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The effect of muscle soreness due to the plyometric training on electrical activity
of Gastrocnemius muscle after concentric and eccentric contractions in un-trained

male
libeigi, S*., Poorbahram, M.R?., Saghebjoo, M°.
1. Associate Professor, Sport Biomechanic, Faculty of Physical Education and Sport Sciences, University of Birjand, Iran
2. Master of Science, Physical Education and Sport Sciences, Faculty of Physical Education and Sport Sciences,
University of Birjand, Iran
3. Associate Professor, Sport Physiology, Faculty of Physical Education and Sport Sciences, University of Birjand, Iran
Abstract
Purpose:The aim of this study was to investigate the effect of muscle soreness due to the plyometric
exercises on leg muscle EMG activity after concentric and eccentric contractions in untrained people. 20
students from untrained male students (at least 6 months out of practice), were randomly assigned to
experimental (n=10) and control (n=10) groups. At pre-test, surface electromyographic activity of
gastrocnemius muscle were recorded using by the Biovision 18 channel device during the both concentric
(squat / plantar flexion of the ankle) and eccentric (wirepuller / ankle dorsiflexion) contractions. Then, in order
to build muscle soreness, experimental group exerted 10 minutes selected plyometric exercises, while the
control group did not have any training. Finally, immediately after protocol training and also after 48 hours the
same record was done. Data were analyzed by Dasylab and Matlab software, and the ANOVA Repeated
Measure and Bonferroni post hoc also were used for statistical analysis at a significance level of P<0/05. The
results showed that fatigue resulting from plyometric exercises, could have significant reduction in activity of
gastrocnemius muscle immediately and 48 hours after exercise during eccentric contraction (P=0/001), while
it was not true for concentric. According to the results, the risk of eccentric contraction could be considered
for untrained people during training.
Keywords: Muscle Soreness, Plyometric Exercises, Electromyography, Concentric Contraction, Eccentric Contraction.
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1. Soreness

2. Delayed onset muscle soreness (DOMS).
3. Acute soreness

4. Isometric

5. Concentric

6. Exentric

V¥



WA Sl 5 5l VY sl (69l 5 8559 b 5> s

W -3 ST VPRPIGE WY W WOR. SR es S raLLe I W ERPR- NR-PRIPUR = \Y (RSP
esS ol Glr b o0 Glais, rames 5 Sl gl s all Glr s SeS Ll
COae Ol 55, Sles 5555 ) ol S 5 (SsS 30 Sl ol by sl anils 01,55,
2 Sty Sl el 5l Jole (S8 S S e S b sy el d s e B 4 g Dl
52 S sl G Bl 1 e 03, 03 Ol sl Bl (k553 e 315 ples oSl e (ST

A (}lea\&:&u,um,&;&uwﬂ;\;sfﬁ

wliigig 5

Yo e als b i oK1 a5 0 ey 0Ll plas | ilesl e tassy cnl (sobel analr
s onl Gl olel 5 dedds s 4 L8 T bl anel 055 31l K85 JLe YO U
eIkl s s S 5 455 s pde 5 o Dl 13l 5 ol 7 s 55 Sl pue)
33 53 5 Gl Rer BMI S (a2l a3y olil o e 5 (il Ol (bl @500 (g o Sliss
Loty sa30 51 g s o sesl plad il S 13 (U8 05 8 8 V) (25 05,5 L)) 058
plosil o g DL (6l pp s o3 S oSS 1y 003l s S0 asbizuls, ¢ 5 (SF36) (35
b DSl oS o Sl SIS SIS oS 1 53 s ahde (SG s bl o gl A esls 8 by el
5SS s dae ol SOSI cdle e gl sl eslinad £y 5 Sl 5l eslixad
ol 53 A eslizad S 53 53 55 8 IRMY Ol (i 51 ey (3K0m) (3L o) st s ol
Ol 528 el (BIOVISION) oSaus 31 (55 Juol) 213 oy xSl Clad ooy o sshiie 40 s
Slaesls Llow 5 s 5 S sl s e 0L Olosen 1) Laesls 5 550 JUIS WA olSaies ool s ealizal
Sl Aol s s eslinad R2009 4 Matlab ;. <. Dasylab ,i3l. 5 51 EMG
53 eddshie ol slage (s (lueslal 5 s L it (6 Sl s UMl 5 5 sl 1 (6 S Sl
" eSS el el sy pe abl JSUl ay Gl eslinal b s et e o35 0030 51 iy S
PR S S St (G o5 Saslin) Gy il Csllae a4 Oy Slors s S
A ail &K s LS el dBaus 1 B sbeelKaws s s SalS gl amen g b,
ol g Gllas ol s i oee 35 (018 Sl 4 5Y0 ) ol Ol u= B o BB gles
akols 13) i s)5e Jowe 3 Ly iUl 5 oIS e 5 s Siass g 3| SENIAM 153l 5
AG-AGCH o5 - IS i 31 o iSOl il s (a3l 5 S50 e Ole Jooly b ppe
Sl o s i g s 313 eddpend Sl Joms 53 e Bl g3 s S e ol by Jlas s
daae @l Sl S p op 5035 53 (e3) o 355800 s (i) Se ahede gla b g
O ol pees) (VYY) WS Coa

