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ABSTRACT

Background and Aims: The coordination between joints and muscles cause suitable
production and distribution of force on the lumbar spine and joints. Fatigue induced by
rowing, which is also associated with changes in paddling mechanics, can cause changes
in coordination and variability patterns of segments due to its cyclic and periodic nature.
The main objective of the present study was to investigate the effects of one stage of
exhaustive global fatigue on coordination and coordination variability of the joints of the
trunk in elite rowers

Materials and Methods: A total of 14 male rowers of the national team participated in
current quasi-experimental study. Participants were tested during a rowing exercise on a
Concept 2 ergometer performed until task failure. The variables of the coordination and
variability between the joints were recorded using the inertial measurement unit device and
the kinematic data of motion were calculated in sagittal, frontal, and horizontal planes.
Shapiro-Wilk test was used to ensure the normal distribution of data. Paired t-test was run
to compare variables at p<0.05 level.

Results: The results showed a significant difference in the effects of one stage of
exhaustive global fatigue on coordination variability of the joints (hip- lumbar) in sagittal
planes (P=0.009 of effect size 0.93). There were no significant differences in the effects of
one stage of exhaustive global fatigue on coordination variability of the joints (thoracic-
lumbar and hip- lumbar) in the sagittal, frontal, and horizontal plates (p<0.05). Moreover,
no significant differences were observed for coordination variability of the thoracic-lumbar
joints in the sagittal, frontal, and horizontal plates and hip-lumbar joints in the frontal and
horizontal plates (p<0.05).

Conclusion: Overall, it seems that increased trunk joint variability observed in the present
study can have negative effects on the performance of professional rowers and increases
the risk of various injuries, such as low %ack pain.

Keywords: Rowing; Fatigue; Coordination; Variability; Trunk.

How to cite this article: Azam Daneshvar, Heydar Sadeghi, Zohre Borhani Kakhki, Mahdi Taghva. Effects of one stage
of exhaustive global fatigue on coordination and variability of the joints of the trunk in elite rowers. J Rehab Med. 2021;
10(1):158-167.

*Corresponding Author: Heydar Sadeghi, Faculty of Sports Sciences and Physical Education, Kharazmi University, Tehran,
Iran
Email: sadeghih@yahoo.com



[ ¢ 10.22037/jrm.2020.113483.2376 g allie ]

A Al Jolie (i (s st 9 (Sodlod (im0 g (g0 (N ddg S il

asu oLl
Mg e £ SEE Sy 085 T Balo s ) jeuidl plas!

Ol el 5 w535 o olyes olﬂ olBils (o355 pole g (S Cam )i 0aSESlS ¢ o) 5 SilSeg (655 (g9l )

Ul)"‘ ‘Q‘)‘e" ‘LSA))‘P oKiils st))ﬁ |n9l$‘- 9 6"""‘"“"2" ouSisls ‘LS“J))5 k;.uLu.um" 9 «S.»A&o}u 03; ngw))5 u.(.».ﬂl&c}u ﬁLe.h)L».w‘ Y

Ol el (s0),ylom olKiils i5y9 pale 9  Stucien i 0aSlisly « IS > pole 0uSimgly o i) y9 SilSaga plesolil ¥
Ol el (kS ;8 olRiils o, Sillog Jbobiwl ¥

Ol Ol w835y oyl ST olBtils 559 pole 5 (St 5 eaSiiils Lokl .0

YRR/ /A Al by AR/ /Y Ao g,555L 1YAQ/+ /T Al cdly

daSe

Jrolin 5 505 188 gt 5y cnlie (i3 g Jlosl G LA 5 Jolie G (Sialos i8lual g doudo
(S5 2 oy el oy 55 (535 sl SlS 13 (e b o 5,20 51 ol S Ko b 5l 25bse
So P e 2l Giod Bas 09b oo Juolie S g (Siales o8 )3 St cge 09 6515 5
—oh 9 DL Gt (m s oS Al) a8 Al olie G sy e 9 (Sialed (e 2 (soges (K alag
g a5 GLLAE (S

S olml gl i0)S o8l tilojlans SeiS Geko )0 Gloye o i GLREN Y g 9 350
g Slen b Lo o (sla e ot ooliiul 2egS il (595 (SAL (e 5 (Sailely ax b olad 1 (2L (ooges
A 10 S o (SoilerS Slas i 5 oyl (6505l slaasly ol 5l oslaiwl b Jolan crm (6598 yunss
Laosls w355 092 Sl Copndy el sl Shismg el O3] 510 amslone Jija y90 5 JLis b ¢ JLuzrls Ao
A 00liiwl PSO/0S (6 lobins rlans 10 atsly (sl puiiio dunolin sl aialy 5 55kl (9031 51 g

domio )3 S0y Jrolie 63t Oliee 2 ) l0le it (soges (K alag Sy oS Sy (L mlis :lbasdly
Jolio Sinlen Glio 1 (6 oline yuris cogas KL alig 5y 000 (/AT 3l ojhail b Poe /e +q) JlzemLo
ook il (o (P>0]00) S ood sloml YLl 50 5 Jis 8 e Jluzrbs Slmio po -y 5 (2iam 505
Slxins )3 (S-gl,y Juolie 5 JUSIR 90 5 JLBg 2 (Jlualbs Slxins )5 (tam6 708 Jrolan (6 pd i Ol 2
P>+ 0) 05w oyl s BLEE Ul 5m 5 Jlis,d

