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ABSTRACT

Ojectives: Both load carriage and stair walking are frequently encountered during the

course of normal daily activities for obese children.Previous studies had investigated
that exceed heavy school bag would influence children’s posture gait and plantar
pressure during level walking Pertaining to obese children are focus on pathology and
daily activities inconveniently in unload conditions.However,research on sports
siomechanics for obese chlidren load carriage during stair walking is rare so for.To
examine the influence of carrying different weights of school bags on gait phase and
plantar pressure in obese children's stair walking is this study objectives,in order to
know,is there potential risk for obese children when they loading heavy school bag

during stair walking,and provide somen suggestions for relieve load.

Methodology: Sixteen male students aged 11.19%0.66 years (bodyweight75.26 =

15.99kg kg; body height148.85+14.07cm cm;body index 29.78+4.10 kg/m2)were
recruited randomly from shi mu yuan elementary schoolto serve as subjects.A camera
(sony_1000e, Japan)was used to capturing gait parameters during children load
differents weight of schoolbag climing stairs,aimed to collectiving kinetic data, two
force plates (KISTLER,9287BA,9281CA,Siwtzerland) were embeded in the third and
fourth stair respectively. Four backpack (on both shoulder)with 0%,10%, 15%, and
20%of the subjects’ body weight, were used when they load ascentedand decented
stairs.Each load ask children to finishied 3times smoothly.Children were asked to take a
rest for 1miniute when each trial was finished and when three times trials were taked
they can take a rest for five minutes. A repeated ANOVA measurement was performed
to compare four difference loads for each dependent variable and the paired samples
t-test was used to investigate whether there was a significant difference in each

dependent variable between ascented descented stairs ,(p<0.05).
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Results:

1. Gait parameters : In ascending the stairs ,the gait cycle duration,double support
duration and stance duration were increased along with load increased and swing
duration were deduced when load increased.The results showed that the gait cycle
duration was significantly increased with 20% body weight when compared to the
0%,10% and10% load conditions .When carrying an backpack with load of 15% body
weight or above induced significant increased in the double support duration and
carrying an backpack with load of 10% body weight or above induced significant
difference in the stance duration and swing duration. In descending the stairs , the gait
cycle duration,double support duration and stance duration were increased along with
load increased and swing duration were deduced when load increased.The results
showed that carrying an backpack with load of 20% body weight or above induced
significant difference in the gait cycle duration,double support duration ,stance duration
and swing duration when compared to the 0% load condition. When compared to
acsent,we found that stair decent showed significantly greater in the gait cycle duration
for all conditions than ascent and showed significantly greater in the double support
duration in 10. 15% and20% conditions.

2. Vertical ground reaction forces: In ascending the stairs ,the first peak,minimum and
the second peak were increased along with load increased .The results showed that
carrying an backpack with load of 10% body weight or above induced significant
increased when compared to the 0% load condition. When carrying the backpack, loads
of 10% of body weight or above significantly increased the maximum (first) peak force
in decent. When compared to acsent,we found that stair decent showed significantly
greater in th maximum peak force for four loads.

3. Medial/Lateral ground reaction forces: Statistical analysis showed that there was no
significant in the medial/lateral ground reaction forces for four conditions whatever
asent or decent. In ascending the stairs, the maximum peak force is range from 0.069
time body weight to 0.075. In descending the stairs, the maximum peak force is range

from 0.12 time body weight to 0.13. When compared to acsent,we found that stair
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decent showed significantly greater in th maximum peak force for four loads.

4. Anterior/Posterior ground reaction forces: The results showed that there was no
significant in the anterior/posterio ground reaction forces for four conditions whatever
asent or decent. In ascending the stairs, the maximum peak force is range from 0.12
time body weight to 0.13 time body weight. In descending the stairs, the maximum peak
force is range from 0.16 time body weight to 0.17 time body weight. When compared to
acsent,we found that stair decent showed significantly greater in th maximum peak

force for four loads.

Conclusions:

1. In ascending the stairs and in descending the stairs, the gait cycle duration was
increased along with load increased , in other words,the walking velocity was reduced
along with load increased. The gait cycle duration,double support duration and stance
duration were increased along with load increased and swing duration were deduced
when load increased ,that is to say,children’s stability was decreased as the load
increased. In orde to keep balangce,subjects were forced to compensate by shortening
their swing phase or adding their stance phase, which may be an attempt to minimize
the duration of un- steady single-limb stance.

2. The results showed that carrying an backpack with load of 10% body weight or above
induced significant increased in the vertical ground reaction forces . The increased load
carried on the back would bring to the potential risk of lower limb jionts muscle fiber
damage when the load becomes too great . Statistical analysis showed that there was no
significant in the medial/lateral ground reaction forces for four conditions whatever
asent or decent.The same situation for the the anterior/posterio ground reaction forces .
When compared to acsent,we found that stair decent showed significantly greater in the
maximum peak force for four loads. As to the medial/lateral ground reaction forces, We
concluded that during decent children showed more instability than ascent. As to the the
the anterior/posterio ground reaction forces, stair decent showed significantly greater in
the maximum peak force than stair ascent,just because during descent the forefoot

Vi
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touchdown ground ,add exceed vertical ground reaction forces, It postulated that obese
children are at an increased risk of developing foot pathologies due to increased plantar
loads being borne by the small forefoot bones. caution should be exercised in relation to
the load carried, , and the use of shoes with proper cushioning ability.

3. Consider gait parameters and plantar pressure ,We concluded that back pack weight

should not exceed 10% of body weight in obese boys.

