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Abstract

Introduction: The increase in the serum level of the biochemical indicators of cardiac muscle cells
is related to the intensity and duration of exercise. The aim of the present study was to the effect of
a period of resistance training with blood flow restriction on the level of Biochemical Markers of
Cardiac Cells in judokas.

Methods: The current research method was semi-experimental with a pre-test-post-test design. The
statistical population of the present study was made up of male judokas athletes in Tehran. 30 male
judo players were randomly divided into 2 groups, the first group (with an average age of 26.33)
and the second group (exercise with blood flow restriction with an average age of 25.33). Before the
implementation of training programs, blood samples were taken from the subjects by ELISA method
to determine the serum concentration of CK-MB, CTN-T, and CTN-I indicators.

Results: The results of the intergroup test showed that CTN-I (P=0.028), CTN-T (P=0.036), and
CK-MB (P=0.027) in the two groups of resistance training with blood flow restriction and resistance
Traditional had a significant difference. The results of the intra-group test showed that CTN-I
(P=0.000), CTN-T (P=0.000), and CK-MB (P=0.003) in the resistance training group with blood
flow restriction and CTN- I (P=0.000), CTN-T (P=0.000) and CK-MB (P=0.000) increased in the
traditional resistance training group in the post-test phase compared to the pre-test.

Conclusions: According to the results of the research and the examination of the difference of the
averages, both exercises have led to an increase in the specific biochemical indices of heart cells, and
this increase was less in the group of resistance exercises with blood flow restriction. Therefore, the
use of resistance training along with blood flow restriction can be considered by male judo coaches
and athletes.

Keywords: Resistance Training, Blood Flow Restriction, Troponin-I, Troponin-T, Creatine kinase

MB Isoenzyme.




iRy 5y e Sl 1 3 (iSeilyl iy 1 puld
Y b)m N 0)3.3 AEZA 1 ul:.nm)

039 Hlwowiign S AL 9 (95 U 3> Cudguo b of o i glio Dby w03 0598 S il
3 30 95992 40 (W 5L Jolw

" Sy g S T Sl a5 e e

2Ol eyl e o)l 3asee ol ¢ (b3 yg (558002 543 158> (gommitila—)
2Ol eyl e o)l 3azee ol ¢ b3 yg (g5o)s jud kY
Ol edmdyl o Jwd)) Baze oKl o 13y (55809 ud ¢y lobiwlY

Ol el ecsleos) ioe olSiils ¢ o559 (<ol b bl e ily laikal 2] giano Dtns 95
1_bolboli@uma.ac.ir : re!
VY /N Y0 e (5l VYN A e cdlyd

G )l Ll o ped e g cud Ly (ol aliae (sl ol (aliarign (sl a3l (o o i3] 1dndlle
Jobw 05y (plendon (sla a3 Ld 1 (95 Loy Cdgiome Lolian (aglie Sy poi 0)93 S pl 5l il
S (W 9392 > (8 sl

ol Gimgly ()bl dnoly 29 psoil ey = il i b L (028 desd g5 5] 0l Limaly (2, 3
s2lal jobo a9 o )3 (65 dsged (g A S 9392 3p0 Ve aaly S (5 o 350 9392 S35y
Ol Cadgione (gi (o) P9 09,5 (VAIVY (i (10le L 95 a2 cdgione Lo (0 yed) Jgl 095 095V >
03l oy bl (el el o peT sl sl (lpal Sl a8 ad (YOI (o 0S0ke L 0095
Ao 46,8 Lo 53gefl i1 1Yl Bsy 4y (iss (5L digas CK-MB 3 CTN-I¢ CTN-T (sl

0955 93 3 (P=+/-YY) CK-MB 4 (P=+/-Y$) P). CTN-T =+/-YA) CTN-T ol ;L (o 2,5 ;0 39031 gols 1L a8y
255 09923 s3] gl Bl (63l (ime SMI] (s (taglie g 95 layr Spdgime Ly olyod (taglis (yy
Sl codgase Ly olyan (toglie oy yo5 69,5 )3 (P=+/++¥) CK-MB 4 (P=+/+++) P} CTN-T=-/-++) CTN-L sl Lz
09—l s a0 ) i aglie (y o5 09,5 ) (P=2/+++) CK-MB 4 (P=+/+++) P)CTN-T=+/+++) CTN-I 4 ;5>
el ()l (e Al gal i L anlie

e pasls Gialilan yomie (a8 93 5 don (i Slee SUB (s r 9 G gl Ay dngf Lo 36yt Al
09 Ol Cadgione olyed dy (eglie (1 ped 09,5 ) il (ol S Cnl oad (B sl ol 05y (olendgn
OhB=ii9 9 Glaye 429 3)90 N5 (o (95 Loy Cadgions ol e dy (aglie (4 o5l ool B Lol 039 1S
DS )lyB e Wgdg

S 08w losl T 5 A= 3 (o Glr Cadgiome (Siaglie (203 1 0319808




Ol g (ouid i e

slas s (Uil 0 YU cus U s oS s S
=y gy oacel Cowy ol (VW) 5,8 555 5Ll
CK-MB il i pule 48 sl i (Y- 1Y) oen
@ —Mae ol g )9 counle Jds dan el Sow aS
csoliwl ¢ —eglie il yoi ploul il was el b
JLsé oy > €T T oo 1 ()15 (ine )36 (55

