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ABSTRACT

N (Ol JIIGd\= This study aimed to assess the biomechanical aspects of neuromuscular

Article Info: balance in the upper limbs during closed-chain resistance training with progressively

increasing loads. Specifically, it investigated how incremental load variations affect

the recruitment of agonist and antagonist muscles and examined the biomechanical

Accepted: 12 April 2025 relationship between load intensity and muscle coordination.

Available Online: 12 April 2025 M A total of 22 healthy male participants (aged 23-26 years) with resistance
training experience were included. The participants performed upper-limb exercises
using a multi-gym resistance machine under a closed-chain kinetic setup. The
protocol included three sets at 50%, 75%, and 90% of one-repetition maximum
(1RM), each set comprising six repetitions with a 60-second rest interval.
Electromyographic (EMG) data were collected using a MyoTrace 400 system, with
surface electrodes placed on agonist and antagonist muscles following Noraxon
placement standards. EMG signals were processed to compute root mean square
(RMS) values, normalized to each participant’s maximum voluntary isometric
contraction (MVIC). Statistical comparisons were performed using paired t-tests and
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EMG activity in both the biceps (agonist) and triceps (antagonist) muscles
Closed-chain resistance showed significant increases as the load progressed from 50% to 90% 1RM. At the
training; Electromyography; highest load (90% 1RM), no statistically significant difference was observed between
Neuromuscular balance the right and left limb EMG amplitudes, indicating a high degree of bilateral

neuromuscular symmetry. These results align with previous biomechanical studies
demonstrating that progressive loading enhances motor unit recruitment and
influences agonist—antagonist muscle activation patterns.
Closed-chain resistance training with incremental loading provides
biomechanical evidence of enhanced upper limb muscle recruitment, contributing
to improved movement stability, motor control, and neuromuscular balance. These
findings highlight the importance of progressive resistance training in both athletic
and rehabilitative settings for optimizing performance and reducing injury risk.
Future research should further explore the effects of varying rest intervals and
repetition schemes on neuromuscular adaptation to refine training guidelines.
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1. Introduction

Neuromuscular balance is a key factor in improving movement efficiency, enhancing athletic performance,
and reducing the risk of musculoskeletal injuries. However, it operates alongside other important
contributors, such as biomechanical alignment, proprioceptive input, and environmental conditions (1, 2).
Proper coordination between agonist and antagonist muscle groups ensures efficient force production by
maintaining joint stability and balanced muscular activity (3). Resistance training—particularly when
designed with progressive load increases—Ileads to various neuromuscular adaptations, including enhanced
motor unit recruitment, faster firing rates (rate coding), improved proprioceptive function, and better
intermuscular coordination (4, 5). These adaptations are essential for optimizing movement patterns and
the functional capacity of the neuromuscular system (6).

Progressive resistance training (PRT) is well-established as an effective approach to developing strength
and improving neuromuscular coordination, especially in complex, multi-joint movements performed
under closed-chain conditions (7). The ability of the central nervous system to adaptively modulate
recruitment strategies in response to increasing loads is vital for maintaining symmetry in muscle activation
between limbs (8). Nevertheless, the extent to which progressive loading influences bilateral muscle
activation remains uncertain. Some studies have observed persistent imbalances between limbs despite
following structured resistance training protocols (9). This study investigates the biomechanical effects of
progressive resistance training on neuromuscular balance in the upper limbs. By analyzing
electromyographic (EMG) activity of agonist and antagonist muscles during closed-chain exercises, the
study aims to determine how load progression affects muscle coordination and bilateral symmetry. This
research aligns with recent trends in sports biomechanics that emphasize quantitative analysis to enhance
understanding of performance mechanisms and optimize training outcomes (10, 11). Addressing this
question could yield important insights for both performance enhancement and rehabilitation strategies.

2. Methods

This study included 22 healthy male participants aged 23—-26 years, all with prior experience in resistance
training. Participants were recruited from local training centers to ensure diversity in training backgrounds.
Written informed consent was obtained from all individuals. The study protocol was approved by the
Institutional Review Board and conducted in accordance with the Declaration of Helsinki (12). The study
assessed neuromuscular balance by measuring bilateral muscle activation during closed-chain resistance
exercises performed on a multi-gym machine. Each participant completed 12 sessions over three weeks
(four sessions per week), with standardized warm-up, exercise, and cool-down phases. During the main
exercise phase, participants performed standing elbow flexion and extension using fixed hand positions.
Three intensity levels were tested in each session:

* 50% 1RM (light effort)

* 75% 1RM (moderate effort, based on expert recommendations)

* 90% 1RM (near-maximal, without inducing failure)

Each load level consisted of one set of six repetitions, executed in ascending order (50% — 90%) with 60-
second rest intervals to minimize fatigue effects. This progressive structure allowed for observation of
activation patterns across load intensities while maintaining safety and consistency. Muscle activity was
recorded using a 4-channel surface EMG system (Delsys Trigno, Delsys Inc., USA). Bipolar electrodes
were placed on the biceps and triceps brachii of both arms, following Noraxon placement standards (13).
The biceps served as the agonist during flexion and the triceps during extension. Electrode placement was
standardized by the same experienced researcher using anatomical landmarks. Signals were sampled at
1000 Hz, filtered (20-500 Hz), and processed to compute root mean square (RMS) amplitudes. EMG
values were normalized to each participant’s maximum voluntary isometric contraction (MVIC), obtained
during maximal effort against immovable resistance (13). This normalization enabled meaningful inter-
limb and inter-subject comparisons. Fatigue was controlled by monitoring participant form and adherence
to rest intervals. All testing conditions (time, equipment, environment) were kept consistent to reduce
variability.
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Data were analyzed using SPSS v24 (IBM Corp., Armonk, NY). Paired t-tests compared right and left limb
activation at each intensity to assess symmetry. One-way repeated-measures ANOVA evaluated
differences in EMG amplitudes across load levels. Where significant, Bonferroni-adjusted post-hoc tests
identified specific differences. Significance was set at a = 0.05. Though no a priori power analysis was
conducted, effect sizes (n?) were calculated to interpret the practical relevance of findings beyond p-values.
The data met assumptions for normality and sphericity; Greenhouse-Geisser corrections were applied as
needed (15).

