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Abstract

Background and Aim: Given the significant relationship between muscle cross-sectional area (CSA) and
muscle strength, the primary objective for athletes involved in resistance training is to enhance muscle mass and
strength. Proper manipulation of training variables such as intensity, volume, frequency, exercise selection, rest
interval, and tempo are essential for maximizing exercise-induced muscle hypertrophy. The present study
examined the effects of weekly variations in resistance training on muscle thickness (MT) and strength adaptations
in young men.

Methods: This research included 30 participants (age: 21.37 + 1.37 years, height: 174.48 + 3.34 cm, weight:
72.13 £ 3.45 kg). They were randomly assigned into varying training groups whose training routine changed every
week (VAR) or traditional training groups that did not change (TRAD) for ten weeks. For the VAR group training
weeks were labeled as adaptation, metabolic stress, mechanical tension, muscle damage, and de-load week 2
cycles of this change occurred through the training intervention for them, but the TRAD group training routine
did not change through the study.

Results: Both the TRAD and VAR groups showed significant increases in the MT of the biceps brachii muscle
(BB) (VAR: P =0.001; TRAD: P = 0.007), significant differences were observed between groups (P = 0.012).
Vastus lateralis (VL) MT increased significantly in both groups (P = 0.001), no significant difference was
observed between the two groups (P>0.05). Among the groups, lean body mass (LBM) increased significantly (P
=0.001), TRAD group showed a significant decrease in body fat (P = 0.49), there was no significant change in
BMI of both groups (P>0.05). Both groups showed significant increase in bench press and back squat 1-RM
strength test (P = 0.001). Back squat showed a trivial non-significant difference between the groups (P = 0.072).

Conclusion: The results showed that changing resistance training methods weekly was more effective than
traditional resistance training for biceps hypertrophy. Nevertheless, the effects of VAR and TRAD exercises are
similar in the case of the latissimus dorsi muscle.

Keywords: Resistance Training, Muscle Hypertrophy, Mechanical Tension, Metabolic Stress, Muscle Damage.

*Corresponding author: Mohamad Fashi, Email: m_fashi@sbu.ac.ir


https://doi.org/10.30491/jmm.2024.1006614.1139
mailto:m_fashi@sbu.ac.ir

ol b dloxo

VP 53 g 310,58 (¥ 0 )lows FF 5,90

YYOA-YYPA :Olio
10.30491/JMM.2024.1006614.1139 (d

Ol9 Ol y0 43 (s Wyad g Cwubrsd p (Joglie (0 (g, (S Ol pds y3b

\d 5 5 )Lw@, ‘-:;:-\ 58 o ‘\ ...I’ LS')"Q‘
Ol O i et oS oy A 5 (g ple oA (g 5 (e pple 09)5

sS

2 559 WSisg ol an (i ©,38 5 (COA) (lde daio gl (st fasine ol & €255 L 1Bh 9 o
copyed bl (uils y oz wsid Aile o yed (sl i cawlio (6100w ] SMde )08 5w ol 38]  eglie <l ped
Olyis 136 oy 4yl adllas sl (5905 (205 5] 86 (e B9 5l (yiloy S 4l e p g oyl alols
&by ol ol ) ()5 )5l g ahae culbius p aglie cpyed (Siin

25 4 (3,5 5lS YYINY £ Y/F0 159 cpto Sl WE/FA £ Y/YF 08 ¢ Jlo YVYY 2NV o) olex 30 Yo sl sl g
@il Jold VAR 09,5 (3505 (sloaiin 3300 ol (TRAD) (s 032505 09,5 b (VAR) (i o5 0505 5035 sloog 5 4y (B3l
@l e dllie )b Sl ol 1482 ¥ &S 351 ayed )l gl tin g e ol ¢ SOl (15 (Splie oyl
2)55 5e5 0)93 Jgbo > TRAD 09,5 2205 Jlg) Ll b &) o]

(BB) sl yuosd alise cuslies 5 azgs L Lilsl (P = +/+-Y) VAR 4 (P = +/-+)) TRAD 655 4 o :ladidly
yob 4 09,5 93 yo > (VL) (o)1 o0 dhae cuolses (P = +/+ 1Y) b sanlie 09)5 93 oy syl ime oglds Lol cainly )Lis
0N 2 Osd 0355 dog)S o )3 (P>4/40) s saalie 69)5 93 o (sl me g5 Lol (P = o/v e V) cdl ilj8l gyl gxe
Ll el Ltals (P = /-¥4) VAR 4 (P = +/-YF) TRAD 18 s 2oy 5 (P = +/+)) Lialsél (o)l sine 5 4 (LBM)
ol (1-RM) sty &Sl 5 aipes oy €508 (g3l )3 09)5 53 o (P>+/-0) 0 samlite (S 0355 4as i )3 (5l sixe gli5
P =/eeV) mobs olis sy gxe

005 3| 550 (srgilipwgd dlds (Bl sl (Sai © g0 4y (Roglhe (3208 (Sogid juiS oS 31 (LS gl 36 S AR
b e alie TRAD g VAR Gl yei 1 ()5 e i 3)50 13 3939 () b ol i iogldo

s ol ( Sglie ool ( SGlSe (i ( SMae g5 ,mle ¢ oglis 'y pei 1019 S

m_fashi@sbu.ac.ir : g gl oy o oricd dow0 @ Jofune 04iumy 55°
VoY) llie (ppdy VFY/V/Y rllie el


https://doi.org/10.30491/jmm.2024.1006614.1139
mailto:m_fashi@sbu.ac.ir

05 52 b Slgie eadcast lag)lSile & A8
5 Silpris oSl > el Sl i (8> slaasly
(ne Oland g (59 ke (i SSY Ale olacdplio Ay
lasho (b Jlab Jols (rizam 2518 ol A3l (s LB
wegad cpl )5 (A 5 ud Cldllas 4 dn g b sl (glolanl
Sl G5 Jole ¥ 52 5148 505 392 ol LT &S Jlgs ol 5
ey 35T L g oo ybo 4 (M ol 5 (Saplio oyl
G5k iw el 3 a8 08 eolawl o el delpy Sy
Ol 8l Ly Ban b adllas opl il anily oy
Pl ©)18 5 (GMas Culis p (aglie o pe3 by (S

