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ZOAAMATA KATA THN EKTIMHZH TQN MPOQOHTIKQN AYNAMEQN 2THN
KOAYMBHZzH

FoupyouAng B., AyyeAouong N., BéCog N., Kacipartng N., Maupopuarng .
Anpokpiteio MavenioTrpio ©pakng, Tunpa Eniotiung ®uoikng Aywyng kai ABANTIGHOU,
69100 Kopotnvn

NepiAnyn

H exTignon Twv npowdnTikwV OUVAPEWV TOUu XEPIOU OTnv KoAUPPnon Baociletal oc €va
ouvOUaopO KIVAUATIKWV OeDOUEVWV Kal UOPOJUVAMIKWY CUVTEAEOTWV Kal KATd OUVEMEId,
KaBw¢ Oev KaTaypagovTal APead, O UMOAOYIOHOC TOUC EUNEPIEXEI OPAAUATA. ZKOMNOC TNG
napouoac MEAETNG NTAV N KATaypagry Tou PEYEBOUC Tou OPAAPATOC Katd Tn OlaBaduion
TOU XWpPOoU, KaTa Tn didpkela unoBpuxiwv ANWewv Adyw Tou Qpaivopevou Tne diabAaaong kai
KATA TNV €KTIINON TwV NPowdNTIKWV JUVAPEWV OTO eAeUBEPO OTUA KOAUWBNnonG. Ma v
KaTaypagr Tou HEYEBOUG Tou OPAAPATOC KaTda Tn OlaBABUIon Tou XWPOU Kdl KaTd Tn
didpkeia unoBpuxiwv ANWewV Xpnolhonoindnke évag kKUBoG We 24 onueia eAéyxou, nou
KaTaypd@Tnke €€w anod To vepo kal JEoa OTo vepd anod OUo kapepes (60 Hz). Mavw oTov
KUBO TonoBemOnkav 8 eninAéov onueia PHECW TWV Onoiwv unoAoyioTnke To RMS opaAua
avadounong KaTw ano oTATIKEG OUVONKEG. Ma To UNOAOYIONO TOU OPAAUATOC avadopnong
KATw and OUVAMIKEG OUVONKEC unoAoyioTnke To RMS o@aAua katd Tnv avadounon Tou
MAKOUC MIaGc paBdou 30 cm, evw €MNAEOV UMOAOYIOTNKE KAl TO OPAAYa katd Tnv
avadounon Tou Mnkouc OUo OIaVUOMATWV MNAvw OTO XEPI MIAC KOAUMBATPIAC, nou
opioTnkav anod To KEVTPO TOU kaprouU Kal TNV akpn Tou peoaiou dakTuAou (diavuoua WI),
kal TNV 0eUTeEPN Kal MEPNTN HeTakaprnopaliayyikn apbpwon (didvuopa PT), avTioToixa,
META ano 8 enavaAapBavoueveg Yn@Plonoinaoeig TG idlag npoonddeiag TnG KOAUKBATPIAG.
Ano Ta anoTeAéopaTta NPoEKUWe OTI TO RMS o@dAiua Tng diaBabuiong £€w and To vepo
ATAv yia TOV €ykAPOIO, TOV EMIUAKN KAl TOV Katakopugpo agova 2.10, 3.29 kai 2.39 mm,
EVW MEoa aTo vepd avepyovtav ot 2.35, 4.64 kai 2.59 mm, avTioToixa. To RMS o@aAua
avadounong Tou HPNRKOUC TNG paBdou nTav £&w and vepod 0.44%, svw PEOA OTO VEPO
1.28%. To RMS o@aAua kata tnv avadopnon Tou PRKoug Twv dlavuouaTtwv WI kai PT yia
Tn OUVOAIK} unoBpuxia Kivnon Tou Xepiou ATav 2.24 kai 9.12%, avrioToixa. To opaiua
TNG YETPNONG avepyovTav yia Tn ywvia enibeong o€ 3.18 Woipeg, yia T ywvia kabodrynong
o€ 2.70 poipeg, yia Tn dUvapn €AENc o 0.59 Nt, yia T dUvaun aviypwong o 0.69 Nt kai
yia TN ouvioTapévn dUvapn oe 0.91 Nt. Anod Ta anoTeAéopaTta nNpokUNTEl OTI Napd Tnv
napoucia OPAAJATWV KATa TNV EKTIUNON TwV NpowdnTIKwv OUVAPEWY, TO HEYEBOC TOUC
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dev €ival uPnAd Kal KATA OUVENEIA N OUYKEKPIYEVN PeBodoAoyia pnopei va xpnoigonoinoei
yia TNV €yKUPN EKTIKNON TWV NPOWONTIKWV dUVAPEWY OTNV KOAUMBNON.