2 6By Slsieas |y a4l Juolie (604 i Gl Gl s ool gl 4 az g L 1 S aomd
sy ol QLS55 (e 59 99565 (pp7ad (iliSe (sl jop Jenily 45 05 Slaall (glad > (U1a6 o Sles
Dydise wzgaly ($5)s

A5 46 pdy s ¢ Sales ¢ s ¢ 1,88 1eols slaoilg

Ol s e s03,yle5 olEils (o349 pale 5 (Saucion 5 0aSLails ¢ o8y SlSagu plasolinl ¢ Bolo o i Jghwn 0% g3
sadeghih@yahoo.com :Jues! !



i SBlod ey (soges (K alng S 56 Gl e 5 92l

[W]w‘ o0 wj:.) od.wﬁl?u‘ J.o.c A Aol 9y gy

PCIUOWI I TN\ KPR SUC S 3 S BPE SUERP VI Cones
oad (Byae haie SMae Goyd U (635 0 (rae
AT SRCEL R FYNVEL SEICATIEPIE CIESLAL O
b pad o3 Gl Lol BY¥s 5l (SO plgreds a5
W) .JLQ_...M...‘ 555).“»‘ gS.a Q.J)f :LL‘>).A ) s
a8l 45 Wilesges ssalice Slalllas 5 Dl
2o Gl als g SLEE e pad o3 ol
B 59, Sinbk oley mlBl b 85 A
£y b aS ol oad sl MYl ol jon 2095 )|
SlHE8 i A o3 Gl ol ol 31 s Sl
g 4l &l oMas S (plply b g il
cel Yol a5 ol S Jole cpai 51 (SO 5
obes dsb po (Alg b ond o Ol GRIF
AR
obul 5 bl snmslis 25 > (Sl
Slp wrms 5o oyl Gl ioen g OS>
&450)5.0)\) ‘) @LC)'{L" w‘u&ﬁw‘ 6\))1Lo.c
aidlen oSl g ans aiS pol 8 Jolis )0 34250
e oSl ol 4 oxie wilgs co oy Jeolae g MLac
gl b s Sz &5 slassll (bt (25 >
a5 bl Msgs o505 slacgnl dilise
OMae o Sles § Saloar oS gl Jole Sz
Sz ON 5 e Ohas el e wilid Jolis 4
olf o plxl Gl L S s SO ol

K .. VY . .

S oon slalhs) 5l (S (Selosn slayuel il
o lats 1 45 ably o il oy Suilo o 5>
(028 o0 518 gmiy 2 2590 ilideo (o955
Syl Job yo 4 Sales Jdow 4 lados
oS Sl Sledlbl izl diwss sle
ahewgtr 1) Sads, oliol sl andd-(s a5
Sil33l b 00,S St il (6,503l (gl yguains
38 Jsb jo S-S Glagly Olss cous
Geios pl laadl ol sbul S0l 5 el
2 o5 ol Seend slugly (i ks a0 (LS
g5 Rl Sl Wl oo o lial g ot 51 Job
o] e 0gilly j5bay 5 958 juS BIb slacdl,
SN A |
G 2

Y% Y»}l& oolaiwl o3l b sl

3 Overuse

o by e slad; slass g go5 b SLAL
518 Somadl il o) 51 51,8 glaigy a5 cul
2 doe ool allgi e 055 (Ul 4 azgi Lo je
Sl Macsl asls laaddle s )90 as, Gl
PR TURN- IEN IR NI RP K <AL U ICH S|
5 o> Glli8l bas ol gy IS5 Ve ddSs e
Tl oo Gl (Fascansl 55 shas Sl ped Sud
3 S Olsreds Kby 5o Sy Eodled 5l VL e
WS oo 25y i on IS &S SLALE (5 slears,
wldls Slyy g oo Sl ot ;56 Wlg o
Slopas ol Swocew] i a1 Ml
5 gl ails (olsi 4 Loy e eilion 0929 & 55,4
oo olas a5 318 s9zg camlgs Mol &l E g
ol ObSS5)s e 5o (LBP) 90,65 asd)le was
OLLBE a5 6 1S5 ols > 5 S el ml) ars,
O 97 Jo 45 (GASyx Sy ies oo el
axiws byl 09 o caely (LILBB jo a8 col ol ja8
Sl ou 3,91 sgs ey Jsb 18 Sams o 50
45 Eol gab o3 Gpo ik 4,2 wop Ve a8
ol yia Yoo Vaane Sl ailoe G Mogs
AL ailb Ve gasdo? Sl il 5l b aen o a8
ST GL o aalsl b5 il Slisls ;o aids
Sorml VAT 551, 095 (S595h Sy (LAB S5
(aiBs ;0 Syl slaas axlg L) S pudats 4ids (o
03 IS 53 Syl &5 YYF Sgu (Sile jsbay
G ol ool (Sl o gl oeh oo plosl Al
Eorb 3l B g 48,5 15 55k g 03,5 &8> Vb Ceen
Comdy 5o a8 65,8 Ll po oS als e
Slml b aS 4 goadins Camdy (nl 05 18 capes
RV 5L (S Olgear gl e olpen )L 9
b o el o slgting 3,905 Sy st Lol
Olgsn 1 250505 » o1 53l 5 OlyES (i 5 a5 &eml
5 Sloysd b )0 Hab 03 10,5 el (i3 90
ole 93 000l o3 (IS > anels Lol o 6,150
30 9 MLl sege LR 9,0,05 Sbml yo eal SO
SRRCE R P B N T
oy jlwoailely codled 51 Lol SMlae S
odelogzgas (o855 slacullad (b )0 a5 el mld
S 355 o 33 (35 3 Shos ys oSl sy 5
Sy byl o Lels 4w bl ogay S lgiea