(VF) 39 (a8 ol el Wl o oyl g 3,05
Gl sasm s La asli ool 5l Sy as 5]
Josl 1 ik Ll il oo SMae 3395 Linl38l )5 ol
g WSlSe sl > ISl Sl SlSo (glaLtd
0 O o GBS g s o adias (Sl
S sl 550 5 el Sl ) el ol (V0) 595
0lao pdy 0 Calizro LBl (glyy ¢ )08 L ped sLlse
e Sldllae )3 (V) el 039 o Simgy a3 59
=l 1B ¢ eglie iy yad glgl die) y> 48,5 s o
olg—=e o teglie liyyed jl gampiy JSb Lo Jhagy
(BFR) (3 ol Cpdgioms Ly ol o iaglio Ly yal
09y o=l (V) 3l 03,8 4] ) (5lS) (e Bgpna
=S 3y Sas Cdgisme YU coas Ol ped L duwslde 4o
bty g yed 51 U1 3590 (aBly o JLo (e 53 935>
Jsd alas a0 095 oy (o ped b9y o) 0 S (e
2y Bllasl (S 895 S i L 59 0 2
29 (o 393 oy Lo gjla 035 (g Cend Sl bl >
Slaod Yo LY o Yo ame Sl s ool coa s (VA)
S8l aligy e s Jolne Lop ety S5 Sy
dgamme Ly Slgibio il slool U sy ool (V) !
A3 e Bl )59 S yome j 3 e0ipS 008
Ly 03 TRT) (s (538 Sl jad Ly aulie )3 (V)
90555 gloj e 3 (i 095 ol Shdl Ly (eglie
oMae 0355 5 ya 8 4y ude Gl Slle o oS il Ly
(Y- 8) e 5 L adasdy oyl 3 (Y)Y +) il asls
4 (BFR) pS cais L (el ol pes a8 a0l L
B il g (SMas (g pmla 4y ek )9 b
Cadgone el YU cons b ol yoi L dwwlio o SMae
Callad (g b 48 (g30te galis o pele (V) 995 (0
| odaie G359 JLod s By e (B ol SinlS 5 (S
Omyed i 3500 13 (63ga e leMbl wmd o i
sbe padls o 093 gl Codgiome ol e dny (eglie
d ol gy 1))l 0929 (B i (olondg

Yo

doddio
L (agliie Sl yod I (il (Splie (SS (slaylid
sla (asli » callaol cly s 5o, el ol cus
ol cbale g oad (8 sla Jobw ojng (olendis
Wile (teglie (1 yod I (8L (Sglie (SHlSe LS sl
359,y SlisY g (CK) LS’ 5315 (MD) (9l 9o
5 i 48 jplailan (Y ,)) sim o il Lol
g e 058l 0 any S (S sl S,
Sl s oS ol il ol (8, Slae 4
Celw Y agd s U g uass o dled plSin o I8 cla Jsluw
=SS slw (sl (¥) 1l e GiliEl o 5 e
Lo el ol a0l oacs ealisl (08 cumul (U5, sl m
SLSY il el Sl PSS (S 5l 4l
Js e Ll 59,000 LS gl 059300 5 L5305 g 000
sl diz py (Shg I e (a3l (ol 3y (8L g8
05l g )55 31 (lB (Slb sl a5 gl
e a3l 5l (B alae (cla Jobuw el (o 0
BT osgrgs {CTI) (BT (igrg s pls (e sl
o 03l (MB) CK-MB ;LS 51,8 ams 515521 (THT)
Wit (oelali sl (g (AT 9 1 (igng 5 (F) 48
JeSt ) (8 sl Jolow (Sl ol I (i 48
O CK o YO U W dgas 0 Jls pue o ey »
Lo ¥V ogis g 8 sl Jolw » (MB (CK-MB i
02>l ool (5 ,0) o)b 29 ISl wMie ;> CK-MB
Jbs 59,55 8l (el (gl 03y 9 ol sl il Lo
sl Joboo (oo sl (o)) (gl g St (I8 (gl
Lo iyl g (oo ol (S5 ) (I8 alae
Cow g5 o i Ay ol Ol el Ay o ylLis
(A Y) 8 pyw CK-MB yil38l 55 9Tl il
S el e 5 A il 00 e S5 (g5
ey (=B sl (92955 (e 8 Yo oo Jsloe
Ohl—on 5 (S—wgSgglio (V0 A) A (o3 o Blaie
s (eglie Sy el jlam |y (8 g3 (V4)0)
i (B 89955 5l (e B e bale 0,5 ()
o Jl o 295 9305 D8NS -8 o G ) (i yed
OhBen 95 5onl (W) cniSil 355 adsl a4y )
ay b s Lol 8l 1y Tl pda s i3 (YY)
(V) 255 S5)55 bawgio Cus b cgdled als S JLd
3 o 1y €Tl a3l (Y410) oS an g a1



\i"' ‘bu.vwo)' cY b)m c\’ b)sb ‘d)mﬂ)b M‘,} u«&g,’ 4.3').\.\.\5

b ash)S e (ageil ) (ss
O2re5) 095 Ol Cdgione Ly ol e (aglio (4 pod
Aonl lyoad azss 1 s 5L (g5l JlojSop 4nl
09> yoo o VLAY dgds yas Lo Codgione
Sl yadn) (i (eglie oy 09y S (gl (YY) il
A plogl dlidin )1, SO SO T VO Gl U g el (39—
3,848 glasie oy pSiw ol ARM awle (gl
3390 ISy ploml a9, 00 Ll 4y Ly (305
S e Cowily ;LSS Laas 0,8, STals o oyl 00,5 1S
uu_cu)f)_la))) lRMl_:)_,l);d_»”uT‘_\_mral_x»H)
Ho SOl i 1y s Glsesl asjs L e Sy , STL
2 A S5g i de 5 ), STl byl L b e plsl
A (o e IRM 5 3058

odlatl 350 d39 % (V + (V+/ S5 slass)) =1RM
Pl o) Goae jd 4S us 4oy Lo Sdg0jl 4y
03> s yod SS9 5l yuf 4] olb b (5 dns
BTN VISV S PO PN S NYPN SR Vil PPVl KU (W
P A a8 6 et Aol ¢y yod dtan £l sy
5 b ST e (SO gl joy Ve il ae aoldl
olymor a1y ()8 Wl jed a8 245 el VY jlas
L8 o ol plogl Jgl adsyo o o5 oyl Cudgione
Gl poi Lo yo a8 29,8 5.0k plosl ]y 5,08 <l s
Iy 538 Gl ped diam & Cde dy diald plodl |y 5,48
Lol S a0 plogl fas s gz ol pam ay
A S5 6y oy dde S Pl sy
o3 SS9
Jau‘w]bmw;)_b)bog)j)_mdb_»dju_uw
sl (535 I > s Sl dmy 4 39 il Ly (58
o pp = kS Sy > a8 O L oy el dds 008
09,5 ) (S b 9y (255 S Holaie 4 S
S 6 dlwg an lanl 4 S 35 s ol a olaudl
B8 Cond pod i b |8 5l SawY el Sye
095 93 3 Sl i A 95 )2 Jle S 9 90 4
l_mwu_udlw.)&_’wba_w‘l_’u_sbbamv
Hid L crwd 3gpe Al Ly ogy § 0 b a8 )5, b

vs

ULU)QJ 09d ;{_, L:T S el Jb_w O—’l 4o C_wb JL»).)
cle adli o e s cdgisne L ol)_a.m —wolie
2590 0 (9352 )3 (B (sl ol 05y (olondn