3. Results

The progressive loading protocol produced a clear trend of increasing EMG activity in both agonist and
antagonist muscles as intensity rose from 50% to 90% 1RM. Table 1 summarizes the peak EMG RMS
values (in microvolts, pV) for each muscle group at the three tested intensities. Both the right (dominant)
and left (non-dominant) sides exhibited higher EMG amplitudes at 75% 1RM compared to 50% 1RM, and
a further slight increase or plateau at 90% 1RM. Notably, the values for the biceps brachii (agonist during
flexion) were substantially higher than those for the triceps (antagonist during flexion) at all intensities,
reflecting the prime mover versus stabilizer roles. However, by 90% 1RM the bilateral values for each
muscle were very close, suggesting an attainment of neuromuscular symmetry at near-maximal effort.

As shown in Table 1, the biceps brachii on both sides increased EMG output markedly from 50% to 75%
1RM (approximately +12% on average), with a smaller increment from 75% to 90% 1RM. The triceps
brachii (acting as antagonists during the elbow flexion movement) also showed a rise in EMG as loads
increased (approximately +26% from 50% to 75% 1RM), reflecting greater co-activation to stabilize the
elbow joint under heavier resistance. By the 90% 1RM load, the difference in EMG between the right and
left sides for each muscle was minimal (e.g., ~1 pV for biceps, ~2—3 pnV for triceps, well within the SD),
indicating nearly symmetric activation levels in the two arms at the highest intensity. This bilateral
convergence at 90% 1RM suggests that at near-maximal effort, the neuromuscular system recruits motor
units in a balanced manner between limbs.

Statistical analysis confirmed the observed trends. Paired t-tests revealed significant increases (p < 0.05)
in EMG amplitude for all muscles from 50% to 75% 1RM. The further increases from 75% to 90% 1RM
were smaller in magnitude and did not reach statistical significance for some muscles (in particular, the
difference between 75% and 90% for biceps was not significant, indicating a plateau). Importantly,
comparisons between the right and left sides at each intensity showed no significant differences at 75% or
90% 1RM (p > 0.05), corroborating that by moderate to high intensities the bilateral muscle activation was
essentially even. At 50% 1RM, there were mild side differences (with the dominant side tending toward
slightly higher activation), but these were not statistically significant either. Collectively, these results
suggest that training load increments primarily affect the overall level of muscle activation and less so the
side-to-side balance, especially at higher loads.

To further analyze the effect of load, a one-way repeated-measures ANOVA was conducted for each
muscle. The ANOVA results (Table 2) indicate that load intensity had a significant effect on EMG
amplitude for all muscle groups (p < 0.001). The effect sizes ()?) were large for each muscle, ranging from
0.66 to 0.82, underscoring the strong practical impact of load on neuromuscular activation. Post-hoc tests
confirmed that 75% 1RM elicited significantly greater EMG than 50% 1RM in all muscles (p < 0.01 for
each comparison). However, the increase from 75% to 90% 1RM was not significant for some muscles
(consistent with the observed plateau). In particular, for both biceps brachii and triceps brachii on each
side, the 90% vs 75% comparison yielded p > 0.05, suggesting that muscle activation may have approached
a ceiling by 75% 1RM under these conditions.

Table 1. EMG peak values (uV + SD) for agonist and antagonist muscles across different intensity levels (relative

to 1IRM).
Muscle group 50% 1RM 75% 1RM 90% 1RM
Right Biceps Brachii (Agonist) 1426.7 +66.6 1595.7 £56.7 1616.5+86.7
Left Biceps Brachii (Agonist) 1416.8 +61.7 1595.9+51.8 16155+804

Right Triceps Brachii (Antagonist) 3259+44.7 4119+348  420.5+64.3
Left Triceps Brachii (Antagonist) 319.2+40.3 410.2+30.3 418.0+69.2
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Table 2. One-way ANOVA results for the effect of load intensity on EMG amplitude for each muscle group, with
effect sizes (%) and qualitative interpretation.

Muscle group F-value p-value n?>  Effect size interpretation
Right Biceps Brachii (Agonist) 4052 <0.001 0.78 Large effect
Left Biceps Brachii (Agonist) 51.80 <0.001 0.82 Large effect
Right Triceps Brachii (Antagonist)  20.15 <0.001 0.66 Large effect
Left Triceps Brachii (Antagonist) 26.62 <0.001 0.71 Large effect

Although p-values indicated strong statistical significance across the board, the n? values confirm a
substantial practical impact of progressive loading on muscle activation. Interestingly, the lack of
significant change from 75% to 90% 1RM in several cases (despite the numerical rise) suggests a plateau
in neuromuscular activation as the load nears maximal. This plateau phenomenon, observed for both
agonist and antagonist muscles, implies that by ~75% of 1RM many motor units are already recruited and
additional load produces diminishing increases in EMG. Consequently, the neuromuscular system may
achieve a state of near-full activation slightly before reaching true 1RM, perhaps due to limitations in
additional motor unit recruitment or firing rate at that intensity. The results also showed that at the highest
intensity, differences between dominant and non-dominant limbs were negligible and not significant,
indicating that high-intensity closed-chain exercise can promote balanced bilateral recruitment. The
antagonist muscles (triceps) displayed EMG patterns paralleling those of the agonists (biceps), with
increasing activation at higher loads though at lower absolute values. This increased antagonist co-
activation with heavier loads highlights its role in maintaining joint stability and controlled movement
under resistance. Overall, the results support the hypothesis that progressive resistance training enhances
neuromuscular coordination and promotes bilateral symmetry in muscle activation as the body adapts to
higher loads.

4. Conclusion

This study examined neuromuscular responses in the upper limbs during progressive closed-chain
resistance training. The findings showed significant increases in EMG activity in both the agonist (biceps)
and antagonist (triceps) muscles as load increased from 50% to 90% 1RM, indicating enhanced motor unit
recruitment and neural drive with rising intensity (5, 7). These increases in RMS EMG suggest that the
neuromuscular system adapts by activating more motor units and increasing firing rates to meet the
demands of heavier resistance, a well-established outcome of strength training (6). The consistent rise in
triceps activation, despite its antagonistic role during flexion, reflects the importance of co-contraction for
joint stabilization. This pattern supports previous findings indicating that higher intensities improve both
intra- and intermuscular coordination, essential for maintaining joint integrity under load (6). Notably, the
bilateral EMG values at 90% 1RM were nearly identical, revealing a high degree of neuromuscular
symmetry between limbs. This mirrors earlier work on proprioceptive training and bilateral stability in
athletic populations (1, 10, 11). A particularly interesting finding was the plateau in EMG increases from
75% to 90% 1RM. Although the load rose, the relative gain in EMG was minimal or statistically
insignificant in some muscles. This suggests a ceiling effect, where most fast-twitch motor units have
already been recruited, and further neural input results in limited EMG change. This concept aligns with
Aagaard’s observations regarding saturation of neural drive at near-maximal efforts (5). Antagonist
involvement also increased with load, but remained lower in magnitude compared to agonist activity.
Nevertheless, this co-activation plays a crucial role in controlling joint motion and decelerating limb
movement. Too little antagonist activation could jeopardize joint safety, while excessive activation could
reduce net force output. The triceps’ balanced EMG rise suggests that participants subconsciously adjusted
toward an optimal level of stabilization. This supports proprioceptive feedback models where sensory input
regulates muscle activity to maintain joint integrity, especially under high loads or fatigue (2).