Key words:Load carriage Stair walking Obese children Gait phase Plantar pressure

Vil
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1.1 BREAYR

WMELFHRE, HEE4ABaMs, #FE445IILEXEIESEMA. HELE
HEOAE T HAGEA R KNS EERE ™ RIERE, BRI JLE
BAMPHERR 5.3 TR, #iE)LEAER 105 ZENEENBAEERMY
F17% B.W. V. F¥JLENEYBAEEMS T4 20.2% BV, . EEEAE
BHaMBOEERSMIEER 20%, HREMNKIFEEKEN 182%" . BEM
ZNABTARPNEENBAER, FITARFAEEREETFIIN 4.2 kg, F
HHEAE 11.1% B.W. . NEEEATERKEETRRENR, HFEHRARILTEN
BaBHion LERNEKEEERRSAFEN, FlndEMNBASIRTER
B, SHUABRAERBEA S, L ERAKZZXF PG ETENBRE AETE
HIEF5Y, R Hong "™ MBI = ! (ot FIEH JLE A ER R RARL L#ITH. 4
TN ER JLECEBENARIELSAREE,. PAFTOMIRMNEERZ . E
BE)LEAE D —ME A B AEE N Okl . ERESHE K
FERRE, RMAMERILE—F, BERILESRUELHEENEN A LY
EEE B ER . EFFIESE " EEILENEIRARER LEFR M E. T L
FROXEN A HEES R LER LR S BEREAE . XTFREMILEE AR
EEMPE L TEENNIEENMEEZNEAEW, 2HMRRE—IFH. &
SCGREFERELEY 1 H S AREENIUR Y BA L TSR XN HLHM LR
= FIHIR .

1.2 XEEik
1.2 1 XFIILEREEENTR

19794 Sander 5 ABF 5 RBLE H 2 475 0 BB B BB 11 ER18. 2%,
B 1 T RO i B2 R 1 20%

1988 B LE S RED S HERAFRS LS R BAERRYREEK
B20. 2%, MATHIFIRIS1 24 24 4645 A AL T R . — BHF SR,
A RER T HI454 2 E B R T E R 4. Takg, BT 4 AR AR M4, 61k, FTLL
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fATA BRI S BEMERE X .

19974 Pascoe " & AN EHER H11. 3% MEEFEMTARIEL, REZE
MR EEREEHHNT. TR, AGEIBERLIT. ERRH=FEERBET (&8
BEE. WEEE. 2EEsE) RMEFREATIRAERNEZEMER RN
HEFERRMNGS . BIRRNARE. B8, NUERAR. BRSIERSS
S EMBAERHF. fETroussier” fl Johnson' " IFF R P18 H T —HAIL B .

MIECrimmer " & NIRRT, EMAFTALTHILES AR FHBEEEN
5.3kg, RAMHILEEENL%, GrimmerZF NAABERRESHEXRREY.
2001 EGE &AL 6-14 ¥ )LEDENPFANER, RABE G LR, WeE)LE
SERKEEAE. BAORUERRAFEHERPHAEE. LR, REHEES
B, HMEAEHLRFILE T WL BB KELE, REERNE
RETFIILEEMWEE . HTHERERR, SERAN—LiRfE, RELEDFEE
HERN ERIEEN ESEER 8%-10%. BEDE " ZAMILRT 1208 £ 6-14
SUNEA T EERSRRKRASNEE, FNEXEAEENBENEER.
GREMFEYFERTIN 4.2 ke, ¥ EREHEH TR 11 1% £HH
BAAR KR, 53. 190 /N F AR 86. 0% R E4AH R, G HT. BER
a. ENERE. FEAR. MPRESHEHA. mIAAT N EEEREEL
|, M EEWIERRE S EARFRE.

2003 FEEFL TEAFHEHBERART 52 105 AL EREBRHE
10%, 15%, 20%RBERTHARITFRREEH R, FREIAENH SR THBA
DAR R SR EAE S, AR INFENBEERANNEL LERERN 10%.
1.2.2 UEMSHHEWBHAR

Hong#Brueggemann “? 51154 B JLE (Fi#810.3110.26%, £E33.53+
2.64kg, HE141.86%3.77cm) HH EFEE%, 10%, 15% 20%HIXUE HEIERE
G UL In/sHIBEITE204 80, R = HBEITTES T LERN D SRR
BRI, ERER, AE20FEN RO, PEHERTHOIENET
SrH. TEAARTEIE S, 5 50%B. W, B I E E N, MRS AEE
BB EMERLD. AT NES BN AERS TEMNNENEL, EEILE
TR EIARRE, 84 ) LB 5 S R ST I I (A SR 4E 554
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Ghori ™% AR RIIEME L USEE 7 E20%, 30%, 40%, S0%HE
f B I IR A U E I B S 0, $ESIAR R [ BEE R E
0 PR 2 R

TOHE 0 3 T 4 B FERSRF Y AR (AE#S26. 243, 9%, 62.8110. 9kg, HH170.6
+4.7cm) B Eekg. 12kg. 25kght P AMAT THAFF 04T T AMESE
BHIAMLMNY .. BIRERY, RERAGKTHSEREERK, PKENAHE.
R )N H RUE G AME RS 5 2 LA SREETIAE R, RFEMNRERR
HHARBESA, RENSLESHFERNEWES. AEHENIMERNFE
RE®ET. BEHURRTHIESRER, B THITMMANEDS. HHAE
B, BEORE AEEERMIE B, XABRHRE UMEBIBR T SRR TS
T LA 8 T SRR B 0 T 6 ool AR b 2 K
o