NeEeIc KkAeidig: koAUupnon, unoBpuxia Aqwn, opdaAuata, OidBAacn, nPowdNTIKEG
OUVALEIC
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ERRORS IN THE ESTIMATION OF PROPULSIVE FORCES IN SWIMMING

V. Gourgoulis, N. Aggeloussis, N. Vezos, P. Kasimatis, G. Mavrommatis
Democritus University of Thrace, Department of Physical Education and Sport

Science, 69100 Komotini

Abstract

For the estimation of the propulsive forces of the hand in swimming a combination of
kinematic data and hydrodynamic coefficients is often used. However, both data are not
recorded directly and thus a certain amount of error is inevitable. The purpose of the
present study was to determine the error during the calibration of the recorded space,
during underwater recordings due to refraction and in the estimation of the propulsive
forces of the hand in front crawl swimming. A calibration frame with 24 control points was
used in order to determine the error during the calibration of the recording space and
during the underwater recordings. The frame was recorded with two cameras (60 Hz)
under the water and out of the water. In order to determine the RMS reconstruction error
in static conditions 8 validation points on the calibration frame were used. The
reconstruction error in dynamic conditions was determined as the RMS error of the
reconstructed length of a 30 cm long rod and additionally as the RMS error in the
reconstruction of the length of two vectors onto the hand of one female swimmer, after 8
repeated digitizations of the same trial of the swimmer. These two vectors were defined
from the center of the wrist and the tip of the third finger (vector WI), and the 2" and 5"

metacarpophalangeal joints (vector PT), respectively. The results revealed that the RMS
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reconstruction error out of the water was 2.10, 3.29 and 2.39 mm for the transverse, the
longitudinal and the vertical axis, respectively, while the corresponding values under the
water were 2.35, 4.64 and 2.59 mm, respectively. The RMS error for the reconstruction of
the length of the rod was 0.44% out of the water and 1.28% under the water. The RMS
error for the reconstruction of the length of the vectors WI and PT for the whole
underwater movement was 2.24 and 9.12%, respectively. The error in the estimation of
the pitch angle, the sweepback angle, the drag force, the lift force and the resultant force
was 3.18 degrees, 2.70 degrees, 0.59 Nt, 0.69 Nt and 0.91 Nt, respectively. It is concluded
that despite the presence of errors in the estimation of the propulsive forces, their values
are not high and consequently the above methodology can be used for the valid estimation
of the propulsive forces in swimming.

Key word:swimming, underwater recording, error, refraction, propulsive forces
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ZOAAMATA KATA THN EKTIMHZH TQN MPOQOHTIKQN AYNAMEQN ZTHN
KOAYMBHzH

Eicaywyn
H nio dnuoIAnG d1adikacia yia TNV EKTIUNON TwWV NPowdnTIKWV dUVAHEWY TOU XEPIOU KATA
TNV KoAUpBNon BaaileTal o €&va ouvouaouo KIVNHATIKWV JEOOPEVMV, MOU NPOEPXOVTAl ano
TPIOOIACTATN KIVAKATIKA avaiuon Tnc unoBpuxiac Kivnong Tou XePIou kal udPOodUVANIKWY
OUVTEAECTWV, NMou €EayovTal anod NEIPAPATa Je PNXavikd OpoIiwKa XEPIOU 0 KavaAia VEPOU
(Payton & Bartlett, 1995). KaBwg ol npowONnTIKEG SUVANEIG dEV KATAypAaPovTal Aueca aAAa
EKTIHWVTAl BACEl KIVNUATIKWV OEQOUEVWV EUMEPIEXOUV OQPAANIATA NMou opeilovral oTn
dlaBadpion Tou Xwpou, o@aAuaTa Aoyw Tng 8iaBAaong kata Tn dIApKEId Twv UnoBpuxiwv
Muwewv (Lauder, Dabnichki & Bartlett, 1998), OQ@AGAUATA KATA TNV Wn@ionoinon
EMAEYUEVWV ONPEIWV NAVW OTO XEPI, OPAANUATA KATA TOV UMOAOYIOHO TV YWVIWV EMNIBEONC
kal kaBodriynong Tou XepioU (Payton & Bartlett, 1995), evw emnA€ov, kabwg ol
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NPowONTIKEG OUVAMEIC EKTIMWVTAI BACEl OUYKEKPIUEVWV UDPODUVAUIKWV OUVTEAEOTWV,
EMNEPIEXOUV EMINAEOV OPAAMATA KABWCG TO HEYEBOC TwV UDPODUVAMIKWY CUVTEAECTWV
€€apTaTal anod To OXNHA TOU OMOIWHATOG TOU XEPIOU, TN BEon Twv dakTUAwV Kal 1IdiaiTepa
Tou avrixeipa (Sanders, 1999).