L 59,

(st e ol I Jlab g Wl ¢l sl ¥
N38ley 5l oolitwl b diges poes bind sl dalllas (gly o a3
355 b e (B gkwgd (Lol 5ITN.ALY ases) GPoOwer
osily A Caalies gl < IA- i gl ol s ulos
(sl b slas (1) /A ol 5 o]0 Wl o 3
Slp 3l 3jee iged o> (V4) g oL)Sea 4 Varovié
&l 29)9 o Hle s dslxe 35 bl lg 4 ol
Ol @ihdS ol £ Seglie el iy ddllles plox]
(5559 JoSo 9 LS Bpas pus ¢ laie g (s o]
adgl dude S 5l g g (SIRUT (slasgg il B jmo pus
3959 slylxe 455 Ve i &l Slusg g ledMbl 4l 4> o
59905 Yo 3l o gl 33,55 S 50 g izl |y adlllas &
WE/E £ YV 25 Lawgio eJlo YWYV 2V 2 :0La)
VA0 s 3 VXY £ 180 1055 0iln e s
Wy odd Sl il olay i Sis (aoys WAY £
TRAD L VAR (laog)S a la gogejl b olassl
90l Olals 5l o)A 5> JBls b o S3ge;l .0 ool
apog b idgeil 4 il jbre (Jlgie b Gt 93 5 45 <850
0 Clld 65 a4 dalllao (pl (o pe5 sl )5 oS 0
S8 Laas 1y 0gs Jad olie able g 5lb 0 s

R SS9
09,5 2 )3 (o5 ¥) ol ¥ e ¥ ol (o5 SS9
3 aS wb oald hjgel n gdge3l 4 g axan p3 )b ¥ ((SMae
S taglhe Slipyes 655 o plol 3] adllas e Jsb
iy e o 33505l Ao ¢yl atin yo Jobo > S (g5
ol 5 Splte ol (Sl S5 plul |y Gl
0905 &S A wadald (gyeb pyed Ll Ll pbgl Mae
b e vz dtan WS eSO 1) a5 0550 1,80 Wlg a5 500
Sy GBI 9 5 (3)5 05 Sl (s yed 29 93 e S

o

oo
0jg b Oluyed plxl b jg (3,5 il Jols (aglie (2 o
Al s prdans g g €0y yiul3al e SMae ady gl o
Shae ghis v o )Pine daly 4 w2y b (V) el
oS S350 sl adgl Ban () Hae @08 5 (CSA)
b M o35 (Il wimde plol (aglie Ol jes
i Ale (pyed (gl pstie caunlio (65 Stwd Ll (B 5y le
& el ey g ol gl dlold ¢y ped Q! wlS )8 (e
So9pd Sheglie (pped (L (SHas 15 il Sl
@ Sdgyipmle gl g9yd Jstue ol Jole aw (V) ol
ool 5 s ol ¢ Sole 5 s eglie 559
Ly lp Jele et (Sl i 2l (F) Sl
syl sl YLB el g Al eglie il yei b cMae
el (e ST SLZV ) i) YU g2 pe8 @ 5l enlitl
Iy by gaguwl &S g o slojlul & SHlKe i sl
Jolg50 (gldzes pisred 5ol Gad b Ol yed b as oyl 4 50
ooyl Jole g3 oS wimd o ol 00 Gldllas Lol sl
Wilg e oS i elyen 4 3 (IMae ol 5 (Sl
e 15, (¥) 3,5l palp cMae (gl ) Sl clagely
@ sl (RIS g 908 My | (AU (Sl o i pilias
LS bl a2y JB S S e 93 (pl oS 5 4 o0 S
OMae (Ko )by Canl (Sae iaglie (12 ye L la po (115 (0)
5 IV Slrx bzl sbul el g 35 w2 ]y Sl
Ay SEle i oS J 0 (F) 298 olesd (ol
horionle Jole g oS Canl dam S Lo W) Lt eMae
s WSSy (Al V) 8L (B9 5 (86 SHae
Iy o 655k Bdas 5155 o 5,15 oVl L5 oS toglie
as” wloaly ol wldllas L(A) 1S sl (8955 s dbgl e
(1) +) st Sl oglio (3505 51 2L SIgilio oyl
Comd (95l (gjludinge )3 Sl (Soe brdglio goas
ST (N) Lk Sl Vb g 5 85 L das 43 4
Ll (1Y) s Sl (Mt 03 (sl o3l Slpplin oy
DByl 4 Wilgs o Jole ol &S amd o ol 0ab] 38 anleds
9 mallee yob & d> S S8 (Dae (Fgpmls  aey
Gl (Sas (GMae (o)l 52 ol (W) ritens et 2
OSwo b I3 3Bl (sl JsSgag Slo 3l o8 Dla o5
<l g Jhk 4 ddgSile 3 Syh b Sk 4 e cul
Gl Jsho Sl g (oLl yolie 4 g 095 oty Sivar
b pito (il g b Jolge ol 4 olitod (VF000) Sl
3 oS 3 eyl it o S 5 b g (roglio (258
4l Sae (e sl 5 S plie o ol ¢ Sl 15
2 1p5 @i b Mae Bogimle » s JB b
Moy 6595 onl el Pl o QS 4 (Bypmle Jele

1f.¥ ):395‘3)5 Al b)w id 8,93 u»LbJ h.—\b 41?«



YYEN [ oMias @yi8 5 Colsus j oglio oy yed ),}‘;L:

el SS9y Y =Jgua

[P JOoVY) . ‘ (i I X _
3 — O Cow daxs a8 4 b aw 9 5 8D -0
(4533) 9409 2ok O 95
Oy yslee 295k pgd
b ooy Jeo3 b 53bsls TRAD , VAR
) VooV f dindy )I,S5 VY ¥ o &Y e gibol> Jsl aian
ol gl N> oo 595 Jeod b glsl> (Ul azin)
Sl (o (0 il 9jlgl>
S+ b pon Y e gilgls + Jeed b gilsls VAR
) Y=ooV—of aiuiy S5 VY ¥ + oS bgls  + 1> cud ae g9y Jeod b gjbgls P> Lk
Al (g0 (0 ol 53l (Sdgie (30 y2)
b oon 25 b g5bol>
o T VAR
Y Voo¥—of iy S50 A S50 Lyl | d)Jm L”l;,l; pgw Aibn
olsiws Lgls D b jwe (695 Jeed b glgle ’
J p) 2P SE9) 9 (L;gwls\‘ w)
Sl (g (o bl g3bgl
(Y 23 b gjbol>
oy o VAR
\ A=e=¥=of i S5 VY ¥ - < P Pl win
ol Lgl> N> oo 595 Jood b glgl> NE i
(Mae o)
Sl (oo (0 Pelpel gl
L S L ogsL
¢ ‘l’:‘ j‘“’ ) ”L"l? TRAD , VAR
\ VooV dinty 5590 Y - Y 5 sihgls oy in
ol8iwd gl I b pe 59y Jeed b g5bgl> .
(29) (g3 auan)
Sl (g (o bl g3bgl
landian diliie ladian dlie 5 o amin lo s SO VAR
< ! (U8 lo axan alis) < ) S et b s e
(Js (Js5 w0 U o i
ber 05 b g5bol>
o T TRAD
) VoooY—of dipdey 1,55 VY i Kwub,b b d)y . ”l;?l; win ip)loe U pgw atin
oSz gl 5 Gd 3o g5y Jeod L gilisle e
) P S 9 ot 5 ey

