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Abstract
Purpose : The study was designed to identify the change of body alignment according to
surface during walking with backpack.
Methods : Healthy twenty people(10 men & 10 women) participated in this study. The
exclusion criteria were orthopedic and neurologic disease. Initial alignment measurements
were performed. Results were evaluated by angle and range from earlobe to acromion,
acromion to malleolus and earlobe to malleolus in the GPS system.
Results : On the hard surface, the distance and angle from malleolus to earlobe increased
after walking with backpack which is 20 % of weight(p<.05). In addition the distance from
malleolus to acromion and the angle from earlobe to acromion increased(p<.05). On the soft
surface, on the other hand, the distance and angle from malleolus to earlobe decreased after
walking with backpack which is 20 % of weight(p<.05). There was no relationship between
the change of the surface and the body's alignment(p>.05).
Conclusion : Consequently, the body alignment was changed by backpack which is 20 % of
weight. but body alignment wasn't changed by the surface. So more study need to be

surveyed regard of this.

Key Words : alignment, backpack, surface

*AA AR
0]5% kan717@hanmail.net, 041-530-2758
=EATY 20139 1€ 219 | AASAY 20134 249 27

_33_



tistSetolsta|x| M1 M1

et

[. A& Rlo] Azt w2 le] Wbt Hart
AR e (Vacheron 5, 1999), 714E =
o

AR
20 e 45 Fusd ge Ay

1 47 W7 2 B84

2 d A7HAR s s dAFEA
2 o AAE wgy sle] Ao & o (Buckley %, 1997) &, 59, S ¢
Glelo] BasimA AH ojolmosn & CEAA Ao felo] Hm g
3w Hr) wE ~nEEo|L} ofo]y  (Holewijin, 1990). Gest Chiang(1996)°]
C O ITAES ALREs Azhe] Hma & SIerE vhdR Auel A AARAA grs
3 o] exolo] Aome wud sppe =AM FAXAY, wA ol
AFae Aol dojx Ay me g welA A AU e W EEs 2o
£ ETR Azde ggEew opye g b WUE AU B wse wel 8
st A@Zo AAOS=L Yy sPS = I3 7AH F87] W oy A
Wi EHoS g wes s Zopm o FEV THFEVIR BALIAG W
ek olAY APBBAA hge olgsr T AT 53 AV s AT
o] EX LI s RIS = AL = 204 o]%o E=ZAAL] W3yt AsHA
ol7ke] AFe|A Zad edoolagm s  2olE T U=l 2003), FAA T
2= ol th( Y A, 2006). B Hg AAE FAsHA FeEvd g2 A

g e AdsAw AsEdgw 5 8 == A SiRde] AXaL S dda
2 AANA Vg AH w5 Fu moe) AR =Pzl A ACHBrotzman &
FAE AAs 2 AL QA gay Wik 2009,
By wjitel dE7] olFol} FAUE eyt wigE TP g o)A R
oA £L FEH Aoz A 9o stoll ek AFE T2 7Y ofFoly
U(Dale, 2004), Al AdAe e A dE EAe] diEdeltiaEsd,
NA FES 2=y Be TS n|x 2011), 7P Fof ol wE 2pA W3l
(£33, 2011), A7|zre] BA Ry ek A= BN, A e] wWskel AlA|
HkE A Q] i Halis Ao oI5t W3} gl Aol g A= F5T Aol
£ Qo7 & qduhhes, 20039). o ¥ b WEHA &% gedlSe A A
A wart AR W e BAs g MR PR Aol SH - 20-304
A, FO wAow o8 Xy waw g 2 suel @ WA AVRE gElee dUA
ZAMS AW =goz A HIYS gy A A FEE] Qi mgk thefsh
eAsta, Ao wel AL s =AM AWl A FA Fab BS ote dEdE
o ger gow 7o g oy v 0 A RS W o2 A 2ads 2
Ao wAAHe A AR 57 AT
g 79k na A 2wE detals] 9
3 Al AL sldol ey mEeg 2 T FA
(oA Had, 2007; 2%, 2000).
o] AW So] S wWH AF7] o} AT A2 wpghA g AA AE
ORE AQOE Age wzaA oy HT AWH A% aFEaA A e
oz 5 Yoo, 2003). A4 3 23 A AR wWE A4 gde Wsprt
w5 P WS el Ae W gy g S HerEa En

