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The Effect of Fatigue Due to Backpack Carriage with Different Weights
on Shear and Vertical Components of Walking Ground Reaction Forces
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Abstract

Introduction: The risk factors of fatigue while carrying bags with different weights in students are
unknown. Therefore, this study aimed to investigate the effect of fatigue due to carrying backpacks
with different weights on the kinetic parameters of gait in students.

Methods: This study was quasi-experimental research. The statistical population of this study
consisted of healthy male students. To investigate the effects of fatigue due to backpack carriage,
backpacks with7.5, 10, 12.5%, and 15% body weight were used before and after fatigue. The
fatigue protocol consisted of 10-minute walking and carrying a backpack with 10 percent of body
weight. Kistler force plates were used to measure the ground reaction forces. For statistical
analysis, paired sample t-test was used through SPSS v. 20.

Results: Fatigue in the healthy group increased propulsive force (10 and 12.5% BW), braking
force, vertical force of the first peak of Fz1, whereas it decreased Fz2 valley force (with 7.5 and 10
BW) (P<0/05). The carrying load increased the second peak of Fz3 in most levels after fatigue
(P<0/05). In addition, the carrying load increased the valley (Fz2) by a 15% level compared to
other levels after fatigue (P<0.05).

Conclusion: Muscle fatigue caused by carrying a backpack changes the reaction forces of the
ground, so it is considered an important risk factor for secondary effects such as abnormalities or
injuries in the lower extremities. Therefore, students, parents, and primary school teachers are
advised to pay special attention to the weight of the backpack.

Keywords: Fatigue, Kinetics, Children

Sadra Med Sci J 2023; 11(1): 65-76.
Received: Dec. 3rd, 2020
Accepted: Feb. 4th, 2023

“Corresponding Author: Jalalvand A. Associate Professor, Department of sport biomechanics, Hamedan Branch, Islamic Azad
University, Hamedan, Iran, jalalvand_ali@yahoo.com

smsj.sums.ac.ir


https://orcid.org/0009-0003-4813-3128
https://orcid.org/0000-0002-2574-823X

Q‘)Mﬁf‘ﬁ“eﬂ‘m)}“ \\°~\uw)‘\ O)Le&s\\o)sé/;;

o Sbp po—ite a0
VPG PO Olxio NFe) b ) o lods ) 0)90
VEVNNO oy g, WWAR[ANNY iedl o &b

g o

(Original Article)

‘5"95)"" (5'55""3‘5-‘*’)-‘ ‘Suwgﬂfm‘slbu)sbdsf |°> )‘ ‘s-wb S )“b
Il slg0l (ils 50 (38 0l Jordl puSe

Yo B =Y L. \
@Lee L@)Mc JJ’.‘M"‘SJ-Cc ﬁ‘).b.ed OQ’.M)
ol olhad e ol oMol 3151 olKails 2535 psle 5 S Gt 08,5 by SeilSagas ] owoliis 15"
Q‘)‘»’“ ‘uLk.o.m ‘ul..\.o.:a A>|5 ‘SA)L.:‘ Ql)T Olism.ﬁ‘s) 46.»))9 r:jl.c 9 LSJJ.) w).) 05; ‘6‘”))5 s_i..u&ayu )lJ\)LA.AMlY

NEREEE . . - - é o . - FtIN
Q‘)"‘ ‘u‘..\.o.a: ‘uL\.o.b ..\>‘3 Gny.wl Qb‘ olS.u..:L) ()9 ‘aslc 9 LS)..\J ooy 05; ‘)9 u_i.ulinja.) 46)..5\) Lgﬁzm.:‘é

oS

ol> ganlllas Bun g0l 5l el aislal oyf5g0] by o calises slagysg b alsS Jo plSon Siws gl ka3 Jolge doddo
el 30l s 5o (53850l (St (sl ol cilisee (slacyo b S Jox 5l o8 (S b o)

o sgbreas odls LS ol sy lisel il |y (g al )Ll (sl 5 0390 (e £95 5] gy nl b9,
oolicial S 5l ans s L3 0yt 09 doys 10 9V VIO )+ VI slayis y sl siiydlsS 5l ealsS Lo 5 o3l Ko o5l
S ey dedlleSe sy s (s S o3Il (sl 05 o s v yd 00 b WsS Jam (ladids 00 (8ol el (SKid IS5y o
(SPSS, V.20) wis eoliisl (255 (5 03031 sslel ekt sl 5 S 50 (gemio