bl 5ilgls

S gigm olSiwd jl oalitl b b Sgul gl g, 5l aslllas oyl )
Shppeai b oYb (S ob & L sdortiow i Culbus
MRI o oYL (Sised (L8 Slalllas (V) 3)l awublize
Sl yousSls (gl CMae Cwlbbus Wgwl sl (sla 6,505l 5
A +/AY g /WY /AN (S a Stued opl clind o
o 935 (VL) oy ()8 o dliae cwlsus (55050l (YY)
ol by (RT) (taglio 3 po5 o jl sy 5 13 (BB) (53
A3 plosl B-mode (Philips clearvue 550) &5 ggu i
09509l §) L8 el A JBlis 15 dog o ool 4,
D9 ol ylieb] duds g0l Cows 51T UGS (gyl00e3 Wil
b (Jloisl 450w 5l S5l (gl (blasl pladl )
3 ot 8 gl gl (il ppa b ploul (M )
S5l ookl b yale iS5 bawg el Lioloj] auds
o idgejl (S giges oo 3 0 plosl 5yl -V s gy
0udS 10 L g 55L (ol ol g Wdg 0aiS )0 CBT (g9,
8 B aale wily e 350 Jise g W90 00 L5 4
Sl b (£0+) > ()1 o it 65 ojlul e85

J Mil Med 2024, Volume 26, Issue 2

Ol 095 93 o (el ool e b ABS a5 )
Cuw V7 Iauw ggorme a5 A podly 93l JSTg 5 93,8 5 035,
» TRAD 3 VAR 05,5 «lyp (dopes Ol > conl aiam 4
09)5 93 2 (sly (o pes SS9y el o o3ly (LS Y Jgu
b plog] azin Ve 4 oS 39y | Sin auds ¥ Ll

oyl Slides olie bwss ladis sy don
Olirebol dbgsyo sl Jlg) cuslio SSS 9 3 )Soe 51T W0 oo
slp b Sagesl don ¢ yed aldlie 0)93 I J5 098 Jol>
olalef] B yye3 0 (sl (938 4yl (ped oyl (e
o3 bl sl Joallygins k) w5 )13 aidey H185 )
a5 )b L] Gl (VY) (53l g pt5 o cyens] by
150 y90 )5 0w lgs W 5390l B As o palsls atan ¥ y»
sl 4ol 4 sy g 085 G558 (ol et ST eSS )
STVARSESIPIRS

S S pXlo (5

Sskal” flgie & MRI L wbliae g3y jpgas
Dgd (oo 48,5 Jla5 > G Calbs et " b



SN S S

F o 590 S g B 59y S o oS 5 S eiluil sl
28 as oolawl vy sl ey 5l slaiea Ve aldlae
3 ol g g ookl 58S g &S b 3 o Sdge)]
yogodliwl Gl oolatal b cusly 3 eSSl 8 a8l e
Col B9y (BIA) (uilisalse oo 9 4 jo5 48 (55031l
o288 (o> LB Cjg0 @ o oS 5 S0l sl oS
olStws L(VAN) sl slezel 8 DEXA Sl o3l 4 4
159 SSoilul ol (u;}o 0,8 u.>l.w) InBody 570 BIA
(LBM) 2 o 5 {BMI) (33 0357 sl o 55k )
A olasl (BF) 2> 0% g

s 255

U_QK gy FLERWISY U_»L\.C duol.s)J e L&au_’.)yo)i L

Uigi5te Jole S ool I yisean 5 LS by 1y 395 4l
I lag] Slie gie D9s (6pSsls ol 3 olie a5, oauS
309 alie 15,5 o (S oKl (claolSlgs y> a8 bl
3 S bis 1) 368 Jgeme olie cble b as algd )]
S 25y 9 PSS 2 PV (Bl ugn Sl & o
WS o ool 1) i (oS L el Gpae g5y Jlde lea
Al asly

OhSen 5 b [ YYEY

Sl Sop 5 9 oy ploenl () b (e dlae
b o dbae Jsb oS (b .5 el ) o jlep dlae
031l SSS” S5 Cond g 1S )5 yilSTg 5 (e aliols i &
25 oS ol e 3 (BB) (agil jwgd dlas il 55
sl (510951 Bl S 5 @51 o ot Aol pow 93 85
3l g Ab 4By pgu du (S0 Sl e 2o 65 oIl sl
A (68 pSSlee Ll

s &8 0

oislejl 5l 8 el YA JBlas &S 0 aiwlss o Sdgej! 5l
3 e 855 5 5 Gtalel 5] 8 el FA S8l 5 4
b Slis cadllas LU )0 AL (510055 04059, (slaculad
S ogesl 3l oslisl b gel 5l an g 5 s dgesl (Seslind
5 CSes g9y oon A O3l 459 (sl (1-RM) ety 1,85
Sheoilejl 3l b s 68 ojlil cuty Sl @l pes
535 Al 03y &l 298 (L8 1-RM s o g
TNee 9T 333185 S g LA g LN« dF e )3 1S5 93 g
39906 M5 )3 S3g0jl 5 a5 (63,190 3 .0 plsl 1-RM
1-RM b cél o yials p,55LS Y/0-0 odgie 3 5l g
aids dw Linlojl y2 yo 9 e <83 51 oYL as d bl

A ooy col il

L 5390l 4 o &1l I gdio cudyd Hlade g olie doly iges F—Jgua
(2555 YY) L dgosl (559 cnle sl 5L 2590 S 9 g 15 & Brgbo Cudlpa ylue

s @2 Omen e 508
YFo =YD p)S ¥ £S5 VED AT
oglie (o yod 5l any JL Y L osey e ol L Sl