Tarkeshwar Singh™ 2 AXf 17 4 (4E#% 9.65+1.58 %, 5 /& 134. 41£11. 01
JE K, MR 31.0947. 01 T37) ZEH & 0 B LURALE fU S RALE g 77 N 51 10%.
15%. 20%H0E B DL E S REAFE R RATENN B, W 6 SEF 10 BHNES
HOHAT T O & RRI, B4 5 & 1 E 209 A BN L AERN P E B2 K,
RIEHEAL S0 E 209K B 50 E 10%AERBHI T BEHER. RN RKIURAL5
ESFEUEMAERKNERE, BRAEEEESR. Tarkeshwar Singh FAH
MRLERS Wang ™ S AN KRE T EWNEHREAMARER . A5
Charteris"™ % A X TR ¥IENBENNPRELE R AR, Charteris ZFANHIHTH
RI, HEBEE R B INEH D, AR EB FUE 60 ERIREE HAER .
Bl Tarkeshwar Singh 2 A AR i E X LERA LT T W IR RFE N PR
R —B. T TN A E 2 X —F5%5, Tarkeshwar Singh % AMIETRS
Hong F1 Brueggemann "™ (AR E R —8, EHE 20%KER, STAELE, X
THEHEAE S HEIR T SEMERM. Tarkeshwar Singh E AR KEHHEE 7
FHINE S BEMT, MAIRARSE Kinoshita™ % AKX BENRERF
KR —H, 7E Kinoshita Z AMIBIR H 2055 40WEENE HEENBAHTIE
SK ML, KT Pascoe™ S AMMAKRI, BMFERE 1T%RENERLL5IE
K B E R,

LaFiandra"" 4 AWF5T 14 BERKFEEMRALERE EREINESEER,
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L0 2m/s B E M IARE, BART 0.6-1.6m/s (1 6 FHEE, AT HRENTEER
MR TESSESENEN, SREISTAELE, RE 1000 & 55 MR
B EERED, SEEERRD, SMEEHNM. LaFiandra FARHA
M ER S T AR, 5 3 AN S5 Y 0 feh R A R U A M N P AR5
B 2 ) W R R/ T T FEE R

Hong''%& \ B AT 13 & B JLECER 12.214£0.98 %, KE 4712 £
9.69 kg; &% 159.66+ 9.67 cm) i 0% 10% 15%F1 205N HREELK
HEY. WESHFHEMRARY AR, L THRNESEFERTTHR. HRK
B, AR 15%B. V. BIXUE & B L5 SR MG E R AR K B & g M, M
55 10%B. W. B A5 A S0 R ML . YA EE A5 AR A S5 IR
LAFHUR. TN H 20%B. V. FFHEE, 5 0%BW S5 SHEHAN
SEEARR B

20034EHong ™ % A 5123429-10% f1 JLEE T 510%, 10%, 15%, 20%A EK R H S
FEMUAT SE R AR RS H, BTHMH, RTEHEERT TR FRRKAR
FoWEEM BARSSIEERNEEWIE, KN TFEESNSEENBASLT
22 Y 3% 5Kinoshi ta™ Bl M I AN E G SR A S KR P E A B
SKRiINottrodt 1 % A 4 Ak S EIA B AR SUEMRBRET, 4 S RABEATE
W, WS KRBT ETR, HongZ AR, 20%AEIFEHFIEER
MNEAEBER R ERR, SRE BRI, SRARBHEER/DSINT
SETE. SANRASHTE, WAERIEEEER, X5Hong™ FAER
& FHRHF AR B HongS Ailh, A LSRN RSHEKNENSTER
EREEER K,

Li'™ % Axt 6 5 F1 12 P4 LE R E A SEER 0%, 10%, 15% 20%H915
AR ST ER R T BART T, &RRIMEE AEMEIMRALERE
THAYIBZ M, 7€ 15%8 S 4 EEEMNHMEZEEM. LHERALENEK
THfAEHGER, EIIRI 12 S BENRTEDHUEEERT 6 SAILE. i
I SE RS R R X S E T AR S B A .

Riener "% A%t 10 2B (LE# 28.8+2.9 %, AE 82.2 £8.5 kg;
5% 1.79+ 0.05m) b F 3 FREE (24°, 30°, 42° ) BBNPESLHET
THISY, &5 RGO AR R 7E SCHE (R B0 59. 6—63. 7% 8], RS STIRARRS
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V6 il o A T P O3 DN T 384 0, T A e S A e 1) B A 6 B30 A 8 o 7 AR
SERPRE LENEEEREENENImEK, TRNRAEEEER, R
MRS ARASRNEES T TS ERAY.

1.2. 3 FHITEUR E T EEZ DR

TR % AR FFootscan RIRE NS B S REMIR T 1082 JLE (F
#:8.94+1.2% ;4K E30.5+8.9 kg; H&136.6+10.3 cm) F fi2kgfldkgEEATE
W& CIRE ST . GREWY, F)LEE 74 keBOITEN, TKES
. SRRBESCH b (E DR K, SCHERREK ;0 ARkt 2k 2 e 2 5 R
Kla, EHHEEHARFTELRAS SHERFFE . BET A EENEMEEEH
B Eelin K, AT A E R T RetE g s, W) LE KA ETEXN S & T AL
PSR K, 2 % BB X AR SR 5 T BRUBE AR AR, SR LEZ S EHRF .
Hong "’ & NEER ARG 5T134 B JLE (FFilf12.2140.98 2, {AE4A7.12 £9.69
kg; B8 159.66+ 9.67 cm) 0%, 10% 15%F20%F I PBEREEUKBFET.
WRBHFFHARE 07X LT R REER DT THR. RN, L
RS L 15%B. W, R LM ERASIRB RN ENEENE K HIEENEE
HEXEIN, TOE F10%B. W. (888 B AR &5 EX A, 3K EBEX IR
B 177 R BURK.