_34_



0. 9744

1. 798 2 A 7|3

Fol gl Az vk

olgfsta Fe A= A3
= 20129 79 6YHE 8¥Y 6Y47}
AFAA AA KAE oA A A5

=

cross over triaDE o] &3 AHARAL F,
2011). Aol ol 2092 A= Al
=9

20% A wddE 7pE T g 7HA
Aste] #gsta weel AWy 5

A

skelch  olwf, 7t A&
Al =Hkolu oJfo]e] o
HGrimmer =, 2002). #
oA A W + A= =
AWy & A5 F F AT
HS

AHgo] Mg BAY Stus 7

A]

b E_ég}\]ﬂ—o] 1580 ;Go}o:]
ek,

=
=

Al
al
pa

al

10%5FA1el widd 7k A5

i

=l
oo U oox Mo R oox 3R 2 o Mo Ak

Iy

F @ AAE FHS 1587

ROAL T 2
-z
moes © oy

—

AdestA = AR

ﬁd
r\r

i > ot rle

S

bl'uﬁsléﬁoﬂmzﬂuzmﬁ

o] o 7o wa o

_4

Hastshr] flste] HAad 24479 F
A12+S 7FEHGlory & Gabriel, 2008;

o

R

A4 5, 2011).

T AA 2 dAks a" 1 9 2

A Fot B Al XHo| WE MM FHEFO Hat

49 22
M Zp 2 A
srye
AE 10% | A2 20% | HEs AW
A
1
239 WE D3 EAZ FED 2ANA 1527 2

4

2442 o4 4 F OHE 279 MY 44

3. 7Y R Ay

AT PAAES AE d B (malleol
us)2} ¥ E-(earlobe), 7A%-(acromion)l

A 2Hmarker) & F-Fale] Hx B T F
e JPRA Bnay 2HAM 1587 3
A Aegz Rygsigtt. agly = A9
AAE BA] FA8ke] SRlgh 5 7pE

B AAREE BAE 5 Qs 71719 GP
400(Global Postural System, Chinesport,
[taly)e] da9jol] HFS AA=Z A= 5
AAA 2 WHdE AZEOE o &
ato] AL

=" ol FA A (marker)E <dFH AAF

Aol ol a F2E ),

wn

2
ftlo
M

o] wol wi= nigolyt A "] A5}

_35_



tietSetosta|x] H1d 15

Sz B4 BApM(malleolus) S
FAoR FAME 12 T FE(earlobe),
& (acromion)e] A FHAp efo] Hof

A A (em)et AEE SABEATH] A,
2011).

ddAEe] A= GPS 4009 a9
o2 A Qe AAE ZYste] WA

of 4
H AZEOlE o] &ste] A SAHH
2).

% 2. GPS 400

2) widd 7

Aol AREE vidE 7P HAE A}
°] Q212BP1005°]tH1d 3). Aol 23t
< UdEola e EFdayolh 7}
Hko] g7]E AM=E 42.5cm, 7FE UH] 30c¢
, % 14.5cm o]t}
7}ire] FEAlE= Sammon's prestonAhY]
R FHU(HE HE o]&ste] A

AFAZ 24 F A9 Agaha

=

B BErgE AMESIYla FEgE AWe
NBR(Nitrile Butadiene Rubber)A}e] 7|
10mm, 180cm#* 62cm=7]¢ WEZS of
N AAs 1A% v Aol AFEEH3]

o

_36_



4. B8 £A

2 AT EE SATY #42 SPSS
version 18.0% o]& &} o FolFFe
a=.052 stleh. 7h FASE Awe W)
of W& AAAFHe] WstE dolry] 93}
of tgxE T-HAS AAo

. A+23

1 A7 dRe) Qurgel 54

o
%

A oAb ARkAQl 548 wotely
dete] A, A" L EFA EH'SM
Abs AT tdAbe] et vpoli= 24.65%
6941, H4 7]+ 170.07+9.49cm, Jéﬁ
FAE 65.34+£14.36kg o2 YEFRTHAE
D.