ZKornoc Aoinov Tng napolodc HEAETNG ATav n Kataypagr Tou MeyEBOUG Tou
oQAAJaToG Kata Tn dlaBAbuion Tou Xwpou, kata Tn didpKeid unoBpuxiwV ANWEWV, KaTA
TNV Yn@Ionoinon €MAEYHEVWV ONUEIWV NAVw OTO XEPI, KATA TOV UMOAOYIOHO TWV YWVIWV
eniBeong kal kaBodrynong Tou XepIoU kal KATA TNV €KTINON TV NpowdnTIKWwV dUVAUEWY
01O €AelBePO OTUA KOAUPBNONG.

M£60d0¢

Ma TNV KaTaypagr Tou PeyEBOUG Tou OPANJATOC KaTd Tn SiaBAduIon Tou XWPou Kai KaTd
TN diapkeia unoBpUxiwv ANWewv, Xpnoidonoinenke évag KUBog diaoTacewv 1Im x 3 m x 1m,
0 ornoiog kaTaypdPTKe £€w ano To vepd Kal JEoa OTO vePO anod OUO avaloyIKEG KAPEPES
(60 Hz), nou TonoBemONKav nNiow and dUo €I1dIkA dIAPOPPWHEVA MEPICKOMIA KAl Ol OMTIKOI
TouG a&ovec axnuaTidav PeTa&u Toug ywvia 41 poipwv. MNavw otov kUBo TonoBeTBnkav 24
onueia eAéyxou kai n diaBAduION TOU XWPOU NPayuaTonondnke HEow TG HeBOdou DLT.
'ONEC OI WNQIOMOINCEIG NPAYHUATONoINONKav XEIPOKivTa PECW TOU OUCTAHATOC Ariel
Performance Analysis System.

MNa Tov UMoOAOYyIOMO TOU O@AAMATOG avadopnong Twv  TPIodIAoTATWY
OUVTETAYHEVWV KATW and OTATIKEG OUVONKEC UMOAOYIOTNKE TO RMS o@aAua katd Tnv
avadopnon TwV OUVTETayHEVWY 8 emnAgov onpeia ndvw oTtov kUBo diaBabuiong, Ta onoia
dev xpnoidonoindnkav yia Tn diaBaduion Tou xwpou. O1 TIMEC Tou RMS o@AAuaToc ot
OTATIKEC OUVONKEC unoloyioTnkav yia kaBe agova EExwpioTa, PETA and kataypapr) Tou
KUBou diaBdadpiong Tooo £Ew anod To vepO, 60O Kal JEoa OTO VEPO, BACEI TwV EEIOWMOEWV:

OMoU Ex,, €y, €z, ATAV Ol TIHEC TOU RMS 0@AAUATOC Yia KABe Evav ano Toug agoveg X, Y kal
Z, Xn, Yn, Z, ATAv n npaypatikn ouvteraypevn, Xi, Yi, Z; ATAv n unohoyi{Opevn
(avadopoUpevn) ouvTeTaypevn kal N ATav o apiBudc Twv onueinv nou Xpnoiponoinénkav.
Ma To UNOAOYIOMO TOU OQPAMNJIATOC avadopnonc Katw and OUVAMIKEC OGUVONKEC
UNoAoYioTNKE To RMS o@AdApa kata Tnv avaddunon Tou prnkoug piag paBdou 30 cm, n
oroia Kivnbnke Tuxaia Yéoa oTo dlaBabuIoPEVO XwpPo, TOoO £Ew, 00O Kal JEoA OTO VePD,
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WG N MEoNn TN Tou RMS o@AApatoc kata tnv wnoionoinon 48 eikdvwv Bacel Tng
e€iowonc:

Z(LR - Li)2 . 100
N Lg

RMS (% pnkoug) =

ornou Lg ATav To yvwaTo PNkog TnG papdou, L; nTav To unoloyi{Opevo Wrkog TG papdou
kal N ATav o apiBpoc Twv ikdvwv Nou ynglonoinenkav.