1. One-Repetition Maximum

-


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=8&cad=rja&uact=8&ved=0ahUKEwjnlcXNxNrUAhXMLFAKHS89Cg8QFgg9MAc&url=http%3A%2F%2Fwww.myfitroad.com%2Findex.php%2Fcomponent%2Fk2%2Fitem%2F86-%25D9%2585%25D8%25AD%25D8%25A7%25D8%25B3%25D8%25A8%25D9%2587-%25DB%258C%25DA%25A9-%25D8%25AA%25DA%25A9%25D8%25B1%25D8%25A7%25D8%25B1-%25D8%25A8%25DB%258C%25D8%25B4%25DB%258C%25D9%2586%25D9%2587-1rm.html&usg=AFQjCNHmBBPryHHyf7pNRIeSU7uyd7PFOg

b (68U &8 sy Sl o 1 ol (SBSS S1 s

LT ol 2SI Ao p3Ve plnil b DSl S = 5les S 53 5a 5o 355 abiae (S S0l e o sl
S5k S el s Sl R 5 OIS (s w5 e b bl a3 ga3T e (A3 nd 3
a oSl sl oS bl S s s s alas (SOl bt 55 s elS Jslal sl alas
A o e o T ke s b ol 4 jean S35a3T 8 sl e opl 5 A 4360 ke
55 b oS 53 Jas sl 3 S o Sl pul (S sl s Sl s b 58 0sa3T gl L
53 el (i) @3l o S oaws L (AIRM) ol LSS (655 STas sV Ll
s il (ils Sl 3 olis ) JUS 5 3 Ol SlS 5 sllS Gy 45 Sgei] sl & -
LG oSOl Ko pesl 0l b g pa3T e 228 8 o 13 (55 b o 5 OLESH o 5Ly oSy
3303 el AU N0 De 4 4 e a5 adean | Jee pl 5008 Sonp o b Ble 4 &5y Jeos
b o lasT S 05 5 Lpedl i e il 51 e (O5m31 o o) A g d 55 o sl o SSLe
il ey o3 S5 el es 8 WS Il 53 i pladl ) el 658 e 5 Lo S S
Or mle oy Sl i A7 Jald IS onl o La S L2l L (Yo A) OLSs 5 b5 a0 55
3 GLSNY L G din) (62 8l 00w 555 51 S 48 5 GLSONY L o i) (620 Sl
3 L e Ole gladdoan ol mal Gy Aol O 5 sl 4y s Ole ozl Aol o8
plowil 4 e 53 LT 5l hlae (S Sl Cdlad Olsn o5b93 aboolBdly (O0F) i a8 8 i sl g
SN e Ol g Tome 5 il oiilasT o 058 55 58 )l da el TA a5 23 T Sl
Dasylab ,i5sle 3 L sstsis)sTaer sl (05030 ) A2 plowil 3wl L g3 sl li 55 ooLae
83,5 o3le s s R2009a as Matlab il 5 syl RMS' o, S0 ales a0 (o5l ke
wiye a3 RMS) a5l 5 i 550 4t 10 53 JUKe JS RMS 58 I s L ol (slaasls
4 JSRMS il 5 diae s 55 bl e el o oy 3 0 plnil oS SIS > 1SS
L lols 0T 0ga3T 5l daesls (olel fows 5 a5 skie 4 cmomen (08 arule oy S RMS