From a practical perspective, these findings have strong implications for training and rehabilitation.
Progressive closed-chain resistance training not only enhances strength but also encourages symmetrical
muscle activation between limbs. For athletes, such training may improve bilateral movement coordination
in tasks like barbell lifting or swimming. In clinical settings, progressive loading may help restore
neuromuscular symmetry in patients recovering from unilateral injuries, as the body seems to self-regulate
activation evenly at high loads—provided the progression is safe and individualized. It is important,
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however, to consider inter-individual variability. Training history, muscle fiber composition, neural
efficiency, and fatigue tolerance can influence adaptation speed and symmetry outcomes (3, 7). Coaches
and therapists should monitor these factors when applying progressive loading strategies. Despite the
promising results, some limitations should be acknowledged. The study involved only healthy young
males, which limits generalizability to other populations, such as women, older adults, or clinical groups.
Future studies should include more diverse samples to examine how demographic factors affect
neuromuscular symmetry under load. Additionally, the use of only three intensity levels and a relatively
short training protocol leaves room for future exploration. Research could investigate smaller load
increments, true 1RM efforts, or EMG responses under fatigue (e.g., sets to failure). It would also be
valuable to explore the impact of rest intervals and repetition schemes on symmetry and coordination. This
study enhances our understanding of how progressive loading affects neuromuscular activation and
symmetry in upper-limb resistance training. Under closed-chain conditions, increasing load from moderate
to near-maximal levels significantly boosted EMG activity in both agonist and antagonist muscles. At 90%
1RM, muscle activation between limbs was nearly symmetrical, supporting the use of bilateral,
progressively loaded exercises in sports and rehabilitation. Such training enhances motor unit recruitment,
joint stability, and coordinated movement patterns. For practitioners, structured load progression offers a
valuable strategy to reduce side-to-side imbalances and promote neuromuscular efficiency. In
rehabilitation, careful application of these principles can help re-establish symmetry in patients recovering
from unilateral impairments.

Ethical Considerations

Compliance with ethical guidelines
The research procedures strictly adhered to the ethical standards established by the institutional and
national research committees, as well as international declarations concerning human experimentation. All

protocols were implemented in line with the ethical principles for conducting research with human
participants.

Funding
This research did not receive any financial support from government, private, or non-profit organizations.
Authors' contributions

Haider Hashim: Conceptualization, methodology design, data collection, and draft preparation; Safaa A.
Ismaeel: Supervision, statistical analysis, writing-review and editing; Bashar Mohammed Ali: Literature
review, EMG setup, and data interpretation; Saif Ali: Participant coordination, methodological support,
and revision; Mohammed Nasir: Final manuscript formatting, referencing, and proofreading.

Conflicts of interest

The authors declare that there are no conflicts of interest associated with this article.

Hashim et al.. Biceps and Triceps Muscle Activation Under Progressive Loads. J Sport Biomech.2025;11(1):64-78.




Y o5lowd VY 0,93 N Fe ¥ Lo 999 SwWo g dlxo

gy Ao

SO 5SS ¢ )l 18 (glantliae souig g S 31 91 9 30 (93l gwdw g gwgd ONGs (5 3lwlad
IBgh pluif

‘MM‘ \Jﬁw‘ﬂw*} 3 “:LCM)LA&Q: *M‘_J&M‘ ‘wl&c,.}.ﬁa

21y Wb s oIS ¢ w549 ke 9 (SMCa T aSWE LY

.é‘)c 3oz A JaRiind SN ‘55‘53)9 ,6915 9 PINCw XU ¢

st your dece o sen and Hashim H, Ismaeel SA, Mohammed Ali B, Mohammed Nasir SA. Biceps and Triceps Muscle
r Activation Under Progressive Loads: A Study on Functional Symmetry of the Upper Limbs. (Persian)]. Journal
of Sport Biomechanics.2025;11(1):64-78. https://doi.org/10.61186/JSportBiomech.11.1.64

d https://doi.org/10.61186/JSportBiomech.11.1.64

2SS R
mtbeiia o wleWb]
s SO gy diamy 85 heglie Ol el 45 2y (GHE,L Wl oy 4 adllie o T Sl sl

(8135 CannigF Ul 5 ComnigST O (Sidlon 9 SBsd ol Muae VEE iy,9 VY 10 ey U
g 05 olSid b1, JlBgd o1l Sl yed « gloglie (52 03 Alsles s Il 350 TY aslllne 9!, [INERY VP (20,8 VY £l 4,6
15 91kog 5 gloodls sty plogl IRM (Vo7 MOZ o) o g duwt 33 diaans 83025 dagl s 3
o o o MVIC & Comnd (55 dlo 5 1 et 9 (5 y9l@en MyoTrace 400 giuew 3 23! b
b5 ool o[+ gloline has LANOVA g (295 (9031 L (5 bo]
ol G531 L (ComigS L31) (0293l w9 (ComnigST) (0295l purgs aliss 93y )3 EMG clad
Soline glds (1IRM) Qo7 by WU s 53 .Cdly yil381 5 ol Hobay IRM Qa7 &y D47 51,4
b ssalide o g Caly (eI EMG diols oy (55l ykis ;!
33t 31 iy ) SeilKag 3135 ¢ 200 )5 (615 L o1y Al 0520055 Slnglie Ui yod
OIS > e S5 (5 > 55l ORIl e ge ol (] &5 35lwr 0 ol )3 B pluil SMas (Jilghl 3 NS
350os (g 3lwrdinger )3 09 ) iy shoglile iy ol Cunodl p1 ABL (1] 33,5 0 (s omas 25 o i
9 ol yinsl Juolgd Wile 22 )e 8 5T b o] Clllas 5l ST cldulyi (s, 5 0559 Ao 0705 (Foglie (el
29 P 383 (05 S Sl ygiusd 90355 owry pt (M- s ()3l |, i 1,55 lagS) T Sl T les S
S Has

HAF (FYV) CMSFYY 2085

1 1
1 1
! 1
! 1
! 1
! 1
E Gl s callyd BN o5 y9 polE § (FMCert 5 BISWEIS 1w 3] !

