢zt7] otk A Uet glo] Yelen) #77]

pud
[]
T

3. ool Xtz 24

E Hd) i gl vENT. Atz Batze] F7t
55 Fx)7] Wit g2 SV 4471 B Ad
Wk 2 ZAtee] Azl $71d S 1R T 16
TL 247N BAXHLE fAF Aot AAT
(p<.001). F247) B Aol it g AAIR 8° 7R
€ Zol7k UL 167, 247 M 23 F7HIeY &
ARez FolF Aol YT

BA 2y A Jo|dde] Azt oA Ws f3 S
AAH o2 Anud AA7)d) o2 AFHAG
Hajo] AYRA A} WAl BAsH T A HYF
71 60214 Hdi 9ol St 2 F 2lHo] s
Ak, Atz BAte] S71EEE ZA7 9 By F7)
de d =& AL, 447 ¢ Ao A g2
A= Aol U1EeE Ut ov BAAes
fol @ Aot YR /A7) T Aoh AH G2 BA
29] Atzte] S71ErE 24 ° oA A3 FUbslgov
FAALE F7 Aole U

Bhel : HE(°)

¥ sPEs Pt pat Qw4 Fak pak
SETA Ab 32.954 .000 *** A6 1.936 .136
FEUA K5 12.584 <.000 *** K6 .986 .407
Fdol #d H5 17 (513 H6 1.743 171

* p< 0.05, ** p< 0.01, *** p<.001
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A By 73S Auud ol 193 22y 11).
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E 4. gotoidoire Xtz 24

Degree

Ramp inclination

28 do] FAUE. AA2E Ao 93d He
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B BE A goldde AAAY HA W 59
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Qizte] Badhe Fele /Mg AAQAA A Fo i
ojt}. watA z} Qe Aol 5] B3 A E 7HA
2 Yok B3 fEe AR A, AAMTE, A8
g, AA8 ol & AMFeln 4 §4L
Vet o8 9, 2% 28 (rolling gait) vithel
wigold 8L FAE7) S8 AEE HA & HdE
23 S ehd Aotk o1d¥ (waddling gait) B
golehs gol& vl Aldo] A1) AXTF2E S8
Wi sl Bajoljt}, ~6)A 7 (staggering) K2 & &
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£33, ¥ vhe4 (bouncy) R332 & (vitality)#
& (strength)e] ¥7 AEF Byojct. 24AH
(swaggering) 282 Z38% 44 & Jelle 23d
i 94 (mincing) 238-E 9|7} gl Baolict. B3l
A7 BINEL AEE Folgle ZAAY A= Y F
f¥os yehdoin gt} o83 SUF F3 L FAdP
A& velin], 28$ &8 4 Ut

289 o3| & s 7198 o) AL Bage
o7 @A 2 ek Bzl ¥joto gl Rancho Los
Amigos Medical Center?] FE7152 H3& A A
A2 FEs Pt (1)AFT&(weight
acceptance), (2)21t}elx)A)7] (single-limb support),
(3) 21 (swing limb advancement) °|AE& &
@2 FPE AL Aol AF S N g AR
71918 9% thald] 45§ AAsA #F delg A
& 4 et

Winter® 28-S A 71X 2 FEHed (1DFH o

H8

0 I 'y g
24 16 8 0
Ramp inclination

el vj2], AR, Ak A fAEa, (2)Fukz A
AAE $A3, (3) do] B @A ¥ F=IA =
A% 4 913 U5 ER 7] (heel contact) & @} ol E
SRS o3 FE-E B v} ¥lRsta, Winter7t £F
A7l Bz 25E3 7] (gentle heel contact)
w33 (foot clearance)2 Aot}