A o3l O /00 (5ls e o 3 g il oS O30 5 5,5 slag Seslul

ﬁ)bM)Jb)jﬁQ\Lg;)\}Jm.\ ejuﬁ}éj

1. Root Mean Square

\%4



WA Sl 5 5l VY sl (69l 5 8559 b 5> s

Ll

(O Jsde) el s S50 (93,2 sla S s s 1kl Bl sl 5 ke siasOlis 5 s

(5 Ikl Ol ol £ u.:i»\:.a) b 33T 65 L;LA;}” RIIPRES

(e p p55k5) BMI (b S AS) 055 (o sila) 23 (W) o IR
YA /OALY/0) FAEA/ Y VWYEY/0¥ YE/YYEY /Y S 05 S
\MARESVLY \ATAE=-YAA VWWALY/YY YO/ Y/ JS ey S

Clb o gar 3 5 Se GlagSeilul b bl BT Osesl mls skiasolis ¥ ojled i
ot Dol YA 5 a3 bl 1 g abslidl s ol plal 51 G b e 4 5o a5 alae 31S ey S
b e SIS N 5 SIS sy OS> 3 3 RS 5 025 058 53 a3 ued el
Sl sl b Ble 555 ahiae G aD) (318 sales 01 llad Ol 5 o el oS 65 0Los
2503 2z Golsims B s 3pse e Ol iSIE epss 0S - pKs s oS 05 S
S S a3 05 S opl sla sl b Gle s ahae gl Sl Ole (roen
S b 65 el e 3 ol ek sdtalie (gl e Sl s 3550 cilise e Olie (2SI
CS 53 a3 A S s S lagasesl Gl Gle (sbss dhas G bal) SIS ey S Sl Ol
ssba cpl g esdle Al edalie (Gols gme SN ) 3 5e e o SIS S 5 IS 00
038 52 slagasesl b Bl alas s el cl oSl n 855 Ole Sl Bl 5l IS

(P=/veey) s ls 54 Sols sme O

Hss e 5 Se (6,8 0301 L ity T 0a5T s Y Jguer

P Value 35 ol 2 1kl Gl il 5 Kile . B
e SO L (s ge) 0L 2L 095
0+/84£1/04 s 3V e
Ve YO/NVEY /48 s 3 e Aol 1S5
FA/VAEY /A s Sl e s lufA S
£5/00£1/40 R 3V e k
/449 YA/OAEN /£0 S 3 e ol 15,0
AL YO/04E) /$A ied 3l e LA
OV/AVEY /) s 3V e
+/544 £ IAREY/TA s 3 oy aloB, 1555
OV/\VEY/YY S 3l e e lYA \,L
D+ /A /0 i 3 e >
YRY, YAV OV S 3 e dsidl 1S58
£1/va/AQ s 3 e sl ¥A

.C«w\ ol 4:3;}]@)3 (pS'/'b) ‘_g)‘:L;L*J CEM%




b Sy 8 2l a3 1 ool (S8 S e

Sl s 2 oshie a0 (ESIE )53 OS 53 e 08 Ols 3 Ll pme Ml sy 4 a5 L
G bl ol 5518 0 Jsds s Ol gl A sl Sy ke 05031 5l Jel e Oles
SIS nles S Sl 4 ol pasae cpl im0l S it Dol w2218 b
e Llaly 03 Sl S Ao 33 53 (S s S o 2 2 05 e gasel G5 ke
ol S Sosba PO sl s Solime Dl Slasklls e el 1 ey sle YA 5 5L

sl ol el Sl e Sl 3 dlae pl 55 el Sl s (ol pre EalS L s Nl

(225055 1505, SALE 53 B8 oy S Elb 0)ls3 Gs,bp 03n5T gl X Ul

Solssre plaw Ll e glas L peKile N R g 2Ll 055
p=+/%) JYF OAIAA v \
p=:/+v Y AY/A¥ v
=/ NAEd z- .
p M/Af \ Y 1 s 3
P=1/) YA SIAY v Y
p=+/ev AN AY/A¥ \ ¥
p=e/e) VYA SIAY \
-