1
: |
| sc_safaaismaeel@uodiyala.edu.iq :Juwos! |
1 1

98 eIl (63, Nes oy, 5 55 (glantllue oaig pimy ()L pil s )3 (295 pwdaw 9 ywisd CAE (G5l lad ) Kod g puila



https://orcid.org/0009-0007-8092-1350
https://orcid.org/0000-0002-6447-8244
https://orcid.org/0009-0002-5980-3134
https://orcid.org/0001-0003-2116-6061
https://orcid.org/0000-0002-6447-8244
https://doi.org/10.32598/biomechanics.7.1.3

B9 Siog dhme Y oyloss ) 5y93 VFF oo

LVRUP

el (s Sl ol s (EalS 5 (o559 3 ,8bas <li5)) oS> (AL S5 )3 (oe G (b= ol
el ylidle (Salan JUS 3 o cusl (s S J5S 0 e adle cptiz I (S e Jole cnl (Jl cpl b 48 o
G S 5 CogigST (Mds slaog)S ol (Sinlon (1)) 355 (oo 8 (e Julss 5 (as (po 2)53 3k «Sillagen
Sloj 0294 c(staglie Sy ya (B ,F) 398 o ke S g wMas cllad ) Jols bis 35k 1 5550 (5908 Jleel crge
2 ol el tigd o (e ppas as)Ejle glpl 4 e il oad (b oigpin IIS)L kL L &S
(BF) (Mo (Smlor (Il g (dos o gl (8> oy SULb 553 dg0 (> slasaly Sl

() dd Sl (GMdem guas ablo 53 S 5 08> Sl jloaie lp o) B5le oz

2 oot (haem gpas (Sialen g 08 (Il lp She (Bg) plyiedr (lod S jobdy odigydn (aglie Gl yed
Sledld sl paly cbgy malal > (6580 mas piwww Ul (A LY) Wload Al dtuy 600 5 ity IS >
SISk &Sl (Jb ol b (A) Csl y9p8 o Bib 93 A 5 Sles o)l Lais sl jb Sl 4 gl 3 SMlas
Slalllas 3y Conns ottt JolS jeboas jeim )i 53U pluil 9 ©Maae oy lize (ojlw Jld 5 Blgi o oljae 4o b 20,05
o)Ll wMae (gilw Jled jo b sla ol pas dgg 4y ylioren cdl;lidln eglie (sla STy I oolitwl dgng b i

) x5y

ol B8 plul > (Mde—as PUS (285 IS4 b aglie ayed (SlSage Sl )y addllas (] Ban
Js & iy 055 bulyd ) Cuns Sl 5 CungST M (EMG) 815 log sl culld s L gy ol
SIS Sl L ySas) ol sl Bl 93 iy (3,8kes ()l 5 (i (Sinlen 2 )l (20)8 SRIBI L o (gjluilis
Col gunods By poi (gjlwdinge 9 0, 5as 51 S)3 gm0 (sl (05 Sladlods (655 S sl 5 (235)5 Slege Cliios
iy gasky e (Sl g (859 0, Ses sl sl gyl Glapiin Nlgi e Epoge cal @ B (V) ) )

Djlw wal,8
el (09,
OB WSS i

seglio Sl el )3 (LB dble HBASeS 1 oled il e85 Jlo Y8 U YY i aield b ol 350 VY cadlllas oyl
oS g0 (Jalpb sy o3 0law byl wiges o b5ad Ol Al e cilisee lawe Skl g (o pe5 $S1ye 5l 9wzl
b a8 S e )3 cslio (glol (sl il g (29,5 11903 taloj] (Db (sl g Wdgr o yted )3 Sl adlllas oyl plosl (ol
gy M) dieS lawgs iagh JSTgy cpmizmed 23,8 8] HBAS S 15 den S debiculs ) alllas g90d 3l iy

(17) 535 |2l (Sl anadlel IWS Jpol L llas Jolyo ooled 5 08 cyguas s olSsly

ohalejl (A1

B8 eIl (63,es oy, 5 55 (glantllue oaig pimy ()L 2l )3 (295l pwdan 9 Jwisd CAE (G5lwlad ) Kod g puila




Y olowi 1) 0,93 NFF Ll 999 SwWo g dlxo

soglio lyed Job o SlBsd plul wMae (ilwJled 1o ) awyp 4 sl ( SMae— wae ol b5 cus
O Cundao U ad plol o)8in teglie ol&ws I oalaiwl b culiy yoi olod cdldy (2w )05 (6 38,1 Loyl 1 b diaa 045035

295 b oSy (S clasSl g 00s S35 Gilel Jobo

oS SS9y

o Ikl )3l ) ped ks o (ain > auly Jloz) o5 atke aw (b (gayed WY Lol SRl
PS5

(SlBd Al 58505 b S sl § Sow sl (iiS OS> 1(aBaB3 D) 43,5 0,5 o

0y bl )3 g (6,155 & yge0s |, éjj Oy g opiSI8 SIS > cobian] Curdg > BAS S b 1 hol (pppod @

18,5 L5 iales] 3590 5L o prdaw dus cduds ya )3 0508 ya] (s (sladind y ool slacud L) A
(oSl i s S W ARM 07 ©

o ol 3 48,8 a5 Slie 4 S0dp g el ©Md o Lawly b &S tlhwge o ARM VA7 o

S 2] ek 48 wb Ol laeSa @ad cpl 8l 4 K35 Vb oSlus 5 W ARMA-Z o
2,8 s OlS p caleSy ol B ogs palyd Sl 4 Koo b i

O 9 (A7) 5YL Gnd o ) (007 5208 @ 5l al Gy o plosl () S5 i Caw Ky wots jl pedaw b (6l
D9 (&S sl (Siud U 16 as 4 S s ) col il 4l £ cus o

Pk S8 el Saw Silgn slacdlad g bl S SIS > (Al8d O) 45T dpw o

w2l duds S ol o i | gy cals G 0 1y Mae (g5l Jlad Sl pusd oy Sl glaly ()38 STy ol
o3lal yidio )l (ipdy lp 1y (SMas—uas a5 03 SRl |y Coml Jhd pinen byl (2005 5 g3
DS