FLye1Y

Oh Tk L (5 desd g9 Sl )Bl imohy b
1y ol phmghy sylel dnsle 9 (9ol oy — (3]
4 3959 sLayline ol LS i 148 5392 oy
Gy phe iy s VY L5 Yo il s ol iy
slogls Sl oslaiwl pace ¢ Bgje (8 (5lon Sl
W55y odaliio s Jolid il jl 2oy (sloyline 9 JoSo
(I8 Ol o3 e 5 (g ol MBS el
S yd g Slyad 0)9d 3 JraSo Byae 4S5 1 b ol le
38l o 5l o0lital Uy g ylol diges 29 oliy o 3 pbaiel
5l ojlasl g +/AD gyl e an oliws (sl GePower
Sy e Ve a b d i8S 1l >, 45V 69, S, gl /AD
(Sl jobo dnr g ey )3 (=S dged Sg) 4 S g35>
{093 ol Cmdgiome L 5 p05) sl 095 09,5V >
e (09— Gl > Cmdgiome (gdmr (5 p05) pod 09,5
L

—90il Al ¥ 5 e ped Sl 9y 5l I8 4 9
I e S
w3 dog ployz Cadgione L (1 po5) Bios SS9
S delip 9y 5l g i S 00,8 o (gl
led 5 (i B (o Jold S ytagag il sl (5,5 o3l
9 g Lt Jolod (S5l 8 Lo pite (i 0395
3 ey i plodl (IRM) iy )50 S 5 (Jgials
Sy (Solel 5 (Sbjy (6 dalitny sl py b oSS
M Alig s Lol o S colsy 5 (S el o
ol bl b an dag Ly ime o L (igejl Jlite
Byan pios (2l o) cnle) Jold 355 a5 Llbgh
Al sl il Jlaxiwl pas (JaSo 5 g)l> 4o
L bl 5 (ol slmygisB IS 3l g 5 g )lane
oS S5y 28, b cga ) 398 (Solel gy 4
Y i Ay isga] 6 4nlS ) o daie yaty oS pOLe]
s plonl (S0 i b 68 (93 5 -5 o)
Cale s (i o ped sla asli gl 5l S8
«la aises cTnT g CK-MB¢ ¢Tnl sla sl oy



Ol g (ouid i e
sloul Colorimetry yig, 4 Horiba ¢S 5l eslsiwl LLMB
b 3 (ol o sty <YF gy gl 0 (anb aely i
sl
oSty M) (eln IS 5g 5l allio sl SNy
A 33ges s (IRRUMA REC.1401.051) Lyl 5_ixe
al el pyd ddlllan oyl o SAiS 8,5 olos
aalllas \olio olad g3, S o |y adllas o) oSy
el a0l gy JolS jo by SaiS 8 b (ol
Sl Juboss g 1o
o 5 S tagyg il slw il s g o8 (ol
gl 3 ams el huog Ll 3l e Skl cla
dlie sl g Lo 03l (39 (cmbs (e gl Shigg L
dglio gl g anligd (uilly 5T il Sl 2,8
N33y s odla ol (295 (5 il 3l (29) 90
03l V¥ a5 SPSS ¢ ¥+ V& ase s ST oolaiul 5y 0
WSS

b adl
O oy gl sl I S e b s gl
0355 pasld o (P=-/¥V) (9 {P=+/YAA) 28 (p=+/¥)+)
BER olyan ao (eglie (1 305 09,5 93 3 (P=+/TVF) (S
S Gldi ly (goly (e SMB (i (eglie (4 e

A ST SO Logas yto oo V80 LY B
s—eglde (2 pe3 3503 095 9 )la L il 9> U,
gl SIS o di iy )5 S5 SL 7 VB L qigpe Sl gy
YO YY) aoalh plol ) e U 950

U5 (b (55 Wiged

3 ot el Jae 4 (65 053 5 T e ol
139 31 bdl el VY LY 5l g 5 JS59 0 £9
P g A Cgmdy )3 (390]] yb ) Cd JLingS
05> s Ab 488 e b o O Col il el
F R g b ploml (i yed 98 5l J8 65
3903y | et ddr o Al e Jlab flany Jgl azin
V¥ pow (53aS0e3 8,8 Cijg o diliiio MlS bayly 5 jo
dn o)l adsye g pgd atin £ e Jlad £9) 5l o8 el
diged 2 B)S plol o yed dde (0 3l o> dsin 7 |
ol Aliuwg 4 wBiulojl 3 00 (69l aen (Sg> sl
silwhis oldl 48 ca L Rotoflx 32A Jue jeut sl
o Spgl g g Griod Pl Jl ey gl 58 g
03l b 3850 (sla S )loge (5,5 ojlal (gl Lo diges
S gz L sl (o85Sl Alexis olSiws |l
cTnl (5,5 ojlsl 8,8 )1, 8 o, .5 o5l 5 iomiw dy50
ady iy ey o LIAISON ol s jl ssliz ol Ly cTnT 4

0993 o= 50 (rub aly . plsul Chemiluminescence

P>140)  CKe yaS sl il oyt Lo )3 ply Sl <o/
st stoglio s BER L oljon taglio (3505 09)5 9 1 (L5392 (iwogs pa3ls ) Joa
S e (Fw oglie (pei BFR olyeb ay (doglio o e 09,5 e
AR YO/EYY YA YE/EYY YO o
<[YAA \WEIEYE 2IVY VWVIEYY 2[55 A8
¥V AF/EY- VIVE AV/E4- AV o39
Y YV/EYY YIYY YSIEPE YIVY S

O9—oj) i 4> 10 4> (P=+/¥Y5) CK-MB 4 (P=-/¥Y0)
CK-MB 4 (P=-/-aY) P). CTN-T=+/AYY) CTN-I ,
oglio (203 09y 5 1> (g3l g 4> y0 > (P=-/¥YY)