Ero o pS N F o oS Cwlep)S0n S0 o )5 VO TrpsS e b gyesd 0 o35 20 ¥
035308 Y odsdwo Dae £ b dae O+ o) bl p S Y 03,5 Fy> S )5 VO Exo Oy b A 2,5 V0 50l b el
+ 0 595 035 T+ odudis Yl ol yor Yl ol yor ObpyS Ve

olgzdd 0g00 p)S Vv e Cuw M S5

sl Sy cole) (imgh o BusS oS allsT § oS
Ab Cole) Ghegh Sl g bl g (bl

=W
2391 (Ked wiliyly 5 Jloy @i hl> 095 93 2
Colus o og,S u adblis 51 L8 (o)blixe Coley zun
VAR 3 TRAD 05,5 93 ya (P>+/+0) 05 odnlie SMias
0ol i (g3l w90 CMae Culbus o (gyboliae iul3dl
& hlze olis Ll (TRAD: P = +/-.v; VAR: P = +/..Y)
[AY) dd odaliie (o5l pw 93 dlae Cwlis )3 og)S
09,5 9 32 )3 5 )oline yobo &y ()1 (g0 dlae cusls (P =
93 O (S Pline glas Lol (P = o/ V) cusly [l 381 als e ) amy
() JS) (P>+/+0) 4 00> ()15 (e Al cwbus 15095

oty g, lo] Juloxi g &g 32
@39 s Jloy sorp sl Shgmgymls el

lly oo e op sl o) 0sesl 5l g el
caales (slmosls &) (el w5 3Solio b o3lizal
oy Sy St 5 g0l s ool dlie 5l L8 alac
ol S92y oyt Syt 295 5 sesl 5 Wweg)S oy gl
JASP 1 oslisl b g lol clawls polos aldlie j o g B
daws (Al el yranal olSiisls) wis plol joaig (¢l 017.2.1
W yens P /00 (galixe

VST ol

3 35 ales ) s ye ] gl pla imgly ol o
0loud &y iuiige duhed oD gy 0 3MB] S’ I M
ol dadaliiasy 39 4o yee JR.SBU.REC.1402.007

1f.¥ ):395‘3)5 Al b)w id 8,93 u»LbJ h.—\b 41?«



YYEY | oMias @yi8 5 Colsus j oglie oy yed )“J‘ls

Ol B Ot 9 (295b Jwgd Sl Cwlks

40

35

30
25
20
15
10

0

TRAD 05,5 (255 90

o (o 4 adbde Cuwlis

vl

TRAD 05,5 =, e

VAR 05,5 g5k s VAR o35 2,15 e

L IEVES RV g v alzlae 5l o

lis jlam 5 S5 (VL) (208 (e 9 (BB) gl jugs odlae colsus N -Jss

L 3g0j] Kbl S50 (slaodly K- Jgun

sbre Bl ol JRC] W) PS8l Jilas DY Ui Curon sbaodld
\IYY YA/¥Y vo g Y- (JWs) oy
YIvE WE/FA VA 154 Y- (5o Lsl) 28
Y/£0 YY/Y A¥ 55 Y. (p55k5) i
VYA £t £0 bA v (PS5S) o oo 039
VIEY YY/¥a v YV/¥ v (kgim?) BMI
VA Vy/Aay A a/o Y. Bf %
5 4l 3 (S s o 5,5 ey 4 p gl 2l S S

S dian ) caslias Sl oyl dian 5 oS (gy0b 4
Cond dislae SMas cuwl B 5 g daclas (Sl i
g Cwolbus il dyyomie g bl ALl dgg (iue (pyed A
VAR 05,5 595 (s (32305 & Copmd (8 iy (S 38
g i o9l pwed CMae Cubs o (gydn Liuljdl
09,5 &b &y Cudy WSl €S > 3 (oS Cglds 55 )8 usie
dLb)M dy9e 0 ..)9»‘5 )‘.)L&a d)LO]’ bl )‘ Lol W5 o0dud VAR
Ok dlae Culbus g @S 09N 0y Wil y35 0 d)ﬁfo)'l.ﬁ]
5 VAR 055 55 10 diws oy ©)08 (g3l 5 o) (26
Aol ol 1y eolie Lili3l TRAD
Jea o Decamargo laasl b ol adllas (slaadl
20l L a8 YA Jloy o,Ken 9 FINK § Y=Y Jloyd
Sy il & acus o polisS ol b dlae cwbus
ool i 288 JB b & sl (Sglie oyl 238
e 5 Schoenfeld (Jls ! b (V-VY) 5l cillas
Uil 50 Caw 5 Y gl ol il a8 Wl )3 Vo VS Ly
38 pol adlas 13 (YF) 2l g Sl (B9l § 548

J Mil Med 2024, Volume 26, Issue 2

@ dop LBM) (o (g o358 palie ¥ Jsun
A3l 5l 2er 5 J 1y (BMI) sy o355 ails 5 (BF) o
LBM ;5 (g)bliae Lislidl 09,5 g5 yo amd o i o yed
P ON 2 Moy g bliae ials il (P = «/e0Y)
Sy 035 adli bl Wi saalie (P<+/:0) TRAD »4,8
& blins glis cypizman (P>+/+0) sl (g blins yoeis o]
(P>+/+0) cuslis 3959 s S 5 sl puiiio I plsS o o

Shas 0,08

ESagd g o3y 9 Sy Sl 9ol ol ¥ S5
Gloog)S uad o i syl dilis jlam 9 JS 1) 1-RM
g A o SSp bl b 4 VAR 5 TRAD
e jd Mo yi (P = e /e V) iy @yad iliel ey oISl
(P>1+0) 555 jbolize Lol 395 09,5 55 (s (s0S glds <y

&

S Gy S s w86 ey 4 adllls )
adllas .8y o )13 Mae & )i8 § Cwlsus p eglie



S8 g o oSy e cwlbus 3 VAR 3 TRAD 05,8 55 oo da g 8 dulie JF—Joua

VAR TRAD
5 5 ol ok 1 5S0bke 0 oeSbe TSk Sle g Wog,5
_ . Crglis &1 5! &1 5l . Crglis &1 5l &1 53! I i
Wog S’ o 09,5y = o _’w 89,5 -~ = -,.w G
(axs 9 J3) A jlro J8 5lre (ars 9 J3) A Hlro 8 5lre
&3y p gl
EYVAD  E VYAS + ¥Y/as +vY/0- RN
JAYE e ¥/aa IRV .J$5 7135
/sy Az £y ¥/aA il g
(mm)
Ly EYMYY R YSIAY [y + YSIY- + Ya/vs s -
R foo V¥ [ .Ja¥ T Ok
v/aa YIAY YIVA Y/AN (mm)
555 EOVRY L.y EEVEY  E5M S S5
AR oot e yioy VoY /e VIAY VA LBM
(p)59ks)
- o Iy VNV VA e Iy + /Ay +11/48 ,
VIVE Vv VIVA VAR V) o
+Y¥OF  tYv/oo + YY/FY + YY/EY BMI
CJAY- /2y offe) <JAYY o 4
Axi /Y /oy V0§ (kgim*)
SISl @08
[ooyee E VN R [y R VAL W