Stacoff " HEAFAM A EXT 3 MEBBRIAR (FFEAN:3B.7 & FEA
63.6 %: EHEAN: 76.5 %) EFHATELURLE 3 MR ERR BT RN MBE
RAERIEAT THR. ARERKE, EHMEHRATE: ERENIIED g%
MFPHATERE S &L, KRR RERNHE GHER: THNEEHI
WEfZH L, EREABFEINRRWE —EME, KEHRRDHE ZIERER
FHE IEEREIL, B RE i E R R s s A G . B
AT : AWFHATES BB RIEA DN BUARE, LSPiE THIE
B, 3 FEEREARN S — RN E KT PMATER, M ERE TR ERERA
TR R, TREMNE —IEERT ERNE—IEE, M8 _EHEE TENE
NT R R, BEREEN I RIEANTNERARE. FRALREFH.
ERERTHMMEARERANY R THEANEZFEL, MPFEHANEZEHZ R
HFRENZER, RESERANITEREREX.
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Riener "2 AXT1042 {2 Bt (££#%28.8+2.9 %, {AHES82.2 +£8.5 kg; &
m1.79+ 0.05m) E R=F3E (24°, 30° , 42° ) MM xIERA HHITT
W5, S RKINETE 77 19 B RAEF 1 2RI R BN, BT E T M B R R
TER WIS RS, AMRERDEFAK: ZHREMEEZ R KT
THEERE TR, RAEBRENERD R RIEA D& TR EE
HJ7 R R AEF 71#714. 8%

1.2. 4 X FRRBEE A RHIRE

FERE R SBARBE L THRMEFE, BUEE M RN 2 HER A EiET
EHME, BEERDAELL 2000 EH3RE, BRSHILEBERER 10%, E
BEZR g 2%73%; RRERIEEFRILELEERGE 20%-30% ERERD 5%-15% ", AT
MEEAERERS, FEFSERHEAERED (veight-for-hight). AERRHIE
(body mass index, BMI). F#8E R (skinfold thinkness). AlEE EME (total
adiposity measurement). KB LW RMAEEFEHE, 20024 2 H, WHO AR
VEHLIX BEREAERE ) AR T WMl E 4 R BMIKI8. 5 AfRAAE,
18.5-22.9 AIEH, =23 AHHEE. H9, 23.0-24.9 HEKRMEEM, 25.0-29.9
Jy T ERERE (REE), =30.0 4 ITERE GZE). UTFXTREILENED %
WRFUI R UMR E TR B0k b 1) AR R FOARTE

Riddiford % A Fi| F 4% L 2 ENEE AR X624 JEAE ) LE 624 H & HIRTIEARRE L
E 1 B M1 FE 5 Chippaux-Smirakig £ 1T T &, &R AR IILESEEILE
R EEHAESEERA (BB AM38.14+14.77/%, #H37.63+14.007%,
AEAERE: A 46.90+11.40%, A 46.07+10.917;), Chippaux-Smirakig¥ &
EHRAK (IERE: Z£H136.30%+14. 36;, A MI36. 82%+13.97; FEALRE: A fH120. 62
+12.92, £H23.35+12.42), RiddifordE ANANNTENKES KW EEHATILE
RRGHFEEREL RN, WRIENFESAIIEE, Bk EMRMARE.
Bordin " % %t243428-10% %4 R AXNHRLE RER, £ EHEEJLES,
P RRREERZL6.4% EBEMEMIILERN27.3%, IHEMNERBIET
Riddiford% AHIHEL .

Hills " % AXF10% ERE JLEMI0L IEHR JLE, FIFB & TEBEHLH L =F
SE(EFEE; BE: 0% EFERE: RE: 130%EHEE) EHITEIOKERZN



WRBE ¥R EREFAR AREAEEN NELTEENPSRARR HHIZW

WIEmES RREFEITHE. SRER, E=MPET, EHILESERLELE,
R B A K5 25 B B DL R A st ST AR B (8] s 5018 (1028 40 LA R AL 18 B AR G S L
E=FPET, ERILERMESENANRE, BELENEG TERAISKHKR
FETERMSK: BHIILENS T RTEREJLE. Hills fMParker @717 T
=MEETE. B BXPERREANENER, SR, EHILEMER
JLER = KRN AEAER—FEETENNZAELMLE, R LR =7
AT EER SRS IEXTAENSURRN, KIMEHILEARERE T E—RZI5K
TABERZENRK, WER UL AR LE 2 R i B KRR B B8 5K A SR 58
HEREE.

Fregly " % \7E 24 3k YAT R AT hrueRt, 3T T BRaTEESh A SN mT e 2 M F
EHIRE. AP IR PEINRE RS SN EFR/RET THXSH, TIRK
WA 10 Metr 5 FaEse iR, HPEE. AREREAGE 3 METrHEX TR
me MMTAA S ER TSN ERREFTRARZW, RESBEENGE
TELEBRRIE.
| McGraw "' % \FIF =40 1 & FIRE 57 T 8-10% (104 B ) LE 104 IF
FHENILENEARENESES. PESMNT=ZMEETEENAR, EHRE
SEME TR UBRER . PR R THRIEAN TH. SRR, E=MPETIEHIL
HXCCHENE, XEANAEEYSTES/LE, BaHNEEERTESILE;
fEarfarm b, SRR ET, 515 2ubar, A4 COPTERT 577 LRI E KX
MREEHFEME RMMBI TR, EEAF R L, IERJLECOPRILE T HIER S
Jim EEREATREN . BHIILEESMUNEMET, EXEHRRET, COPEL
A7 LB EHEFAENG BTN, EARMM D THREAG TR EREFE RN
B{E. McGraw® AMIBFFUIER, BEREJLEEEMERET, 3G, £6 L
BRW TEREFNARES, £LELGHT R ERAGERAE. MI1AR, B
JLER XM EBEFIN AR ERE S EMEHFEENHEMES 5EXEN
BEL, FHAEREHELTRICKTY, EREEER, Nmit—SEmEE
PISH R L. McGrawE NAAIERILE BB AN BHSNRENEKES %,
AN 2 S 45 1 R G ) BT 55 3 A

Dowling " & A Xt 104 HERE JLEFI 104 E# JLEM SIS L EE N BT
THIR, SRERY, EFILEIERAT, ERILER - MRS KR EmARME
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WREEFRFAAETLEAR T AEABEEENLEL TRENSSRERZHHER

REEE: ATEN, BRILERFE - MALREMER, RNEREIRT
BRSNS AN B E N EY AT EREIILE, THEEGTRENEE TSR
RYERIE & TIEH JLE. Dowling® ANAKIERLE K RRS H &5 LER
AAE, RATHES M ENBEEURTFHAMNSH TR f5%kDowling ™
FAMRAT 132 EHLEMIBZIER )LENSEKE NN ABMER. RAFHS
/in, EHILERNBERTEFRILEN. BRALNLERENRISHAHBBIL
RIS AR AR, BAMZERHAHE. EREENE, LEENES IR
MERLREE, SE®RLELE, ERILENITLEZHEERETRERENZ.