(Y Jois) (P>+/-0)

Yy

P). CTN-T=-/¥35) CTN-I ,se 4w b i m 5
O9—2j) i 4> 0 4> (P=+/¥50) CK-MB 4 (P=-/¥YY)
CK-MB 4 (P=-/\¥A) P). CTN-T=-/-A+) CTN-I ,
eglio (303 0955 33 (pgil g ad>p0 3 (P=2/¥4A)
P). CTN-T=-/¥a¥) CTN-I , sz 4 g BFR L ol o>



\i"' ‘bu.vwo)' cY b)m c\’ b)sb ‘d)mﬂ)b M‘,} u«&g,’ 4.3').\.\.\5

i aglio g BFR Lol pons aglio oy pei 09,5 3 50 CK-MB g CTN-L CTN-T (¢l addgo Shggyulis (905 5 e byl ¢ uSibso .Y Joas

w (Foglio oy pod 89,5
%) ’.‘ %‘ "T.‘ ¢ %
% ES EN })
Load Load 4
. .: = . . q - R
-3,. N -3,. %

) E4 2 a k4 3 2
al ay ™y ay al
) ) ]

= r
~ —

> < M - o :ﬂ

3 > H o < <

= & < = < BN

> <
\ 3
pal &

P - = a a iy <
3 f N > P 4 <

a 3~ a’ > -
\ ~ T ~ iy P ~
x <
o
< &

3 <} * o 'S = <
o N H P N 4 >
- a 9 a 9-

= & o = & =

P < 3
P <
o L

BER oly02 (Joglio oy yod 89,5
5.3 %
3 b 3 3 e
T T
A
3 99
< =
g T (koS )
s %
T f E (Wakeles sY)
5 =
& 1 g Z b CK-MB
S < 1) e dols)
* = = vt T >
= - () O 4>y

03,5 5 > (P=+/-YV) CK-MB 4 (P=-/-Y$) CTN-T
il (ol ime M) i

i) Lo ully 29 salme (9 (ig0l 5l enliul Ly
CK- 4 (F=Y/-# P=-/N0#) F). CTN-T=+/.5 P=+/A.Y)

.J._wl.: u_nu_ialbl_m os)ju_u)é (F:‘/'\ ‘P:’/ﬂ\ﬂ\)MB

09> ULP Cadgie L al).c.zz u..o5hu B 09)5 99 ) CK-MB 9 CTN-I. CTN-T R dus (u,m})f u.u) Two—Vay—ANOVA O}"j Y Jg-\é

(st siaglie 9
Sbloly g F o oSk pime DF 0 Sile peone o yeiio
N2 o[+ YA o/-y /¥y \ o+ ¥Y CTN-I
RINSY o[ XFu ¥/04 \ o+ CTN-T
- [54 o[V o/\Y Y/ \ Yy/ay. CK-MB
*P<i/en

Oz Sl (53l (ime GEliEl gof] S L dnlie
0553l ot 9 053] O et 0meSibe B aa g L
(oled (i (Haglie (1 pe3 AS Ao 09,5y b
& yiar 535 431 CK-MB § CTN-L CTN-T (sl iie
&l BFR olyon ay  ioglie 4 pod 09,5 L dunlio pd

(¥ Jgaz) s

P)‘:'/’ . ’) CTN-I sl UL;.M; &.S_b9)§ O9)'> u9_A)T C_JL\)
oS 0955 5 (P=+/+-Y) CK-MB g (P=-/+-+) CTN-T
l_g d_mg‘l.u » L)Hj = Ll>)n ) BFR l_: cl)_Am u_uoslan

CTN-T oo iy (o)l —imo i)l 09_9)’] O
(P=+/-++) CK-MB 4 (P=:/+-+) P). CTN-T=+/---)

2 0903l ey adpe )3 (s (agliie (p pe 09,5 )3

YA



Ol g (ol (e e

BER olyan o (groglin c2p03 5 (s togliio (2503 09,5 9 ) 09o] ot 9 090 e dilio sl (295 & 0901 € Jgie

&> oxo maw F
o[ YA af-y

Sl oly
Jses

601 o XEu ¥/0a

-5 o[ ¥V AN

Nlo jgdexo

-1-¥Y

RN

Yy/oy-

DF xSl Egoome 1 yuiio
\ o[+¥Y CTN-I
CTN-T

CK-MB

3 o]oy-

\ VoY -

# P<./.0

CPR- 5 CReI (g5 ol yo (i (Sloglie (5o
mie &S Gl 0dd (o) 00 () 9392 > (15 MB
O yily L pdle gl (39 gl 1505 Jd> il
Al (Y+10) S an

355 ol yobatl ples (e ymSl 340 gl (e
S 105 4 yed JLsd 4y CK-MB o i 158l a8
Sl i > (Sl N PXUETS) Olis !
295 (o (el glo Gl poie a8 ail (e
4y ol L aslyy e, 5L s U ool o5 (V)
CK- s 3ol (¥+) 58l ol e sl Jolow
Jelw Sisli8l s as el (1 Sow ISl alae ;o MB
ooy |y M Sl o] 48 15 (ol oy nle sl
CK-MB g )33l Ay oo p b ey (V) attS s
e Sl sl 5 a3l (aglie iy pe8 S oy
8 police sl 1 (655 g WD (pped Sl (0
38U Jgieuw et s d cwl (- San g 3ylas
o=l el ol L (1) 2l (Sofglen b cdled )Lss
(S 98—y Sl 9 g yed J5-b )3 055 4 CK-MB
b 1 oly—e plow g L (g 3955 04 iiS (uSxia
cpl by Linl3l el o ogdle il SMae slsé
Slome (Sl iz ¢ 2 le (alge L Lo o5l
J=Yo il S SO (M) el b Sye oy el g Jad
el pas Al o iyl jl Ay CK-MB i34l
sl S e b Sas