(5815 5alag 55U ol

e (15550l oygimgr DeISYS 8 s Delsys Trigno Jue) EMG bl ¥ oxaws wiaws I o3lisl b eMas cullad

(351 93 2 293l oo 9 (29l jwgd M) Cand Sl g CunnigST Lol wMae (59) by (oo (slog Sl s
O pwgd alae s Gy (VW) B45,5 cuas NOTaxon sy bawgs ssisddlyl s llil sla Jodllyguws b sillas 4

S 8 o jslaieds b i e pgSan (530S 3 5 Sl |y Cann oSl B jwdus dlde g (Lol S o) CanisST

98 eIl (63, Nes oy, 5 55 (glantllue oaig pimy ()L pil s )3 (295 pwdaw 9 ywisd CAE (G5l lad ) Kod g puila




B9 Siog dhme Y oyloss ) 5y93 VFF oo

P U g 305 ()0 pdiges Fya Verr 55 LEMG sla JlSw 3,5 aol aseie  Segll bl 1 aslizl

D9 dusloms 1S5y (gl RMS poalie s (53la 5 (55,2 8-+ BY-) ,35060 ld L

Sl (MVIC) (oal)l G yiegil (olisl yiSlis I (shop @ ygots EMG aials day 5390l oy dunlio el (glp
DByt cuaglio ade S rog ) Lolisl pBn 4 sdalcuwsas EMG aiels oy i olgicas alise o ¢l MVIC jlide .
dae gilodlb (s gaw Jl 2Bk 02305155 EMG jlie b as cage gilodloy b9y cnl (1) 48 e <8 >
(S doodly gyglanr Jobo 3 33,5 walE o o g Cely Canns o o 5 33 o o0 T EES Al (ISl 5 a2l
Cbalis samlin Cjaw ;3 5 Bder dinl bCw oo 3ylulinl Colpwl folg 4 HBascs b as s e Mae
3 yemen 1 JolS Sbsb 5l e ggeil amme (slyal (S5 > umo slynl o Slgb b alae 55)) s 5l i (Saud
A5 Azl 455 ol la 5ol peled o 33 (Liulejl Lo g oS Gleglas dyal o a5le) yiolejl Lol ¢ puineon cd )5
S M il 4 bgrye sladulio bl o el (58 JSSgp cal 29 (5 Ssle Salilis Jolge 390 516

25 50 e |y 4b)bgd ()l Sl g Cuni Sl

Splsl o O il Jlb duslio gl 50d Lo YF ases IBM SPSS )Ll jls53le 5 51 aslil b baosls sobes
Sl oy sl e 93,5 il 4)bgd )l b 0 eslitel (295 T el Sl ol ol o 2 )3 g 5 )
ONe-Way ) ,,Se slos Sojlul b 4,y ulyly U1 5 IRM (A7 W7 &-7) cuis paw 4w 3 EMG aisls
Tohaw 555 s 6l Soyigr (b (y90) gl (s blixe g 4> 05 edlizl (repeated measures ANOVA
Oy Juot diged pox> 090 Coli Jdody 4 (ST .0s a8 )3 a3 o +/e0 L ply &bl (s oline o A 48,3 0540 glite
olyonds o5 93,8 gy P polio 5 51,5 sl ae Cenl b 43,8 sl (112) b 31 031351 Lol it plosl sty 51 (5,0
xS0l b 8559 Slllas (cla Joullygind a3l (olel oo Jolpo (olos i (3155 Jglis 3 531 05151 pouisi o P j0lie
e 235 Jlos juS—psleis S Ml ipg pgo )3 g (o) o3> Cug S g (392 Jloy Sldgsia g o ploxl ) S

(10) a5 o3kl gl 51 5 JelS s pgas ) sy 31 0510l 5 lisabsl Al 1 camlio 3,150

@UJ

5 (295k y90) ComsgST Mae 13 1) (315 golog Sl b (iul8l 5 pasiio g, (208 (S)II5,L b o yed STy
oy 0858 RMS g4l polie ) Jous oy (lis IRM A7 4007 51 5L cond Qial 31 b ((ogih pwdes) CaunssSL]

S o Ao ME oy yel Gl el dw d (SMas 0g)S sl |y (V) Cgg e

YO/ & 00 Te Sl 3 G Cao 93 g 33 (gib pwgd dliae EMG cylled sl oas ooy lis V Jaus y3 45 pebo Lo
39 e IRM 87 VT Gl 8 Jls 53 0V, gis (s o) €8 S8l 55 i ssbts IRM
ly EMG el o Giolibl b Gilibl b 5o (1S e Joo CoumssSIl lgicas go)] il plSin o) (g5l pwodes dlae

\Al

B8 eIl (63,es oy, 5 55 (glantllue oaig pimy ()L 2l )3 (295l pwdan 9 Jwisd CAE (G5lwlad ) Kod g puila




Y o5lond <)) 5,03 I FoF Lo

60309 SWBe g dhxo

Scuglio ply 3 @] Jate cuds (lp yide olbles oamdslis & (IRM VOZ & 0+7 51 V87 3g) sl olis

Cawl YL

Sy Sgg,Sn N 390 Min) 393 unb sles 0 5 Canly Caous 53 Mas EMG il o lis « IRM 447 s

)JI).) ‘L:)m C.laau o_\;mOw Ly c(wb )])5 )l.gm a_91).>u| o.)s.).?oo » LY qug)L» e dl).a L.,J99)5s.ua Yoy 9 &9)[} ).u)g.)
28 w3 e Ui IRM A7 o )3 ddybogd ol Kand cpl D1 cpay03 GAS 50 5YL 53 55k 93 50 SMae (gl Jlb

S (oo S35 Ll 93 i e sobot |y (IS o (slasnly (e s ol S 4 Ko oS

Wby S5 S AL g VOL BT il j3 o g Cusly g3l 3 (ConisST) (ag5h jwsd e EMG aels ) ISis

ol IRM Yo/ a0+ 7 5 oiloJlé 53 (ao g b8 il oo 95 2 )3 (agib jugd dhae md o lis |, IRM

o8 5 (ol saib) o i JolS Lyt lagpen el it IRM Q-7 o YO/l j) Gulidl o Jlo 3 camdon
a3 e gl 1) )b ot )3 CoigST alae (il Jleb 3 85bg )i SV (lise « IRM 47 s )3 (2 s9ib)
YL (WS EMG (1 Ske cusly e (593L 4S5 ysbods) 3545 0 odmliie Canuw 93y (S3> GBS ¢ 5yl (slacsads )

oy o 1 A OAS 43 g A Hbline (olol a5 51 lacglis ol Lol (5,03 YO/ 58474 pglaw 5

1IRM 7.