ErminAgov, pe Tov idlo TPONo unoAoyioTnke kal To RMS o@aAua kata Tnv avadounon
TOU HRKoug OUO dlavuopaTwv Navw oTo XEPI MIAG KOAUWBATPIAG, n onoia OIEVUOE HE
€AeUBepo OTUN kOAUMBNONG kal peyiot evraon (100%) pia andéotaon 25 m. Ta duo
dlaviopaTta navw oTo XEPI TG KOAUKBNTPIAC opioTnKav anod To KEVTPO TOU Kapnou Kai Tnv
akpn Tou Meocaiou OakTuAou (didvuopa  WI), kal TNV  JeUTEPN KAl NEWMTN
pETakapno@aliayyikn apbpwon (diavuopa PT), avTioToixa. Ta ouykekpipgéva diavuopaTa
XpPNoigonoinNeénkav oTn  OUVEXEID Yyid Tov KaBopIopoU €&vOG TOMIKOU  GUOTAPATOG
OUVTETAYHEVWV TOU XEPIOU, BAcel Tou onoiou kabopioTnkav n ywvia eniBeonc kai n ywvia
kabodrynong Tou Xepiou. To RMS o@dAua katd tnv avadounon Twv dUo JIaVUOHATWV
UNoAoYioTNKe yia OAOKANpn, kabwg kai yia KABe Mia anod TIG E€MIMEPOUG (PACEIC TNG
unoBpUxIac Kivnong Tou Xepiou (YAioTpnua, EAEn, wBnon) kal ekppAcTNKE WG O HEGOG OPOC
TOU RMS o@daAUaTog PETA anod 8 enavaAapBavopeves Wn@Ionoinoelg TG idiag Npoomabeleg
TNG KOAUMBNTPIAG,.

O1 npowBdnTIKEC OUVAMEIC ToU Xepiou, OnAadr n Ouvapn €AENG kai n duvaun
avuywone, kabwc kal n ouvioTapevn OUvaun kai n npowdnTikr dUvapn Tou XEPIOU
unoloyioTnkav oUpgwva e Tn JeBodoloyia nou npoteiveral anod Tov Sanders (1999). MNa
TOV UMOAOYIOHO TwV OQAAJATWV KATA TNV €KTIMNON TWV NPowdnTIKWV OUVANEWV
unoloyioTnke To 95% didoTnUa €uPnIoTOoUVNG META and TIC 8 enavalapBavopeveg
wnelonoinoeig Tng idiag npoondadeiac TnG KOAUKBNTPIAGC.

AnoteAéopara

Ano Ta anoTeAéopaTa NPOEKUWE OTI OE OTATIKEG GUVONRKES PETPNONG TO RMS opAaAua Tng
dlapaduiong &w and To vepod yia To eykapoio (X), Tov empunkn (Y) kal Tov kKaTakopugpo
atova (Z) Arav 2.10 £ 0.42, 3.29 + 0.79 kar 2.39 + 0.46 mm, evw PEOA OTO VEPO
avépyovTav og 2.35 £ 0.46, 4.64 + 1.79 kai 2.59 + 0.43 mm, avTioToIXA.

KaTtw and duvapikeg OUVONKEG PETPNONG TO RMS katd Tnv avadounaorn Tou PNKOUG
Miag papdou 30 cm ATav €Ew anod vepd 0.44%, evw péoa oto vepd 1.28%. EminAéov, To
RMS o@dAya kata Tnv avadopnon Tou HRKoug Twv dlavuoudatwv WI kal PT yia Tn
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OUVOAIKI unoBpuxia Kivnaon Tou Xepiou NTav 2.24 + 1.48 kai 9.12 + 5.56 %, kaTd T @aon
TOU YAIoTprjpaTog NTav 2.19 + 1.52 ka1 11.54 + 8.58 %, kaTd ™ PAaon TnNG €AENG NTav
2.71 + 1.77 ka1 4.35 £ 0.27 % kal kata Tn ¢aon TG wbnong nrav 1.77 + 0.87 kai 5.30 +
0.57 %, avrTioToIxa.