S8l S s S Sty Sl e Sl ol (S S 3 ey Saa LS e,
eoss S 53 Syl Sl LI ) 63,50 a0 D SU Gl 3l alae (5 ke
3ol S8 5 (a5 sbar o5 5 0L gy oal @l 285 bl sl LSl (S
chae (355 del) S el oS g sba )l ol pme i odlae [ SSUl el 6l
Sl ool A 3 Oloy 38 L A3 dalys axlge 2alS STas boanin op el S e 4ol
5 oAEls 5 SR Ohas Gl S8 S s e Seas (s JB) il sk & SGag e (0
bl 15 0T s Ol e cilie (slaa i plesl 4 a5 b oS ol 0hae lacoul 1 501 S5
b ol e 858 me Gt Sl el Sl 1505 Cllad elen 4 GRS S5 s
Aoz 5 el i O 51 20 558 5 (K858 sll (L5 L alaly 55 .(VF) 23,8 oo dien 3L 5 Dlae
Lol ran 255 GlacS e O3lspmd 5 s b sl il i 5 Ol (Blas 5 s Sl o]
Ll g5 oas ATy G S 3503 3 s OLKiass Ole o pee G315 (bl ool i Oy Dlze S8 S
osbie a1 sl g 51 gty JIgs Ol 1 L(V0) A3L (K855 o5l stiasailyl JolS 5 )3
e ol an 23S 5L s 5 Gly O] @ oar s L oS Ll S slpty (KBS bk ey
ol ol pl e g SOl e Sl el opd e dlesl OSae w4 1505,
Sl e 23,5 o sk Iy S L1 5 e LA (520580 50 hd s ool

TEON o e JJ\;SL;a )LC«T b J}Lﬂ LgLa&:i}'jﬂ 45 ol lad MS JJ\ P R a,\;;SqJ-.?J

VA



WA Sl 5 5l VY sl (69l 5 8559 b 5> s

Slo slab & s S osdn 5 5SS Jske s SIS 5 Lasl Lo pe Slas ol glis
5 JOliS o 3t T a4 |y dde gladdS cele VY 1P sl ol s e ledl 5 b
C1FA0) S o Il sz Joes 53 1y s polios 5 e stule

Joo s s b Rl edsiaml e 53 b S sl ol 5l ey el

rlpll e ol o e (BLOLs slab 53 ol 5 Leppslions « Jsko 038, Ol 51 5 Ll

B IEN PN Sl sl 3 s bl OSan 333 5 ighe S elasl Corse sl g
S Jlasl b oS ol Sl sed g5l 5 (S et Slusad 0 Ll Gl 55 slaeki S
e 5 s Glaeki S 5 i o 1050 5 10500 Sl s plail 5 s plal fs 1
ol $00) 353 0 ae sl K558 sl 576,555k 5 3l Slled (28 S s i
«de SVsb STy S e el et Sl 5 SMae laedi S Oaadled 3 1) age SR oDl el
N0F) 58 dalpt arlse 25 ool 5 (Dlde (SBS L1 o5 5 el Gy (Solil 05k 5 S
Sl as (K58 (S jsbay 8 col cpl sdiasOlis anes cal 3 sddipll sl tass b
FA LYY 3 5 &S o by il op el 31 e ol Y 68 i 5 cpl a0 S o S m 4,05 (U) (6,1
abae 55 Joal 53 55 cnl @Bl 534S LOFAY) Wb o a8 555V B0 51 g 5 ey 355 25l 4 ool
e G55 by Sl 03,5 (S odeB ol Sl et opl 53 e dd s o Sse5T (585
5 5,m S (YY) O 5 Js (V) 0) Oas 5 S 5 (Y0 WV) 0L 5 508 (Y01 0) OLen 5
Cdled Jrals st latasn s e 0L Kass ol (1 OATY) Wil e Olgseen (T20V) 0, Ken
OLen 5 8 5 idls gl tlles S 58 Mas S8 5 St sl Cilaze 1) oMas S Sl
Dok 5 ek lS o 0lae IS sea s iU aomly ph (Kot e b ey crl 2 (7))
LAl L siaseS > sl otlas Sl adls Kot 5l e 45 Lsls OLES L oSlas s oS -
2 S a8 S Wb Gk gl Sl B1S s S S I sl 0l s, er s JB
O8) 430 55y ohlae (Sl cdled (o580 b dinilas 15555 o o5