SN jgym dy jodie (3559 wolite sLd (5 po
Fgo9iome o daled Ly (I8 (sla S loge 5l (Sglie
DIl (YY) 85 (o Camgen y9o5 Ly (S0 sl
Sl (ySae (oglie (1 yod e a8 (sla STl
O s a Lol asSS dann g5 1y edd e (sl ol
Al 03,8 i (8 sl Cowpraandglio Ly B
092 ol Cadgime L iy poi @l 5l aiej 53 Lal (YY)
S bl s cdl gl g BB s
s Gl siimd i 98 > 0 il igag i il
sl )lew 4o Mte oo 3 o ) cnl (B alae

ya

bz yo 0)93 S yU (oy p jBl> ingly Sl San
sl s ld 1 93 Gl Cadgiome Lol yon (eglie
@l g G992 (B cla Jobw ojg (londisn
CK-MB 3 CTN-L CTN-T sl ;L5 29,5 (yst (y9)]
Ol Cdgiie Lo olyon (o taglio (a3 095 9 3
Omxed Ll ()l (ine WSS (i (eglio g (195
5 CTN-L CTN-T sl slois (29,5 55950 (390l ol
seglie (2 peS g (i (aglie (1 e 09,5 ;> CK-MB
2 a9l e a0 53 095 e Cpdgame Lyolyan

ety 6)ls (e Al Ggajl iy L dslie
G ey A (i )3 (Voo F) Lo g (2o S
cs5 e ) o8 CPK-MB 5 CK. Ty gygy
Ol ) s gl (Y8) 4l (5559 S il
5035 iy 5 oils 5 CPK-MB o CK.T y_igss 5
o5 b oy A (S 3 (V)Y) e
28 50 ol (liorign (sla) Sl 1 sls eglie
sy 55,9 e LSy o (cTnT, cTnl, CK-MB)
oo Gy San toglde oy yed D LS sl (YY)
4S5 B CK oilonl o (dB (e iliil 4
Sl ol odlatusl oy (e ySle 3ot gl L (oo
o CK-MB 5 CTN-L CTN-T _iljl 4y , oxio  toglio
O g (ol SV 51 S bl o puen 3905
Olyis (—teglie oy pe jl skl asy o5 (o |y mals
o A oS 53 (Vo0) (e g piidyaly )8
BT igsy gsb sy (bisg ey
V¥ o WY 5l ol s ol (YA) azdlyy oliedl
e BT T (g5 gobaw ((iaglie (y yod astin
el jSl goli Ly (e g 480l (o> (e
T2l (9= gmmenl ¥ Sl (G ) (o pLa3 A 39
&bl asals (V+10) ol Kan g o) juily gl U psls
D ogde dy il glie y el U g Cde whglaie
05 Oley Cadgioe jl ol (cegan pSl 3dS
olyen 4 )L gl (Sl (g (eglie (08 plgie 4



\i"' ‘bu.vwo)' cY b)m c\’ b)sb ‘d)mﬂ)b M‘,} u«&g,’ 4.3').\.\.\5

B Edylbl gy dawgh Gy (rioned 9 SS9l
BFR-_—oglie ol pod M S0 ay Gy ) (g yloxail
Cwl 8 (as o oy ioed (FYLFY) 0l 0 09
Gmred Lo (598 )5l g (SHas (B9 5pn 48
Sl yod jl i (g J—B j9—b 4y BFR-tegli
Ay (o0 0 dny (Y0 FF) el o5 ) L (teglie
0395 L5 dad (o 0jla! BFR ol yon 4y oglie 4 yoi 45
elie (o S5 Al Gl g5 (Sl (Mae
L —oglie bl poi L auslie 1) Mae ¢ju 8 BFR 4
Slios (¥7) sty (e d9st (S 4 b i
L ailyy o (oMiae ¢ya b nolisl a S e wlooly L
B e ol L b Spe olandgn (sLaygiSTo il
SIS 3l dn; 40 (6 piiius Oliandsd Ll 4 il ol jar
ol L laiyo liar B (sl g8l oy i liseo iy
(BY) el (B sla

Do o ador jl e sl cdgize gl y sl 5dss
PSS Aged gy sl (g yed I (il (S 4y
255 o)Ll (9,8 bl g i

S5 A
> e (5 S0lhe BB () 5 30 i aa g Ly
039 leorbon sl paLd ol an joxie (1 pe3 9
oS 095 )3 il a8 el o (B gl ol
il 039y ;a8 (193 (Lo 2 Cmdgione ol e dy (eglie
Obes Cdgams olyon dy (oglie (5 yed ] ool wl 11
K292 =g 9 Olsye 4gi 09— S5 (o (9>

DS 83

S Sl
oSl 53 (s (5502508 15> b ) (i dlie
IR.UMA REC.1401.051 sM 3l S LV Jlw o
My 253 (1098 cslpe dliug (yy o SKdingy ol
O 935> 5 (o)l G oSl gy p e (i
Sipi o Lo |y 6)l8en coles a8 a8 gl el

Aoy e el i il

&bo P
abbe sl () Ly s Ly atlie (o] (St
wasedb aian by ccdls o ol (iomgh ol iyl

A Lol

yoe Alg5 (o (e 483, S bl Gl (oo 55l
aS ol , S5 apY g (B L)l s ilialas
Sl Ol eoisng S ydlhe amgs S Al oS le
B byl p s (gl padedS pape a1 b
(Sl i bt 8 el g ey (1) 30
5395 0t S o e9) ol A8 0 S ]y gt
o3 Jols )5 (glb oy Sl il U Yiaanl 3
Stalsdl s 40 Ylans) st oy iudois ilshl g oo
(sl IS5l s Sl L oo (535 (Sl 25
B ol (ol S5 ]38l A4S My e ol 4s
2 Omes by e GBI L gl ab ol (18855
13 el o on sla, S5 dan )l 5 s yS o
03,5 )135 QL) 5l (B () 395 (o 485 5 L
Aged o393 50 il i il cmle d as g L aS 0l
plosl cidises sl (Lo 2 5 (o)l gy 4 Al sl
SLpodisS (i (PSS (S ped G 9
5b i l381(¥Y) 595 o131 T aises )5 9 408 5l Lusd ol
) )50 (s5lansle g sougl g jobo any sl o B
3 ise ol am silwil g (B b ol S s
CTh o cBge yo b an aS ol 5890 b A0,
o= b ol gl e (e il G ped ) e 1y e
525 3l e s Bl > allS sy Slae P any s
O o 0 g ol 48 (bl b e g5
Wb (oo Bl e a8y oS 0 (e JHB sl
YL«A‘A.()HU_ALQAJC_%M)EMKMW

(YA) a2 o il Sl eTn oy clale
Cdgdone olyon dy (oglie Ly o (g)lAS 3l s )
9 sd9p e il A4S G e 5 e 95 Ol
4 BFR oly o 4y ioglie il yei Ly ((SMae @yu B
S laiwas (gl )y w00 C S od w8 jp b
4 BFR-_eglie el yoi 48 asloals Lss Lo jllllie
Pl e Ll g G5l ladzale )08 1590 5 b
O Sld Coaman o (Fr,¥A) ad o is]58l ol Ulgs
layline a8 ol oa i oaly L (FY) as)by iseles
©)ab 5 S ytag il Logy Sgig i) (SMae a8 il



OlySed g iid (e e

Refrences

1.