Mickle ™ SExtfERE LE BT IR T REREH WAL ERRE R, &
RENESTERFREMILETRANEREREHR, HeE. fLE. dEHE
BREA I DERE R LB, FINBERELEE T R R, R R R
DRERNERSHERTEFXRA. AR L E 7 2 367 38 i 1% in 7T /s
X — AR E AN KALIRG

Hills " & ABU0Z IERA4Z ER AEME BRI ILENRANR. 54T
SMPEER TITENERE. SRENEERILELE, EEILERRER
KEPERM. dhir A 8RB B SHAAR S E. FERRIEHILES K
M S RYRERREER, HHEMILEORNHE. E=/SE T, R
EEGEITEN, REtsE.

SRIBEHR 7 SN 2008 SERFAIZ ARG RSIRM T E, % 9 LIERELER 11
BIEFWELEFIFEITERT T SSSEHLE. ZRRI, SEMNHTH,
FERE LSS R SCHRAE . R E 2 e LE &, 23R
EILLIERILER . RALEHLEMEN SSEEIRECEE, ERLERTTLK
SRR EDRIEIAT EMRRE Y FERLENMAX S K. AnSE. SHWATFE
FILE, PREEFILER. REHEMILETELERILESBNE S, X5
PR T, BER )L BE R D0 78 R T _E BB KR A R A LLIE 38 LR, ZER
HEEPHSNRARTFEENE, AKADTERILE, RUEMRILEHTE4L
HIBE BT HERR,, W5 RS T 805 0 e R0 PO MO A o 0 e R LA e )L B 7 — I D B 5 3
%), ZOEEESAKFEGEANE/DTIESILE, 7L LETEN
ARK A R 1 B 2 P AR

ER T HANLTIEH BML AT 30 ke/m2 MEFESIRILERT T SEMEL
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WRBEEGHAER RN ARBAERNILE L FEBNSERERENKZH

PEIMRTST, LA 27 4% 7-12 % JEREJLEE (BMI b 25. 14£3. 51 kg/m’) MIAEIEH )L
% 26 4 (BMI 4 16. 28+ 1. 45kg/m) ABFRX % . KA FEBEMBHT TR ZA
HEER . BRMBREFS AN T RSEURMARRE S LEBTNZ
R e AR EIAR 7 £ (B MR A0 B BR ) 60 A ) 3 7 48 34 (U sl 3 R X R i Ji 3t ) B
MR EI A, ERER, ERILEFENEFRKIPTRAE. BIEHDM
FARXT BB IS, TERSEMFE R, FEREJLE M LM HE — A
SERBEG LG BN, TEsiELeREL; EARIUEEEL T, B
BELEEL AN E ERABERENEBCEYRERLEWERM, EHH.o
(COP) A AR B B K, 7E IR BTG M SLB 0L T, JERELETE R J7 ) AL
BAREREM, COPHEBEBIE K. MITANSIEFRAELELE, EHILEND
SMEBEREETHERN, ENBEFREN, 678 EEMNILESER)L
BB COP MBAREMEREEEHENRE, RN LEERBIERS
FRFLATEEE

KatchFlCoworkers "™ ik 7 1042 B M AERE JLEEFN 1348 wHEAERE ) LE LAY A A
FfSE (1,16, 1. 57. 1.78F12.21 m/s) 1T, ZRRIAGENAHEEER
HIRE TN, KatchZB AN, BAREBREEERZRMEMTEMN, £HMEA
BRI, ERBANEY HFEABERY, EHLERERNESEETHIH
MELR EBAE .. Maffeis " et b ) BB T 5T, MhATERAERH LER ZIE
HAREJLEEITENRS TS MEERIERER B TR EN S KEsPRE5E
9, TOAS 2 AR LE R BT RS L T i3 .

EEET % ARA Kistler Z4EW &3 9 ZIEHILEM 11 ZIEFKEIL
BT PR EAT N M T RS R . GREKAEEETT A EHH
EEEAE IR, BAERARE, HIBENHINZNAEREE, C
PELEME - BERAERTFEEILE, ME_KEAHEHERILED: HES
HEBREE, WAERARE; EEANZAAE, RAERAESE: &
B _ERISZ AR, AR ECHERTARIET 50%, B — BN AR R,
FEZIERTHIR)E 50% BE—XKERIMNERIAR “ER7 . HIPRKEEM=XE
EHAE RN, FHMELE 0.013--0. 076BM 2 [6]. 2405, WERHERME, B
JLEMBERTERILE.

ERAE U 2 A L 8 42 BERE)LEE (FERS 10.8+£1. 1 %, BMI 27.8%4.0 kg/m") #
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WARAE FRFA LR ZAR TEBREEXNLE L THERN P SRLARZ IHEW

8 ZIEHJLE (F# 10.1+1.9 ¥, BMI 15.2+1.6 kg/n’) AX%, FH 4% HE
B footscan FARMRREME &, S BAN P 5 RITEN KIS BT
e GREIEMIILEFHSERTESILE, BELAH¥EX. HEEE
FRTERLE. EHILENTHSERFERILE, BLELITEEN, RTH
MPKHEZMTEFIINE. SHEFRTEEA. WIEMILEFERRNS
BENBE NSRRI EMRE DA B LE R ST XU B0 F 4
EERTEFIILE, BHMHEERTERILE. TAEANERILERRET
FUKTEFIILE, SHEPEBMER. BISHISHME KIS 0 8] &3 IR
IETENKRABBENSE: FALERLTARNBEXSAESENETY
GEN, BAESSARSRAEE B, RAMELREHMNZBELT AEEEME
FILVERCT AR, XAFRAERE L3 70 3 et 72 mh s USR8 K B hmsd B, 7T 1A
VLAERE JLEEAT L FE i T — 5 MR A LA B AR E A T, AR L
T BRSMU AL 52 K FIEH JLE, TR IR A M AL EIAE &, B 78 RER AL IR /e i
I I 18] B AEIR H, GLEARRE )L E e AL MBY BRI R R E M 2, XA G LK 1k
AGEIRENBUBHERLY; ERILEEE=. ALK HBERS TE
JUER BRI W B E A RRERER, XM ERMEILENRTEZRA
SR RN, SEH RIS 2-5 BB e X AE HEE R TR S E B ek s 2
bR
1L.3IMREWBEHNENX

L3. 1R ARER SO LM LE L TN T4 i .