1IRM 7. vo

1IRM 7 a-

SHas 095

VSID E ASIY
VND/D & ALY
¥Y4/D £ S¥IY
FIA- & 54)Y

VORIV  BFIV
VOR0/3  BV/A
FIV/A  YF/A
VY YT

WYEIY £ 555
YASIA £ SV
¥YO/A £ FE/V
VAT ¥y

(ConsisST) Casly (53l pogd
(ComssST) o (29ik g
(o Sl) Casly 293k poo 4o
(o S) o g3l o 4

A
Yoo
S T T
SRRV N
) l l
[}
=
s
Z e
<
(]
o
9 .
z |
e e Casl) 295k p 9 G 295k 0 9
Y-
50% 1RM 75% 1RM 90% 1RM

IRM it )5 K A7 g V7 /e glacsns )3 o g Canly (693L 3 (ConnsisST) (93L pwgs dhae EMG aials N JSs

98 eIl (63, Nes oy, 5 55 (glantllue oaig pimy ()L pil s )3 (295 pwdaw 9 ywisd CAE (G5l lad ) Kod g puila




B9 Siog dhme Y oyloss ) 5y93 VFF oo

fike S5 ST GO 0T glacnd 3 o g caly 593k )3 (CanssST) agib o dw alae EMG asels ¥ S
cllid ol s Gl b ol eaiS s i bies )] (il o8 > 3 48 g3l ywdw aliae w3 e oLis |, IRM

il sl iz sl Jate ()l s gl (oSlilon 4 jls SRl Sl &5 O (L 5 I gl EMG

TV Slacris 13 5 359y m iy (Silgn oty by Cad lisa o oo 13 (30,8) iz 5 (o) Cosly judes @2 bigs o
Spgoty |y CanigSlal abie Gl Gl L gib 93y o a3 i R cul )l Sligen oo L Luys IRM 78
Slosy i alie EMG (3llas olio S oo S8 Juate (5l b ) oo )3 o5 S o JUub gl 5 e
MolS 5V sl > 03258 cumisSLl dlas ol (ol Jlb 53 a8,bsd )i (b el b Lol can] g dliae jI oS
EMG wiols (P <+/0) jlsline (il 33] (295 T o905l 0,8 b 1) sdornlive (sladi) w5 coylel oo .ol ssnliie Jol6
Syt ol Lol b oamlie oo yil38l 15 /0 & 20 5l as )51l ylis IRM 7V0 4 20+ e jl &Mas olo3 1,
sy ;S5 sl pl 5 3555 oline Z80 o VD gl 4 pugd alae )3 0394)) Wdgs Hhlies (o )lol i jl Mas Sy
yblis glis (£a+ 5 VD) oy ye3 ol oy 53 C g Cusly G o (Sduslie @S] K03 wae 4S5 (sl 5
Ol Lu).cu Pl 5 oo OMae (o Jld YU b lawgio slacoid 1 xS o dul aliue ol 48 (P >+/+0) wols lis
Lol (sl 5V oS cdled & o ¢y 3 48) 15 odnlite Caows 93 o S5 S IRM 70+ rdaus )3 .l 039y

5395 Joline (g lel L 3l 55 lacsglis oyl

20
Do e

S s

=

e

]

=] ¥ l

=

>

e

S Yo

o

(D B

> v l

m
‘o e Casl) (295k pw dw G2 293l o 4w
Yoo

50% 1RM 75% 1RM 90% 1RM

IRM ity 1,85 S 51 700 5 /Y0 i+ golaw 13 o g Cuwly (553k 53 (ConsisST) 193l pwdes aliae EMG atals ¥ IS0

M?) Sl o3Il b ol yors wMae EMG aials y )b s 5l sly ANOVA s Y o>

S 03188) pads n’ P e F e SMac 09,5
sk 3l < IYA <efeey ¥-lov (ComsisST) conly (295l jwgd
sbj ! NS <feey OV/A- (CansssST) G (arails ywsd
sbj i N4 <efeey Yo\ (ComsS5T) Conly 25k po duw
sbj I -V <efeey YSI5Y (ComssSE) o (gil o 4w

B8 eIl (63,es oy, 5 55 (glantllue oaig pimy ()L 2l )3 (295l pwdan 9 Jwisd CAE (G5lwlad ) Kod g puila

\Ad




Y olowi 1) 0,93 NFF Ll 999 SwWo g dlxo

wsolod EMG 4.l » &) lolxe );1 Hb s &S ol ol ¥ Jos Billas )/Sw L;Ladﬂfo)’l.ﬁl L u.w'l.).)b ,Jbi d?")'i s
os b by a8 ((FIAY B /55 () 591 Sy e dan sl 5 (N2) Wl ojlasl (P <o/ 0 V) 3l (5Mae (slnog,S
sobdy 1IRM 7Zva hw «wMae ol 3 oS Wab i b dL&O}nﬂ Gl Mae— uae g5l Jld 5L 658
Mas Sy lp A 4 V0 51 Gill Ll (P<+/+1) 8S o sl 70+ aw 4 Cas 6 5YL EMG aiels (6)lolias
Caows 93 3B 3D (295l ywdw g ywgd dlac (gly (ol jabay .l Lwlyen (5D) sadodnliv (s odydy b 48 dgs jboline
IO o ) ol (o pils balys 3 SMas silo Jld wmd o Glis 45 ol Cassdy P> +/+0 VD L 24+ auglis

b ol v i 4 IRM

doe 585 352 (M) 1 ojlil palie ol cwingy (595 (o)l (slolinn ouimalis 3)lge (poles )3 P ppolio oSl 352 L
@die Rl ag L ole Sy o Sal g Mo 4S50 28T SMas gjledld 2 208 IS g B
55 8l &y lody Sl w5 o gade ol & i smlie IRM 784 5 7V8 (lacsid (o (sybline yuss EMG
2 9 ol edmlitie dusy oo S ) S35 pollie 4y )L &S (S 09y Al € SMde nas (ilu b o g L
Jlb dlae oS> slassly 5l sloses Lise IRM AN d9a5 33 4 ol )] ko Cend ST 5 o gST SMac 09,5 ¢
oS (e gpas wh (il by 2950 EMG aiels )3 39000 b (S Gl 4y yomie e oy )l (Ral38l g wlons
2 adgize s Yeasl wy (Slae Jlgsls s j) ol b5 clls & ARM adly 551 20 gyl g ool
G Yl aS ol L piores gls Wi | daw OT 5 LmOT Sl 5 Gl b S s glaasly iy Gls
Sliy a3 223 g0 LS 990 cpl 45 (D>21+0) 295 Jloline (g L] 15 51 g Sl s I i g LI Py 5l 0y
s EMG slagsll .sigd (o) ceoms 93 53 &Mas )l 5 )jlsie Sle1)8 carge wilgice Y 00l b iy 0505
sl 55 o] EMG aiels o)l 2al381 L g 25392 gusad (293l jmogd) CamaigST M 39, L 55 (o295l puos) Camai STl
e DA ¢3S sl 4 Gusly ) G STl e > lilon (I3l ul g S gl llas ke s STt
S (oo Aty ) Cunglie plyy 3 €S J5S 5 ke g Lais o g