B3 24 JAe B2 23 2N0A FFEE 3
g BAo ojz77tA t<3tc(Harris and
Wertsch, 1994). 33 5882 AR A 714
E3] AHgHolA 1 Yl 71geln). Bae] AAQ] BAle
2, 3A7E Azte) A TF, = 239, U3
Az 22 438 BFo g o|FojAL) oG 7lE
& B A By f¥o g diHd FJEE
AFeT} a2t FBA By g0 E AP e ¥R
Zt3} e 548 23 S48 AWA o] ojdte
Aotk (Rose 5, 1991). 2719} By 242 A &
o] AP, ¢ T 37}, AE9] HPA FHrldl £330
dglevt, B dpvt A b} dAe ZE ol
29g #4387 A8 AEHdA R A (Perry,
1992). 80 WA A= &5 E4e dif 2%
A 34 vEY 993, vl-&H (multiplier method)
o] BAo] &L ojF o}, 25& DLT(direct
linear transformation)¥4]& oj&sl= 33 £4¢|
23] AHEEHolA 1 UTHADF, 1996). B3 £A & v
AR 25 99 A PEE A Fata, o] F7] A
ARAQ HALE 7Hs53HAl 319 (Ounpuu and Gage,
1991), 32HY BAL 4 $F3HBUIM ] BHRES S
A 5 ot AAdAN 71 E 280l oA
AR YoddAe] 52 WA Bajo] AT 58
%9381t (Whittle, 1995).
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B3] §M A Bejol AT FIL ALEL 1R
2 Hrlo ). ojg WfEdle T o], BF,
&4, 1337 &7 Be&n ] 9y, o5& Ut
ez 238 4 a F-43 ARE AFTR T
# Zo|9} 12719 7] wigg vingozM A o
R AR FRE & 4 U=, A7 /K71 2
A NS EFo A FA] B ARE don,
a&gel vLEe g ZAFoTH J)5d AN PRE
AL 4 Yk (Rose 5, 1991). 282 ¥4 433 &
Fe2 Q1 A H} n3) W] 41E golrr] 8 &5
A 24, $598H £42 B0 A B 9
3] AR A & & AE Rolth

wajo|A Aol ek Al Y& B, FH,
a3 AL (ground reaction force, GRF)°|t},
v 22 93 g9 7|9 BERe YR (force
platform)¥ Z& g AMg3le] & 4 Qi BgL
¥ 7143 QA #do] glan 71&3d volrke
wakal g2 gk, S8 7t 239 A% 42
A} ez ek, AEnhdE e o s A
Aol S e, AAIE LS B3 AV} e
Y3t viitgke|n] Arle Zo. AW E A Fol%F
8% 2 A7), 2713 (skipping). &% (hopping). 3%
(jumping), 2217](running)dh=dl 7} F8% ol
o}, AARbEE L vlee] o] Hojlq FE3Aw tEF
Al (center of pressure, COP)2 Q1#2] COG(center
of gravity)7t Z+-8-3l= HollA 2H4-3lx, F2o| 243}
€ A 23

WAQl & 250 ojs} Aadn. Ad, 4, #A,
e A, 38 At Frahes 288 Bz
gch 289 5L A= (electromyography, EMG)
o o3 FEE & glon], FAEE 289 5 o3l
AAE = A71H 5L 7158 Aok, AR /Y-S
By F 259 8% 58S sk Bol AHeHA
o, 2AxE Y|t #9%(cinematography), ¥
(force plate), A3 2 vel(eletrogoniometry) & 2
#3l] HPRr] F 289 Tl dovke A& 27|
A8 A AHgE At

of AT L& Al By Al Atz @ &R
#ie W3S Fsg A PP S B4 LolRuzt 3}
st

324 B3 A5 A3 B, AA A del
A, @2 #A-e MaFafyen™ Winter(1988)e] F4l

o5 A WA de2 Bol&El/(pull-up) BANA
AFE Zolgele AN el 3, T A 4
%€ A A (forward continuance) GAlCNA the
S AAE Dol L2le FFAM vehjopt Jot
ol AFoA & AAt2e S F W¥e} A F4o| v
Bl o]A L 28 AX2oA e wETAL] 7o)
P931%7] qioletn A4€ct. & 28 AR B
N AR 371855 B5 A4 259 98 57t
St & 4 Y& Aot 249 (2003)& A =0l
o] B 2& EHo)A A o7}l 18cmolde] &olF
e A A& 9A 7 velsia 14emol 8kl 7§04
Yeh)A) eisktia Hafo

& @49 A8 B F7)9] 50%& At 7hst
& 2o B AR 28 AR B
7 B3P} v 13 §3PL Blon FAge] Ft

& AAF o2 27 gol 371 S AAge] &
FE AR 27) 2F ol e FAlde] F71dsE
A 271 2F 33 ¢ W] AN 2F F 2R F
7o $'93(1995)9) A7 Zas fAIG 2AE
-Rii= %

Jdol@A el 739 Andricci(1980), McFafy and
Winter(1988), Bowsher and Vaughan(1995) %-&
wPR7] 20t £ '%F £4(weight acceptance) 7
Bol22)7] (pull-up) QAN dFolRde] Ho A
Ao} etttz BuEglo, o] Ao & AR
B3 7] FVH50%) 04 HdaAe} eyttt

EA WEAEANA, o] QTN BEFHLE 2§ 3
AbR 9| 7Ateto} 7l whet FA 279 Fle 9
Wo| vehjrizl BaF7) 60-70%<) ) o] Wy
AR 0|22 AT AHe] F2AH | - 95 AP L
AZded F8F 8L 87 W& (Kowalk 7,
1996), &F AR B3oX e F18L o F84
tia Aztdc. 2449 (2003)L A Eo7} Eolds
E iAol B2 1§ dtn Baud

FEWAL & AR AAtze] 71842 2R
2719} 371 ]9t gho] FrIEIA R BPFr) 35-55%
Aol A 2 otk gto] Yehton o] David(1996)
Sol FE9 oute xunhiy eyl 33 75 B
739 UEE A7 b B3] <t 3 24
87 drke Bael fARIEY. 285 HA By b
W& L F AAIRAN &0} ofut ¥ishrl fo)8A el
d AL AR AAdRe FU12 9 By 739
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W7t Adche AL guig.