R Va/ss WIA 1-RM cuiy
Y/-A Y/ /¥y ¥/ o
(p)59Ls)
[ooyes EAVY. RV A ey + AF/VY + Y+ /AD S o
VA WA /N ¥/ Wi /Ay Y0¥ 1-RM
(S 5kS)

Jub g o lasnST sl el anldl 3 oS canl @SY § JT e
G b ool dian 9d oS dalllas pl (SO L5 aas

53 ookl 3y50 s led &S daldy LSSV JAD da YL
TRAD 04,5 ) edlatel 5)50 i a5 diuis ,1,S5 Y AV
b gl &1 (5518 Gl 8l Slg5 oo g Al )5 WY (i
d&abw@bﬁ@yl)maywmuVAR b9)§).)
SLB YY) o) Ke2 g LOPEZ Law gy 0us plbonl dslllas j3 pils
G A Cand Gya8 dauo sl Yb Gud b oy el &S 2
LSS g ain JISO A iy J1)SO ¥ (alises (o ped
5 daidy J1,STF @ud > @b ol 8l Lol s odmliie Ay
Oglas By 5ol Has 51 (VA) Cunl pangs b diuin 1,5 A
(YAYY) 3515 3929 35 5k g Lawgio Sl b (32505 (o () I3line
5 SBOAS &S am3 0o (L5 (TV) )15 8las Bgyne (5595
aidin ST OB Y Cuds pl &S sl Saips )08 i3l ol
SBormle Gl sl bwgie B L (pyed (Jlie )3 ol

el Jline cglis P<e/e ) * sl jlolias coglis P<+/-0 ®

s iS5 1 g cieliae Sgplie o stasl 3 ST &S clasan
cailsl g colpol Gloj (0,5 obisS (el (syll Glge 4 Cow
o oy oyl 5 00 odlizul b oLl j) Lo lacaplie
U e B Sl casl cMAs )3 beglie pess 48
4,550 Slg o Cuw ol g bt 5 g Cuw paw 45 Lol
SO (s p)gi g (VNVNY) B9 jidy SHae p)55
d9dise B9 yple dprie & Cusl SVl Slplie ozl 5l
it dinly SELSHS s 2 45 (S ye sla by, (YONY)
Showl Clyess e a4y SMae > (g5 BB pygi sl eacly
A A o jglailen (YY) Mg e biplie gess I b
olidan oS L3550 hwg Cuwl (See S pgu s
slo a3l 8 ol s g 35l ccanl dliae ojlail il
SrpuslSo Wlg o &S Cunl SMiae py55 lad b dliae Cuwlius
gy e Gl e ie 5 48Ty ) (Jsho (09,0 Sl
ol e eglie Dl pe3 Byl SI(VA) 295 e alae
ol Jolo 39> (amabliam il caslae Sl
 Mas glodshs Of Gy opay & ol g 29500
Ay ol 53 are Jole o lgis 4 oS w3
(YYXY) 33000 gion Silylin gad by 5 e
Oan Fw ly odd gl (JeSole 5 Johe slapislse
3 uills J GMas p)5 9 Sdglien ol I (30
Glind gy Gt dler jlalas )3 0ud g glaculsilie

1f.¥ ):395‘3)5 Al b)w id 8,93 u»LbJ h.—\b 41?«



YYEO | sMas yi6 5 Cowlsus j oglie oy yed ),}‘;L:

Cnye £ DBl i b & )l 052 Wl b )
3 S sl 038y 1y Bgsmle ol U g teglie
4> 5145 ol YN oy o)) en o Bazvalle adlas bl
ploul paio Gl poi a5 (25,5 50 o yed 05501 Waly yLis
09 l) P olbsasl Lhad MOT Lol «als uL“’ 59/5 90 B
g duds 2 0 |y Gles iomed 0D 5ol (6500 pusie gua
Sl pais adlas G50 (Y) ol s (Sitn Cygo 4 &
e 09,5 S (sl et Sligyad Hlio > S (505 K,
5 1y 093 Dl poi & (29,5 5 008 dumllie (B9 pmla
alae ble plod gly (Bg,0ymla 10 jbolie 2o Jals sl
2 ohKen g Kasiano ,31 aadllae & as g5 b andl (Y5) wdg
G Ao 5 & Slyyed >l Gy (YY) VoVY Lo
3 pae S8 Boyymle Bl ly Sl 4,
i (San Oyg0 |y (905 (hy) Lo pole adlllaa 5> 5L
dalllae iy o oS ol b assle b ol ol ped Lol ol
Slodls pbsl 058 Gloyes jo |y lablie pen (6)500
5 Slgen alie Gllllas b (53505 U Lo adllas slaassl
D S0 & (33 Sy S 45ty oS 4 g (YY)
4 MAP s s MTOR culé cde 4 3l oo b g )55l
9 CY 5 i Op o acdple calil cle o
YU (Sl i cde @ 56 ol 13 3,8 0 Cygo b lags]
s wi cle & dS glolanlo (sla Jolo o )>1 BRI INY
B9 oyl (ol ke Cound dtud] goe bawgs 01 S|
S o ol |y (5t B9 mle (553 olelg Oy &
4 lgs o by dgpg Guiod opl 0 &S slacydgass
Sy oVsb dilie oyl (81 Cusl Saw )8 0Ll aldle o
OExed A0 043 yeile (yed 09)5 ) 6yl )bl
5 wMhae (gl dges 1,8 B g UKl 2 cle 4
Wt ol 385l )3 58 (mdge (B9mly (piven
5 PsYob adlie loj san] Clidiss (gly 29 o ok
Ui sl MR o8 3l ookl 5 (g5 dg0d pimon
D9 03ltwl ji (mdge (B9l

& 745 o
Cppes anly G adllae ol ) sl Cund 4 gl wlul 5
3> LS ¢ o3 ST 53 (St Sl b gletan Ve Stoglie
@ Comd 5 )lne yob 4 1) (295l pgd alae (B9 5ymle oS
e A ge il Bl 03,85 (el loye 53 (i Sl ped
Cubl> s Aty (1 yo3 ST &S (295 > (SHuae 48
@ blos 5l s bl 395 > gime o ) cuily (g il