S92 Jsl s (ial8l woatijie i 69y GlaliEl (o (s wey0 VYD 5 ) 0) odipgle (69 LalEl el (Sins :ldasdly
5w gsba it 55 psd sl Gralil el )b Joo (P S 100) 0l (Gar (139 w03 Vs VIO L) 0)3 (5555 1l 5 (5090s
o (S 5l dm oo iy b anlio [0 s y0 00l maw 40 (FZ2) o) (a0l o fuizmen o (P<4/00) ai Sis
(P<./-0)

e ot 69 B (nlpls w5 g0 ey ol oS (Slog e S o AsS Jo 5l (LOU (e (s 15 S dxndd
hd Goglae Glales s aally 30T 23l 4 9,0l 51955 00 (1B (Lo plail )3 (Saudcaul b (s)lmal wiile gl o 31
DBl 4l lofyg azs Oligal IS (Sa e ST (s 4SS se dros

Ol (StiS (St gl o5l

colpl olaed (laed 9ty ol of5T olKils ¢ o)y pole 5 (S Cauyi 0,5 (ob)y9 SuilSogm Hbolivl (eIl e 1 st 0diun s
jalalvand_ali@yahoo.com

smsj.sums.ac.ir



https://orcid.org/0009-0003-4813-3128
https://orcid.org/0009-0003-4813-3128
https://orcid.org/0000-0002-2574-823X

PVl 5090s 5 Sy SRy y p dgS Jo g (Sis 3U

Lo (Sip pole alxe

O, Seilese 5 9,8os s ((Soalon ;o L
el yol (nl a5 (A) 058 yomin (S5 > J7uS Al
Sy 9 dgd e slow plul SOl jo s
alosl poys53l ol (1) om0 SV |, Sasdca]
03)ly gy 5l Jol> Sod Di )0 Juade o OIS >
g alae olly oS L as (VY) s J50 s
Dz Uy ((Saws 510 ol sael 5L 5 55 0
19 )50 YL el Sha; g ol (ol oo ly Se
bplal Sl [0 a5 Sl obol b S cplplo
lagSIl pl 457 03,51 S92 g gl (595! S oo ol
Swd 3o Gl plail Glacaw] gaud g 590 50
e oplail SlSe iy syl 51O
St |y (2lazm ;o Wlgs o dsS Joo 5l (8L (S
aleS lacwn] @ mie slo eSSy, ololis
3Bl (S Coeal p wazgl mad Gl » g, ol
515 5 mae Jelse 51aS ()T 055 b 5ails 5 ST Jor
Sl Gligeltils (i ISl slagsslsily 5oy 50
LS Joo 5l b (Sis 3l gy 4 OF Y
2 O8ely (SeS slayulll it slags

w2300 5 ol gel adls

9,
Sles Oty 1) Gragsy cnl ylel sanelr
5 Pk g pg slawly Jold (lwosih U cuin)
alesls LSas laes o plal aade oy
gl o 5 ol opgon badagas]
1y adlllas @ 0955 Lulyd a5 laed joed (59 ,508594]
005 p) Nog ddlas o CS,L 4 ol g alil
3 diged e (Gl (gl aind Ol (abcsls,
P RO R AR SIS A Y Gt e
Y GJL‘J Cdiges 45 o oolaswl +/+0 Laﬂ@awg </A-
5laalas ool o L(VF N0) wo S syl

Coods ganb iy 5 (B mar (g0l s yy

doddlo
Sz 5 ey Jox lp pligelmils 5 (sl
Lo i e oolitl iigalsS slacsS I e
3 Sl Slasd e clial 039 b (SaqalsS
Jedoar (1) 2500 oligalils (28pel, 655 5 ey
Selos Dlyis oladl oy (Seagll sl
Jom e 50 el 68y el o eadoln]
039 A1 oalple (M) el s sl SagdlsS
oty i ol bl casliial tialsS slaciS
algs o ey Jl= 50 Qljy—lut..;\o has Sl Cavs
9958 ol )0 ¥ e g 2l Slre 0 Sl e
(has Sl glag,lral 5 OMSie 95 Coledys
(1) Wgd g (S o305 (w0305 j9p
g S Jox plo) Do &5 wmdee s o,
oz ©) dwyde I ES b Cd) e (b (StgdlsS
Vel olass adaie o Sl oligel zils sl (5o 2
g VY0 iy a0 ¢ olesnly ablis jo 5 4z
St olml 52 sdely 45 (F) ool aids VAOF
o ol F e il velgss g s Sa o))
Soplod 5 S (oo S s 3 Shos (G (595
2 Sl el ams s g i lag]
D) Sgd oo (S5 > SS9 iz DS > SLlSeg
2 ohst ol 5l il (S 5 b Jox o LS|
O o b bl e (a9 seia (g8
2 lagl Jlite 136 5 sy S50 @ lge Jelse
Pl (Ko oS (5s o9l Sl Cess K0Ss
ol dom plin o jlooble Jelse I 5 alsS Jor
S plosl b b o g ualS (Sl St e
LooSes 2ol 4 a5 cunl 58 005l o Plsl
(F) delmilge (GMas g9y Wy sl pals
9SS s il golaw jo Sl b (S
ol olyen Dae slol] aalss oSl o s
plul wMae o Slae s el alins ol a5 (V)

smsj.sums.ac.ir



OB 5 plrog 009

V) lias) o) oylads V) 0,90 /FA

relad sl g Wl (ol AsS Culks a5 gk
Sglite slagyzy 0 SzsS sladiiy ol o5 o
2 e L) S sl gk crl 0 eesS eslinl
oy gdise 03] iy g & ol b aS ol w0