To o@dAua TnG METPNONG META and 8 wn@lonoinoei T idla npoondabeiag Tng
KOAUWPBATPIAC avépyxovTav yia Tnv TaxutnTta Tou xepioU o 0.04 + 0.05 m-sec’, yia mv
ywvia enieong oe 3.18 + 4.03 Yoipeg, yia Vv ywvia kaBodriynong os 2.70 + 2.95 poipeg,
yia v duvapn €A&nc og 0.59 + 1.06 Nt, yia Tn duvapn aviywong o 0.69 + 1.02 Nt, yia
Tn ouvioTayevn dUvaun o 0.91 + 1.41 Nt kai yia Tnv npowdnTikr dUvaun os 0.40 + 0.47
Nt.

ZudnTnon - Zugnepdopara

Ano Ta anoTeAéopata npokUNTel OTI Napd Tnv Napoudia OPAAJATwV KATa TNV eKTiMNoN
TWV NPOWONTIKWY JUVAHEWV, TO HEYEDOC Toug dev sival upnAd (Lauder et al., 1998; Payton
& Bartlett, 1995; Yanai, Hay & Gerot, 1996) kal KaTd OUVEMEID N OUYKEKPIKEVN
peBodoloyia pnopei va xpnolgonoinBei yia TNV €yKupn EKTIUNON TWV NpowdnTIKWV
OuVApEWV 0TV KOAUPBNON, OMou akoun kai av To anoAuTo PEyeBOG Toug dev Propei va
unoloyioTei pE anoAutn akpiBeia, pnopoUv va €€axBouv XPRoIMEG MANPOPOPIEC yia TO
npATUNO TNG EPAPHUOYNG TOUC.
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ATIA®OPOIOIHZH TOY AEIKTH ZYIXPONIZMOY KATA THN EAEYOEPH
KOAYMBHZH ME EA=H ANTIZTAZHZ AEKANHZ MIKPOY MEFEGOYZ

Tpiavra@uUAAou A., FoUpyouAng B., AyyeAolong N., Avtwviou M.
Anuokpiteio Maveniotiuio Opakng, Tunua EmoTipng duaoikng Aywyng kai ABANTIOHOU,
69100, KopoTnvn

NepiAnyn
H koAUpBnon pe €A&N avtioTaonc anoTeAei pia and TIC PeBOdOUG yia T BeATIwon TG