2

dodg o= BN

£ 1 QTR QukE 54y

Age(yr)  Weight(kg) Height(cm)
Subje 24.65 65.34 170.07
cts +1.69 +14.36 +9.50

2. Wi3E 7S ZAL3ta ged AH B

g F 59 AX4E Wst

Aol 10%, 20% AL wdd 7y
< el s A8 F wuek Ads
1587 B3 3 & SHe] AAAHE §
3= By A3z B3 Aye g
Faa=

1) HApmel &) Zhmel Ag xfo)

F 2014 wEgh i AT 10%
2 20% ?‘ﬂ]g gy 7hts #ZE & 15
B R 3 3 EAmE FHow AR
gk Age Hael S7Hge Bt 1

A Fot B Al XHo| WE MM FHEFO Hat

du AF 10% FAL WE bEe F
SR W BAwsl AR zws Ae
bofolg wol7b 9ldthp>.05). shA

N

HAzZA A9 20% FAY W3y 7+
WS ZEds v 4xe A BF 9
SHAl S7HeES Bt (p<.05).
I 2. HESk AHoA AR} B9 7}
Lo} 7%‘2 2fo]
(N=20)
. ]
- Pre Post V€T ¢ p
T ence
As2] 10
+ +
% -7 2 2'3833‘ 2’22‘ -23 -1.27 22
z T : :
T A= 20
+ + .
% FA9] 2‘2%‘ 2'7712_ -45 -2.67 .02
S ) )
A2l 10
23.11 24.50
% A -1.39 -.74 47
. S +7.65 £7.58
g Az 20
22.69 27.06 .
% -7 2 -4.37 -2.90 .01
., +7.98 £7.21
. p<.05

2) A& AFe] 7=k A Aol
Aol

St & AR FAdE ®HY] fd AE
Aee] TAe Axe AgE SAHSGT
a2 A3, % 3904 AT 10% FAC] Hi
3E s FE89S "W e zelrt
SAIL(p>.05), AT 20% FAS M-S

Ageta wa S9e Wi 4wt o3

_37_



lml

fetSetelsts|x| M1 M1

(N=20)
. -
b Pre Post Der p  p
T ence
AF2 10
16.21 16.97
% FA< -76 -.73 .48
4 A +8.74 +8.85
T AlF9 20
13.33 17.91
% FA< -4.58 -2.40 .04"
. +8.23 +7.66
AF2 10
17.65 18.30
% FA1< -65 -.73 .48
A +7.59 £8.11
g As< 20
% FA< Jlr7765‘; }Lg'gg -.05 -.03 .98
Zpg T T
. p<.0b5

D At Ayl sk ALl Aol
gak Auel A AFe] 10%9 20%
A9l WY ALE e da 15E B
o Aol W

% RS g% = frejgk Aol
>.05), AF 20% FA2 H
38 S ZAE de W HAME T4
2 A% At FYstA SUHgE B
TH(p<.05).

3E o4 wugh Aol A HApbw o AEo] 7}

32

Lo} Agl Aol
(N=20)
‘Zﬂ .
b Pre Post DU€r p p
T ence
A2l 10
+ +
% A< 1117_ 1123_ -06 -.37 .71
24 oy .00 1.03
T AT 20
+ +
% A< 11'150_ 1(')2% -03 -.12 .90
Jpa . .
A2l 10
+ +
% T el 633985 8éof2— 168 -1.22 24
A 7 : ‘
g AF9 20
+ +
% A< 642075 9595’5 -3.66 -2.28 .04
7 ‘ ‘
. p<.05

& HA(Pre), F(Post) Bl A3}
ot} oolwl, AFY 10% FA 7Pgo] A
(Pre), A=9 20% 7S F(Post)® H]
A EA ST

1) EHApw e} A Eo] ZhEe} Ag ol
¥ 594 A= 10%, 20% FA< #d
g 7he Festa Fge AHS w1y

= A% 7wel A

BEee Ao
219} A Aol

ERERE X

(N=20)

W Pre Post Differ T P
ence

2% 3.01+0.90 2.58+1.04 .43 2.39 .03
78] 27.8149.50 23.0+£8.73 4.81 3.01 .01

*: p<.0b5

2) A=t Aol 7mek A Aol

= <
=

3) EApw o HE-o] 7ol A Aol
ANzl 10%, 20% A< widd 7
3ta g AWS 1583 19 @
B S FAow Ao WiE do}
A g zpol7t gle A= YE
H(p>.05).

e o J#

_38_



4. AaREgd] wE AxgEde A}

Azl 10% FA 7Pt ATl 20%

wAe) g F @ AAE Hgeta G
AW REPE AN w B F S
AAADe) waE BAsled, Awel

Astel] wel AAgEe] Watel] Aozt 9l
=AE dex®e T-HAc= 4% 4
A=)
=

2w W3lol] wE HEalmel AE A
g Abelis W Fold Aolrt gl Ao
ERSTHp>.05).