L3 2WARAREERONIEMILE L FTEERAKEE. FTHEATHEM.

L3AZHITESIINEAKRENHAEEN LREE, I ZTLERRRAE
ERAR K.
1. A TR EIF =
1L 4.1 BRIEREYM ¥ FEMRAERCENERILELS. BRI HEW.
L. 4. 2 A UHTFAE R B9 77 & 0T LASH AR Y ) L2 47 25 TR B 2 = 4852 138647 4

1.5 MRRE
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WREHFEFRAEF L FER T ARPEEEMNLELTHBENPSRERZHOE®

WG & BT A TR S BT IR TR

151 BB LEMRRELSEEE RN TR, T8 %ESRIE:

152 IEMLERMRREN LS TR RS FEER:

153 ERLEAE T Y B 84 E 1091 B SR LER A H 34
fiE.

2 st R RM I %

2.1 ARIFR

EFFEmtEE D FREIER T 162 B GERMEANETEFENZR) T
RELEEA KRR RN ZRE . SRATHE DN FEERF KBS A RET 50057
AT, HESTEHEMRES. FE2RERERBEI KT 25T 5/ ks
BFREHE. MERR. AELE. LR SERF BLERREERSY. EAE
MINTFR2-1:

®2-1 ZREEAER
Z ¥ A
i (year) 11. 1940. 66
85 (cm) 148. 85+14. 07
8 /kg 75. 26+15. 99
HETEH (ke/n2) 29. 78%4. 10

2.2MRF*
2.2.1 LRI IR AL
(1) BEUBEE KA TERR G I 0T h &
WA 2-1 FoR: SEUAE A RO RARE 2 4 0 S 1 B 2 8 AR O RSB B L
B | ERMMBRAETI G, BHILE 6 AGH, I—1TFE. EMBNEK.
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WA E F BB 2B 3 AETBRERENLE L PR S EREREZ NP

. B4 150em. 30em. 17cm, 38N 29. 5 B 1. #EAR AT AT Bk T
W EERMNAEMZE In mOKTF, A/MUREZE, BELEIINTEANZETR
P)EBRBHNE=ZMBNAEN, EHAELW LS T
(KISTLER, 9287BA, 9281CA, Siwtzerland) Al T 3K H b FAEBE I LRI =42 7,
(EFHTTR, W FHEME; FRETR, EENZRESENLETRAIE, T
I T A IE: SRR, EHERHEE T A E, FHERZEET RO,

B 2-1  BERUERE R AERRR G &

(2) BBI—E

7S 3. 4 MRS 5m AbHE — & sony ML (sony_1000e), HEHE
FLEE R T E) 2 1/250 B, $ASESE N 50Hz. BEN=AEREBEN 140cm,
Y9% 10 % BEIETES 3 R B A E M EE .. A TS L THERNZIRE
FARTHHIIZS

(3) HN—6G: SMAEHEE, SHRESEFELEEE.

(4) MEEHE: L ELREANNEE BE, BEAEBEEZIRE
EmAE " .

(5) BFHERM:. ATRBHFEDLNER OFE 0.02kg, /21 H 0-20kg)-
(6) GEtkE. F—MRMMET%.
2.2 2FXWAHE

(1) HESMIRNZRE THEALRENEOEL BANRRE. DR
RAEEFEN, fFZRETHREEERED.

(2) BEINTHTENRNZRENES & REUEE (RIKSERZE2 TR,
ZREFHENRBIY NG —HEsh T, g, RIETAERENTESE.) 8%
HEFERTENABONER. ARLREANEANBLERAZTRAE 5S4

12



WRAEERFAREM L EAIET ARFATEXNILELTHRN P ERERZ HHZW

I OWEE (EAXTRA). 10%EE. 15%EE. 20%4E.

(3) ATRABREENKY, BEHEFRFEBIHMR. #EEEE,
HEAAZRERZANEBNLE, BEANERYA N FEEFEREFHH.
K. KT EHAKEEAOKERHBONER) &

() ERMRZAT, EibZlE ETEEE /LR UERBIRINE, REZH
HEFRENIERN BRAERSLSS (AT om A A B AR ) ¥ L%
HIEARKNOS.

(5) HBEERNAGEMITHEARRE “BE” 04, HTE “Hz”
04jE, BH—E2LEARRTZREESHEIREEENENLERSTSE.
BERBNHITEARRETEGIEE TESE, KB “FH” 04, ENZHAE
DSBS AR 05 B TP i R, SE BUREBE TIER A F & 5 Al 4 — T RERR R TF /5 S AN
HHTH, ERELERE, HRMNNE5XEEERXESESF. BIMEEL
B ERIERY, TRAFTEZXSBRNRERZAERE 1 28, TRED
EEBRE 5 o8k, BREHEZE. £, WG BEIELA A iR mRE RN
VELUR R A MBI H & IR, R R, 4 BT RIR .