I Stroke Per Minute (SPM)
2 Recovery

VOA-VEY Sloxio ) ojleds Ve 0,90 Ve e Lo o oidiily ol imgim ool aslilad || Y



i SBlod ey (soges (K alng S 56 Gl e 5 92l

tslne Aol S > Llid g plal lhae apsl; cplasl
Olyeds 5o plail o 50 IMU jo slas oS cgr o
oS8 Wb GBS YU s Tmm S
sy 98 Joallygiss Galo (Y NV Syl ¥ ()5S, 50
e23l90 0 yge (59) Lyl (S 48T ol (et )
ot ol 50 650 5 (L) 605 Jsl 9 (T12) 2y
Olsinl §9) Hgminw S 3,15 )13 (CT) (G35 piin
S BWSIL 5, 90 b wosls M 5 15 1
A g pslaez i gad 4 e
SrSoslwl lp ((Kd SSSgpn 5l S8 anie S
S 2055 )l (595 32 W Fo503] MP) (g5 (52 Siles
yoisle leslatul Lo wssls pll 1y e Yoo
blas considpmn 5 )5 (Lo ledll «yiesS |
GB350 B obre g 2l J 5 s 5N
adBo yo )0 S g il slass g IS5 550 (le8 (eSSkee
) 4ty et
0 05 3 USie 45 St [Siy o dlues
FesSl oy SLARLE 4B O Daeay seges
90 ooyl ol JLos 4 g o kel wan b Suss,
MP 5l o, VY g8 &£ 0 colb JL L slaads
b s b plosl il ooy g gy &) 504
OB 59 cadeBs )3 g mal YV 5 VA (o ol oz
aolol ) cos Swbely > b og> MP 5l ol L L
S5y Sorl 5 e Oly slapulsp Ml
3] b aLBlIS inles 4 Ll blie o jgiile S0
Sosba (Jln Glacay cebls aslsl Sailely o> b
9l 095 ge 4 peeal aildbgls )IS55)9 a5
Z9y> Olg 311V Galsas Gl Bl g wiS 95
[Y].oyx) odalice 4l Ve 5l io Gaedy 05 95l o
)95k 38 ml hS l eslitul b g als
sosls 59, G b p B L x4z
V0 5 oseilotm Sy Sorl N0 Seiless
5 Siplon Jloo Cuz g5l s Syl
S opdgegle oliws Liwg oubiad A (g pdy s
5 eosls i3l slaanTp wles Dlas sl
Sloools 5,5 b sl ie 3bla s Lo
o &S 00y Juolae slasgly Cusxlse O jgods olSKiwd
—alr e l38le 5 o colSiws LI585l el )
dsloe Sl e 5 Ao lausly oy 5 >

6 Pitch

7Roll

8 Noraxon

® Myomotion, NORAXON, 3D Analysis System of the
United States

S9) BB ) 9 Sy, fweoS )l p Gl (L) o Shes
as ool plas s i S 8 e, 05 o
PS5 oM o3 o L) ke i Col gl eS|
eSOl & s S yoxte S )| g 05 oo ey
(VoY) oLen 5 gmdss Mams o oylas 1) e
2 Jlg 8 amio glaysly Ol o Sus )-*-’b “
i Sy, QLRGeS Cwnd ol st
a8l s G A 8,0 ol onjles aSls
by bl 4 (90 CenslS £9) yiesSl s,
Jlis b amio 15 o loline Ligl3dl a5 ol olis mbs
Sy Sond So sk 50 (L3) 605 po ojte o
Jolin b Sialon aSil 4 az 5 b s ls 542
2 elonl s col oy o Ses G 55900 datiin
phaie Gab Jos O)ly cai i Loy plaie g, b
070395 G, ol 994 5 camslio plil (sl Jeolie
st 0aandS Lol 4y az g b elenl 65,5 5 p3Y
WD S lItw b g odd Joduzmy S > a2 a5 ol

9 oD Joduzmy (5 > ply b Jolie (p Soolos
sgs oo rhe i o coeal Ko )b
s aley S 8U pole Gl Sas b
Jolie G G rdypmess 9 Soolor (lime p (soges
(G-l 9 D88 i (Shin-(s o5 &>L) as &L

Do a5 oULGE

g, 9 3190
SHRE e o 5901 y0 pol> JLS )5 00V F
EOVRSRECOR R JU DO < DN APE 2 COR DL S0
s oie VABE[Y  wad (Jle Ye/dE)/A
s 65:50,55 ) ol 2 45 (5,55LS ABIY - 510
03,5 S VTN Jlo 5015 9,955 (n e b slops
ot o Gl 599,150 silweslel sl 5 Wi
o ol Gz ol o Sogel lgiedr (s p o
15l s ety bgogesl ln Gl wnl
60,5 Slasein Joli dolidisy oS asbicgls,
2 oSS b Gogajl Lawgs (539 9 98 o« miz)
ey 3l ool b s i SlenS (g 5ol
uLu.u J.ALMJ 45) Y4(11\/IU) gs"”)"‘" 6)..50)‘..\;‘ le.b..\?‘s
Tagin (ueblie 5 oSy ) (sonaw slogi
G oswy; sl Jlasl Lo plesl (aiiws