5 S 3ol 31 ey alolBBl 45 sl cpl o kiasOLES e ol L3 eddelanil sla ta s St e
93 b5 S slowl Oy 5l ax a5 AS ey Eals odlae S Sl el Ol S Lae s Ko S
sl iz 3l b e 5 BB am U Slae (Sl dld 4 ol OF 5l s ss e 508 RalS cnl e s
S Al odlas slEles (olis i onls by s s siS (S e O e Sl 2
3l el ST 5 365 SUSY GUS 0518) s 5 slaiSTs (YY) Sdlas sla,ls

. Creatine Kinase

. Hydroxyproline

. Mastocytes

. Histamine

. Feedforward

. Feedback

. Pre Activation

. Lactate Dehydrogenase

8. Aspartate Aminotransferase

N~NOoO O~ WNRE

V4



b (68U &8 sy Sl o 1 ol (SBSS S1 s

33 Y WV) S 5 Sos3 (YYNE) el 0T o 5 5t Saen 08 Sleis 5 S sl glacJles
SLa el Osman 2Ly 556 b s (S by 5 sl (el o5 S e Oy il 0
Sae S 3 i an e Saepss glacdl 5 (S sl glacal s ae d xS (SO

S aals alS s lde (S8 S L1500 (el onl faeae 5 o sd e DA s o3 4 anl

25 Js a5 S Dl Sl el Slaie S e B il 0nl Bl HOVY) 5 S el a5

LS Ty Al B s dae (55 el SOl cles ol i ol

DN S s 2SS 53 S 5lBes ahae Jol el ials s s Sl LY
Al e AL s 4 e ) SOOI (Sall wn S5 4 015 gn oot Sl ot 3 SIS

i dab idaly 5 oS sl Pl eyl SLE! (V) S e Dl Sl e 1 S0 e Sl
S Sl cahias W kS e A5 6 St Sy S ALy s ane sb dlaly ol 55 s S e Ll

0 3 g Isb ps ahas &8 Sl e llasl bl b 4 Cd OLSG (65,0 MR A5 6l | 6 50S

sy dal s 2l 1y b 1S 4 as Sl el (Jlad S sladls slbad 2alS ailed e Jled

Vs 5 s S Vsl ks S348 Lslye ol S Bl ol (S0 5 dlaly ol S (YFYO)

o=l VL 0Ly lass akias 55 op el 5l e ool e 55 SDae (55 Juel) (S Sl b j2alS

o35 o) b Al (oSl =3 G55 ) Sl o slags 55 5 WS 5 5la 5 abae

O Ol S35m alS o e ol S (S e By Sl a3 g (pl 02) s (Sdlae SLoLE

ol S AN e Tl 5 Wl (0l 48 (1Y) 35 oSl S 53 5 OS] 03505 o s 53 5

S 25 4%
a3 SOlae (5 Jeal) B8 les iU s 6 i bl o od SRRl slaesly el
Lol pes 5 bpins ell 8 A B 4 i (Sl Sl 5l L S8 S5 S
Sl el pldl il &S (o33l (S e d) 1505 5 1050 sl ol ons 4 5 S sla oLl
sz GRS L1 ol 5 3,08 36 sl 31 ey 8 cpl hae jltla ol e il 1y 4l b 5 (i
Pl Sl s alae 55 el s nl ml @ s bl arlie (B50) abas al 55 sl
SIS 55 S o sl o 3 el LAl e 53 (St 3 gy 5SSl Sl el
bl sl 4 Ll e Wls ool oS Al axlpe (5508 Dae 35 el b oSl N oS > 4 o
35kl IS S 5555 Oy 5 ol 55 Oy 4 e s S0 SeS Sl 5 el slaasl
333 5 Sl ey Wl S ragnl la oLl b ass slaard,y 55 Ll e dlas K855 a5
ol 3 e slgiiy elal ool d el e (gles el 3 sliad a1 Ol f@ e