Ve VIl glagyie b 8 el 4 pladl by Sogesl
Lo )S Bolas Ojgody b (39 Moy VO 5 1Y/0
(hesiy ol 5o A Jem Gl slagyje (58,5
o olai Sjso @ 5l it Wb saiSeS L e
90 039 2 Sl e ke s Lk 0 WS
ohide gloyite 51 Sy se ,0 il andls |y (GidsS
Slowle gl At slagys o 2055 59 (Sl
N L R S R I T
o Samio I dsS Jeo sl ey Joall Se
S ptiges LuilS B L (o o £+ o 2¥ ) Kistler
Sleslanl b (S sbvools ol eolawl 35, Voo
Sy 35,0 Vo Guls)8 i bS5k 3055l 2ld
5 JedllSe (5555 o pesie slaosls sann 5 (V)
5 Wb il (WS 039 +oaxd G39) S 0
scgz ;0 JellpSe oy sloaddie adbl s
oz 9 (FY) (2= (s caz (FX) il ol
Soxd etz 4 gy ol (FZ) sogee
29SS 5 (95 Samwss 25 L &5 ol oS
oy Samio | ad dwlxe yibjel, slKia ol
gamio b b olel (olad (o pSojlail (sl 0y9omedus
o3liul (NS &5 9 JorllnSe (9.5 sloadlio o9
Olyee o5 0l a8 5 el o (glalaod (o) L Ly (olod o
29y FB g 00 3l ey JedlleSe (93508 (59
L oail oles gabasd 51 e b el 5B so3l

(Y 9 VISKE) 090 b (samiy udlas b e b

3909 3 9o oo Ll vy jslieds | egee

OY) al oolanul gl 4 (Soge5]

SN lla>de -
Sy pale olKiils SIS gaeS (o dslllas oyl C)Ja
2t IRUMSHA.REC.1396.650 o5 L jlaes

Sl 00

L2l gy 9,100 =Y
om0l 50 S, e cdblae el b b Soges]
Caldy bs allbgls & yg0m Gsailmm o3 Tt b
‘O:..é)cl) (5‘).4 wbsm L}'M“h w‘ J’) C]A.AJ L
SeS g 2l Jee b ol s gaile ol
S g9, 3l eolatul gasle iblas g Sbew pladl s
50908 (54l iy b 5l Sledbl ) b maST L
O30 as cél e Lb‘_;?ég-oj] 3 GblAm O yg04y jus g
s Jeo I (AL (Sos SIS yn sl
039 220 VO g YYD Ve YD slagyzg jo siinaleS
ol Gl g WS eoliil s 5l o g 8
2309 Gl ) dsS Jom bolyen (2850l 51 ¢ glase
S ad colatwl Sl s obml jshaiea
Sl b alsS Jo pladBo oo (850l el (Sws
Sad S sl g b ogesl G 0js we s 03 (i
AW m)ﬁ)Lf LY 5)5.: GOMCBLO‘ uwl.,.n.a “;Mo U‘)‘““'
ghew g o9y Colled Sal el b D)y Codlad
S50 Jolug 5l alsS 59 melas sl (V4) (Sis
ol 80 9 QLS Juls ol5gel iils (g0 5039, ooliiul
s oolatwl S g,0 0 Jluzle 5 iy, Slxas 4o

! General Health Questionnaire

smsj.sums.ac.ir



FAl G308 5 Sy Slogyps p AlsS Joo g (S 50 o Sy pole alxe

O (1a ba yd

1 1
YT
Fz2 ——
\ . ryemr Al :
z Loy BN L Il
o 7 = Fz3
Fzl —t
1 1
5 :
aibpgle (g R S e
h ! —_—ils s
+-. . -‘--\ .-
Y, :_ . ‘;" ......... TS
£ =, X
i \
- = - ] v == ~— B — - =
.. s - __"___..- rd
=
Fo- 5 je g Sy
I CFE g ol el L3 g 5
s (FY) il g olad (FZ3FZ2,FZ1) so50e Joall wSe slog s sloadlie 5| SO o alisea oljzl ) S
Q_’L.é)o‘) )|).5.';...u| 58 fli;.h u;.S).';- 97 dws O Fx)
-
- ,‘5,.;7 e — 7:”, = =
SRS Jo 9 20l Sl 0 S355 5l oles Y S
odd lwdley NSL g5 005 (o0 i 580l Swz e oRBpely el Jedll S (59 slaadlie
((TF) 09800 dmslone ) & yg0ts P Sy (Sl gyl S bl il ela
5 (a8 7ol G ol )l L5 g s (Bl
RED — peak Fz(N)/body wight (N) 5 () gzl 5o Jols soges gz 40 5 (0)0) b Sy

