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ABSTRACT

Background and Aims: The purpose of this study was to evaluate the
effect of quadriceps muscle fatigue on electromyographic activity of
selected lower limb muscles during lifting loads using different
techniques.

Methods: Surface electromyography activity of the rectus femoris,
vastus latralis, vastus medialis, biceps femoris, semitendinous,
gastrocnemius medialis and tibialis anterior muscles of 20 able-bodied
women were recorded before and after the quadriceps muscle fatigue
using leg-press movement, squat, stoop and strudel techniques with 20%
of body weight. Analysis of Variance with repeated measures was used
for data analyses (p<0.05).

Results: After fatigue when lifting the load, the activity of the rectus
femoris, vastus medialis, biceps femoris and gastrocnemius medialis in
squat and stoop techniques was significantly different compared to
before fatigue condition. But no significant difference was observed
between the activity of any of the muscles before and after fatigue in the
straddle method.

Conclusion: According to the results, it seems that when quadriceps
muscle fatigue, the use of straddle technique to lift the load is more
appropriate.
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Extended Abstract:

Background and Objectives: Lifting is a stressful task that can expose individuals to
adverse physical conditions such as force application and improper body postures,
leading to a range of musculoskeletal disorders (2). These disorders have the potential
to cause long-term and serious pain that, in addition to affecting the health and
efficiency of the affected individual, also causes significant financial losses. For
example, lower back pain caused by manual lifting is one of the most common of these
disorders in different societies, even in developed countries, which imposes significant
direct and indirect economic costs on different societies annually [3]. The significant
prevalence of musculoskeletal disorders caused by manual lifting and carrying of loads
in societies has led to the dedication of a wide range of studies to this important
problem. It seems that the technique of lifting loads is one of the important issues raised
in these recommendations and has been the focus of a wide range of research
conducted in this area. Since adopting a correct lifting strategy has a significant impact
on reducing the risk of musculoskeletal problems, paying attention to the lifting
technique is of particular importance [9]. Among the various lifting methods, squat and
stoop have been considered more and straddle less in previous studies, and from a
biomechanical perspective, squat has usually been mentioned as a safer method than
stoop technique; while some studies have reported contradictory results [10, 11]. Failure
to adopt the correct lifting technique and repetition and, as a result, fatigue are
important reasons for impairment in this job task. Despite the evidence and
documentation showing the effect of fatigue on muscle performance characteristics,
researchers are still looking for an appropriate lifting technique following muscle fatigue.
The aim of this study was to determine the effect of local fatigue of the quadriceps
muscles on the electromyographic activity of selected lower limb muscles during lifting
with squat, stoop, and straddle techniques in healthy women.

Materials and Methods: Twenty female students were selected through convenience
sampling and participated in this quasi-experimental study. To record the electrical
activity of the rectus femoris, vastus lateralis, vastus medialis, biceps femoris,

semitendinosus, gastrocnemius medialis, and tibialis anterior muscles of the dominant
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leg, a 16-channel electromyography device, model ME6000, with a sampling frequency
of 2000 Hz and a bandwidth of 8-500 dB3/HZ was used. The center-to-center distance
of the electrodes was 2 cm, and the ground electrode was placed on the tibia. The
subjects lifted a weight equivalent to 20% of their body weight in front of their body
using the squat, stoop, and straddle techniques. The method and manner of lifting the
load was according to the study by Faber et al. (2009) with the feet shoulder-width apart
[17]. The technique execution rate was such that lifting the load, holding the load,
lowering it, and pausing time were each performed for 3 seconds. Each technique was
repeated three times and the average was used for analysis. This process was
considered as a pre-test. After the pre-test, the quadriceps muscle fatigue protocol was
performed using a leg press machine and performing knee extension movements. After
the fatigue protocol, all the steps of the experiments similar to the pre-test were
repeated as a post-test. To analyze the raw signals obtained from the surface
electrodes, Mega Win 3.0.1 software and a band-pass filter of 8 to 500 Hz were used.
Then, the root mean square (RMS) of the filtered data was calculated. To normalize the
activity level of each muscle, the values obtained in each of the lifting techniques were
divided by the values obtained for the maximum voluntary isometric contraction (MVIC)
of that muscle and multiplied by 100. The body was analyzed using the repeated
measures analysis of variance method. Then, in follow-up tests, the paired t-test was
used to compare muscle activity in the pairs of conditions before and after fatigue and
the position of the load relative to the body. The significance level was considered to be
p<0.05.