Boge V, Patlar S. Muscle fatique and muscle

damage in strength training. Physical
education of students. 2022;26(3):136-44.
https://doi.org/10.15561/20755279.2022.0304
Koch A, Pereira R, Machado M. The

creatine resistance

kinase response to
exercise. J Musculoskelet Neuronal Interact.
2014;14(1):68-77 https://www.researchgate.net/
publication/260445443 The creatine_kinase
response_to_resistance exercise

Wu NN, Tian H, Chen P, Wang D,
Ren J, Zhang Y. Physical
selective autophagy: benefit and risk on
cardiovascular health. Cells. 2019;8(11):1436.
https://doi.org/10.3390/cells8111436

Jo MS, Lee J, Kim S-Y, Kwon HJ, Lee HK,
Park DJ, et al. Comparison between creatine
MB, heart-type
protein, and cardiac troponin T for detecting
myocardial ischemic injury after cardiac
surgery. Clinica Chimica Acta. 2019;488:174-8.
https://doi.org/10.1016/j.cca.2018.10.040
Kurniawan PR, Setiawan AA, Limantoro C,

exercise and

kinase fatty acid-binding

Ariosta A. the Differences in Troponin I and
Ck-Mb Values in Acute Myocardial Infarction

Patients With St Elevation and Without
St Elevation. JURNAL KEDOKTERAN
DIPONEGORO (DIPONEGORO

MEDICAL JOURNAL). 2021;10(2):138-44.
https://doi.org/10.14710/dmj.v10i2.29601

Zhou Y, Liu L, Gao C, Liu N, Fa X. Puerarin
pre-conditioning on the expression levels of

CK-MB, cTnl and inflammatory factors in
patients undergoing cardiac valve replacement.
Experimental and Therapeutic Medicine.
2019;17(4):2598-602.

Nalcakan GR. The effects of sprint interval vs.
continuous endurance training on physiological
and metabolic adaptations in young healthy
adults. Journal of human kinetics. 2014;44:97.
https://doi.org/10.2478/hukin-2014-0115

Li S, Shaharudin S, Cirer-Sastre R, Li F, Manaf
FA, Shukri MFM. Effects of high-intensity

interval exercise on cardiac troponin elevation

when comparing with moderate-intensity
continuous exercise: a systematic review
and meta-analysis. Peer]. 2023;11:¢14508.

https://doi.org/10.14710/dmj.v10i2.29601
Aakre KM, Omland T. Physical activity,

)

10.

11.

12.

13.

14.

15.

16.

17.

exercise and cardiac troponins: Clinical
implications.  Progress in  cardiovascular
diseases. 2019;62(2):108-15..

https://doi.org/10.1016/j.pcad.2019.02.005
Pinckard K, Baskin KK, Stanford KI. Effects
of exercise to improve cardiovascular health.

Frontiers in cardiovascular medicine. 2019;6:69.
https://doi.org/10.3389%2Ffcvm.2019.00069
https://doi.org/10.3389/fcvm.2019.00069

Savukoski T, Mehtédld L, Lindahl B, Venge P,
Pettersson K. Elevation of cardiac troponins

measured after recreational resistance training.
Clinical  biochemistry.  2015;48(12):803-6..
https://doi.org/10.1016/j.clinbiochem.2015.06.015

Eijsvogels TM, Veltmeijer MT, George K,
Hopman MT, Thijssen DH. The
of obesity on cardiac troponin levels after

impact

prolonged exercise in humans. European journal
of applied physiology. 2012;112:1725-32.
https://doi.org/10.1007/s00421-011-2145-3

Legaz-Arrese A, Lopez-Laval I, George K,
Moliner-Urdiales D,
Ayala-Tajuelo VJ, et al. Individual variability

Puente-Lanzarote JJ,

in cardiac biomarker release after 30 min of
high-intensity rowing in elite and amateur
athletes.  Applied Physiology, Nutrition,
and Metabolism. 2015;40(9):951-8..
https://doi.org/10.1139/apnm-2015-0055

Rejaei SF, Mojtahedi H, Marandi M, Rahnama N,
Movahedi AR, Bambaeichi E, et al. The effects
of resistance, endurance, and combined exercise

on cardiac biomarkers in active subjects. Journal
of Isfahan Medical School. 2012;30(186).https://
jims.mui.ac.ir/article_13791.html?lang=en
Chang H, Yao M, Chen B, Qi Y, Zhang J. Effects
of Blood Flow Restriction Combined with Low-
Intensity Resistance Training on Lower-Limb
Muscle Strength and Mass in Post-Middle-
Aged Adults: A Systematic Review and Meta-
Analysis. International Journal of Environmental
Research and Public Health. 2022;19(23):15691.
https://doi.org/10.3390/ijerph 192315691

Holm L, Reitelseder S, Pedersen TG, Doessing
S, Petersen SG, Flyvbjerg A, et al. Changes

in muscle size and MHC composition in
response to resistance exercise with heavy
light loading intensity. Journal of
applied  physiology.  2008;105(5):1454-61.
https://doi.org/10.1152/japplphysiol.90538.2008
17.NakajimaT, lidaH, Kurano M, Takano H, Mor-

and



https://doi.org/10.15561/20755279.2022.0304
https://doi.org/10.3390/cells8111436
https://doi.org/10.1016/j.cca.2018.10.040
https://doi.org/10.14710/dmj.v10i2.29601
https://doi.org/10.2478/hukin-2014-0115
https://doi.org/10.14710/dmj.v10i2.29601
https://doi.org/10.1016/j.pcad.2019.02.005
https://doi.org/10.3389/fcvm.2019.00069
https://doi.org/10.1016/j.clinbiochem.2015.06.015
https://doi.org/10.1007/s00421-011-2145-3
https://doi.org/10.1139/apnm-2015-0055
https://doi.org/10.3390/ijerph192315691
https://doi.org/10.1152/japplphysiol.90538.2008

18.