time to peak Fz ATY YY) Wog (0,0) ,od Sy

GoMbELS (g9 Sl Gyged IS0 2

Pl ol 4 aew; Gloy 2 ome) 3see Jodl Se

smsj.sums.ac.ir



O g pljogs 005

VR s ) oyleds V) 090 /Y

Sl 3l adie pl oWl s sl

el Wl 535S 5 Cyens Jonll oS

9 0aSES 18wl (5355 (S5 ges sla S ) Jsu

axJllas
Bl il + Sl
JSlos JrijRes b o
3 ylasliw!
A \ AAY £ - [OVY (JLo) o
K¢
Yo VEY AARATNERNAR)
(o ilw)
e
Yy Y YAIYY £ ¥/0-
(p5k5)

FMIN Y) 0ais550 5 (59,05 o lasbin] Bl il ¢ puKileo
2 ghe JedlSe FMax YY) esipgl>
S 3w g S350 pidely e el ljsel il
28 Olee Vo dgs po 1) it slagyy b Wl
3 G0 sie BB gl o cdlin 45 (5 sk len
P oy dedlleSe Goingd s SLe
510 LalsS Joo plin 80l o ol (ligel gt
@l (K gl s s B3 50 o (s weyd VYO
Sl plply ( P=2/:0 g« P=/-18) 5 15 099
5 adlze ol Gl W (Sius g N5,5T
s ol (ligel Bl 53 (e Jasll nSe (slog s
S Ol ) Cenl (5l0 Gre IS Sl s
e ol QeI ils ) (e Janll oS (gouii 5oy
P oM g v )V g VIB L AlsS Jeo plin (380l
P=elofe g P=ofed) Sl S 5l om g J3
GBS )58 5 e 5 bt
Olysel ity 53 Geay Joall pSe (slog s 5l addie (ol

(Y 5 ) Hloge0) 09 oWl Sz 31 o ol

25 Jsosd oobel g Jl38le s galemgas b ol psliss

b sogesl (59 9 98 wlul p ew g ad dswlre
(Y)W, e

Free moment = Mz + (Fx x COPy) — (Fy x
COPX)

COPX, Y sl o508 j9e o> oS M2z
saddse 55 FYs FX s L 55 0 (88l sloadlse

a|}| )5L’;.,.i:5 LchacLéJ}a .AJlQ,,.o)’ Josdl S Sy 6a3|
1Lid) 8 S (el psled) gyl S Jels

RRATY) (‘5)5,..“0‘

d)u Py Y
g ools 39 Jloji (o2 sl N Shigmgymld o3e5l 5l

slayges! 3 oolaz! Ol
oolawl b ools  Ldoigas jo ol oolatwl U ,ko,b

MPles 0 2y & bl Gy
5 (SPSS Inc, Chicago, IL,USA) SPSS 20.0

235 Sygo (P 100 ) (s boline mhans

sl
Jloy osls x5 a5 ols lis Sogg,mls yaej] b
30 oS ES bl S0sS (3,5 900 Slasiin Lol
Vst 5 e Slils ol S o g o

ol 00l ool L
Bl g sl Sl 5 S
2 5ely e lagogesl o (FX) s Josll S
LS e ) o Gl S ey LS
25 esalin Gl ¥ Jgao po 1) e slagysy
3 S NS LS md i os &5 5 ysbolen
2 oy JedlpSe (BB 6o ks
Sl Sz lan g 50 el (e i Soges]

! Shapiro-Wilks

smsj.sums.ac.ir



VVigogae 5 by gy o dlsS Jom g (S 150

Lo (i pole almo

BNV VSO B [ PR R CINESP R g0
039 ol Oigalmils o ey Joall S slag s

]
ol 0 b g A I S mls uores
o ol oligel zils o uey Jedl Ko FZ2 6 )0
23 ON O3y ey Ve g VIOL dgS Joo plSin (380l
P=-/-%) cal QW Sts 5l an 5 3
St 8551 lad 58 sl (Pl YV,
oy JeallnSe slog s 5l adlze cpl Grals LAl

Jorll wSe (0908 (595w 8, laibinl Blymul g Sk
59 Fz2 0y g Fz3 P9 (gald Fz1 Jsl sald) o
S lan g S8 5o 28yl e ol Gl3gel il
Joaz jo 1) Glisee slacyze b dlsS Jom 5 306 oW