Results: According to the results obtained, the rectus femoris (p=0.002), vastus
medialis (p=0.028), biceps femoris (p=0.004) and gastrocnemius medialis (p=0.019)
muscles showed a significant increase in their activity after fatigue. The rectus femoris
(p=0.014), vastus lateralis (p=0.007), vastus medialis (p=0.014) and biceps femoris
(p=0.003) muscles had a significant increase in their activity after fatigue; while the
gastrocnemius medialis muscle (p=0.004) had a decrease in activity. None of the
muscles had a significant change in their activity with the Straddle method before and
after the fatigue of the quadriceps muscles.
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Discussion and Conclusion: The findings showed that local fatigue of the quadriceps
muscles increased the electromyographic activity of the rectus femoris, latissimus dorsi,
biceps femoris, and gastrocnemius medialis muscles during weight lifting in the squat
and stop techniques, while no significant difference was observed in the straddle
technique. Previous studies have shown that skeletal muscle fatigue causes changes in
the characteristics of the electromyographic signal. These changes include a decrease
in the median frequency and an increase in the RMS amplitude [19, 20]. It seems that
the increase in activity of the studied muscles following fatigue in the two mentioned
techniques was probably to increase knee joint stability. In comparing the squat
technique with the stop technique, it should be said that despite the increase in muscle
activity, especially due to fatigue in both techniques; the pattern of these changes is
different in proportion to the different postures of the two techniques compared to each
other during the execution of the lifting movement. In examining the other muscles
studied, it should be noted that the initiation of the squat technique is controlled by the
extroverted activity of the quadriceps muscles, and during the rise, the introverted
contraction of the quadriceps muscles and the extroverted contraction of the gluteal and
hamstring muscles cause extension in the knee and hip joints and position the trunk in a
vertical position. When performing the squat technique, the contraction of the spinal
extensor muscles prevents increased flexion in the trunk and also prevents the
reduction of the angle of the trunk with the femur. The contraction of the hamstring and
gastrocnemius muscles and the interaction of these muscles with the hip and knee
extensors are other features of the squat technique. These results are consistent with
the study by Huang et al. in 2009 [24]. In this study, an interesting result was the lack of
significant increase in muscle activity following fatigue in the straddle technique (despite
the greater similarity of this technique to squats compared to stoops). Although no
significant changes were observed in any of the muscles, we observed a decrease
(even if slight) in activity after fatigue in most of the muscles studied. Notably, there was
a decrease of about 9% in the activity of the vastus medialis muscle (from the
quadriceps group) after fatigue. In explaining this, it may be stated that the straddle
technique allows the individual to bring the pelvis closer to the load compared to the
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squat technique and to keep the torso in a more upright position compared to the stop
technique. Also, the provision of part of the force required to lift the load by the leg
muscles in the straddle technique should not be ignored. According to the results of this
study, local fatigue of the quadriceps muscles can cause changes in the
electromyographic activity of the lower limb muscles when lifting a load with different
methods. When lifting a load, fatigue is effective on the squat and stop techniques, but it
does not have much effect on the straddle technique. Accordingly, it seems that using
the straddle technique for lifting weights may be more appropriate when the quadriceps

muscles are fatigued. However, this issue requires more detailed investigation.

https://jsmt.khu.ac.ir/
50


https://dor.isc.ac/dor/20.1001.1.22520708.1404.23.30.3.1
https://system.khu.ac.ir/jsmt/article-1-539-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.22520708.1404.23.30.3.1]

Research in Sport Medicine and Technology, Volume 23 - Issue 30 / 2025

EVRY-TY

Sl g Jad gladazs 53 Ol 4B iy glappdle S Sw 5 Lol 08 s goske 5 il S in s b
Ll e &S Sl il By 51 5L 05,5 Ak (V) ol oslinal 350 ilie mlio 55 08 Gy L ol
b 4 e s esls 513 Clul Sl Glacanss 5 5 dles! ol Cgllael (SO Ll o (5 e 5o 1 0
2 OsRl &S syl 1y gd s e SYsb glas s sl GG VDLl (V) ssd Sl AUl OV
Al 5l 30 555,88 Wgad gl 2sd e e ) 5 B Sl Sl Olie 35 LS 5 ol 035 Sk
WV &Sl b phy slaysiS s il el o el WL b o S ld 1SS oL mes 008
SLo5iS 53 (1) A8 o Joemd il il 4 olien 8 s jsba L g 55 BB oLl slaay e
3 o5de el DL pes Jom s Sl Gk 3 mlio 53 By Sl (gl 5 Ol s ann STl
el e e ol 8 laem Sl Wt s Sge felse 51 VL S,y 2 e 5o OIS, s s
Jo aodas gbar aS il 355,08 @ b e Jid gladases 53 3131 SSlae— Sl SV (5 S s o 2t
(V) ool anly 5L s

b polal 4 e w53 0L pes e 5 il Sl (AU (Sl ASUl Sl a5 BB p et
Slas s S edalin |y Sldlas Ol oo (Gaow w5 o0 bl 0l & el Sldlas 1 s
Ob s Jo s 5 ik calby 5l U 55008 4ol S,y Sl slaely s 4 il L)
3 S Ol ol Dl il ST S s el (A 5 V) Lles gl S plaaes 5 OF el 5 antls
25 Alam ol 53 elalal (slatag 3l (sl i8S ik 05 5 = e bks 5 cnl 53 8 Sl age )l
Shas— A A Sy 28 3 g 5 BB S0 L 13l s 51l 3T 8 Tl
5SS L LIS e 0 p bl p gl Q) el Jla, 2 ol el Sl L il SUST 4 S ol
Ao 1S 361 1 sl sl i, b Flal a8 5 oL dagly ol 00 Joolis 5 bapltl IS > s
S 30 e oS5 055 3 Ll 5 Sl a OlS e Ol 3 Ll Sl al s S5e Jal e
Shea,s eolal o el sl G138 SL L w55 a5 Slads 5 58 e 53 s Wlse chazme 5 LaE Sy s
Sl 031 o 5335 50 ey DR 53 1S Dol il 5 i sl 5 DSl Ol il il gla B Ol
o S s sl st o ob sl Sl Sl G Ol gy SISl SSS Sl Vsane Sl e Sl oS
) 3V Wles S 25158 1y pusdlize s olalllas