SIS b iy 0,55 hoglin Slipas (o 53 o ol e s lagiuly oy o3l dallas Lol i
i 65,5 93 10 55 B, Saleg iUl cdled ARM A7 4 0+ 7 5 ) cons Lilsal b oS sl ol sl g 50,
S8 )3 ()b Gl Sl @l (ol e GRI3E (6)bline yoboas (293l jeodus) ST 5 (2g3L yu09d) CmaisST
eas sk o)Ly i ede Olodl b &S sl YL L @ Fwly 0 Mae & e colis 5 (S sladsl
G alisee zolaw 1 o9il pwdw g wed Sae 3 RMS pslie [al380 (YY) 55l Slgsean eglie il pes jl o8b
Sy Sl Sl S 4 Gl )3 o Bl SMae (Gile b sadjaly 53 (SSlegn lag) S5l I (ST Sl e L
Slgs o oglio oy ped B2l L &S Cuwl oad (5)5 L )Kes g Jogalw adllas 3 ailine (s0gy puSiw Jb Cov Juolas
3 0 EMG cadled 3 JalS T35 )65 oaalie ) jogdle () 290 i Moy 5 (e (10 (Sanlod 39000 4
Bybgd b as Jobs sbal ;5 Y @ad b Slyyed e i oamdlis cosl 5See IRM A7 i ) plul

oo Ol yod Coonl & Sl 48515 a5 3)90 5 ()lSen 9 )Ll g dle I ety Slalllas 3 (Shig ol 3L

98 eIl (63, Nes oy, 5 55 (glantllue oaig pimy ()L pil s )3 (295 pwdaw 9 ywisd CAE (G5l lad ) Kod g puila




B9 Siog dhme Y oyloss ) 5y93 VFF oo

A/ g V07 ok oy EMG ialial 15 cond &l odpy 505 (g 51 (17 5)) lazsls ST b @l olis)) 5 Ldos
sy Slg3l8 15 Codgazme s a4 ol (S oy (pl Bl mas JlgdE Gt & ey slimeds Ll 0 IRM
Slalas j 5 5,81 ey &y yiSlis 4 Kodp slacsd )3 s Sils cla Wil s gLl b olasls S classly
b oSl eMae el il 331 () cusl 03,8 0,lsl YU cuoglio Lol cov mae Symo o bl cpis 4 295
O b bty > eS8 s J S g et (gylul bais 4 Loldler dbol b cMas pl &S e 9l cueal 30, )38l
St sl 3 5 ool Sl Lo 15 5] iy Sy b 42l SIS o 5l (o SAlon (ol S o S8
V) oo Line 05 gokao ()0 5 stulegly gl 5 4l alon ¢ hos (o 1 (v (S > S

e ool sladaly 3 (2)05 (HHS)L b a0 (aglie Dl yo o3lial jl zgdgas Lol (pl ()18 oo ]
Al g ekl e (4P 5908 B dgme 4 Sluped pl Bl Sl Wl S5y WS e Cubes (pdSul
At o33l Il 5 ,Shae bbb 3 a8 Shlew (slp 039 o cdSu e Lol pd )3 Cpismed b Cund (Juake o )lub
ASle (60,8 (slacugles oS cusly dn g8 Wb azdl oS solatwl SMide— uac o)l L0, S5L gy Slosed g9 cpl 3 ole o
2L L 6B 0550 Blg o (Sind & o5 (s 5 (SMas— mas L5 ( SMas slayb cuS 5 o yed dbble
SlagS 5l 65385 ot g osd (adtiod bayusie ol (wlsl 31,81 an] ldllas )3 395 o Sleidi 13 (V) 3,135

D Syl s Fwly

d9aa 1) gl (6 plipress 45 3,8 0)L8l (Llg (fdye) EASES 15 dga0m0 diged 4 (o0 pSl> ddlllas slacydgioes ]
g oo Cgme lydgae dle I 50 (Saud bulpd )3 Jdod 395 9 )b bl e 4w S oy imen djl e
Lulys > EMG ) 5 (o8he b 5yt 5l) s 51 (6 Sy b oyt 51 slosimgly 5o 29550 oty

238 13,18 Heed (3 (Sl s U slacuws plodl aisl) (Siws

2 (5 doxiS

—ras (il 2 ol b g 2y IS L eglio Ol Sl 26 (SlSoge (sl )9l yig 3 4yl adllne
IRM Q-7 a0+ 7 ) o yed ok Gial3ol e 0,555 bl yd cos 3,5 KoS SlBgd aliil )3 a)bgy )& 5 SMae
el g olel s 5l Solis wond paw YL 5 b Cans Sl g CunseST OMae culld Jbliae il coge
Sl zedsd gl pl g Sl & Soop byl o (03 Sloe (YU )85 sdimd lis oS Ml odaliie () Cuow 9> lae
e S e coles SMae  Sialon dou 5 (S lassly Sl ioli8l 0 ou ) Seglie @l e Cote il
(S > (ol Doy s WlgT o ¢ aiul 81 glayb b divs 0050 (eglie il ped ) ealiwl ST s o i lasdl (g3 )8
b3k Sl deie 63 2815 o Sl 5 ol il slbaslyg 3 255 oo el s ilS 5 e6de sz S8
3,80ae 00 (sl 2,509y ol 5 WIS 3 hhng Ol (J e 50 Bl el ) ey Lol (90 Shae ()85

Lyl SBgd plul g0 Sialer a4y aS” sladidy ;3 o gdy (S oolaiwl )y 185 5,9 5> 48,bgd

SYET OliaMe

\4d

B8 eIl (63,es oy, 5 55 (glantllue oaig pimy ()L 2l )3 (295l pwdan 9 Jwisd CAE (G5lwlad ) Kod g puila