! Concept I1

2 Sculling

3 Inertial Measurement Units (IMUs)
4 Magnitometers

5 Course

VOAVEY i o) o)l )+ 0,90 VFev Loy o siseilys b imgim coke aslikad | Y



i SBlod ey (soges (K alng S 56 Gl e 5 92l

CRP (1)= §a()-¢r(i) 0 alsles

Opedl Sl eesls mss (og b owsn Sl

a.la.m O oolaiw! J..oLa.o O 61.‘..\;).“_7.‘ 9 ksi..%l.@.@
Ao 10 gl slagge;l sles o (5 ol
Q‘)‘A)J(Si“““’))‘o)‘“bls“’))JLs‘JJW| ol 4.\3;
oolitul 2sS (63 by, 5l i 5 Soles

AR IRV

azsl

o 358 45 olo lis Sygmg el (905 s
i oS Al e Gt 5 Seles (e
JWl5 e 9 JLig,d (b Do jo 488 et
&35 oz (P>1/00) wil oo b g0
mio )5 (S-ly Jolae G (Salon (e oo
Sy b Ojson ol o Jiesle
O yg0ds ge3lim SO el e Ll (P>1/-0)
&y e jo (P=+/+Y+) 0 oowlice b s
o )5 oS-y Jolbe (6034 s Ol yeiie
ovilom g P=lV ) gaeiliin 5o Ly
(O Jga2) 09 (rerb ot Sjg0ts P=2/010)

6,&Jbu§\ﬁ.wcow|§ﬁﬁgﬁ*ﬁjﬁw
Soyl VO laosls 53 Dlwlxe ez Sl

2 LSyl Gl ol Sepal V05 ol

Coalw slagly olraly Gus ol Gl (jgej]
2S5 e (Sl (St Dliisg st
M 05 g5lulos amis auw

doslatuwl g doleo 3l slasgly ce ps dlze 5l
. 8()-8(i-1)
t(i)—-t(i—-1)

laol e fate p2 (556 jlog0d arlone 5l uizran
Bab Jl g =V B o3l 4 slasly ceyu g plral>
il plil 5 OYolae 3,k 5l aS

) dolro

2+[0i—min (81)]

Binorm = (max(ei)—min (Gi)) e
. — (e
winorm = (max{l i I}) e

e colral b e Glagly cepn gy b
3B agly pwy Lol Caws @ fate 550 slayl;
—slagly e g gabl o el sl g
ol Cewd 4y g5 agly lade syl lraslr
¢ = tan_l((;’—ii i=1,2,...n ¥ aobee

10 oolauw!

95 Jlos! 3l an g Jud a5 &b Joolao (m (5 1 i 9 (Soblod ol 3a0 (5l Sy g9 L (y903T gl ) Jgum

P ludo o)l.oi P jlude o)LoT o fU

(o905 ) (059931 ) (05993 ) (059931 i)
INE -JAFY “IYAY -/AYA Jlmle ixio o iy ,08 Sinlon
-[+ B4 NIVE -[f-f -/a¥q Jlamles Smio 5 Sig= (6,505 (8 i oS
-[-qY -IA%0 -IYSY BTN Jlig b Ao 5 _Sig= 6,08 Sinlos
SIYVE LR SIYAY -3 Jig,8 fxbo 15 S5 oS (6 iy s
SV -/204 R -IAAS Jsls,90 Ao 13 ity 5,08 Sonlon
-[£5F -JAfY AYY -/q-Y JUil5s o0 xio 13 iiys oS (6 ks
oY -INf$ - IVAY -[a5f Jimle dmio o S0, Soolon
-[¥ay -/A¥A -V .13\ Y Jlmle dmio 5 oS0, 6y et
- [55€ NEVYS -I5AS -130A Jsg 8 dmio o oS0, (Sealon
o[\ 0% -IAYF o) -IAYD g8 Ao 5 S, 6y e
ZY -/A¥A -1 FO NEWN JUilss e0 dmio jo (K-, (Sialon
YA -IA94 -Ivag 1350 JUilss o0 dxio 10 (-0, (6 s s

—0ly Jolie g JUli 90 dmio jo io-(5 o5 Jolie
J“’L“:" Sooles ~Q|}:*° 29 JWlp e dmio 10 (58
O3l 3 090l O JSg 8 Ao )0 (5505,

2 S eS Jolie Gndy i 5 Sales Ol
g dmio o (g a5 ol iz by dxio

VOAVEY Cloxio ) oyl )+ 0)98 Ve e Jlos o il ob cimginm oode aslilas | Y Y



i SBlod ey (soges (K alng S 56 Gl e 5 92l

Sl ol e 4 azg b pimen (P=+/0 )
SrS=oly Jeolie (23t Olie » (oges (K
w1 Vb Loyl gl o ((/AYY) Jlirle dmio o
Joline) Ll el Sias 4 sl p3¥ 4355 pl S
Srdee® Ol 50 S Slojlal b (lobine e
5 Jlise 5 Jluzrlo Clrio o 4l ool Jolie o
42U onl ol G (60 il Ol jloline o 1alS

(Y Jguz) ol JUig 8 das yo

O3S Ls a3l @l crizman (P> 120) 3l 352
5 0303ty Ot ol Sgla 3925 pas Sass L 53
Amio ) 550, Q”L“ Soles e 53 O3l
5 0sSBhy Gsesl @b (P>10) vs Jluxle
5 09t O blae Gglas dg>g pas saumslis
2GSl Jolie 6pdeymis Glie )0 Gge3lim
6 Joline Solis o blia o (P>+[+ ) a9y Jltig,b dnio
dmio o 5pS-0ly dolie gpdy s Gl o
abedalie o3ejlm 5 Oslotn o Jlzle

9 Sblod 3o (3 Il Bly2il) (5aSilen dumlio Cger (yqmaS S g 9 diamnly (5 (55ko] s y903T @l ¥ Jour
o9 (s S5 gy Jlos! 3l a9 b 4 B b ool (s (5 2034 S