J Mil Med 2024, Volume 26, Issue 2

ol g2l dipin LSSV B S oS ] pag SMac
o dlads 13 a8 Sud leie 4 did (S50 Gl adllas
Sl o g ()38 (5l o &S 3yl 292 il 93
s o)l opl cde a edlatul o)ls olped a1y 55,0l
Hae Jobo (So)lSe (209 w2 0 Vb (o pe5 G5 I 50
i S 5 (Sl (slaoss S 50, 1 S ol JiSe 5
9o bl )03 3929 (SHae Jobo Lid 59y (2boon Sl
S b (sl (SIS ot 5 n S35 wmy ol
INK s MAPK LS o 2.k 51 1) (Sl (slo JUSw
cdls 31 )5 a5 (C-jun N terminal Kinase) sus o
(YR) 3,5 oo Sygo Cpadgyp Fiws 9 L3 ol pen 4 1, MTOR

S5 M| aglie iy yoi 5> dtud] grad ST 3590 5
ol ploo] dalllae s CloS die) 0 Gllllas g d)l> 2439
ool a8 ol LEs Yoy Jleys o)en 9 Burd lawy
OFis 5 Wlgicee (aglhe el Jibo 5 a4l
OAS el Al Gl ey cslo Y B YE ] M pudse
Foww Mg (aped SIS cnl el pogMe amy il
ORIP b ©yge ]y 2lyiSsie 5 e dhgSile (o
sk 5 £y Sl Wl e wtnl (Sigyn (AL 5 and
oelkal (YY) asl awsh baseale (uSgp i g Gl
S 48 Gl A5 o8 ity loj (gline & eiun] (4] S5
adllae Lolul s (M7 Casd SMas Bo by Lol Jelss
oy 4,31 ¥eVd Jloy o Ken 5 Schoenfeld jJbTke
st ol 0 Lel 3,85 S 1) 1)559)5 9 13590 <8 o sl
e o itud dlde (Sl Sidg oy slaguwly & Saw,
(YY) Wb agb AL /0 5 )l S5 e

o)1 35 518 (2B )b 4 fatun] (gad) (ELEI e pos
oIBl g (Boymls slp (BB Sy Sy Glixen Ll
A8l olyen yuln (5 Cod (lej b oS ([byd 4 A3L )08
d2s i Capnl 515590 13 00l golas (B9 ple p3lSe
(sl Jsbos (S 511,050 (AL > il gpa5 Lo o
o sk 4l s o Jlb ody ol b 45wt (glenls
oy bl Wb o Jd 55 (oole 5,08 Ol ped > (sloylgals
5 )b syt Collad o gl il ity e ol &
b(Fr) 2 dalss ey gy i oo ol it collad
Me i S laj sy 5 2 5 e 555 Sl o)
Lol ol S i |y oy pi Jb 8Ll 4 sl Ulg
AN el (5538 9 (Bgyipmle 3 ol oS (s w2 )l
& Cuol e ek 4 oy o 4 (5508 Ol e b Allgi e
S 3 YU Sl i ain lelgr g a4y adllas ol 5
A ol Al3lae 4> 5 dtunl gued

ST uid Sl gy 3)90 53 (Shgh oyl U
L)l dg2g (SHas (Byyipmbs p (Siid Oy & (o yel



o 2olga (sl (632,85 (b IS
olas Juwyy > (e 0355 9 0,08 Coenl 4 2255 L
S8 Sluyed plin 5 0SSl (uily &5 YL (piznen
5 e ol ((Splio ol blod I oa b 8
Oype oY Gl Bl (Sole Vb iS5 Jeos
adllas oyl 5D odal Cuwd 4 ol 4 439 b Cpiomen 3,5
2 Spuin SNas (B95 by & wilgi oo (ol Jiw

A Cumd pusio (duyed plaw b (Joped add Ve O

&l
1. Herman JR, Rana SR, Chleboun GS, Gilders RM,
Hageman FC, Hikida RS, et al. Correlation between
muscle fiber cross-sectional area and strength gain
using three different resistance-training programs in
college-aged women. The Journal of Strength &
Conditioning Research. 2010;24:1. doi:10.3390/
ijerph16244897

2. Jones EJ, Bishop PA, Woods AK, Green JM.
Cross-sectional area and muscular strength: a brief
review. Sports Medicine. 2008;38:987-94. doi:10.2
165/00007256-200838120-00003

3. Bernardez-Vazquez R, Raya-Gonzéalez J, Castillo
D, Beato M. Resistance Training Variables for
Optimization of Muscle Hypertrophy: An Umbrella
Review. Frontiers in sports and active living.
2022;4:949021. doi:10.3389/fspor.2022.949021

4. Schoenfeld BJ. The mechanisms of muscle
hypertrophy and their application to resistance
training. The Journal of Strength & Conditioning
Research. 2010;24(10):2857-72. doi:10.1519/JSC.
0b013e3181e840f3

5. Joanisse S, Lim C, McKendry J, Mcleod JC,
Stokes T, Phillips SM. Recent advances in
understanding resistance exercise training-induced
skeletal muscle hypertrophy in  humans.
F1000Research. 2020;9:F1000 Faculty Rev-141.
doi:10.12688/f1000research.21588.1

6. Erskine RM, Jones DA, Maffulli N, Williams AG,
Stewart CE, Degens H. What causes in vivo muscle
specific tension to increase following resistance
training? Experimental Physiology. 2011;96(2):145-
55. doi:10.1113/expphysiol.2010.053975

7. Kraemer WJ, Ratamess NA, Hymer WC, Nindl
BC, Fragala MS. Growth hormone (s), testosterone,
insulin-like growth factors, and cortisol: roles and
integration for cellular development and growth with
exercise. Frontiers in Endocrinology. 2020;11:33.
doi:10.3389/fendo.2020.00033

8. Vissing K, Brink M, Lgnbro S, Sgrensen H,
Overgaard K, Danborg K, et al. Muscle adaptations
to plyometric vs. resistance training in untrained
young men. The Journal of Strength & Conditioning
Research. 2008;22(6):1799-810. doi:10.1519/JSC.