dUvVauNnG TV Avw aKpwV, HE anwTePO OKOMNO TNV au&non TG KOAUKBNTIKNAG TaxuTNTAac, Ve
0 TPOMOC OUYXPOVIOMOU HETAEU Twv XEPIWV aMOTEAEl KaBopioTikO nmapdayovta yia Tnv
anoTEAECATIKN EQAPHOYN TWV NPowdNTIKWV JUVAUEWY. ZKOMNOC TNG napoucac £PEuvac
ATAv n YEAETN NG diIapopOoroinong Tou TPOMOU OUYXPOVIOHOU PETAEU Twv dUO XEPIWV KATA
TNV €AelBepn koAUPBNON pe €AEN avriotaonc Asiypa Tng €peuvac anotédsocav 10
KOAUMBATPIEG NMou KOAUUNNoav 25 m pe PEYIOTN £vTaaon, KIa Qopd Xwpic EAEN avTioTaong
Kal Jia @opda e EAEN avTioTaonc, n onoia NpoEpXovTav ano Pia Aekavn HIKpoU PeyEBouc,
OlaPETpoU 23 cm Kal XwpnTIKOTNTAG 2.2 It. Ma TV KaTtaypa®r g unofpuxiag Kivnong Twv
XEPIWV Xpnoigonondnkav 4 kapepes (60 Hz), nou TonoBeTBNKav Niow and nepIoKoONIa Kai
N YneIonoinan €MIASYUEVOV ONMEIwV NAvw OTO Owla £yIve PECw Tou Ariel Performance
Analysis System. H kivnon Tou kaBe Xepiou dIaXwpIioTNKE O TECOEPEIC PATEIC: YAIOTpNUA -
ENEN - wBnon — enava@opd Kal unoAoyioTnke n OXeTIKA dIApKeId TNG kABe ¢paonc. MNa Tov
KaBopiopd Tou TPOMOU GUYXPOVIOWOU HETAEU Twv OUO XEPIWV UMOAOYIOTNKE O OEIKTNG
ouyxpoviopoU (1dC), unoloyilovrac To Xpovikd OlaoTnua nou PeooAaBel PETAEU Twv
npowdNnTIKWV QAcewv Twv OUO Xepiwv. Katd Tnv KOAUWPBnon He €AEN avTioTaong
JlanMIoTWONKE OTATIOTIKA ONUAVTIKN MEiwon TNG KOAUWBNTIKAG TaxUuTnTag (to= 28.258;
p<0.05), Tng ouxvotnTag (to= 7.895; p<0.05) kal Tou MAKOUC Xepiag (to= 10.085;
p<0.05), evw 0 O&ikTNG OUyXPOVIOHOU Mapousiace OTATIOTIKA Onuavrikr auénon (te=
6.300; p<0.05), anod -13.5% o€ -7.7%. ' OTI apopa Tn OXETIKN OIAPKEId TWV EMIPEPOUC
QACEWV TNG XEPIAG dIanIoTWONKE OTATIOTIKA ONuavTikn al&non Tng oxeTIKNG JIAPKEIAG TNG
@aong eAENG (to= 3.105; p<0.05) kai TG @aong wbnong (te= 4.501; p<0.05), evw
avTifeTa peIwBnKe n OXeTIKA Olapkeia Tou yAioTpnuaTog (ty= 3.487; p<0.05) kai Oev
dlagoponoindnke onuavTika n oxeTikn dIApKEId TNG enavagopac. Kara ouveneia, kata tnv
KOAUPBNON He €AEN avTioTaong PiIkpoU WeyEBouc, NapoAo Mou TO NMPOTUMO CUYXPOVIOHOU
HETAEU Twv OUO XEPIOV NAPAUEVEI OTO WOVTEAO Tou niaciyaTtoc (1dC<0), peiwveTal To

XpovIkO OIa0TNua nou HecoAdBei HETA&U Twv NpowdnTIKWV PACEWV Twv OUO XEPIWVY,
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kaBw¢ au&averal o deiKTNG ouyxpoviopou. Autn n dilagopornoinon ogeiAeTal aTnv auénon
TNG OXETIKNAG OIAPKEIAG TwV NPowBNTIKWV PACEWV TNG EAENG Kal TNG wONONG kai oTn Jeiwon
TNG OXETIKNG OIAPKEIAC TWV HN NPowdnTIKWY QACEWV Tou YAIOTPAMATOG Kal TNG
enavagpopac.

NEEEIC KAEIOId ! KONUWBNON, GUYXPOVIOHOC, EAEN avTioTaong

Tpiavra@UAAou AnpNATPIOG
AigvBuvon: XapiAaou Tpikounn 96, KopudaAhog, T.K 18120
TnA.: 210-4973733

e-mail: jimtrian@hotmail.com

MODIFICATION OF THE INDEX OF COORDINATION DURING FRONT CRAWL
SWIMMING WITH ADDED RESISTANCE WHICH WAS APPLIED BY A BOWL OF
SMALL SIZE

D. Triantafyllou, V. Gourgoulis, N. Aggeloussis, P. Antoniou
Democritus University of Thrace, Department of Physical Education and Sport Science,
69100, Komotini, Greece

Abstract

Resisted swimming is one of the methods used to improve the arm’s strength, in order to
improve the swimming velocity. On the other hand, the pattern of arm coordination is of
decisive importance for the effective application of propulsive forces. The purpose of the
present study was to investigate possible modifications in the pattern of arm coordination
during front crawl swimming with added resistance. Ten female swimmers swam 25 m
front crawl with maximal intensity without and with external resistance that was provided
by a small bowl with a diameter of 23 cm and capacity of 2.2 It. Four cameras (60 Hz), who
were positioned behind of four periscopes, were used for the recording of the underwater
movement of the hand and the digitization of selected points onto the subject's body was
undertaken using the Ariel Performance Analysis System. The whole movement of the hand
was divided in four distinct phases: glide — pull — push — recovery, and the relative duration
of each phase was calculated. In order to determine the pattern of coordination between