V. 1%

ke
o Wehe dolmoA whg

o g Q4L 14

o

)

Ty

w &

)

2 ofy
=2
) oX

fu
o oy M o
o

i
=
=1
ol
32

& W AB-mam Ho] ZEs) FolA f
% Wt Aglw, AL-A%] FANE
e A Fold Aot dglom, AR-%
Aw SR N B A feld 2ol
Agich. W, RESS AWM= BFA
o 10%9} 20% FARS F AALLE v
WS W AR-2Ap FAHANA Z
S} Zol A frel@ tol7k gt

A3 A 7PEEAE ERAC 10%9 2
0%= A78g o= wWdd 7P A=
BEAoZ FFAY 10%~20%= 4 A
213 (Forjuoh &, 2003; Grimmer®} Willia
ms, 2000; Whittfield &, 2001), ©]= A
P 3] (2004)9F = Aobdt 813](20
05)ell Al 7hde] FA7L ofs AT 10~2

0%E B == ARt on Chow &

A Fot B Al XHo| WE MM FHEFO Hat

(2005)2 A5 °F 10% H-stzFo] =
SE7b ghastar S A7) AlRro] St
w =R ZF Q] zpol7t ATl §7]
w Folt}. 12y Hong¥ Cheung(2003)3}
Singh3} Koh(2009)9] <d7lA A5 1
0%, 15% WelelAe wBawae o] &
olgk AfolE HolA ot AF 20%°
e A&5HA W RYPEE BEF, 4
A A7) 5o Wl WIkE yEhe E
gk A 7lo] FAHoR Fo3t 5oz o
zZog 7|&Ati(forward leaning)stS
t}. T3 Chansirinukor 5(2001)& =}7]
A5l oF 16% A% FA9] wids AL
A5, wids WA ekar A Ao wls)

2 o]Fstal o] Aol &
7hghthar ®askglel, weps] olelgk A d

AFEof Zots)] 7MFAE 10%9 20%=
HlaL sk A = A c).
Attwells 5(2006)& #2058 alo=w

]_
An e vk A7) A% FA583 G
A AR AN Aste] AHE AR

2 o
& 2 vuEfA wdd s 289
S ow E F o] 2EAdEel A vg
AAl 7V, A e A A7 7 2
e, FRANAAZ QlE] AFA o]
Ao 2 o]Fstal, olE A7 s Al
e AR H® Asziva sgith 2
A E wuegk A FFAL] 0%
o 20% FARY ¥ AAFEES vl B
*e W, REANA Ae7A ] Lol AP
24 AEe AAVF o w JhHA AR

_39_



7F Ao R olgHES & 4 ol A oy Hrhal AR E o] Hlalste] AEHA] 29
TEY FU AFEARE B o FEHE AWdAE E5A 10%
a8, FAY FAS WE 2A5S oA 20% AR F AALES WSS
o g AFoA S HAE ve o o] Zxe} Fo] folatA Fo =T Birr
2 Zgegls W Al A RUE ell 5(2007)°] #AES oz 3 A+
7h sk o) & AFsky] 8] E3e] o of waw wjde FARINI} FETH
oAUAl FHo] Axr A gdo gz 7]eofX Iy 53] 4227 3 (vertical impulse)
A B9 s H(Filliare 5, 2001). 24 o] AMAow ZHrlsttisla, HAWY
Z(200DHE #A7b FAS A4S HE VAl mE B BA AL AR}
A AP AL F7HE w7 o] ZF7bel uwhel AAnktE o] folsA &
ol At #AAskE it add 7Fett} &9 tHChow 5, 2005). &A% &
2} 7y froysiAl etk shlar ot Hgst AA WA A= =9, GHA
A 57t ad AL A4V o 7S g vkt ¥h28-E(reaction force)S %t
ARt AL v, EA7F ko R 7] Eohe] A 8], 2007). o] Ad mFo] HS
o)zl AL QA Foll 7psixl F-Alel o , FARS ®Ba Aele A0 AW
ste] bFS FHAst7] 98 QA FHo] ko ke o] F7tel Al Hu FEee A A
2 9 712z ditelgr olrh. E=% v ohdet RbzhgEo] zgsf A wRkE o]
Motmanns $(2006)% wjde] ZHguHo| wukgl Aol A Bk AlA] AA FEgFE
w2 A7 28 & FHEE =4 e 7121 Zlow Bty Wik duty 5 9
o H= = widd ThgelA B2 & AE Wk @l e FRe VA &
A= WS WA Zoks wrT 24 7] Wb olyE HEAFLEY], THEFEIE
o]} F7tgttiete] wigd hLs HW A o 7S WA 7]=d(Geot Chiang,
o] AW FFe] TS FWrAEdh 1996), olelgh & AHre] Wstm: Ak
oj9} zro] wigdeo] ZHgxtAe whel Al S AATY 25 o] JTFS v A
Ae 25 B Ad BEWEY &As & (Chiang¥} Ge, 1997), ©uksl {3} H=
3l o]= A (counterbalance)A]7]7] %’4:} - A|HAA A ZtEel F o] Ayt IRtd
2 o] doju=d (&3, 2007), Sl Aoz Azt
T AYATFET v/ R gugh Xltﬂ et WA g5 IHOREI]
N EFEAL 0% 20% F-ARZY F Al 27 Ago] Frbstal, FEdele] Tdsks
AQgEE vlastls wf FEA EHAbw 7} ynchronization)7} F7Fe W, <59 A5
Ao Fo] ot dAdE Kol A o]l A 28 (synergistic)ell oJgr &5 F7het &
WaEa e BREs BZdv 18a Asel S 2 AFE YA G (Akuthota & Nad
A AR ZEA O] e ol v ThE ler, 2004). 1g]a wre] AA zHzEqlE o