St Ol gt S 1SS 5 L 038 bl s SSS 3L pde Ol LS oLl &S a5l adt | gba
S8 W5 Sy 25 gUly pde Olpea (Ko codls Jad aidy cnl 5o Il s e JYs 511 o
S 335 (07) 355 o iy pas s Slad plonil gl 03U 5 (558 el 5 Baie 3 SISL L 5Lis, e

sl s Shee 5 Soso e Sln e Jolo ( Slesn 5 (SO b Clevsast 53 o8 s 4 b0 SHlae

https://jsmt.khu.ac.ir/
51


https://dor.isc.ac/dor/20.1001.1.22520708.1404.23.30.3.1
https://system.khu.ac.ir/jsmt/article-1-539-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.22520708.1404.23.30.3.1]

VEEXw 0)lowd ¢ pgurgomst 8595 ¢(59U8 9 (859 < )3 (iR

O3 5 IS o Sialos it 26 5 opdle Dlas Kot o sl odd 1S cigud 5l 25800 o pmis
S0l (V) 552 0 55 Sl plail Joolis (gblss sdeme A5 UL 55 Il o ge o3 )ls Sz STy
Sletd s & Vsame oSl i Suky 5 a8 al Sldo S s UL il gl LS ol
Daen D 5 SOl 3 b3 pd on et (Saet S 3L OL w5 5 (Sl (S5 slap
Claze 5L 038 Al s ST 8L I 4 OB eS pdie ( hze 3Shes sla Sy Ko U
oS3 Ll s albs plnil 53 35 Shee y Dlae oot sdd Sl U 5550 s 4l Llis s
Sl 0390 a5 O gt aml 5 a8 SMae 5 Od e ses St 4 Cshne Slalllas ST a8 Coil (55,0 a5
Spdowe Llodd S ate JL O3S Al o 3 Gl pll Olae Saes 5B oS Gl oS J-5s (VE)
23S et &S Lin e ahex Sl Jade Lol 0 iS5L Ol g Sl moler SLas o5 S ol
B Saes o me 53 0l ils pr abar 51 i by 5 0l Jsl oS > oS 0Ll S el iy
ok S Ky jan SDae 5 Sl el OMae s Clled Al g e Sae 05 S cpl (S Ll
Sl ar s LBl e 5L 008 al o ls A8 5 Sl aloled b old s sl i 5 pasl
Sl 4k 035wl s Sl ol odlae 1S sles S clad Sl sl oMlae Ko ol 36
Kl oS pler OMas (adsn (Jowdt JE peon o B el 03 xS 35 S il
B IS 063 Comazr 3 (Sldlas 035 cnl 53 s g 3l s S LG 035 a6l 65 68 ledlbl
e b St 3 e caalllan ) Ga 30 e ele| 528 53 0T s, ehsa 5 el plnl
WSl ST L Ll 035 ik ps Gl il Coue cdlae B1S ey xS cle Sl eoler

ey r.}Lw 0L s sl zal 5 o gl

g3 wlwig 5

L5 oSS 08/YEV/00 U5y Jle YWARYNA o slailal Sl oSole bogdsls 03 Yo sl
G gad e 038 S0 g e aes andllae (pl 5o 5 OLREl e mes 55 (S 4 sed sba e Sl VIE/YEVES
Bl 355 a8 wile oo ol G s a o ga3l 5555 slaslns (V0 5VE) Ud et 2508 Sladllas 0 55 L
=SSl slagslal 5 Gl el o Shvoel b Syl ole €558 4 | pds arddS Jle 53 )
D51 s0i0s e Slad 5 o el il Sulg s ba pilesl bl 51 3 ole il s Bl SSlae

S g 1) S wboals) 5 90 Sledbl o b 5wl lS AT b bl plosil g Sl s s g3 ge5
Coley Sanda by ol 5 iasn G dlas ol ol e alS (gl ) s s S Ll 5 eSS addllas o

Y

https://jsmt.khu.ac.ir/
52


https://dor.isc.ac/dor/20.1001.1.22520708.1404.23.30.3.1
https://system.khu.ac.ir/jsmt/article-1-539-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.22520708.1404.23.30.3.1]