5l Alg o lellss g (LS55 b o 00D (g b iy
295k o 93 EMae Culus Gl (ly (el pu ()
S8 ol dg5 iy yod Ay 4

o8By EME aneS )3 ol aslllas 3 15,08 o WS
b IR.SBU.REC.1402.007 M) uSU gy dugesd
P oS eS8 b ded B s dluwg cpds Cowl ol

o G058 9 St bl (LS g po LB 4y ol sl

Sl 65 45 A o oyl B i g5 12800 SLAT
2,05 0939 pols addllas jo  adlio

0b013e318185f673

9. Carey Smith R, Rutherford O. The role of
metabolites in strength training: 1. A comparison of
eccentric and concentric contractions. European
Journal of Applied Physiology and Occupational
Physiology. 1995;71:332-6. doi:10.1007/BF00240
413

10. Oranchuk DJ, Storey AG, Nelson AR, Cronin
JB. Scientific basis for eccentric quasi-isometric
resistance training: a narrative review. The Journal
of Strength & Conditioning Research. 2019;33(10):
2846-59. doi:10.1519/JSC.0000000000003291

11. Anderson AB, Owens JG, Patterson SD, Dickens
JF, LeClere LE. Blood flow restriction therapy: from
development to applications. Sports Medicine and
Arthroscopy Review. 2019;27(3):119-23. doi:10.10
97/JSA.0000000000000240

12. Krzysztofik M, Wilk M, Wojdata G, Gotas A.
Maximizing muscle hypertrophy: a systematic
review of advanced resistance training techniques
and methods. International Journal of Environmental
Research and Public Health. 2019;16(24):4897.
doi:10.3390/ijerph16244897

13. Saito Y, Chikenji TS, Matsumura T, Nakano M,
Fujimiya M. Exercise enhances skeletal muscle
regeneration by promoting senescence in fibro-
adipogenic progenitors. Nature Communications.
2020;11(1):889. d0i:10.1038/s41467-020-14734-x
14. Maeo S, Huang M, Wu Y, Sakurai H, Kusagawa
Y, Sugiyama T, et al. Greater hamstrings muscle
hypertrophy but similar damage protection after
training at long versus short muscle lengths.
Medicine and Science in Sports and Exercise. 2021;
53(4):825. doi:10.1249/MSS.0000000000002523
15. Schoenfeld BJ. Does exercise-induced muscle
damage play a role in skeletal muscle hypertrophy?
The Journal of Strength & Conditioning Research.
2012;26(5):1441-53.  d0i:10.1519/JSC.0b013e318
241207e

16. Franchi MV, Longo S, Mallinson J, Quinlan JI,
Taylor T, Greenhaff PL, et al. Muscle thickness
correlates to muscle cross-sectional area in the
assessment of strength training-induced hypertrophy.

1f.¥ ):395‘3)5 Al b)w id 8,93 uALbJ h.—\b 41?«


https://doi.org/10.3390/ijerph16244897
https://doi.org/10.3390/ijerph16244897
https://doi.org/10.2165/00007256-200838120-00003
https://doi.org/10.2165/00007256-200838120-00003
https://doi.org/10.3389%2Ffspor.2022.949021
https://doi.org/10.1519/jsc.0b013e3181e840f3
https://doi.org/10.1519/jsc.0b013e3181e840f3
https://doi.org/10.12688%2Ff1000research.21588.1
https://doi.org/10.1113/expphysiol.2010.053975
https://doi.org/10.3389/fendo.2020.00033
https://doi.org/10.1519/jsc.0b013e318185f673
https://doi.org/10.1519/jsc.0b013e318185f673
https://doi.org/10.1007/bf00240413
https://doi.org/10.1007/bf00240413
https://doi.org/10.1519/jsc.0000000000003291
https://doi.org/10.1097/jsa.0000000000000240
https://doi.org/10.1097/jsa.0000000000000240
https://doi.org/10.3390%2Fijerph16244897
https://doi.org/10.1038/s41467-020-14734-x
https://doi.org/10.1249/mss.0000000000002523
https://doi.org/10.1519/jsc.0b013e31824f207e
https://doi.org/10.1519/jsc.0b013e31824f207e

YYEV | oMas &yi8 5 Colsus j oglie oy yed ),}‘;L:

Scandinavian Journal of Medicine & Science in
Sports. 2018;28(3):846-53. doi:10.1111/sms.12961
17. Miyatani M, Kanehisa H, Ito M, Kawakami Y,
Fukunaga T. The accuracy of volume estimates
using ultrasound muscle thickness measurements in
different muscle groups. European Journal of
Applied Physiology. 2004;91:264-72. doi:10.1007/
s00421-003-0974-4

18. Anusitviwat C, Vanitcharoenkul E, Chotiyarnwong
P, Unnanuntana A. Dual-frequency bioelectrical
impedance analysis is accurate and reliable to
determine lean muscle mass in the elderly. Journal
of Clinical Densitometry. 2023;26(1):90-6.
d0i:10.1016/j.jocd.2022.12.006

19. Dehghan M, Merchant AT. Is bioelectrical
impedance accurate for use in large epidemiological
studies?. Nutrition Journal. 2008;7:26. doi:10.1186/
1475-2891-7-26

20. Varovié D, Zganjer K, Vuk S, Schoenfeld BJ.
Drop-set training elicits differential increases in non-
uniform hypertrophy of the quadriceps in leg
extension exercise. Sports. 2021;9(9):119. doi:10.3
390/sports9090119

21. Fink J, Schoenfeld BJ, Kikuchi N, Nakazato K.
Effects of drop set resistance training on acute stress
indicators and long-term muscle hypertrophy and
strength. The Journal of Sports Medicine and
Physical Fitness. 2018;58(5):597-605. doi:10.237
36/S0022-4707.17.06838-4

22. de Camargo JB, Zaroni RS, Junior AC, DE
OLIVEIRA TP, Trindade TB, Lopes CR, et al. Tri-
Set Training System Induces a High Muscle
Swelling with Short Time Commitment in
Resistance-Trained Subjects: A Cross-Over Study.
International Journal of Exercise Science. 2022;
15(3):561-9.