SHER Qs ARl TR DAL AFHe], dH = A
w5 noh Vg ABIFEACHYY, 2000, 92
@, AT 10%, 20% FA gE ol

We #AEsha Frde AdE By 7

7t 0 A ma A EAHE el SRS o
5 51 A WEs #A43 2y A uk H]E Lo %%g_ [N EEIRT PSR RS
Qe AW A4 Az SUAge gud % o9l olsh o] oA WA, o5
AHA AT 7] "] HEee AWS Aol wo| A o|e]st Ao HFE o Ak
WL g T AAPe] walel nwst Homi olf RE BAF 8o FmE

_40_



A=2] 10%

o

]—X]L.E

)
il

w-
22,

Y Al RO w2 MA FEHo Ha}

(=}

w}
L

=1

5}

H St &2

0
-

1

i

S R R e = g e

=
T

" %

=
T

)

el

ZFol 7k AAA T A F o] 20%0l

i

9
yal

2

HH(Nigg, 1986). 2822 A|7ko|v} x4

3

7
H]

w FAE| A BEAbm R 2w

St A A}

=

S

74
e
=
=

= apw 7}
AL 7] =
g

SE!

1A 7259 )

74 = 2

A

o]

st

AHE A5 20% 3

ol A

57t

==

14 -] watel Az 10%el

7y, sl A

Skl

o

&

s

A7t el
}_:’L

27t el

2 7

=

=

at

£, 2008).
o

|=]

£

s KAl ¢l Aol

<]

AR
(2007)

N

o
o)
oF

o
Tor

o

—

il
3
B

uapwl gl Aol Azl ztes)

1

o

A o] A

EREES

A

]

A
Rl

Aol A FA B A=

<
B
o

Y

ol

ok

H
A

Ny

o] %A% by

AFe) 20% FA o)l 7

1

9
pal

=
o

welA 7}

2VA o]

5]

°

Kelane]
T -

}-

8
AT ATt 57 Aol 208 Aol

22

i

]

ool A

}

9
yul

e

- o

viskel, Aapet

A

)
T

_41_

1o ¥

A

]

A
R

g Al AHe] WSt

5]



7], 6(1), 51-58.

= Aol §+3](2005). School backpack
use increases risk of childhood back
pain.

nl= Q)@ 8+3](2004). Kids and back
-packs safety.

1H2-3](2003). FAN-stel]l wE g
wa . st o
=

Mg (2008), WA EARE, A
H, =594 AAl(posture), FS, 2L
g3 %ge] o). olstolfetw el

(J JA].sLH =B

b
folr
T
’[S
o
—
i
o2,
o?t,
i
2o
i)
2
riet
R
o
T

7F B ZpAe] v A= ek Al
A58k %], 30, 619-629.

0] X 3](2007). Aero-step %3 weight t
raininge] A =99 Hold #d A
A, A", AE, T2 uXe A9k
o] gtof el thehd, AALEle] =i

o] X LH2011). &7} Al 55 Zo|e} %W
ol wE AAl, AA 25 = H

ZpA oA A mx]= J3F, o] s} A}y
Sha oot AAbeLS] =i

24 %(2001). A7 FATE 2S5
Hee] wA= G ofgFaEzo]s) s

Xl 19(2), 303-310.
-5(2008). o7 =molet iy Ze] #
e‘ o}x] o] o]zl AFEule] =

4. Fadsta veke, Aty =

O . Ry

B

21(2006). =8 213 =7 4
48 7 g A Auwes
AL g ek A, 16(1), 101-10

A

A4 ¥ (2006). il
3 el #Y o el )3

Akuthota V, Nadler SF(2004) Core stre
ngthening. Archives of physical medi
cine and rehabilitation, 85, 86-92.