2.2.3 ¥R E
2.2.3. 1 BEBIRWE

KENLRIERBENE R, FRALEFLZRMEEY RN EREE¥
S (Ariel Peformance Analysis System, APAS) i£HAJ AVI(Audio/Vidue
Interleave) #& . FM APAS AF (¥ Trim F2/FX3 3 AT 40 8. WH 2-2 B,
RGBT A —ADERAP AR, RN, ATl CERD RIEL
BAEEG, ER—HNIEE EEMAEEIL, TERNEHE CERD NI LS
TAERE, ER-HENEEENMERLE. (UEESH, SIEERRAERM
=R, AN EEFRU=ZRETEBANZAE BN

13



W R 2 e S AL B 2 A 1R S AR AT R )LE L PRI D SRR B

i 2-2 — BT SRR EE

2.2.3. 1.1 D AEIERVHE

AR WEE FIIR G ML IREARE K 50 #F2%/Fp, BNl 0.02 #. P&
HA AN A B[] S 8088 % T8 L 0. 02. i andE N B AL n iot, ABAE
LA WRIRSTE ) n 3Ll 0. 02,

2.2.3.2 BIRZ hHPE%EE
2.2.3.2.1 ¥R E

FIA kistler 24 @R M4L Biowared. 0 B A4-xHHll 77 & SR AT RE, KEREA
10s ; KREMEA 1008HZ. R\EFEANZRENRT, WREMNEIRHITHL .
2.2.3.2.2 BIERE

& 2-3 fios, {TIF Bioware B4 Ja, EHFEARRKHRSTHI =NFakR, Fx.
Fy. Fz, Bl 2ERMZER. BIEMLETRZ ). FEERE all device( 9278BA AL
E=ANEH. 9281CA EAEFIYANEM) o« FH Bioproc2 BAFXT E 34T A 24 Ak
H, HiZER 1008 #2%. N THBREESCEEDREW, rEEdEERL A
SrkE, RAAERMSEER.
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ke i R e VAT AEBOERNLE L TN PSSR ERZ W

o Bio¥are o GTAZUBOI0Z -

=@ @i | i@l e @l (| S| e

T B S T P S =T

»»»»»

& 2-3 S E 7 BRI R E
2. 2. 4 ARIEHF
2.2.4. 1 6 53H

(1) —ANSEEEH B IRER T F F B 8]

(2) XU SHE R A E 23 b

(3) FISCHERT R E 4 b

(4) STHEARRTEIE 4L

(5) R E

2.2.4.2 BIRZ S11E4R

(1) 2RI E A A58 — e LA Ko B 58 — W (B A A ]
(2) RJREEHE S HAE LK B2 1 e

(3) BRI 7B I E DRIk B 5 — I (E B R 1)
(4) RREEES L

(5) LSRRG 77 al i 77 #h 2%

(6) RJERIEZ MR AME

(7Y RJRAATT A B 7 #i £

(8) RIRAAT M BAKME
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WA EEEHRET L 200X TETEEEMNE L TRBNSERERE TN

(9 ZJEHTJa 77 8 & 77 dhk

(10> RJERETE 77 M &K% A

2.2.5 BRI SGITF AL T2

ATEFBERENTE, BINEBAPREEREN=KREE, XKTFHEL
A=W BHFERRMIEAFEE S ERREZ R . BURg
AATREE ST R =HHAT: B SFERINER T K (Paired Sample T Test)
R E TN ZAENELM ¥ SHELER. HELES, BLEERHE
BEHKTHE. EHER, BRBERERTOIN. 25 L FTRROS M
R ERMERITHTZESHT (Repeated ANOVA) RIS f 4 HAREEP
BZEHEEER. F=F, WE—EEBNE—1570 ETHOBE, FA Paired
Sample T Test #0% E TR [MELER. KA PO. 05 fEHERBEHAF.

2.2.6 HARBL
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DR E R AR LR ARBRERMILE L THRENSERERZ KNSR

B 2 A 378

A4

¥ B X % EREHNESTXKE
t ]
v v
BRE S A HIE R HFHE
I —5 1

!
/ s /  wrrnm S

B! v v y

R E IR HEaS Foxf t Rk BERUHTEM

I | | |

G

K 2-4 TR B &
3. XWHER

AREHE R RO TFIERREZERE, PERPNNRASETTE, 2L
WHABER T GERBERFNER, JEEEBRUBRAME S RAM . BRZ
$1%idPaired Sample T Test, KILAMMEK, FrUBAVEEABBIT .

3. 1 A EHEESMEM/ILE L TRENSBHRI
EARBA T SERYIRE Lknt, S0 CERD RIS LS AEE T,
EF— RIS EEAER R — AP ARI A AL (R
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WHRAEE ¥R ET L FAR TEBLERNNE L TREN PSR ERT B

TR, B AN 2 A0 A2 R 3 B2 000 /2 5% RS b [ T B 1)) A0 AR (— 2 % 5 T
FEAERYRTIR]) 0 ZE— AR, PR R AT B A B X . —
DA BT AR P X, 78 AR YR BT 5T o XS HE [ 45 1 2 7 A XU
FRERA Y, FEEPOEARLRNAAL R, BRTSSASNEERE Y
RS, PERABNEA BRI RS YR E R LSS A e, S AR
H%RER o

NN ARPEEEEXBMILE GRS S RN

B 3-1 AEEHEHILEEE AU EE Ba_ EEEN, S0 ESH,
BREDERYIRE . SCHAR. 230, IR [E5 0%BY BB EBN B EE T
22fl, WERMNE . SCHAE. SRR (AR E BRI, EakE
EEMENTED. BEEI¥EXNELE, SERYNAEE R ENE NG
JEAC, TERE 20%BW M BEEENS 0% 10% 15%3HMNT BEMER, M
UARIZSIHPT SRS R E S, 5 0%BW ABLL, 75 10%BW ARt I T B M2
5, JFHIREAEAT SRS SR TS, 7R E 20%BW 1Y, 5 10%BW 5 EAALL,
BHI T BZMER: 55 0%BW, L0%BW Ly, XUSTHEAHTE 15%BW AL T B4
Z5, JFHLUE 20%BW BY, 5 15%BW UG EH I T BEMER. R RS
AR, HE 10%BY I, SEXIERILEREESE T B,

* 3-1 ANEBEEEXILRLE LB S A0 %m
0%B. W. 10% B. W 15% B. W 20% B. W
BERAB (s) 1.1640.93 1.17£1.30 1.99+0.13 1.26£0.15 %
XN CGEAAEY)  65.87+1.23 66.66+0.95* 67.27+1.81° 67.23#2.15°
M CERAN%  34.13+41.23 33.34#0.95° 32.73+1.81° 32.50+1.67%
WK HA CGEABH%)  30.3843.70 31.8742.18 33.34#3.52% 37.3043.59°

¥E: ®p<0.05vs. 0%B.W,; b p<0.05vs. 10%B.W. ; © p<0.05vs. 15%B.W.