(F oY logad) ao g oo B
Ot S P sine BB sh e csalie a5 (5,5bolen
3 oy $3gee JedllnSe FZ1 gl sals (sla o Sileo
s VIO L alsS o ol (28500, (oo s f3g0T 800

o9z Wl (Kiws law g L3 50 (s (5 2oy Ve

ROV i 1| S S OWES{ I PHIPN [ B0 gl ity o o wmls ulply (P=-17a P=-/.v8)  s)ls
lle Gliselmils 50 (s (335 00,0) i Joall wSe (215 (10 (55, o il Bl il 5 o Sile ¥ Jg0r
il Ssls ’
P-value - - - P-value - - - s
S Jlan | Sxes ) U S jlan | Ses 5l J3
</Yay VY/AALY/YA YY/e - OEY/N Y AANS EAAREAVAAY AIAAEATAA AR
-/a¥4 VY7 ALYV /RD VY[ VYA AR -v/axy/va -6t /aA /AL
<IYYY VVIVYEY/N # ARVIR= VNS <IAQ¥ BTAAEATAAY -Y/POEN XY AN
<IYYS VY- FEV /N VVYYEY- D [+QY BATAREATATA BIAl=ANE A
e 9ol I8 (0 (553 005) s Jadll e (S0 gl 5 0im,5 (635 alinl Bl 5 (il ¥ gz
o) 30 5 o yigler ,
P-value _ _ . P-value - - - sl
PR COWESR I S 5l B PR COWESI U Sz 5l S8
REYERIN -OYIVYEA/DY -fa/0\VE0/f0 < 10FY AATRAE=2LE Ya/Ata/vy YA
Folof. MAREAARN AR VAR FeleNF fO/07E2IY0 YAIAOZF/#4 AL
RINaY -OF/FYEYIVY -OY/F - E£2IAA Feled feIffEany fy/FatA/Pa YAV
<Yy -OY/AAEYIYA -OY/ONVEVIYY A2 YOINFEEIAY AR 7ARE=ZAR! YA
20 1 Aoy R Khud jlamy 5 S ekl sla 5
1
40 -
£
%20 -
10
0 - 56 0 m Fad IdE 2 Sal e
. . " . .15‘ -4 - o t! t! " . -\; . xow *
o Bl s 10 21,3 e plls 53 R (A0l ) ) day g g8 0Ll S 5 s 50

gl JodlloSe (S003) 505 (G95 Y Hlages

gl JoallpoSe g0y gl (59508 ) Jloges

smsj.sums.ac.ir



OS2 5 pl pogs 035w

VB Glines ) ojleds V) 00 VY

(O 039 » Oised) T JodllnSe (g3508 slag i o il Bl g (:Siks ¥ Jgor

Fz2 o,s Fz3pgs sals Fzl Jl cals
P-value — — — P-value — — — P-value — — — alsle
s 5l o S CIE - PR CIWE IO R CIES - S CIE I R
o9 | AYAYEY -5 AV/VEEAISY S/VFY VWYIVYEAN - | AYSISFENVYY | Fe/e¥E | VECOYEVSIEY | XY/ -EVEAY | L VIO
EeleYY ANIYAEY/AS UE/FVEY/ A “[EYA WWAFEANE | AFALYEYVSFY | T/ | VEYLYEVE A [ AYOI0EVNA | LN
IYVE - /a5£4/Y AATAA A RYINZ - IAOY VEAFEVIFE | VEVYFENYIFA | -/e50 | VEOOARVESS | AYATEVNFY | LY/
- 1OVY UE/TVEAA A0/7AEF/AN AL VEYAFEAFY | VEY/EeE) -/ SPAY | VEEIEYRVYNS | VFY0OE ONY | 700
*F=Force, z=Vertical Components
150 ) Ao 8 K jlamy 5 0 g AL 100 - Al 03 8 (Kiid 51 5 2y 5 O 050
145 T
£
a5
130
125
7.5 10 12.5 15 7.5 10 12.5 15
mSa I dE s Kl ) e mSa I dE s Kl ) e

gl JodllnSe s3508 5925 ;28 ¥ Jloged

b Jolie (SiS Dl et Cacl Wi oo )b Joo

109 (YY) aeo s | Q'I Sl g o0l &S >
Jo o ol Sl Sl ol Wil o el

] Esly (Vsb Soe o 4T WS sy A,

2855k Jex g9 (nl (TA) ad dalys (o0 9 5505
Wy oo w5 il Slaamio pyg3l 0 )ls 929 (IS 09S
(YR) 55 odlae il Jlasl e ) dods cely
Sy e 3l S Wleols las addS wlisss
Sl ooy Jodll oS (0908 G955 (O p 0Bl
3 Sl Geizeed g adlie (al (ogonisd) ST o 4 a5
ol Sa Sl S BSnny S Slsieas 5505 onl )i
Gl o wwaslons oL (), 5 ol e Jolie o
(V) Sl (25 55500 9 woee