Research in Sport Medicine and Technology, Volume 23 - Issue 30 / 2025

Lasks 58 el MEBOOO Jue JUs V1 a1 S g les w01 olKaws 5l endlze Sl el ed (gl 5
— gy el alS ) heas dawl s eslizel A—0r e HZNYAB Wl sl 5 58 Yoo (613 ph sas S 3
s S sba gy b ISl antel A b edd sdedl 5 SlS Lass iUl o s Ll (slage o35 5S
o i i IS i 5l e glass Sl G eslizal b 0085 5801 fes gy 04 a3bel I e a2
ool S alols Ao 00) I el olae 5, SENIAM s G5 L sles (AQ/AGCDH
Al g (Ol ol S ol s 0l Son B 5 e dlol Ao 00) ol e (5l SSES  Sb g
Sy o abols Ao ;3 00) Gl e 53 (15 s gl 5 S5 gle ol Sl ol 2ol Ao s V)
o RSl s Sos S e abob dsps 00) s (Gl b bS5 S
SB5 o o Aol G 05 S By (has Al (Saer ) s 5l (Gt
ol ¥ sy S8 e B 5S e ool (V1) A plomil b S a5t I Gl (U e Jtls S35 5 SS3U Ol g
& Jhate Glap (S slacSis )T als a3 8 13 S Ol Gas p s 2550 5 sy
A ol G G5 2 Camle Ao e S ealitad b dlas 5 S

Sl el by il S s 04 Blie oS IS a4 0 O35 deous Y dolee W SO da B3 e
Laly abols L (Y+04) OLGan 5 b andlae b Gillae Sl (23l s o g 5 00 il plonil szl 5 sl oSl
Ly (OISl 55 oia) LSGESS elwil o 15 asls (0 JS2) (V) ds plnil asils (550 o5lula
A S o 5aS el SG180 Jus oS e s 26l 58 5 S

*-:‘-cm

(Faber et al. 2009 ;I 1) () dslzal 5 (laws) Csiad doa) SISl 5L 038 Al SLSCST ) IS

https://jsmt.khu.ac.ir/
53


https://dor.isc.ac/dor/20.1001.1.22520708.1404.23.30.3.1
https://system.khu.ac.ir/jsmt/article-1-539-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.22520708.1404.23.30.3.1]

VEEXw 0)lowd ¢ pgurgomst 8595 ¢(59U8 9 (859 < )3 (iR

s 5 e S o s e 3l eslinal b S o plnil o o Dlde Cled o b oS - Sial Lais g
Ll B e o3l o b a0l 51T a5 ol LT STSS gl ol oo b s s sasT ecnledbl b 51 i
b ol Gl a5, Y &S 5 g gl S eSS Gl ) Kl aijle Kales o557 Salo,o Ll s,
Sl O ke 5 LSS LL aw STSS e e bl B Y e s S e (88 0l 5 0351 ol
a8 s 053]ty Olseas Al b ool (sl e oslinal Ll yay 525

S el Lo b e oSais Sl eslined b S sl 0 Sas (IS5, sl iy ol ) g
3o ol Condg 53 88 3L 5 el LAT CS o sl Jhas b ba g pesl bl s pll il o tiS)
S o3 00 Dlge 4 LS L Sl eslinad b (Koot [T e s O plondl 4 2sla3T ) sty ol
S 3l elsl (S 5 Sileys mhan B gl iinnST ES > 0 el 3300 2 (IRM) wis S5
rieS) S o planil 4 B 3305 &S S pes A e eslel o33 o plil 51 Sl ol zal sy S
(ol el 31 e 5 b e el oo OF 3 S > plomil (Xl o OLL & 5 &S > bl sba bossd LS
a3 v asly RS Gl s elnil [y 5 oSt £ gssasl e B e S e pll e S o)l
s S el 5l (St o end (512 L OA) i eslisal 2l S5 280151 5315 JelS piznST G gl iss
ol Sasesl 5l Saas S, 5l caw a3 Al eslinel S5 las, Yo G\ (Rate of Perceive Effort)
}dizmp:r&o.m;ow‘\ 3de S Oly (el 3 Ko Sl od Slad &S 1 ade SO Y BT sue 5l S Ul s
e sogesl @ L3S e 0lo LW Sl 58,5 @sde G a3 Sy Sailely sdiasolis Yoo SV sue
S Ol 1y sy St Oliee 45 A oo 4l WOl 51 otome ol mal b 3 5 e e3ls (65 i o]
53 b gasasl S1.e8 8 e olal by (Sast JS5s5 053 S oy o WV Sl 5ol 4 e pl oS oS0
> e ol asdlas 1 s sl s sl plasl S5 18 cin S e Ol WY 51 VL a8 e 5 Il o
plomil 1o adS ¢ (S IS5 plomil 1 ey Ao ol 55 el S S e 5 e S D ]
A LSS Sgasl e Olsieas Ogn3l i e and lazules]

80k s s Mega Win 3.0.1 Jijle 3 51 mlaws (slas s 2SI sdal s ol Lt o s 25 ¢l
anles ol 2l slaesls (Root Mean square-RMS) | sios Sl ain ) yurw A olizal 58 000 B A
23l Ok 058 il ST Sl G a s sdaliisay pslie e a Sl Ol bl sl S
dze of (Maximum Voluntary Isometric Contraction-MVIC) G s 5l galyl olil jiSTas sslcowsa
RSNV O ;.u);jmmaj