S 2 A FHEBEEMIEKILETHENSSHENR
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WRBE FRFAER L 2R ARPBEEMLEL TERENSERERE NIEW

HRI2ABFHIEHILEEE NN EERE LEHN, SEHRESE,
BRELHRHNE . SRR, #3048, WZEMFHLEEERENELTEL.
ERERNZE, ROBVHHEEENMEL. ENSHERRE20%BV 4 HI. H
A LIRS AT SRE S A E o, RS0V T EEHER.
PSR T S0%BVAELIN T BEHERLS, S10%BVHAERHILT B3
AR . XS (8] J7 T 51 B 20%BWES 5 0%BW, 10%BW, 15%BWAY S1 EA L HIL T &

=AM,
#3-2 AEPEEEN R LE TR SER M
0%bw 10%bw 15%bw 20%bw
SERE () 1.0010.09 1.0140.15 1.0740.17 1.11+0.20%
THM (%) 65.19+1.34 66.07+2.10 65.69+2.61 66.62+2.36°
FEBIHI (%) 34.81+1.34 33.93+2.10 34.65+2.07 33.38+2.37°

WM (%) 28.33+2.51 29.32+2.97 28.86+2.58 34.0314.30°

;1) ®p<0.05vs. 0%B.W.;° p<0.05vs. 10%B.W. ; ¢ p<0.05vs. 15%B.W.
1.3 E—HEESMEM/ILE L TRESSE W LLRAR

AWKH XM LE LT REBTE TN, DR HHFAEER, H
FfERZ BHLE, Ay RkERL AMHLE.

3.1.3.1 EF PP SRAYLE

I

| S S— Sy ok % h T
w2 gy T —
moL
~0.8 -
506 1

0.4 [
0.2
0

0%B. . 10%B. ¥. 15%B. W.
i3 BESPBRNESR
O Tk
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I FARE F R U ER LIRS AREPAERYLE L TRERN S ERERZ I

K 3-1 RS TR SANEIERZ ALK

VE:  * 0%BW_EHEBEvs FREEEP<0.05, * * 10%BW L #Hhvs T Hi4hp<0.05.

* x * 159%BW E R Bivs T EE#Ep<0.05, * * * * 20%BW_L#Hivs T ##ip<0.05.

F3-12 55 AL TENEAEEZ MMER, ARKKE &I P
O%BW, 10%BW, 15%BW, 20%B. WPUANEEHEHE LERNENEENBERNPEH
R L TR EMEE, XU ERNPAAPNRAEER T TERDES
R, p<o.05.
3.1.3.2 FRSR RS AR (8] SCHEEARZ (B AT ELER

% 70
#
*ﬁ68
;66
.~

= 64

[l

I

¥ 62
%

60

10%B. V. 15%B. V.
@ L%k HEBRER
O TR
& 3-2 RS TR ST AR (A B A AN EE B A HLEL

TE: o+ o+ * 15%BW _EAEEE vs THEEE p<0.05

77,

/

%

10%B. W.
HEINPRUER

L

N

\_\ N\
N

B33 RS TRNEINMENEE S SN EREZROLE

20



WARGEEREFIFRERL 20X FARTEEENIE L TEEN P SRLAEZNNER

H: * o+ * 15%BW _LEEEE vs TA%H p<0.05

B3-2, RXFMEMEESL, EENTEENEEZ AR, E3-3, £
RN EE S, ETRNENEEZRANLE. BEREAEA EENHA L
BERY, SCHEMBRE G2 ERERT FTENE, SN LESRTT
RER RS ARRT RN E 2 LR ME, (BERR A AV PR EENHE M ERENT &
ZHER, p<0.05.
3.1.3.3 B TFEEWSCHEMELE

RUAS [ e
STAQ oo R (5
B35 b B . 7 B
25
2
1’520

/15
#10 1
% 5 1
< o _ ,

0%B. W. 15%B. ¥,

B - i 4 B B
O T BEYWPBREER

Bl 3-4 b5 THERNSCERNARNRE S BN ER MR

TE: * * 10%BW_LBERbvs TAEEEP<0.05. * *+ * 15%BW_L#sHivs TR p<0.05,

* o+ * 20%BW L Bivs T A% Hip<0.05.

B3-4 @XM HM A B 2ot E TN SN EEZ MR . ARERFTRMN
MR B2 RN ESEH T, BHAXEREE Sz, &R FH
FEMHEHR R BRI HEN ) F 4 e T TR X R R F 4, B
EENBVHHEEEN, L TRZERERITFER. & H10%BW, 15%BW, 20%B. W
EEMBOUR, ETHEZEBSEITEER, p<0.05.
2AEHEEEMEH/ILE L TRERNERZ HHEN

A TR, RIMNMRAGHKNDEWERTERKAE, LS
R T A BTN, AT HEBRMEEEZ MR ER A ERERE D NE
W, AURBFFFT TR U E RIS (B.W. ) REfr; SRR S
B RS, REBRSZRETERENARSRRE: W THEMTRKZ
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WRIEE BRI AET L2 AR ARFEEENLE L TREENSERBRE NN

FHIRGUERIEDOL, h TR E, ARRR PR ERAL T W 8K
RNREI LTI BT HIEERBH.

B2 1 AEHEEEMEHIILE L TRNEEE HHEME
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