19.

20.

21.

22.

23.

\i*Y &M} cY a)lo...;’} s\’ 0)9.3 ‘d)uw).%)b M‘Q} u«&g).’ 4.3')*\.\5

ita T, Meguro K, et al. Hemodynamic responses
to simulated weightlessness of 24-h head-down
bed rest and KAATSU blood flow restriction.
European journal of applied physiology.
2008;104:727-37.https://link.springer.
com/article/10.1007/s00421-008-0834-3
https://doi.org/10.1007/s00421-008-0834-3

Vinolo-Gil MJ, Rodriguez-Huguet M, Martin-
Vega FJ, Garcia-Munoz C, Lagares-Franco C,

Garcia-Campanario I, editors. Effectiveness of
BloodFlowRestrictioninNeurological Disorders:
2022:
Multidisciplinary Digital Publishing Institute.
https://doi.org/10.3390/healthcare 10122407

Mizushima Y, Uematsu A, Ishizaka H, Toyoda
S, Mizushima T, Inoue T, et al. The effects
of moderate blood flow restriction induced
by KAATSU on muscle activation, heart
rate, and rate of perceived exertion during

A Systematic Review. Healthcare;

low-intensity aerobic exercise: A pilot study.
International Journal of KAATSU Training
Research.  2020;16(1):1-4.https://www.jstage.
jst.go.jp/article/ijktr/16/1/16 1/ article/-char/ja/
https://doi.org/10.3806/ijktr.16.1

Mouser JG, Mattocks KT, Buckner SL, Dankel
SJ, Jessee MB, Bell ZW, et al. High-pressure
blood flow restriction with very low load

resistance training results in peripheral vascular
adaptations similar to heavy resistance training.
Physiological Measurement. 2019;40(3):035003.
https://doi.org/10.1088/1361-6579/ab0d2a

Kim N, Lee D, Lee S, Kim N, Lee D, Lee S.
Effects of 5 week low-intensity blood flow

restriction resistance exercise and moderate-
intensity resistance exercise on body composition
and blood lipids in normal weight obese
women. Exercise Science. 2021;30(1):70-9.
https://doi.org/10.15857/ksep.2021.30.1.70

Takarada 'Y, Tsuruta T, Ishii N. Cooperative effects
of exercise and occlusive stimuli on muscular

function in low-intensity resistance exercise
with moderate vascular occlusion. The Japanese
journal of physiology. 2004;54(6):585-92.
https://doi.org/10.2170/jjphysiol.54.585

Nosrati Hashi A, Bolboli L, Anoushiravani S,
Farzizadeh R. The effect of a period of resistance

training with blood flow restriction on the level of
interleukin 6 (IL-6), IgA and TNF-a in judokas.
Studies in Medical Sciences. 2022;33(9):661-75.
https://doi.org/10.52547/umj.33.9.4

Yy

24.

25.

26.

27.

28.

29.

30.

31.

32.

Patterson SD. HUGHES 1, WARMINGTON

S, et al. Blood flow restriction exercise:
considerations of methodology,
application, and safety. 2019;10:533.

https://doi.org/10.3389/fphys.2019.00533

Porsesh M, Habibi A, Ahmadi Barati S, Fatemi
SR. Comparison of the Effect of 6 Weeks
Resistance Training with and without Vascular
Occlusion, on Serum Levels of CRP and LDH
in Active Girls. SSU_Journals. 2016;24(9):706-
15..https://www.sid.ir/paper/36786/en

Karimjee A, Carter D, Irwin M, Gulamhusein

S, Edmonton A. The role of cardiac troponin I,
CK and CPK-MB in patients undergoing bruce
protocol exercise tolerance testing. Med Sports.
2003;796.

Sharifzadeh H, Monazami
M. Effects

AA, Azizi
of Acute Resistance Training

on Biochemical Markers of Myocardial
Injury (cTnT, cTnl, CK-MB) in Non-
Athlete  Women. Journal of Kermanshah

University of Medical Sciences. 2019;23(2)..
https://doi.org/10.5812/jkums.84103

van der Linden N, Klinkenberg LJ, Leenders M,
Tieland M, Verdijk LB, Niens M, et al. The effect
of exercise training on the course of cardiac

troponin T and I levels: three independent training
studies.  Scientific reports. 2015;5(1):1-6..
https://doi.org/10.1038/srep18320

Toft A. Jensen LB, Bruunsgaard H, Ibfelt
T, Halkjaer-Kristensen J, Febbraio M, and
Pedersen BK. Cytokine response to eccentric

exercise in young and elderly humans Am J
Physiol Cell Physiol. 2002;283:C289-C95.
https://doi.org/10.1152/ajpcell.00583.2001

Casamichana D, Suarez-Arrones L, Castellano

J, San Roman-Quintana J. Effect of number
of touches and exercise duration on the
kinematic profile and heart rate response
during small-sided games in soccer. Journal
of human  kinetics.  2014;41(1):113-23.
https://doi.org/10.2478/hukin-2014-0039

Williams C, Kronfeld D, Hess T, Saker K,
Waldron J, Crandell K, et al. Antioxidant
supplementation and subsequent oxidative stress

of horses during an 80-km endurance race.
Journal of animal science. 2004;82(2):588-94..
https://doi.org/10.1093/ansci/82.2.588

Carranza-Garcia LE, George K, Serrano-Ostariz
E, Casado-Arroyo R, Caballero-Navarro AL,



https://doi.org/10.1007/s00421-008-0834-3
https://doi.org/10.3390/healthcare10122407
https://doi.org/10.3806/ijktr.16.1
https://doi.org/10.1088/1361-6579/ab0d2a
https://doi.org/10.15857/ksep.2021.30.1.70
https://doi.org/10.2170/jjphysiol.54.585
https://doi.org/10.52547/umj.33.9.4
https://doi.org/10.3389/fphys.2019.00533
https://doi.org/10.5812/jkums.84103
https://doi.org/10.1038/srep18320
https://doi.org/10.1152/ajpcell.00583.2001
https://doi.org/10.2478/hukin-2014-0039
https://doi.org/10.1093/ansci/82.2.588

33.