Ohygel zils jo S a8 ol olas pol> iegh b
L g™ )3 0u35e 5 5 0k ol (59,08 (il el ol
5 s b aS ool snd 5 doyd VYD 5 Ve VIO

g (Yoo 8) o) Ken 5 il S g (V02 F) ),

g JoalluSe (g3508 (5958 Jsl galE Y loged

Joz 3l ool (K 30 qwy o ol o 5l Ban
$3ges 5 hp sleadlie Al slagjy b dgS
5 b gogel aiz 5 08 50 gl Jsay 2850, ey
Gow I GBlogr Djgoas S Jom s o
(T9) 0,135 31 Gas gla el )b o b ol s Gioj.c)'T
P e a5 ol plas gagh cpl slbaidl
55 5 ol (55 el Sl o olisel s
NS yuiored ol 00l (39 oy VYO g Ve L
Gl coasiine i 69 Gl 4 dlgS Jom 5l (2L
2 390 S5y SRel8 FZL Jgl gald so508 (5555
9 O g ey Ve g YO L deS o Fz2 (o,8) 28
20,0 VO b algS o FZ2 0,0 1o sogee (595 Ll
2k Je> ggeme p0 g Sl 0ad e o (s
Feiar 55 pes sall Gl el Gl plisel il

LU PRV S IWE (RTINS

smsj.sums.ac.ir




VY s0508 5 by gy o dlsS Jom g (S 150

Lo (Sip pole alxe

2 Sl odlas pogs Sialen (o] Jlisas 5 dss
5 sl oligel oo byl 55 5 Sy Sl
G S i sl g (6 pdymsl Sy SRl el
Ay g o a5 GSosS o peara JeB Ll
Ol LualS yizmen dsldl [0 (V) Cwl ool aiiiwn
S &5 0,5 &z gi LSl Olgiee |; 090 595
Dygody &S (Dlas )0 Wl ,b o Jdoas oslog,
Wiiws i80ly (> 5 Gy el 9 Ses b (e
OMas g Jolas 4 Jil L oliw 5l g obx! (Sl pass
blys o &Sl wargl lpls wel glos plul
Ol 1) Dilas oSles o S g Pl Sns
S8 y0ly e 5085 j0 Clac (g9 0 Aol ya8 o
Oly o) 4SS oy (lpli 1S oo T a8
Shrolkr salas o Slee ol 4y 4zl )3 5 0
So pod A=y ;0 ey b L eled galad o
Sl V) 550 e ey Jodll 5o 53500
by Ol g (a%ed) Sy ()9 4 00l S5 layiie
u"i‘“"’“’ 9 4]95 029 U"""Js‘ L o L“uT J’°L°"° 9 Wloads
Sl opdigy adls Slpsd 38 50l) s o caliolxl
sl as oo 0azg SogS iy b Jlesl ISl as

o% sladl sl Blal gyled 1,5 il je0 i

Aol asly Jlisay |y Sluls $lgs o 5068
S aS oS o Glgi e pil gl s bl
SRR TR ST T NIV
ol 5o el 009 BB 4o ol gosiiSol! g 1 ,as
U (T el 035 ] 1) (oot 25 55 g
aiile 4,90 Ol il el Wiy g0 Suw3lys o )b Joo
ol 0gd Glios plail jo (Swscanl b s)lnial

OVt 5 (o Sy plabre onally (el tils &
9 39 % Slofg 4295 b 0gd o0 dnogi (il w)loe
anils o590l il (gamyae slacaS Jox lo; S g

039 45 w8b onl p (o b Slei leiea g aiily

OV e g (c0s5 mli b g (YVg YY) on
sy g9 5,0 DS (LYo alex 31l Slosoa
50 a5 0y 585 o siadsS Jem ley o cadl 2]
(YY) o oo (6,80l bl o Gado oy
o A8 cnl el Jdsay a5 (95 05ky0
sl elo galo e 0 ey b L bl eles o
ot S e s |y o] gy SasS g eoldl s
A8l 5 e et 556 Sy S 5 al5
sy S Ui syl (Ss GlodSsy
L8 g olE LA 595 Rl Sl g WS (oo S
050,5 co ] Sy ial3al g sald ablize LU,
GOges S9pd & primes @l bl o (YY)
@350 S5 ol FZLJsl el ey Josd| S
dsS Oy deyd gokw Sy Fz2 (0)9) 8 o
Do () 45 ol 43S I B 5 5 tlS
039 O iy ey 10 9 Ve VB L WeS s oSS
w5 L oS ol gald o azil i3l gg e I 4o e
S35 Sops a8 il 5l e s 5 (J Gudios
o Sl @b (1) 99 gupd Wog o3l 15
ls )0 Sl hYs galex 3l aS 05 gl (Y2 ))
035 5 53308 55,00 plin 53l oy gy o
R s > S I g SIS a
GO39 * oS IS 2E (59) JS s b polie Gl pol>
LYo alaz 518 el o g3l loy (iigalsS
Jo s il el ey Wlye o ozl
Wil (S o ey JedllpSe 3500 595
OFdyely (el am oS Sl WS (59 sy Sl
O Salod 5 9 03,5 eje (S las [ SogS
Eord 55 &S Sgbioe Sl g WS oo lay hals Lae
5 Gl (K Jdoay g tin [lad g 4,0 (1850,
Pl 9, 2 dsS s B O3sB0lse Geizees
(Y0) 0 Jloel (oey b anidly olod o> yo 1) S

u)9 u...t‘).‘!‘ aS Sl 00l ools UL‘“" uLD.M ) L_?)J B

I Heel Contact

smsj.sums.ac.ir



OLlSes 5 plyoge 009w

VB flias) ) oylads V) 0,90 /VF

10.