Alojlil Pk Zlitlade  ggeilm 0393 o i oG
TR A VAR- \AATEVENY  AFYTEIVST Jir b dmis > iy ,o5 Sanlen
A CBYY osAY  YANSEV-Y YFIYAEAND ozl a5 iy o5 6 e yenid
Y- -AY VAA NYFEYD/) ) YYIVAEVFIAA g i o iy 5 yaS Sinlen
TEYA PR )es YVYFEY/-Y YVMEY /-7 g Ao 1o g5 oS 6 gy
TN NYE Ve OWAVEINAR AFREVAN- N RS I
NAE BV osPY YAIDREVYY YNOVEANY il 0 oo 1o iy 5 oS 8 gy
AN 08 VA VIASE\Y)G YAFEV\ VT Sl a5 X)), Sinkes
JAYY - YIesd YVEVEANY YNFAEY N izl i 1o T 6 oy
TNYF PY  YYS fRAENNT FYVEVFVY g hmio 1o S, Sanlem
Y AYY WWYE YEVAEV-vE YO/VEA - g3 a1 T3, 6 oy
VY FF XIYP . \BAEVYA AIDAE\VIYY il 98 dmio 5 -, Sanlon
ARV Ned WYY YV-0ERA YY/-YEVIYY 50 oo 1o R, 6 g o

ol 4 50 sy 5 Aol Jolio s Soalod ol o wolio vy
il o[+ 8 (g;lobxo o jo (_,g‘oﬂuu.; 9 u?“)id*” o lolae wiglai suss Lt

s @ls b ol alas @mls 5 sbay
(T F) oes o LULE (Y- oY) o Kan 5 Joulls
s (VY ol sigadis (VM) hlSen 5 JoSus
5 JslS Tl o (VM) S 5 ey
G5 Aol ol o> Q‘)'.:.a Slpss (Y00 F) leS.@
il So ok 50 gl al> e b ]y Sl (gt
JWSo5 Olez 05 9950 V7 50 e Ve v e 1S )l S50k
Slade 45T Wdges oadlice g wals L8 dslllas 050 (y59,L
5 GULE DY s oy Gl ley cuddS b ool o5
Bl (SlonS Slpsd gy @ (V-0 1) S
Sl Glee (Haem grae J5uS p (Hlae ( Sins
599,58 oyl ime a5 Wsly lis g anzsls ol 88 ygiw Al
USSR R e TP P
ST A) e g JsSus Tl s s lobins
Gy o) <5, 5l b sl plal oMlae s
slyxie » 1) adl Yo Goea eS| A3 2g0
aS waly lid g Woged gwyp Al Al SolenS
a5 &l Gadies Gl (S g9 ool slml Sl

Aoy S Sl e pile Gediod pll 5l Saa
O Spd g Soles Gl p (segee (St
—0ly 5 Ol gt (SLig- (g 568 A b) a5 Al Jolis
day Sy oS ol lis b oy 4 GULEE (o)
Splon lrae (g loline yosd (coges (S JSTg 5
5 g (Jlzls Glxio o ip- eS8 Jolas
Slxio o 6050y Jolie Gizen 5 JWls )00
skl ass GULBRE July e 5 Juss,d Jlezls
ol lis pol> gt gl cogdleay (P> 0) WS o
2 Gololae yi (ages (Kind [JSSgp aleg S a5
Olxao )3 Sigm S Jole Gpdyess Ol
“0b dolhe Guizmen 9 Jil o0 9 JUdg (Jluarle
azs GULEE JWlnyee o Jlgp Clxio o (gyeS
Srdes Oliee 2 S g P>1/20) wiS ai ol
ol L P=+ /- ) Jlarles fmieo )3 5 yoS— 0, Joolie
el S 51 (AYY I

VOA-VEY St o) o)lods v oy90 VFe v Loy o iseilys oo stmgi- ode aslilad | )Y



i SBlod ey (soges (K alng S S Gl e 5 92l

s ls 392y S50,k ogesl Jsb s Jlig b Ao
il (Ss ol oldlbe ) ates ol Jb e
5 Solor (lie 9zmed ot Glo e 2 1) (S
R GEed 5 o wise Jolae G (600 et
CpuilSe 4 azg b a5 cul Jb o cpl 000,55
Soalon lulis o Kius obmyl e sadoln! Sl
U Dt e Sl (Soe Jolie (i sy et
3 NI oy ARV olas 1y Kzl
4 by Oldlas mls o 04290 oladls LYo
S Als Glie) (w9590 (SSleS sle aie
5 Sl Jlie » glraly 5 cepm (Jolie
3L o e (Jolie (e (6 0y oS

035 o 1) SOl (Salon s pdy s liee
2l ] Se Jlaiml 5 bl s oondy ol
SINEE Gl b o3l 5t T
534S el Jb> o cnl MYl o bas e oolidl s
ol gly as Aol gyl calike o5 > il
slaplal slessl 4 9,8 JUil 5 Scales (5 > 555!
S0 ey wep o Tailios epe o5~
LSS oo <5, 5l ool (Swws G (YY) o) K
Gl Comdg p 1y (Sailels 50 b yegS )l 4 290 (59,
or T g A elad lajee jo G
ol cel (Kid g5 opl a5 Wols lid 5 wisges
@l Mogs o () JB1 jeme p0 v 5L
S ol i 55 (FOVA) oLSes 5 ogieils Al
Jolss oygail opes pall Corge (silgmpd (Sius
o olle ol eyl T s Sler el o S
oges (Snd Sl o Vst cames jo g
Olie phels 5 4l &b Joolie (s s (il
IS PRI I GO LIPS DRV PP UES FL N BRI}
ool & 5508 olisls U 5 58 35 > IS el
Dgd (55 > sl