Wl e GaSeSS A e gl A5 eslial S ls Ose3l 1 sty w35 035 Jle g s Sl
Repeated ) )l S5 eIl b ilisls 5IUT (obel i 51 00 & Camd LU 68013 Gty 5 (S 03 S

Shda 5 8 Luld car s odlae CJld alie g i il 53 e LS eslizal (Measure

https://jsmt.khu.ac.ir/
54


https://dor.isc.ac/dor/20.1001.1.22520708.1404.23.30.3.1
https://system.khu.ac.ir/jsmt/article-1-539-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.22520708.1404.23.30.3.1]

Research in Sport Medicine and Technology, Volume 23 - Issue 30 / 2025

A (L%‘YY e SPSS )‘Jﬁ‘r]: 5 cbW‘buM‘jqﬁwJ&

bt

L olsSul ey Lokl e Sl plbl ot dlae Cled skl Gl sl 5 ke awlie V1 gad
g}"‘) C,...»b QM coJﬂTC,-...AJA.g @L’b Le 49-)3 L7 MJLSA QL.:.J g}"‘)f‘”‘)\'e": C)M L}_<;'M> )‘ oS ﬂ
ol (Saest Sl e (PT/NQ) Sl o lBes 5 (DT E) Sl wss (PT/0YA) Sl g (p=r/erY)
Wals OLAS s el s (g lslae

50 -
45 -
40 :
£ 3
35 - '|'
X 30 - T
@) * P
i H .. “
;zs * * Nﬂ&
= 20 - M St 5l e
15 - T
T I T
10
5_
O' T T T T T T
RF VL VM BF ST TA GM

Kot el 3l e 5 e Sl iy b s oG 03,5 il o e Sl 3 Ikl Gl 5 S0ks 4l L) 15 505
dﬁﬁmﬁ)b =TA céj_)m.;=ST ‘ngbj’“’_ﬂb =BF cé}-‘)u@=VM ‘Lﬁ')l’.' u.@_.v_=VL ‘szb kl«-vb =RF) ;5".))““)%;: QM
(s 5655 =GM ( I3

5ot sl Grao Lok 008 il e 1) ctie S0ae e skl il 5 G S0he anlie Tl s
o e (PEVE) Sl Sl A e sdalie &S S iboles das e 0L | S 5l e
st 3l e 35 Sdlad s (gulslae JEll (P 00Y) Gl s s (PE/0VE) S e (PSr/erY)

il c e rals (/e t) s o5 dlas oS S s sails

https://jsmt.khu.ac.ir/
55


https://dor.isc.ac/dor/20.1001.1.22520708.1404.23.30.3.1
https://system.khu.ac.ir/jsmt/article-1-539-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.22520708.1404.23.30.3.1]

VE £ 05l ¢ @guiglumn 093 (5 )9Ud 9 ()9 b y3 Lldg3

50 -
45 -
40 -
35 -
30 -

* *
25 - L W S 5l s
20 - H s
% T T PR IR
151 . *
10 - T
ua i
0 _il T T T T T
RF VL VM BF ST TA  GM

Shorsler Oas Saast Jlesl 3l o 5 Gl ol (555 oL 055 ad e las e 3kl Gl sl Sl aglie LY s sed
(s 55855 =CGM  alis i3 =TA (55 @3 =ST (Gl s =BF ( J21s 00 VM (215 g =VL (1 o, =RF)

% MVIC

Nt e e Sogd laged 0wy b s o 0L 1 Gl slexr G WP CP NP W

Alandlas st cJld s (ool pae oiS

50 -

40 -
35 -

30 -

[T
25 - [ T I W Ss 5l g
20 T I CRE RN
15
10
0 - . . . . . .
RF VL VM BF ST TA GM

Sl Odlae Kot Jlesl 3 e 5 i I3hmal Sy oL 03,8 il o 5ae cled skl Gl il 5 ke acslie Tl 5o
(ls 55555 =GM s J5ets <TA s 55 o =ST (il s =BF (sl s VM s e VL ity il -RF)

% MVIC

w
1

https://jsmt.khu.ac.ir/
56


https://dor.isc.ac/dor/20.1001.1.22520708.1404.23.30.3.1
https://system.khu.ac.ir/jsmt/article-1-539-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.22520708.1404.23.30.3.1]