Gl olil b il sy SIS gla) Se s Ghae gla S8 sS pKa 05,5 Sl es S



’ WA Sl 5 5l VY sl (69l 5 8559 b 5> s

fl?u.‘ S5 o bl L 1, o5 >~ ) e sHhae L;Lauf.g;wf m’jfjm 3l Lgﬁimf Cg ‘;iijz.o)ﬁ\

LLaad

(S0 308 g S

ol 0> 8 dim oK Ll shsa Lles S L Ak ol el o b beoaS LS el

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Dyhp SIS g Sls,u8 (hiles ped OS pE g

F W

Buchanan, T.S., Lloyd, D.G., Manal, K., Besier, T.F. ( 2004). Neuromusculoskeletal modeling: estimation of
muscle forces and joint moments and movements from measurements of neural command. Journal of Applied
Biomechanics. 20(4):367-95.

Armstrong, R.B. (1990). Initial events in exercise-induced muscular injury. Medicine and Science in Sports and
Exercise. 22(4):429-35.

Keller, T.S., Colloca, C.J. ( 2000). Mechanical force spinal manipulation increases trunk muscle strength
assessed by electromyography: a comparative clinical trial. Journal of Manipulative and Physiological
Therapeutics. 23(9):585-95.

Wilmore, J.H., Costill, D.L. (2008). Physiology of Sport and Exercise, Fourth Edition, Translate into Persian,
Moeini, Z., Rahmani Nia, F., Rajabi, H., Aghaalinejad, H., Slami, F. (2005) Tehran, Iran, Mobtakeran Publication.
HAKkinen, K., Komi, P.V. (1986). Training-induced changes in neuromuscular performance under voluntary and
reflex conditions. European Journal of Applied Physiology and Occupational Physiology. 55(2):147-55.

Talebian, S., Olyaei, G.H., Bagheri, H., Hadian, M.R., Hemad, N., Akbari, M. (2005). The Effect of Biceps Brachii
Muscle Contraction Force in 45 and 90 Degrees of elbow flexion on frequency spectrum of electromyography
signal. Tehran University Medical Journal. 63(12):1032-8.

Eston, R.G., Byrne, C., Twist, C. (2003). Muscle function after exercise-induced muscle damage: Considerations
for athletic performance in children and adults. Journal of Exercise Science and Fitness. 1(2):85-96.

Mohebi, H., Norasteh, A.A., Farahani, H. (2009). Comparison of electromyographic activity of knee extensor and
flexor muscles in two different modes of Scott motion. Journal of Olympic. 17(2):7-16.

Salehi, A., Rahmani-Nia, F., Mirzaei, B. (2013). Comparison the effect of two types of isotonic and isometric
resistance training on untrained leg strength and EMG changes in untrained male students. Sport Physiology.
18:107-20.

Mischi, M., Rabotti, C., Cardinale, M. ( 2010). Electromyographic assessment of muscle fatigue during isometric
vibration training at varying frequencies. Conference proceedings: Annual International Conference of the IEEE
Engineering in Medicine and Biology Society.

Pyne, D.B. (1994). Exercise-induced muscle damage and inflammation: a review. Australian Journal of Science
and Medicine in Sport. 26(3-4):49-58.

Eslami, M., Jalali, H., Hosseini-Nejad, S.E. (2014). The relationship between targeting accuracy and fatigue of
the ankle muscle in two postural Pistols. Journal of Applied Exercise Physiology. 10(20):107-14.

Tofas, T., Jamurtas, A.Z., Fatouros, |., Nikolaidis, M.G., Koutedakis, Y., Sinouris, E.A., Papageorgakopoulou,
N., Theocharis, D.A. (2008). Plyometric exercise increases serum indices of muscle damage and collagen
breakdown. The Journal of Strength & Conditioning Research. 22(2):490-6.

Cheung, K., Hume, P., Maxwell, L. (2003). Delayed onset muscle soreness: treatment strategies and
performance factors. Sports Medicine. 33(2):145-64.