Jlizl 6 s (Rl O )90 j0 Ko S5k
Jolas o grub b0gums 7,5 SU s olS > olowl
et 3 ol o 38l Gl 390 Slas 4z 55
ool Sl 8IS 5 a5 ol alrale il i)
lie glocewl jop s Gl Jelse 5l asb
(ol pe W]"-‘-‘bl-.'cs“ 45 Al )0 0,0 565 (Heze
Camdg 5o (Jaro g alblus loj (oaled jo o805 5
oS 0,0 sl 4y i Cordg (pl AT IS o 0des
WJbe sl *[M“’Br:’cs" B2l O)jgens GRS cnl o
09,5 3l do,o YV sgus> ol ooly lis aslllas G o

S A\ SN [PIESCRpY
635 4l ad o2 Glie (Vo) oo 5 (ygudig
&isle esS)l A g3l S sk o Iy i g
O Gliee 45 Wdged canlice 5 wid S (6 S ojludl
S99 (505 il U pgd sloo o) 105 Sl &b
ol gl sabge Gl gesl plnil o o ps W
ol5iws 59, Sl Jsb o Ylazml (Ui a5 wsges
O o (5> dels Skl (K > s
Sl S5 Jh alies nl o8 Wgyoe H1E 05>
aS ai e ‘[W]a)\a olyor 4y 1) 0,0,05 alox | aliee
Ole b ) oad o3 (55> sl sl Ll o]
VA GlBen 5 GloysS 00,50 (quy 0 0,0 505 £ous
“S R 2 O% Sy Al Dde (Soas Sl o) @
Sk o Ve osail e a8 Al (SlenS sl
g W1 5 gt gelaws QULBE 50 yiegS )| olStws o,
iy &b ) GRS i (gl (e a5 sl LA
Car ol s ol 8wl s foline il
as wols slgias o] D0 sleds 4 o 59, il
Cashi 4y 955 (2o yod laaalip ;5 (suie o (UILRE
azgi axl cpl coS lauly oilac 5 4 Al odlac
SESS Dgls a5 cadls axgr b Mlans e
Lo jls 0929 (s1ad > 5 sotne el (LLAE (o s0L
5 el Sldlas s b ol s gl o Jlie o

5 SVs (Y0 +0) oK 5 465,50 oY+ + 1) o San
guno2l (YY) L Ke2 g jgubss o (V1Y) )5
oS wisls las (Ve o) oo g o 7Y ) sty
S5 50 Shati (SVsb Saed (S9)ly Bl
e om Febes gl o e wile (G90k
ol a8 05b g0 bl 45 &b o pgadas oy el
Cms b ol OMae (g0l 51§  Sies 4 alinns
sanlie 35 (V- 0) ol ad g 565 5 SKa Ml ool
Sl o $Ysb ey (95l 5l (U (K4S Waged
ol SSleS sla Sy 5o ounie Sl sl
5 SV Mosho Sl S At 0 5 4w
Jsb o a5 &b SolenS Slpss (V1Y) o Kon
455 oy 5o e Voo dinles alie 3i5)k ogeil S
ol 1) a4l SlenS o Sliss g WoS )
St 56 (YY) e g gadsg sl
JUg 8 dbo (5,05 &b D188 (5t (slagsly Ol pnss
OULARL 18T 5o 2eoS )| oliws 55, (Sh90k o>
Olial as wisle las g ools 18 cwy 050 |y asu
2 O gt (5508 &l > Gliee 5o (550l

'Y Balance Test

VOA-VEY lomio o) o)l )+ 090 N Fee Ly o ideilys b imgium oode aslidad | Y€



i SBlod ey (soges (K alng S S Gl e 5 92l

Gl 5oy s g ailiS glad > (LLAE o Slee
A2 ol 1) 58 a8 aran alie

S 5 Ao

olen 0 s 8 Wge pols adlhe gl
@ gy ool 3lee oly 9 K4S Jeolie (r (6 23y S
—aaliy 0 (Sialed odyay 4 dxgi O g pd Sy 0 Ll
GalS o (Simlen (nalidl A5 0,805, b1y (s o8 slo
Slops L5, 4 1) ol palS 5 (6550 ause
255 aSh Sasy, i

(1288 9 S

S (gl ;98 5 Sy (o e slasl jl alws o
@b L b pols Geixg bl jo a5 Ml (5,900
30,5 oo ($19,08 5 LT (aidged

1. Lawton TW, Cronin JB,Guigan MR.
Anthropometry, strength and benchmarks
for development: a basis for junior rowers'
selection?. Journal of Sports Sciences.
2010;30(10):995-1001.

2. Rakovac M, Smoljanovi¢ T, Bojani¢ I,
Hannafin JA, Hren D, Thomas P. Body size
changes in elite junior rowers:1997 to 2007.
Journal of Sports Sciences, Research
Suppor. 2011;35(1):127-131.

3. Biddle SJH, Gorely T, Stensel DJ. Health
enhancing physical activity and sedentary
behaviour in children and adolescence.
Journal of Sports Sciences. 2014;22:679—
701 .