Research in Sport Medicine and Technology, Volume 23 - Issue 30 / 2025

S5 o g Sy
cas 1S sl Sl o S ol OVas b e S Jlesl SlSL bl candlae ool Coia
Saa 48 3l3 0L el 3 g Jsl il 5 sl (SISl SGST A b L 055 il plS0s Sl el o
3 Soress (s b (Sl s 1S by iUl C s Al o ge G el SBlae s
s 03 Golslae Sslis &S Jys nsd e sl 5 SISl gy 3 03 L 038 il oK s (g5l
IS Gladasiin 1o uid Comge Sl O8lae Koot a8 Wlesls Ol by Sladllas i sdaline Jol 2l
3503 o )LA RMS wuls il 5 0 5 &l 3 (Rl a4 Ol8 oo Sl ol alesr 51553 00 315 sley ST
Gl s, o3 Sled el Sdlae 315 ey xSl JLEw RMS wals il 53l 50 andllas o0l L ISACIPIALY
Sl Olas Ko &8 cuil Ol Ol e 35 5o Sl olad p sls 0LES 1 2l gzl 5 oS
s S sl asls DSl oSS sgsa 5 adllan ol s 3550 s 531 610k Lt ol S
ot 2osn DOhae Sl LIS A B a S50l (TY) spd S el 53 SUe a4 e ol
ik oDl e3g gl5 eade L Ll sditen Yaasl okl L3l Jis, 53 3 (S lesl Cilese
Sl Dae Sas Jlesl 5l G Gl el Olae Slad 3 il Sk oS 38 Ol oS ol
g O 03 5 AL e ey sba SISl SnS 5 SlanS sla S 0l 035 b aib el o

V) b il 1 e AStul oV s
33 0 S 5l U e Oolae cle i)l oS le S S Ll gl b Ol Sl ST anglis s
Oslite Cid OS] e SOASG 4 e iy 55 sl sla el b cline D is ul 800
2> DSl By L 035 Al s ehsa Gl eoler Ol sl e ) ] glanslis bl 5ol
b S el Sl s 3 gl ol ST s oSl s il e Cgeal Sl il b el
S i (S| Candy 53 S gl Jsb s L8 b gl gl 53 o 505 oS e s | i e
Sl gy s 03,5 A 3 ol el el sl ST ol Sl Sl ST s e 0 8
rooler Ilae 5580 lols Al Corse el opl oS Wb e Al S5 ea sl 3 a3 (55138 50
o 5 A e s o e (Sl ) Oas YL Sl asls i dals S (YY) spd e Sl
05,5 OOas Cull Sl Ll et il b aglin 3 SISl 2 s Nt 3l e 5 e B g
Conl &S gl g el S5 Sl aMas 6,85 4 by S Sl e Sl sy 03 Ol moler
Sy OOlae ple cws 5 (Bl e seinaS) neS Gl a5y 5 OS> gl s gl Sl asds)
Vs 5338 o IS Gl psler cdlae 6 S50 e b Sl Sl ST a8 8 5 S )Ll b o)
sl ol Kt 5 e SNae (K5, SLEL 5 Gl ONlas Gl S0s,s SalEl Ol

https://jsmt.khu.ac.ir/
57


https://dor.isc.ac/dor/20.1001.1.22520708.1404.23.30.3.1
https://system.khu.ac.ir/jsmt/article-1-539-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.22520708.1404.23.30.3.1]

VEEXw 0)lowd ¢ pgurgomst 8595 ¢(59U8 9 (859 < )3 (iR

AL (DSl ST plnil 28 35 8 ($3508 Camds L3 48 B S 15 5 0, 5 Sl Jeolis 3 s
Lol asly (el 5l oS sl 50 s 4l ss oS RISl Sl el DB O penST Sl
s 3l 515 5 0l Sl sz b cdlae ol ol 5 5l oS s Sas SLEL 5 pd e Oy O sl
(ilie 3 (T8) 3)ls Glssan Yot Jla 3 0L 5 Silga andllas b ol opl ool SISl ST gla S5
Ly odes 5 4 (0 s oy andllan cpl 53) Sl O gt (glay puiteST 03 54 5 45 SDae VL b LS s
ShalsSal Goas bacslie 5 855 5 (55 o 5 Slomss bl ) S fmer SMae (15 o, cpl )3
53l 3 0l Jhade 3L 2SS o a5 0SS oS Wi las g (S Sl e (6 e Sl
33,5 n DSl L 4yl

J3l il S5 53 (St C3laze OO Jlsbae Sllad (5 pde el s w4 Jr et candllas ol
Slalas s OOLae Sl plUS s 5o L e s (el b anglis o Sl 4 STl i calls 5 )
MBS s (St Sl ey Sl (SWl J5) 2l dali ) 350 OMae ST s s i sdalis
ol S 53 g (et 5l e (Glmoler 05,8 5D s gy dhas Sl Gdos 4 sl 2alS s g
o ol S (DSl ST L glie 53 48 e o 5l 38 4 Dol il SUSS S 5 S Ol 8000 Ol el
035 wal b zman 3,03 4S5 (g 5B Cand s 53 ) a8 3 gl ST L amlis 53 503 S 505 b
wils 53 a5l e 1y Jalaal a5 50 b Gle wlas b g 5L 05 A 5L 5550 S50 Sl
Al A S anls S 0 e wp bt L 6,500 addlhs a il 58 ol asdlae
o anlas sy5e Glacansy 5l F e Bl S S Ssli 5,8 13 e Wb &S plecussdes S (S
el Jlad Mz gl b S w5 Lo Sl Jlaxs| e oS s ot iy b aslie s 1S
Sl & edkasOlis oo)lse o 5o Sl (Saw D18 nley i Sl wls o5 il Ll s L
Slallle 55 (SSlnS Slapmie oo p 5o 5 o2 S5 Jole J 28 plply (3l OMae ), 5 G S
s 3kt 53 Sk bt g e S