Attwells RL, Birrell SA, Hooper RH, et
al(2006). Influence of carrying heavy
loads on soldiers posture, move
ments and gait. Ergonomics, 49(14),
1527-1537.

Birrell SA, Hooper  RH,
RA(2007). The effect of military load
carriage on ground reaction forces.
Gait & Posture, 26(4), 611-614.

Bobet J, Norman RW(1984). Effects of

load placement on

Haslam

back muscle
activity in load carriage. Eur J Appl
Physiol Occup Physiol, 53(1), 71-75.

Brotzman SB, Wilk KE(2003). Clinical o
rthopaedic rehabilitation. 2™ ed. St.
Louis, Mosby.

Buckley JG, Spence WD, Solomonidis S
E(1997). Energy cost of walking: co
mparison of " intelligent prosthesis"
with conventional mechanism. Arch P
hys Med Rehabil, 78(3), 330-333.

Chansirinukor W, Wilson D, Grimmer K,
et al(2001). Effects of backpacks on
students: measurement of cervical
and shoulder posture. Aust J
Physiother, 47(2), 110-116.

Chiang JH, Ge W(1997). The influence
of foam surfaces on biomechanical

contributing to postural
control. Gait & Posture, 5(3),
239-245.

Chow DH, Kwork ML, Au-Yang AC, et
al(2005). The
load on the gait of normal adole

48(6),

variables

of backpack

effect

scent  girls. Ergonomics,

_42_



642-656.

Dale  JC(2004). School
preventing injuries. J Pediatr Health
Care, 18(5), 264-266.

Filiaire M, Vacheron JJ, Vanneuville G,
et al(2001). Influence of the mode of

load carriage on the static posture

backpacks:

of the pelvic girdle and the thoracic
and lumbar spine in vivo. Surg
Radiol Anat, 23(1), 27-32.

Forjuoh SN, Little D, Schuchman JA, et

al(2003). Parental knowledge of
school backpack weight and
contents. Arch Dis Child, 88(1),
18-19.

Ge W, Chiang, JH(1996). The effects of
surface compliance on foot pressure
in stance. Gait & Posture, 4(2),
122-129.

Glory PS, Gabriel YF(2008). Effects of
stretching

and heat treatment on

hamstring extensibility in children

with severe mental retardation and

hypertonia. Clin  Rehabil, 22(9),
7T71-779.

Grimmer K, Dansie B, Milanese S, et
al(2002). Adolescent standing pos-
tural response to backpack loads: a
randomised controlled experimental
study. BMC Musculoskelet Disord, 3,
10.

Grimmer K, Williams M(2000). Gender—

age environmental associates of adol

A Fot B Al XHo| WE MM FHEFO Hat

escent low back pain. Appl Ergon, 3
1(4), 343-360.

Holewijin M(1990). Physiological strain
due to load carrying. Eur J Appl
Physiol Physiol, 61(3-4),
237-245.

Hong Y, Cheung CK(2003). Gait and

posture responses to backpack load

Occup

during level walking in children. Gait
Posture, 17(1), 28-33.
Kendall FP(2005). Muscles :

function with posture and pain. 50

testing and

ed. Lippincott Williams & wilkins.

Motmanns RR, Tomlow S, Vissers D(20
06). Trunk muscle activity in differe
nt modes of carrying schoolbags. Er
gonomics, 49(2), 127-138.

Singh T, Koh M(2009). Effects of backp
ack load position on spatiotemporal
parameters and trunk forward lean.
Gait & Posture, 29(1), 49-53.

Nigg  BM.(1986).

running

Biomechanics of

shoes. Champaign, Human
Kinetics publishers.

Vacheron JJ, Poumarat G, Chandezon R,
et al(1999). Change of contour of
the spine caused by load carrying.
Surg Radiol Anat, 21(2), 109-113.

Whittfield JK, Leff SJ, Hedderley
DI(2001). The weight and use of
schoolbags in New Zealand

secondary schools. Ergonomics,

44(9), 819-824.

_43_