Y o5lond <)) 5,03 I FoF Lo

oRgR S Jgol 51 59w

Sl IS aief Lassi gl gy 0 381 S SlalT aslicgls) GBRSes s olos §l cingg T 51 L
5 Sl asly (I Jool b gillas adlllas Jolpe (ales 5 €855 )58 ol 5,90 alls olStils (13559 pole 5 hcuny
ML) _ol3 5 331 )l5y5 1 dalllan ) o ye a3 Byl 5 5 GERTES 15 (1Y) w35 Ll o gtes oS
bl (aascie (oo Ol cod @l yed ooled 9 At )y BAUSES b 4 onne] A56Sun bilo (Bb Aoy o)l pases

o (ol
Olf.\uwd’ “9-; E:AS)LM‘:-O

Judos ¢ ode yllas : fuelow] clos fallie g i (15,155 g baodly (gy9laen (5o gy ik« gjld o] ppila jus
Lg u.i.mlo.m :ulf- oo Wosls )u.u.o.: 9 EMG o) djl).llol) ‘égLLo 290 :u‘l:’ Joe )Lw ‘u»)li’ L)“"")"? 9 w)b sd)LoT
2l Olpg g plie mdal lie oled (Ul 1ol dasme £ il 5 (eolid gy Sl (BASCS 5

o)
)5 gdlie o ke Alis () oSkt ol i

Reference

1. Lephart SM, Pincivero DM, Giraido JL, Fu FH. The role of proprioception in the management and rehabilitation of
athletic injuries. The American journal of sports medicine. 1997;25(1):130-137.
[DOI:10.1177/036354659702500126] [PMID]

2. Baumeister J, Reinecke K, Liesen H, Weiss M. Cortical activity of skilled performance in a complex sports related
motor task. European journal of applied physiology. 2008;104:625-631. [DOI:10.1007/s00421-008-0811-x]
[PMID]

3. Aagaard P. Training-induced changes in neural function. Exercise and sport sciences reviews. 2003;31(2):61-67.
[DOI:10.1097/00003677-200304000-00002] [PMID]

4. Folland JP, Williams AG. Morphological and neurological contributions to increased strength. Sports medicine.
2007;37:145-168. [DOI:10.2165/00007256-200737020-00004] [PMID]

5. Enoka RM, Duchateau J. Rate coding and the control of muscle force. Cold Spring Harbor perspectives in medicine.
2017;7(10):a029702. [DOI:10.1101/cshperspect.a029702] [PMID]

6. Suchomel TJ, Nimphius S, Stone MH. The importance of muscular strength in athletic performance. Sports medicine.
2016;46:1419-1449. [DOI:10.1007/s40279-016-0486-0] [PMID]

98 eIl (63, Nes oy, 5 55 (glantllue oaig pimy ()L pil s )3 (295 pwdaw 9 ywisd CAE (G5l lad ) Kod g puila

60309 SWBe g dhxo


https://doi.org/10.1177/036354659702500126
https://www.ncbi.nlm.nih.gov/pubmed/9006708
https://doi.org/10.1007/s00421-008-0811-x
https://www.ncbi.nlm.nih.gov/pubmed/18607621
https://doi.org/10.1097/00003677-200304000-00002
https://www.ncbi.nlm.nih.gov/pubmed/12715968
https://doi.org/10.2165/00007256-200737020-00004
https://www.ncbi.nlm.nih.gov/pubmed/17241104
https://doi.org/10.1101/cshperspect.a029702
https://www.ncbi.nlm.nih.gov/pubmed/28348173
https://doi.org/10.1007/s40279-016-0486-0
https://www.ncbi.nlm.nih.gov/pubmed/26838985

B9 Siog dhme Y oyloss ) 5y93 VFF oo

7. Skarabot J, Brownstein CG, Casolo A, Del Vecchio A, Ansdell P. The knowns and unknowns of neural adaptations
to resistance training. European Journal of Applied Physiology. 2021;121:675-685. [DOI:10.1007/s00421-020-
04567-3] [PMID]

8. Prentice WE. Open vs Closed Kinetic Chain Exercise in Rehabilitation. Rehabilitation Techniques for Sports
Medicine and Athletic Training: Routledge. 2024;305-328. [DOI:10.4324/9781003526308-15]

9. Merletti R, Parker PJ. Electromyography: physiology, engineering, and non-invasive applications: John Wiley &
Sons; 2004. [DOI:10.1002/0471678384]

10. Hamid JAK, Salama OA-Il, Sadig AJ, Jasim TA, Ismaeel SA. Three-Dimensional Quantitative Analysis of
Kinematic Variables in Discus Throwing Performance. Journal of Sport Biomechanics. 2025;10(4):310-322.

[DOI:10.61186/JSportBiomech.10.4.310]

11. Ismaeel SA. Comparing the Anthropometric Characteristics and Physical Fitness of the School-Students with High
and Low Levels of Physical Activity. interventions. 2024;18:20.

12. Bibbins-Domingo K, Brubaker L, Curfman G. The 2024 revision to the Declaration of Helsinki: modern ethics for
medical research. JAMA. 2025;333(1):30-31. [DOI:10.1001/jama.2024.22530] [PMID]

13. Konrad P. The abc of emg. A practical introduction to kinesiological electromyography. 2005;1(2005):30-35.

14. Farina D, Merletti R, Enoka RM. The extraction of neural strategies from the surface EMG. Journal of applied
physiology. 2004;96(4):1486-1495. [DOI:10.1152/japplphysiol.01070.2003] [PMID]

15. Field A. Discovering statistics using IBM SPSS statistics: Sage publications limited; 2024.

B8 eIl (63,es oy, 5 55 (glantllue oaig pimy ()L 2l )3 (295l pwdan 9 Jwisd CAE (G5lwlad ) Kod g puila

YA



https://doi.org/10.1007/s00421-020-04567-3
https://doi.org/10.1007/s00421-020-04567-3
https://www.ncbi.nlm.nih.gov/pubmed/33355714
https://doi.org/10.4324/9781003526308-15
https://doi.org/10.1002/0471678384
https://doi.org/10.61186/JSportBiomech.10.4.310
https://doi.org/10.1001/jama.2024.22530
https://www.ncbi.nlm.nih.gov/pubmed/39425945
https://doi.org/10.1152/japplphysiol.01070.2003
https://www.ncbi.nlm.nih.gov/pubmed/15016793