Sl 5 DI Ssp e Kl Sl DOlas adse St Ghash ol mB 4 g L
2 S Gl 0 S il o8 st sline glaras L Lb 05 S il e Sl plul Sblae SIS ey xS
Sty 0w ll nl s Gl 3 sl SUSS Ll e sl 5 ISl eSS
rledlcpll sl Jebie SL 038 a6l Jal el SESS 1 eslinad (G ol Shlae  Sas s

Sl (6 558 LSL“‘_;*U;.’ Lo 5L Cj.,aj.a

https://jsmt.khu.ac.ir/
58


https://dor.isc.ac/dor/20.1001.1.22520708.1404.23.30.3.1
https://system.khu.ac.ir/jsmt/article-1-539-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.22520708.1404.23.30.3.1 ]

Research in Sport Medicine and Technology, Volume 23 - Issue 30 / 2025

SN0 500 g S

6@‘%&‘}4 QK.:...:‘J LS”;J))} L&JKA% MJ DL J}‘ ﬁv\a\mﬁi‘y MJ‘ wu)lf ML’QL&L’{ )‘ CM dei» w‘

g_,ﬁ‘f Jlas ‘-’KJ""‘“—LJ" ! wjf )\_)3 Jﬁt Sy qoVe c‘)\.o..i @ NS Lﬁg":ﬁ S ) oM 4\.2':.456}..»: )‘

fW\ 3 gad (ol addles b gl sy b gus QS)W}jJLATfW‘[{‘\SL&@DJAJT&ASJ‘ Iy o S

...b.)‘zda

&l oyl
ol s il 5ol 4 S U 5

References

1.

10.

11.

12.

13.

14.

15.

Lin CJ, Wang SJ, Chen HJ. A field evaluation method for assessing whole body biomechanical
joint  stress in  manual lifting tasks. Industrial Health. 2006;44(4):604-12.
doi:10.2486/indhealth.44.604.

Russell SJ, Winnemuller L, Camp JE, Johnson PW. Comparing the results of five lifting analysis
tools. Appl Ergon, 2007; 38(1): 91-9. doi: 10.1016/j.apergo.2005.12.006.

National Research Council and the Institute of Medicine.Musculoskeletal Disorders and the
Workplace: Low Back andUpper Extremities. Washington, DC: National AcademyPress, 2001.
Choobineh A, Tabatabaee S. Musculoskeleta Problems factory workersof an Iranian rubber
factory. J Occup Health 2007; 49:418-23. doi: 10.1539/joh.49.418.

Ghaffari MAA, Jensen |, Farshad AA, Vingard E. Occupational Medicine. Low back pain among
Iranian industrial workers. 2006;56(7):455-60. doi: 10.1093/occmed/kql062.

Mohammadi H, Motamedzade M, Faghih,MA. Manual Material Handling Assessment Among
Workers of Iranian Casting Workshops. 2013;19(4):675-81. doi:
10.1080/10803548.2013.11077021.

Kuijer PP, van Oostrom SH, Duijzer K, van Dieen JH. Maximum acceptable weight of lift reflects
peak lumbosacral extension moments in a functional capacity evaluation test using free style,
stoop and squat lifting. Ergonomics 2012; 55(3): 343-9. doi:10.1080/00140139.2011.642005.
Hwnag SH, Hwang SJ, Kim YE, Kim YH. Contributions of lower extremity joints on the support
moment during lifting. J Biomech, 2007; 40 (S327).doi:10.1016/S0021-9290(07)70323-8.

Straker L. Evidence to support using squat, semi-squat and stoop techniques to lift low-lying
objects, International Journal of Industrial Ergonomics, 2003; 31(3):149-160.
doi.org/10.1016/S0169-8141(02)00191-9.

van Dieen JH, Hoozemans MJ, Toussaint HM. Stoop or squat: A review of biomechanical studies
on lifting technique. Clin Biomech (Bristol, Avon) 1999; 14(10): 685-96. doi:10.1016/s0268-
0033(99)00031-5.

Dreischarf M, Rohimann A, Graichen F, Bergmann G, Schmidt H. In vivo loads on a vertebral
body replacement during different lifting techniques. J Biomech, 2016; 49(6): 890-5. doi:
10.1016/j.jbiomech.2015.09.034.

Derare W. Treadmill exercise negatively affects visual contribution to static postural stability. Int J
Sport Med, 2002; 23(1): 44-9. doi: 10.1055/s-2002-19374.

Lattanzio PJ, Petrella RJ, Sproule JR, Fowler PJ. Effect of fatigue on knee proprioception. Clin J
Sport Med, 1997; 7: 22-27. doi: 10.1097/00042752-199701000-00005.