34.

35.

36.

37.

38.

39.

40.

Ol g (oid (Jpuai e

Legaz-Arrese A. Cardiac biomarker response
to intermittent exercise bouts. International
journal of sports medicine. 2011;32(05):327-31.
https://doi.org/10.1055/s-0030-1263138

Scherr J, Braun S, Schuster T, Hartmann C,
Moehlenkamp S, Wolfarth B, et al. 72-h kinetics
of high-sensitive troponin T and inflammatory

markers after marathon. Medicine and science
in sports and exercise. 2011;43(10):1819-27.
https://doi.org/10.1249/MSS.0b013e31821b12eb
Stelzle D, Shah AS, Anand A, Strachan FE,
Chapman AR, Denvir MA, et al. High-sensitivity
cardiac troponin I and risk of heart failure in

patients with suspected acute coronary syndrome:
a cohort study. European Heart Journal-Quality
of Care and Clinical Outcomes. 2018;4(1):36-42.
https://doi.org/10.1093/ehjqcco/qex022

Coppi F, Pinti M, Selleri V, Zanini G, D’ Alisera R,
LatessaPM, etal.CardiovascularEffectsofWhole-
Body Cryotherapy in Non-professional Athletes.

Frontiers in Cardiovascular Medicine. 2022;9.
https://doi.org/10.3389/fcvin.2022.905790

Kraus VB, Huebner JL, DeGroot ],
Bendele A. The OARSI histopathology
initiative-recommendations  for  histological

assessments of osteoarthritis in the guinea pig.
Osteoarthritis and cartilage. 2010;18:S35-S52.
https://doi.org/10.1016/j.joca.2010.02.014

M, Kaikhosro Doulatyari P,
Rouzbahani M. Investigation Effect of Exercise

Ghahramani

and Physical Activity on Cardiac Troponins: A
Systematic Review. Journal of Applied Health
Studies in Sport Physiology. 2021;8(1):12-20.
Sattar N, Rawshani A, Franzén S, Rawshani
A, Svensson A-M, Rosengren A, et al. Age
at diagnosis of type 2 diabetes mellitus and
associations with cardiovascular and mortality
risks: findings from the Swedish National Diabetes
Registry. Circulation. 2019;139(19):2228-37.
https:/doi.org/10.1161/CIRCULATIONAHA.118.037885
Slysz JT, Burr JF. The effects of blood

flow restricted electrostimulation on
strength and  hypertrophy.  Journal of
sport rehabilitation. 2018;27(3):257-62.

https://doi.org/10.1556/APhysi01.99.2012.3.1
Lixandrao ME, Ugrinowitsch C, Berton R, Vechin
FC, Concei¢do MS, Damas F, et al. Magnitude of

vy

41.

42.

43.

44,

45.

46.

47.

muscle strength and mass adaptations between
high-load resistance training versus low-load
resistance training associated with blood-flow
restriction: a systematic review and meta-
analysis. Sports medicine. 2018;48:361-78..
https://doi.org/10.1007/s40279-017-0795-y

Jacobson J, Chaltron C, Sherman D, Glaviano

NR. Blood Flow Restriction Training in Clinical
Musculoskeletal Rehabilitation: A Critically
Appraised Paper. International Journal of Athletic
Therapy and Training. 2020;25(6):303-6.
https://doi.org/10.1136/bjsports-2016-097071

Nielsen JL, Aagaard P, Prokhorova TA, Nygaard
T, Bech RD, Suetta C, et al. Blood flow restricted
training leads

to myocellular macrophage
infiltration and upregulation of heat shock
proteins, but no apparent muscle damage. The
Journal of physiology. 2017;595(14):4857-73.
https://doi.org/10.1113/JP273907
Palange P, Forte S, Onorati

P, Manfredi

F, Serra P, Carlone S. Ventilatory and

metabolic  adaptations to walking and
cycling in patients with COPD. Journal of
Applied  Physiology.  2000;88(5):1715-20.
https://doi.org/10.1152/jappl.2000.88.5.1715

Abe T, Fujita S, Nakajima T, Sakamaki M, Ozaki

H, Ogasawara R, et al. Effects of low-intensity

cycle training with restricted leg blood flow on
thigh muscle volume and VO2max in young
men. Journal of sports science & medicine.
2010;9(3):452.PMID: 24149640

Yasuda T, Fukumura K, Tomaru T, Nakajima T.
Thigh muscle size and vascular function after
blood flow-restricted elastic band training in
older women. Oncotarget. 2016;7(23):33595.
https://doi.org/10.18632/oncotarget.9564

Eirale C, Tol J, Farooq A, Smiley F, Chalabi H.
Low injury rate strongly correlates with team

success in Qatari professional football. British
journal of sports medicine. 2013;47(12):807-8.
https://doi.org/10.1136/bjsports-2012-091040

Abulaiti M, Yalikun Y, Murata K, Sato A, Sami
MM, Sasaki Y, et al. Establishment of a heart-
on-a-chip microdevice based on human iPS

cells for the evaluation of human heart tissue
function. Scientific reports. 2020;10(1):1-12.
https://doi.org/10.1038/s41598-020-76062-w



https://doi.org/10.1055/s-0030-1263138
https://doi.org/10.1249/MSS.0b013e31821b12eb
https://doi.org/10.1093/ehjqcco/qcx022
https://doi.org/10.3389/fcvm.2022.905790
https://doi.org/10.1016/j.joca.2010.02.014
https://doi.org/10.1161/CIRCULATIONAHA.118.037885
https://doi.org/10.1556/APhysiol.99.2012.3.1
https://doi.org/10.1007/s40279-017-0795-y
https://doi.org/10.1136/bjsports-2016-097071
https://doi.org/10.1113/JP273907
https://doi.org/10.1152/jappl.2000.88.5.1715
https://doi.org/10.18632/oncotarget.9564
https://doi.org/10.1136/bjsports-2012-091040
https://doi.org/10.1038/s41598-020-76062-w