23. Schoenfeld BJ, Pope ZK, Benik FM, Hester GM,
Sellers J, Nooner JL, et al. Longer interset rest
periods enhance muscle strength and hypertrophy in
resistance-trained men. The Journal of Strength &
Conditioning  Research.  2016;30(7):1805-12.
d0i:10.1519/JSC.0000000000001272

24. De Almeida FN, Lopes CR, Conceicdo RM,
Oenning L, Crisp AH, De Sousa NM, et al. Acute
effects of the new method sarcoplasma stimulating
training versus traditional resistance training on total
training volume, lactate and muscle thickness.
Frontiers in Physiology. 2019;10:579. doi:10.3389/
fphys.2019.00579

25. Hirono T, Ikezoe T, Taniguchi M, Tanaka H,
Saeki J, Yagi M, et al. Relationship between muscle
swelling and hypertrophy induced by resistance
training. The Journal of Strength & Conditioning
Research. 2022;36(2):359-64. doi:10.1519/JSC.00
00000000003478

26. Schoenfeld BJ. Potential mechanisms for a role
of metabolic stress in hypertrophic adaptations to
resistance training. Sports Medicine. 2013;43:179-
94. doi:10.1007/s40279-013-0017-1

27. Wackerhage H, Schoenfeld BJ, Hamilton DL,
Lehti M, Hulmi JJ. Stimuli and sensors that initiate
skeletal muscle hypertrophy following resistance
exercise. Journal of Applied Physiology. 2019;

J Mil Med 2024, Volume 26, Issue 2

126(1):30-43. doi:10.1152/japplphysiol.00685.2018
28. Lopez P, Radaelli R, Taaffe DR, Newton RU,
Galvdo DA, Trajano GS, et al. Resistance training
load effects on muscle hypertrophy and strength
gain: systematic review and network meta-analysis.
Medicine and Science in Sports and Exercise.
2021;53(6):1206-16.  doi:10.1249/MSS.00000000
00002585

29. Kubo K, Ikebukuro T, Yata H. Effects of 4, 8,
and 12 repetition maximum resistance training
protocols on muscle volume and strength. The
Journal of Strength & Conditioning Research. 2021;
35(4):879-85. doi:10.1519/JSC.0000000000003575
30. Lasevicius T, Ugrinowitsch C, Schoenfeld BJ,
Roschel H, Tavares LD, De Souza EO, et al. Effects
of different intensities of resistance training with
equated volume load on muscle strength and
hypertrophy. European Journal of Sport Science.
2018;18(6):772-80.  doi:10.1080/17461391.2018.
1450898

31. Campos GE, Luecke TJ, Wendeln HK, Toma K,
Hagerman FC, Murray TF, et al. Muscular
adaptations in response to three different resistance-
training regimens: specificity of repetition
maximum training zones. European Journal of
Applied Physiology. 2002;88:50-60. doi:10.1007/
s00421-002-0681-6

32. Burd NA, Andrews RJ, West DW, Little JP,
Cochran AJ, Hector AJ, et al. Muscle time under
tension during resistance exercise stimulates
differential muscle protein sub-fractional synthetic
responses in men. The Journal of Physiology. 2012;
590(2):351-62. d0i:10.1113/jphysiol.2011.221200
33. Wilk M, Zajac A, Tufano JJ. The Influence of
Movement Tempo During Resistance Training on
Muscular Strength and Hypertrophy Responses: A
Review. Sports Medicine. 2021;51(8):1629-50.
doi:10.1007/s40279-021-01465-2

34. Schoenfeld BJ, Ogborn DI, Krieger JW. Effect
of repetition duration during resistance training on
muscle hypertrophy: a systematic review and meta-
analysis. Sports Medicine. 2015;45(4):577-85.
d0i:10.1007/s40279-015-0304-0

35. Baz-Valle E, Schoenfeld BJ, Torres-Unda J,
Santos-Concejero J, Balsalobre-Fernandez C. The
effects of exercise variation in muscle thickness,
maximal strength and motivation in resistance
trained men. PL0S One. 2019;14(12):0226989.
doi:10.1371/journal.pone.0226989

36. de Vasconcelos Costa BD, Kassiano W, Nunes
JP, Kunevaliki G, Castro-E-Souza P, Rodacki A, et
al. Does Performing Different Resistance Exercises
for the Same Muscle Group Induce Non-
homogeneous Hypertrophy?. International Journal
of Sports Medicine. 2021;42(09):803-11. doi:10.10
55/a-1308-3674

37. Kassiano W, Nunes JP, Costa B, Ribeiro AS,
Schoenfeld BJ, Cyrino ES. Does Varying Resistance
Exercises Promote Superior Muscle Hypertrophy
and Strength Gains? A Systematic Review. The
Journal of Strength & Conditioning Research. 2022;
36(6):1753-62. doi:10.1519/JSC.0000000000004258
38. de Freitas MC, Gerosa-Neto J, Zanchi NE, Lira


https://doi.org/10.1111/sms.12961
https://doi.org/10.1007/s00421-003-0974-4
https://doi.org/10.1007/s00421-003-0974-4
https://doi.org/10.1016/j.jocd.2022.12.006
https://doi.org/10.1186/1475-2891-7-26
https://doi.org/10.1186/1475-2891-7-26
https://doi.org/10.3390/sports9090119
https://doi.org/10.3390/sports9090119
https://doi.org/10.3389/fphys.2019.00579
https://doi.org/10.3389/fphys.2019.00579
https://doi.org/10.1007/s40279-013-0017-1
https://doi.org/10.1152/japplphysiol.00685.2018
https://doi.org/10.1249%2FMSS.0000000000002585
https://doi.org/10.1249%2FMSS.0000000000002585
https://doi.org/10.1080/17461391.2018.1450898
https://doi.org/10.1080/17461391.2018.1450898
https://doi.org/10.1007/s00421-002-0681-6
https://doi.org/10.1007/s00421-002-0681-6
https://doi.org/10.1113/jphysiol.2011.221200
https://doi.org/10.1007/s40279-021-01465-2
https://doi.org/10.1007/s40279-015-0304-0
https://doi.org/10.1371/journal.pone.0226989
https://doi.org/10.1519/jsc.0000000000004258

FS, Rossi FE. Role of metabolic stress for enhancing
muscle adaptations: Practical applications. World
Journal of Methodology. 2017;7(2):46-54. doi:10.5
662/wjm.v7.i2.46

39. Mirzoev TM. Mechanotransduction for muscle
protein synthesis via mechanically activated ion
channels. Life. 2023;13(2):341. doi:10.3390/life

e 5 b / YYEA

13020341

40. Stozer A, Vodopive P, Bombek LK.
Pathophysiology of exercise-induced muscle
damage and its structural, functional, metabolic, and
clinical consequences. Physiological Research.
2020;69(4):565-98.  doi:10.33549/physiolres.9343
71

1f.¥ ):395,3)5 Al b)w id 8,93 GALBJ h.—\b 41?«


https://doi.org/10.5662%2Fwjm.v7.i2.46
https://doi.org/10.5662%2Fwjm.v7.i2.46
https://doi.org/10.3390/life13020341
https://doi.org/10.3390/life13020341
https://doi.org/10.33549%2Fphysiolres.934371
https://doi.org/10.33549%2Fphysiolres.934371