Banks AD. Progressive Fatigue Effects on Manual Lifting Factors. Human Factors and
Ergonomics in Manufacturing, 2009; 19 (5) 361-377. doi: 10.1002/hfm.20170.

van den Tillaar R, Andersen V, Saeterbakken AH. Comparison of muscle activation and
kinematics during free-weight back squats with different loads. PLoS One, 2019; 14(5):
€0217044. doi: 10.1371/journal.pone.0217044.

https://jsmt.khu.ac.ir/
59


https://pubmed.ncbi.nlm.nih.gov/17085922/
https://pubmed.ncbi.nlm.nih.gov/16867298/
https://pubmed.ncbi.nlm.nih.gov/17951976/
https://pubmed.ncbi.nlm.nih.gov/16837536/
https://pubmed.ncbi.nlm.nih.gov/24321646/
https://www.tandfonline.com/doi/full/10.1080/00140139.2011.642005
https://www.researchgate.net/publication/246554445_CONTRIBUTIONS_OF_LOWER_EXTREMITY_JOINTS_ON_THE_SUPPORT_MOMENT_DURING_LIFTING
https://www.sciencedirect.com/science/article/abs/pii/S0169814102001919
https://www.sciencedirect.com/science/article/abs/pii/S0169814102001919
https://pubmed.ncbi.nlm.nih.gov/10545622
https://pubmed.ncbi.nlm.nih.gov/10545622
https://pubmed.ncbi.nlm.nih.gov/26603872/
https://pubmed.ncbi.nlm.nih.gov/11774066/
https://pubmed.ncbi.nlm.nih.gov/9117521/
https://onlinelibrary.wiley.com/doi/abs/10.1002/hfm.20170
https://onlinelibrary.wiley.com/doi/abs/10.1002/hfm.20170
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0217044
https://dor.isc.ac/dor/20.1001.1.22520708.1404.23.30.3.1
https://system.khu.ac.ir/jsmt/article-1-539-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.22520708.1404.23.30.3.1 ]

16.

17.

18.

19.

20.

21.

22.

23.

24.

VEEXw 0)lowd ¢ pgurgomst 8595 ¢(59U8 9 (859 < )3 (iR

Hermens HJ, Freriks B, Disselhorst C, Rau G. Development of recommendations for sEMG
sensor placement procedures. J Elec Kin, 2000; 10: 361-74. doi: 10.1016/s1050-6411(00)00027-
4,

Faber GS, Kingma |, Bakker AJM, van Dieén JH. Low-back Loading in Lifting Two Loads Beside
the Body Compared to Lifting One Load in Front of the Body. J Biomech, 2009; 42(1): 35-41. doi:
10.1016/j.jbiomech.2008.10.013.

Haijilo B, Sepehrian M, Esmaeili H, Anbarian M. The effect of quadriceps muscle fatigue on foot
plantar pressure distribution during stance phase of walking. Razi Journal of Medical Sciences,
2014; 21(121): 2-8. [In Persian] URL: https://rims.iums.ac.ir/article-1-3221-fa.html

De Luca CJ. The Use of Surface Electromyography in Biomechanics. Journal of Applied
Biomechanics, 1997; 13:135-163. doi: https://www.bu.edu/nmrc/files/2010/04/078.pdf.
Chowdhury SK, Nimbarte AD. Effect of fatigue on the stationarity of surface electromyography
signals. International Journal of Industrial Ergonomics, 2017; 61: 120-125. doi:
https://doi.org/10.1016/j.ergon.2017.05.004.

Kellis E, Kouvelioti V, loakimidis P. Reliability of a practicable EMG—moment model for antagonist
moment prediction. Neuroscience Letters, 2005; 383 (3): 266-271. doi:
10.1016/j.neulet.2005.04.038.

Vakos JP, Nitz AJ, Threlkeld AJ, Shapiro R, Horn T. Electromyographic activity of selected trunk
and hip muscles during a squat lift, Effect of varying the lumbar posture. Spine, 1994; 12, 687-
695. doi: 10.1097/00007632-199403001-00008.

Garg A, Herrin GD. Stoop or squat: A biomechanical and metabolic evaluation. IIE Transactions,
1979; 11: 293-302. doi: https://www.tandfonline.com/doi/abs/10.1080/05695557908974474.
Hwang S, Kim Y, Kim Y. Lower extremity joint kinetics and lumbar curvature during squat

and stoop lifting. BMC Musculoskeletal Disorders, 2009; 10:15. doi: 10.1186/1471-2474-10-15.

https://jsmt.khu.ac.ir/
60


https://www.sciencedirect.com/science/article/abs/pii/S1050641100000274
https://www.sciencedirect.com/science/article/abs/pii/S1050641100000274
https://www.sciencedirect.com/science/article/abs/pii/S0021929008005125
https://rjms.iums.ac.ir/article-1-3221-fa.html
https://www.bu.edu/nmrc/files/2010/04/078.pdf
https://doi.org/10.1016/j.ergon.2017.05.004
https://pubmed.ncbi.nlm.nih.gov/15955419/
https://pubmed.ncbi.nlm.nih.gov/8009334/
https://www.tandfonline.com/doi/abs/10.1080/05695557908974474
https://bmcmusculoskeletdisord.biomedcentral.com/articles/10.1186/1471-2474-10-15
https://dor.isc.ac/dor/20.1001.1.22520708.1404.23.30.3.1
https://system.khu.ac.ir/jsmt/article-1-539-fa.html
http://www.tcpdf.org