4. Cramer J, Housh T, Weir J, Johnson G,
Coburn J, Beck T. The acute effects of static
stretching on peak torque, mean power
output, electromyography, and
mechanomyography. European Journal of
Applied Physiology. 2005;93(5):530-9

5. Bahr R, Andersen S, Loken S, Fossan B,
Hansen T, Holme 1. Low back pain among
endurance athletes with and without specific
back loading a cross-sectional survey of
cross-country skiers, rowers, orienteerers
and nonathletic controls. 2004;29(1):449-
454

6. Full RJ, Kubow T, Schmitt J, Holmes P,
Koditschek D. Quantifying dynamic
stability and maneuver ability in legged
locomotion. Integrative and Comparative
Biology. 2002;42(1):149-57.

7. Howell D. Musculoskeletal profile and
incidence of musculoskeletal injuries in
lightweight women rowers. American

Jobs &Sl b EMacals 5,0,08 425 595k 5l (53
ALl 5o g 009 (g ULLE jo 5,0 a8 olowl
ial3l g s a5 wlools ol ladllas Sy el oo
S Nlgse D8 gt (5505 Al o S > plrals
alio sl Sy ARV | Es pl ol ppee J¥o
e Sloged Gl Jolio iz gl 60yt 5
a5 aiz e MMl oas oty conl 90 a3 b))
siie ol b ) B5le sl S5 )3 S dy et
55 55 3l eslitul 51 L8 slacgw] s el
Eori b aS ol oud slpiiy Plasl e Wiy s
Sa8 g Al o Gl ol o8l 0 Sius
oS g s ol odlas  Sias (ol pl sl oo Ll
Sialidl Cel Yool oS cenl Soe Jole cpai 5 S
T ssh ge oy sk 0 2y nl pad o3 Gl
8 a5 42l Jolie (508 i (Rl (IS jgboes T
» Gm u‘).'l ..\J‘BJGA W oddlivwe ].0[.‘> w.m?).' L)

&l

Journal of Sports Medicine.

1984;12(4):278-281.

8. Maurer M, Sode RB, Baldisserotto M. Spine

Abnormalities Depicted by Magnetic
Resonance Imaging in Adolescent Rowers.
American Journal of Sports Medicine.
2011;39(2):392-397

9. Verrall G, Darcey A. Lower Back Injuries in

Rowing National Level Compared to
International Level Rowers. Asian Journal
of Sports Medicine. 2014;5(4.(

10. Pollock CL, Jones IC, Jenkyn TR, Ivanova
TD, Garland SJ. Changes in kinematics and
trunk electromyography during a 2000 m
race simulation in elite female rowers.
Scandinavian Journal of Medicine &
Science in Sports. 2012;22(4):478-487 .

11. Hannafin J, Hosea T. Oar sports, In: Garret,
Principles and Practice of Primary Care
Sports  Medicine. Philadelphia, PA:
Lippincott,  Williams &  Wilkins.
2001;20:531-540

12. Morris FL, Smith RM, Payne WR,
Galloway MA, Wark JD. Compressive and
Shear ForceGenerated in the Lumbar Spine
of Female Rowers. International Journal of
Sports Medicine. 2000;21(7):518-523.

13. Hosea TM, Boland A, McCarthy K,
Kennedy T. Rowing Injuries. Sports Health.
1984;4(3):236-245.

14. USRowing. US  Rowing Coaching
Education Program Instruction Manual
Level I. Princeton, NJ. 2016: http://www.US
Rowing.com/

15. Concept2 Inc. (n.d.) Retrieved February 23,
2016: http://www.concept2.com/

VOA-VEY Slxio o) o)lods v oy90 VFev Loy o isuilys oo otmgi- ole asllad | 190



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

30.

i SBlod ey (soges (K alng S S Gl e 5 92l

Reid DA, Mcnair PJ. Factors contributing to
low back pain in rowers. British Journal of
Sports Medicine. 2000;34(5):321-322.
Madigan ML, Pidcoe PE. Changes in
landing biomechanics during a fatiguing
landing activity. Journal Electromyography
Kinesiology. 2003;13(5):491-8.

Fitts R. Selected from the third IOC world
congress on sport sciences. Muscle fatigue:
Thecellular aspects. American Journal Sport
Medicine. 1996;24(6),32-38.

Caldwell J, McNair P, Williams M. The
effects of repetitive motion on lumbar
flexion and erector spinae muscle activity in
TOWers. Clinical Biomechanics.
2003;18(8):704—11.

Wilson F, Gissane C, McGregor A.
Ergometer training volume and previous
injury predict back pain in rowing; strategies
for injury prevention and rehabilitation.
British Journal of Sports Medicine.
2014;48(21):1534-1538.

Stergiou N, Harbourne RT, Cavanaugh JT.

Optimal movement variability: a new
theoretical ~perspective for neurologic
physical therapy. Journal of urologic

Physical Therapy. 2006;30(3):120-9.
Willson JD, Dougherty CP, Ireland ML,
Davis IM. Core stability and its relationship
to lower extremity function and injury.
Journal of the American Academy of
Orthopaedic Surgery. 2005;13(5):316-325.
Hunter AM, St Clair GA, Lambert M,
Noakes TD. Electromyographic (EMG)
normalization method for cycle fatigue
protocols. Medicine and Science in Sports
and Exercise 2002;34(5):857-61.

Rose Minnock M. Kinematic Analysis of
Trunk Coordination Throughout the Rowing
Stroke  Sequence.  Master's  Thesis,
University of Tennessee. 2017 .

Millar SK, Reid D, McDonnel L. The
Differences in Spinal Kinematics and
Loading in High Performance Female
Rowers During Ergometer and on Water
Rowing- ISBS Proceedings Archive. 2018.
Willson F, Gormley J, Gissane C, Simms C.
The effect of rowing to exhaustion on frontal
plane angular changes in the lumbar spine of
elite rowers. Journal of Sports Sciences.
2012;30(4):1481-1489 .