11.

12.

13.

14.

Cifreck M, Medved V, Tonkovi¢ S,
Ostoji¢ S. Surface EMG based muscle
fatigue evaluation in biomechanics.
Clinical biomechanics. 2009; 24 (4):
327-40.

. Taylor JL, Butler JE, Gandevia S.

Changes in  muscle afferents,
motoneurons and motor drive during
muscle fatigue. European journal of
applied physiology. 2000; 83 (2-3):
106-15.

lles J. Evidence for cutaneous and
corticospinal modulation of presynaptic
inhibition of la afferents from the
human lower limb. The Journal of
physiology. 1996; 491 (1): 197-207.

Oatis CA, Craik R. Gait analysis:
theory and application: Mosby; 1994.

Warden SJ, Hurst JA, Sanders MS,
Turner CH, Burr DB, Li J. Bone
adaptation to a mechanical loading
program significantly increases skeletal
fatigue resistance. Journal of bone and
mineral research. 2005; 20 (5): 809-16.

Mizrahi J, Verbitsky O, Isakov E, Daily
D. Effect of fatigue on leg kinematics
and impact acceleration in long
distance running. Human movement
science. 2000; 19 (2): 139-51.

Rothgangel AS, Braun SM, Beurskens
AJ, Seitz RJ, Wade DT. The clinical
aspects of  mirror therapy in
rehabilitation: a systematic review of
the literature. International Journal of
Rehabilitation Research. 2011; 34 (1):
1-13.

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

Connolly BH, Cook B, Hunter S,
Laughter M, Mills A, Nordtvedt N, et
al. Effects of backpack carriage on gait

SL sl SoS o5y b oceslite SLlS tgals
soliiwl log > sla cigalsS asle (SoS Sl
»,5

PR g o

)5 (6 0y90 5 aeb LL 5l z e aslllas oyl
el (22559 SilSiage il 53 plyage 009w ils 0|
G blay ragh ol jo GBS s b sles

2RO 1) pol agh sl a5 Gds oS L

ilise Josay Gobpms 5 (10,08 Cald wingad

XL olay

oaid Gl (Baings ol gl (2,5 4isS mee

!

&l

1. Hong Y, Brueggemann G-P. Changes
in gait patterns in 10-year-old boys
with increasing loads when walking on
a treadmill. Gait & posture. 2000; 11
(3): 254-9.

2. Babakhani F. The effect of backpack
load on the posture of children and its
relationship to trunk muscle activity
during walking on a treadmill. 2011.

3. Letafatkar A, Daneshmandi H,
Hadadnezhad M, Abdolvahabi Z.
Advanced Corrective Exercises: From
Theory to  Application.  Tehran
Avayezohor. 2010: 65-87.

4. Daneshmandi H, Rahmani-Nia F,
Hosseini SH. Effect of carrying school
backpacks on cardio-respiratory
changes in adolescent students. Sport
Sciences for Health. 2008 Dec 10; 4.

5. Winter DA. Biomechanics and motor
control of human gait: normal, elderly
and pathological 1991.

smsj.sums.ac.ir



VO s050 5 by gy o dlsS Jom g (S 506

JRUPE TS RES

children. Gait & posture. 2017,
236-40.

22.

Dufek JS, Bates BT. Biomechanical

53:

15.

factors associated with injury during

landing in jump sports.
medicine. 1991; 12 (5): 326-37.

23.

effects of

Sports

Zadpoor AA, Nikooyan AA. The
lower-extremity muscle
fatigue on the vertical ground reaction

16.

force: a meta-analysis. Proceedings of

of
H:

Institution
Part

the

Engineers, Journal

Mechanical

of

Engineering in Medicine. 2012;226 (8):

579-88.

24,

Arch  Support Insole on

Hoseini Y, Farahpour N. The Effects of
Ground

Reaction Force, Impulse and Loading

Rate

Journal of Paramedical Sciences

during Double-Leg Landing.

17.
&

Rehabilitation. 2018 Sep 23; 7(3): 46-

53.

25.
The free moment in walking and

Almosnino S, Kajaks T, Costigan PA.

18.
its

change with foot rotation angle. BMC

Sports ~ Science,  Medicine
Rehabilitation. 2009; 1 (1): 19.

26. Wendt JD, Whitton MC, Brooks

editors. Gud wip: Gait-understandi

driven walking-in-place. 2010 IEEE

and

FP,
ng-
19.