McFafyen and Winter{1988) & 23 7] £ ¢
Z7)e] gRES Yoluae) o)A §¥o] TR Ao
2 Bagey o] dFNME 8 A ze] Azl
271842 977) $¢ 9A F80] ettt ok &
£ ANE By A B8 37 BB 59 Jdo] B9
Aol BYYTHE AT ARG FARRAR(LHY,
2003), o|AE HEPA HPHE Eol7] Pal DS ¥
22 2892 7] BFolg AlrE.

Pougoa, ol pae ¢ RyFs Bok A
3 RS HEPt 27 AN FEAAT} =,
Ao W)L Feturse miAe 220 33 24719
ojuin, A} AHBL 27 w2 LEAA Dol
otz Eastg e vHOunpuu, 1994; Perry, 1992), ©]
Aol AALZ B8 Aol o] Uehtor &
£ ANES AS 32 PR RBFY) 50-60%0A
UERtT Azl Z7HE4E 83 e ZAsignh

o] AT 20t Z2¥e] AAAL Yoz AT o]
= A4 3L dEIDT & 4 P A2 o)
U Zo] u3jo] AZH a7t € S Acke AL A
#goz Amdt o Az And AUAAEE 7|
sl A7 Lot dom AzslolA, deos,
SF AN RHe) A 16° ole) AALzeN ny
%9 Wyl 27 Yehden ok 28 AAE B
7S x| B8} v el HIARTRE 2L o 3
24 @ R0l A2ty

V.2 &

ol ATe A% 49 238 L ez AxeA TF
Y BulE o83l 2F A= By A FAlze]
€ 3t #d9 534 Hge BN &8 74t
2 B3y A BAZ Wdsle] g Al £F HHdA &4
BEe] HAdA 5 K3 B ds 22 des
At

1. Aldteia B4
28 B BAle] 37HE4S 9E B Wg

g 29, A7) iiF 23 g3 2] 5 Ad S
EF % 16°, 247 A IR & w7] AjHe

Mg 22 T FAV) FL AN ASF SJ ¢S 24°
A F7 33 BAALR fo g Aol At
(p<.001).

28 AR AAlZe @ 2§ @3] WgE B
W AR 27 FF AL 16°, 24 ° 0N F7H S B
A2 Fg Ao} AATHpC.001).

28 AAZS] ZAtzel] g gdo|dEe] wslE B
9, 3471 2F G 16°, 24° oA V1A §4
Hog {ojt AolF BA:(p¢.001), F W)7] A1FY
2 e 24° A 37181 BAA L2 ROl @ Ao)
£ 23H(p<.001). A7) F<t Ao AA ge 24° o
A #Zaddn FAALE 94T AUl AWz
(p€.05), &7 BT Ho SF @2 16°, 24° oA
3711 BAIH o2 Rl @ Aol7} URATH(p(.001).

2.

I J]
0z
(5"
0
Hr
1

2F BARY BA F716| we 2E e A
€29, A7) S AR IR e 167, 24° N F
7HIAL BAA LR {97 2ol RA(p(.001),
2}7] T A WY e 24° oA A2dsey A
HoZ {ol@ Aole U

2F BNEY BA) FEFS TR TS A
& 29, A7) ik @t I 427) B Ad
ek 2k 16°, 24° 914 Fvlein SAM o2 ol
g o] 7} AUAKATHp(.001).

2.5 AR BAlzto] SI1ESE gTo] B v
B8 B9, F27)9 1y Frlde WA He Bl
1, 977] $¢ Ao A #2 2F BAE Aol
IHEFE TG FARE AT Aozt §
A 747] B AU AA g2 2.5 AR At
o] F71EFE 24° AN A3t FrlA Y FAH L=
F1 Aol & AU

RF AR Aol S7HESE 2E WA W
€ 29, 719 By Fr)d& A2A kel F71eR
2 BT 60%00M = AL 23 Ho] velton 44
71 B¢ Ad WS A 33 F471 ¢ Hd A3A g2
zte] Zole AL BAIZ whE 5B 93
A Zxe Wste FAHLZ fog o7t YA
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