Hamill J, Knutzen K. Biomechanical basis
of human movement. Philadelphia: Wolters
Kluwer, Inc. 2009.

Noraxon. Myomotion System User Guied.
2017;5:1-99.

Gordon E, Graham RE, Hamill J, Saunders
GK. Research Methods in Biomechanics.
2nd edition. Printed in the United States of
America; 2014.

Kotrlik JW, Williams H. The Incorporation

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

VOA-VEY Sl o) o lad o)+ 6,90

Nl e sisily b pimgh- sole aclilad

of effect size in information technology,
learning, and performance research.
2003;21(1):1-7.

Wilson F, Gissane C, Gormley J, Simms C.
Sagittal plane motion of the lumbar spine
during ergometer and single. Journal of
Sports Biomechanics. 2013;12(2):132-42.
Kleine B, Schumann N, Bradl I, Grieshaber
R, Scholle H. Surface EMG of shoulder and
back muscles and posture analysis in
secretaries typing at visual display units. Int
Arch Occup Environ Health.
1999;72(6):387-94.

Koopmann T, Dill S, Briiggemann GP,
Willwacher S. Back muscle fatigue might
lead to altered spine loading in recreational
ergometer rowing. ISBS Proc Arch.
2018;36(1):526-9.

Granata K, Slota G, Wilson S. Influence of
fatigue in neuromuscular control of spinal
stability. Human Factors. 2004;46(1):81—
91.

Dingwell JB, Joubert JE, Diefenthaeler F,
Trinity JD. Changes in muscle activity and
kinematics of highly trained cyclists during
fatigue. IEEE Transaction Biomedical
Engineering. 2008;55(11):2666—74.

Wilson F, Gormley J, Gissane C, Simms C.
The effect of rowing to exhaustion on frontal
plane angular changes in the lumbar spine of
elite rowers. Journal of Sports Sciences.
2012;30(14):1481-9.

Holt P, Bull A, Cashman P, McGregor A.
Kinematics of spinal motion during
prolonged rowing. International Journal of
Sports Medicine. 2003;24(08):597-602.
McGregor A, Patankar Z, Bull A. Spinal
kinematics in elite oarswomen during a
routine physiological “step test.” Medicine
and Science in Sports and Exercise.
2005;37(6):1014-20.

Chiu SL, Chou LS. Variability in inter-joint
coordination during walking of elderly
adults and its association with clinical
balance measures. Clinical Biomechanics.
2013;28(4):454-8

Hsu W, Chou L, Woollacott M. Age-related
changes in joint coordination during balance
recovery, Age (Omaha). 2013;35(4):1299-
3009.

Hamill J, Palmer C, Van Emmerik R.
Coordinative variability and overuse injury.
BMC Sports Science, Medicine and
Rehabilitation. 2012;4(1):45.

Willardson JM. Developing the core.

National Strength Conditioning
Association, editor. Human Kinetics.
20145215 p.

Berger L, Regueme S, Forestier N.
Unilateral lower limb muscle fatigue

induces bilateral effects on undisturbed

1\



44,

45.

46.

47.

i SBlod ey (soges (K alng S S Gl e 5 92l

stance and muscle EMG activities. Journal
of Electromyography Kinesiology.
2010;20(5):947-52 .

Johnston W, Dolan K, Reid N, Coughlan
GF, Caulfield B. Investigating the effects of
maximal anaerobic fatigue on dynamic
postural control using the Y-Balance Test.
Medicine and Science in  Sports.
2018;21(1):103-8 .

Potvin J, O’brien P. Trunk muscle co-
contraction increases during fatiguing,
isometric, lateral bend exertions: possible
implications for spine stability. Spine (Phila
Pa 1976). 1998;23(7):774-80.

Schinkel-Ivy A, Nairn BC, Drake JDM.
Investigation of trunk muscle co-contraction
and its association with low back pain
development during prolonged sitting.
Journal of Electromyography Kinesiology.
2013;23(4):778-86.

Perich D, Burnett A, O’Sullivan P. Low
back pain in adolescent female rowers and
the associated factors. In: ISBS-Conference
Proceedings Archive. 2006.

VOA-VEY Clorio ) o)lods Ve oy50 VFr v oy e cideilys b iyl soke aclilas

48.

49.

50.

51.

52.

Teitz C, O’Kane J, Lind BK, Hannafin J.
Back pain in intercollegiate rowers.
American Journal of Sports Medicine.
2002;30(5):674-9.

Jafarnezhadgero A, Sadri A. The effects of
foot orthoses on lower limb intra-joint
coordination variability during walking in
children with flexible flat foot. Journal
Applied Exercise Physiology.
2019;14(28):89-100 [In Persian].

Hamill J, van Emmerik R, Heiderscheit B,
Li L. A dynamical systems approach to
lower extremity running injuries. Clinical
Biomechanics. 1999;14(5):297-30.

Sforza C, Casiraghi E, Lovecchio N,
Galante D, Ferrario VF. A three-
dimensional study of body motion during
ergometer rowing. Open Sport Medince
Journal. 2012;6:22-8.

Ahmadi M, Akbari M, Dadgoo M, Talebian
S, Pahnabi G. The effect of lumbar muscle
fatigue on postural control in Athlete and
non-Athlete Subjects. Journal of Modern
Rehabilitation. 2015;9(2):8—15 [In Persian].

"y