Virtual Reality Conference (VR); 2010:

IEEE.

27. Ahmadi-Goodini F, Khaleghi-Tazji

M,

Letafatkar A. The Effect of Backpack

Carriage

in Different Weights and

Gradients on Ground Reaction Force

Parameters of 10-12 Year

Oold

20.

Schoolchildren’s Gait in Tehran, Iran.
Journal of Research in Rehabilitation

Sciences. 2020 Apr 1; 16(1): 17-23.

28.
The effect of military load carriage

ground reaction forces. Gait & posture.

2007; 26 (4): 611-4.

Birrell SA, Hooper RH, Haslam RA.

on
21.

smsj.sums.ac.ir

parameters in children. Pediatr Phys
Ther. 2008; 20 (4): 347-55.

Faul F, Erdfelder E, Lang A-G,
Buchner A. G* Power 3: A flexible
statistical power analysis program for
the social, behavioral, and biomedical
sciences. Behavior research methods.
2007; 39 (2): 175-91.

Romero-Morales C, Martin-Llantino
PJ, Calvo-Lobo C, Palomo-Lépez P,
Lopez-Lopez D, Pareja-Galeano H, et
al. Comparison of the sonographic
features of the Achilles Tendon
complex in patients with and without
achilles tendinopathy: A case-control
study. Physical Therapy in Sport. 2019;
35: 122-6.

Goldberg DP, Hillier VF. A scaled
version of the General Health
Questionnaire. Psychological medicine.
1979; 9 (1): 139-45.

Talbott SM, Talbott JA, Hantla D.
Effect of Univestin (Scutellaria
baicalensis root & Acacia catechu
heartwood) on Post-Exercise Muscle
Soreness and Range of Motion in
Healthy Adults. The FASEB Journal.
2018; 32: 1b376-Ib.

Barghamadi M, Abdollahpour
Darvishani M, Behboodi Z. The effect
of core stability and strength training
on knee pain and function in elderly
women with osteoarthritis. Research on
Biosciences and Physical Actiuity.
2017; 4 (6): 1-9.

Franklin B, Whaley M, Howley E,
Balady G. American College of Sports
Medicine: ACSM's guidelines for
exercise testing and prescription.
Lippincott  Williams &  Wilkins
Philadelphia; 2000.

Jafarnezhadgero AA, Majlesi M,
Azadian E. Gait ground reaction force
characteristics in deaf and hearing



OB 5 plrog 009

VY lias; ) oyleds V) 090 /Y

34.

35.

36.

of sports medicine. 2007; 35 (2): 235-
41.

Hong Y, Li J, editors. Movement
Kinematics of Treadmill Walking
Under Load Carriage in 6-year-old
children-A preliminary report. 1SBS-
Conference  Proceedings  Archive;
2001.

Orantes-Gonzalez E, Heredia-Jimenez
J. Does schoolbag carriage equally
affect obese/overweight and healthy-
weight children? Applied Ergonomics.
2020; 90: 103236.

Scheer V, Vieluf S, Bitter N, Christ L,
Heitkamp H-C. The Optimal Weight
Carriage  System  for  Runners:
Comparison Between Handheld Water
Bottles, Waist Belts, and Backpacks.

29.

30.

31.

32.

Birrell SA, Haslam RA. The effect of
military load carriage on 3-D lower
limb kinematics and spatiotemporal
parameters. Ergonomics. 2009; 52 (10):
1298-304.

Niu W, Feng T, Jiang C, Zhang M.
Peak vertical ground reaction force
during two-leg landing: a systematic
review and mathematical modeling.
BioMed research international. 2014;
2014.

Lay AN, Hass CJ, Gregor RJ. The
effects of sloped surfaces on
locomotion: a kinematic and kinetic
analysis. Journal of biomechanics.
2006; 39 (9): 1621-8.

Mclintosh AS, Beatty KT, Dwan LN,
Vickers DR. Gait dynamics on an
inclined  walkway.  Journal  of

Frontiers in physiology. 2020; 11: biomechanics. 2006; 39 (13): 2491-
1217. 502.
37. Gil-Cosano J, Orantes-Gonzalez E, 33. Chappell JD, Creighton RA, Giuliani

Heredia-Jimenez J. Effect of carrying
different military equipment during a
fatigue test on shooting performance.
European Journal of Sport Science.
2019; 19 (2): 186-91.

C, Yu B, Garrett WE. Kinematics and
electromyography of landing
preparation in vertical stop-jump: risks
for noncontact anterior cruciate
ligament injury. The American journal

Cite this article as:

Behmaram S, Jalalvand A, Jahani MR. The Effect of Fatigue Due to Backpack Carriage with
Different Weights on Shear and Vertical Components of Walking Ground Reaction Forces in
Healthy Students. Sadra Med Sci J 2023; 11(1): 65-76.

smsj.sums.ac.ir