Chegini, J., Rahmani-Nia, F., Mirzaei, B. (2013). The effect of warm up on indices of delayed-onset muscle
soreness after eccentric concentrations in non-athletes collegiate students. Sport and Biomotor Sciences.
5(10):5-12.

Rohani, H., Asjodi, F., Safarimosavi, S., Bahmanzadeh, M. (2017). The role of resistance training and whey
protein intake on delayed onset muscle soreness indices after eccentric resistance exercise in untrained men.
Iranian Journal of Nutrition Sciences & Food Technology. 12(1):11-20.

Zhou, Y., Li, Y., Wang, R. (2011). Evaluation of exerciseinduced muscle damage by surface electromyography.
Journal of Electromyography and Kinesiology. 21(2):356-62.

Kubo, K., Ishigaki, T., Ikebukuro, T. (2017). Effects of plyometric and isometric training on muscle and tendon
stiffness in vivo. Physiological Reports. 5(15):€13374.

Berger, L.L., Regueme, S.C., Forestier, N. ( 2010). Unilateral lower limb muscle fatigue induces bilateral effects
on undisturbed stance and muscle EMG activities. Journal of Electromyography and Kinesiology. 20(5):947-52.
Deli, C.K., Fatouros, I.G., Paschalis, V., Georgakouli, K., Zalavras, A., Avloniti, A., Koutedakis, Y., Jamurtas,
A.Z. (2017). A Comparison of exercise-induced muscle damage following maximal eccentric contractions in men
and boys. Pediatric exercise science. 29(3):316-25.

Gutierrez, G.M., Jackson, N.D., Dorr, K.A., Margiotta, S.E., Kaminski, T.W. (2007) Effect of fatigue on
neuromuscular function at the ankle. Journal of Sport Rehabilitation.16(4):295-306.

Escamilla, R.F., Fleisig, G.S., Zheng, N., Barrentine, S.W., Wilk, K.E., Andrews, J.R. (1998). Biomechanics of the
knee during closed kinetic chain and open kinetic chain exercises. Medicine and Science in Sports and Exercise.
30(4):556-69.

Sabeti V., Khoshraftar Yazdi N., Bijeh n., Moghimi S. (2013). Comparison of electromyographic activity of leg
muscles in female athletes with and without shin splint, Physical Treatments. 3(1):50-5.

AN


https://www.ncbi.nlm.nih.gov/pubmed/?term=Koutedakis%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=18550965
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sinouris%20EA%5BAuthor%5D&cauthor=true&cauthor_uid=18550965
https://www.ncbi.nlm.nih.gov/pubmed/?term=Papageorgakopoulou%20N%5BAuthor%5D&cauthor=true&cauthor_uid=18550965
https://www.ncbi.nlm.nih.gov/pubmed/?term=Papageorgakopoulou%20N%5BAuthor%5D&cauthor=true&cauthor_uid=18550965
https://www.ncbi.nlm.nih.gov/pubmed/?term=Theocharis%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=18550965
https://europepmc.org/search?query=AUTH:%22Wang+R%22&page=1
https://www.ncbi.nlm.nih.gov/pubmed/?term=Koutedakis%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=28165870
http://ptj.uswr.ac.ir/article-1-70-fa.pdf
http://ptj.uswr.ac.ir/article-1-70-fa.pdf

b (68U &8 sy Sl o 1 ol (SBSS S1 s

24,

25.

26.

27.

Zubac, D., Simunic, B. (2017). Skeletal muscle contraction time and tone decrease after 8 weeks of plyometric
training. The Journal of Strength & Conditioning Research. 31(6):1610-9.

Farina, D., Merletti, R., Enoka, R.M. (2014). The extraction of neural strategies from the surface EMG: an update.
Journal of Applied Physiology. 117(11):1215-30.

Isear, J.A. Jr., Erickson, J.C., Worrell, T.W. (1997). EMG analysis of lower extremity muscle recruitment patterns
during an unloaded squat. Medicine and Science in Sports and Exercise. 29(4):532-9.

Burger-Mendonca, M., Bielavsky, M., Barbosa, FC.(2008). Liver overload in Brazilian triathletes after half-
ironman competition is related muscle fatigue. Annals Hepatology. 7(3):245-8.

AY