the two arms, the index of coordination (IdC) was calculated using the time interval
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between the propulsive phases of the two arms. The results revealed that during
swimming with added resistance the mean swimming velocity (to= 28.258; p<0.05), the
stroke rate (to= 7.895; p<0.05) and the stroke length (to= 10.085; p<0.05) were
decreased significantly, while the index of coordination showed a statistically significant
increase (ty= 6.300; p<0.05), from -13.5% to -7.7%. Regarding the relative duration of
the separate phases of the stroke it was observed a statistically significant increase of the
pull (to= 3.105; p<0.05) and the push phase (to= 4.501; p<0.05), while the relative
duration of the glide phase showed a significant decrease (to= 3.487; p<0.05) and the
relative duration of the recovery phase was not altered. Consequently, during swimming
with a small added resistance, although the pattern of coordination between the two arms
remained in the catch up model (IdC< 0), the time interval between the propulsive phases
of the two arms decreased, as the index of coordination increased. This modification is due
to the increase of the relative duration of the propulsive phases (pull and push) and the
decrease of the relative duration of the non propulsive phases (glide and recovery).

Key words: swimming, coordination, added resistance
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ATIA®OPOINOIHZH TOY AEIKTH ZYI'XPONIZMOY KATA THN EAEYOEPH
KOAYMBHZH ME EA=H ANTIZTAZHZ AEKANHZ MIKPOY MEFEGOYZ

Eicaywyn

H koAUpBnon pe €A&N avtioTaonc anoTeAei pia and TI¢ PeBOdOUG yia T BeATiwon TG
OUvaunG TWV Avw AKpwv, ME anwTepo okond Tnv au&non TnG KOAUWBNTIKAC TaxUTnTag
(Mavridis, Kabitsis, Gourgoulis & Toubekis, 2006), evw 0 TpONog ouyXpoviopoU UETa&l Twv
XEPIWV anoTeAei kaBopioTIKO napdyovra yid TNV AnOTEAEOUATIKN €pApUoyn  TwV
npowOnTIKWV duvapewv (Potdevin, Bril, Sidney & Pelayo, 2006).

Ta TeAeuTaia Xpovia, yia Tn HEAETN TOU OUYXPOVIOMOU WETAEU Twv OUO XEPIWV OTO
€AeUBePO OTUA KOAUMBNONG, £xel avanTuxBei o deikTng ouyxpoviopou (1dC), nou BacileTal

OTOV UMOAOYIOPO TOU XPOVIKOU OIagTnHaTog nou pecolaBei peta&u Tng evapéng Tng
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NPowBNTIKAG PAoNG TOU €VOC XEPIOU Kal TNG ANENG TNG NpowdnTIKAG GAong Tou AAAou
Xepiou (Chollet, Chalies & Chatard, 2000). ‘OTav o J€iKTnG OUyXPOVIOUOU IooUTal KE PNJEV
(1dC= 0) 0 ouyXpOoVIOHOG HETAEU TwV XEPIWV AVTIOTOIXEI OTO HOVTEAO TNG avTiBeong kai n
évapén Tng npowbnTIKNG PAoNG Tou &vog XepioU EEKIVA Tn XPOVIKA OTIVHN ANENG TNG
npowBnTIKNG @Aong Tou AMou xepiou. Katd ouveneia napatnpeitar pia  diadoxikn
EQapuoyn Twv npowdnTikwv Suvapewv anod Ta dUo Xépia. ‘OTav o OeiKTNG GUYXPOVIOHOU
naipvel apvnTikeG TIMEG (1dC< 0), 0 ouyXpPOVIOHOG HETAEU Twv dUO XEPIWV AVTIOTOIXEI OTO
MOVTEAO TOU MIACIUATOG, ONoU NapaTnpeiTal Jia Xpovikn kabuaTépnan oTnv Epapuoyn Twv
NPowWONTIKWV dUVAREWV anod Ta OUo XEpIa, kal OTav o JeiKTNG OUYXPOVIOUOU Naipvel BETIKEC
TINEG (IAC> 0), 0 OuyXPOVIOMOC METAEU Twv OUO XEPIWV AVTIOTOIKEI OTO HOVTEAO TNG
unéPBEONC, OMOU ONUEIWVETAI ENIKAAUWN TWV NPowdnTIKwV dUVAPEWY Nou ackouvTal anod
Ta dUo XEpia.

Méxp! onpepa dev Exel diepeuvnBei n enidpaon nou Pnopei va €xel N KOAUPBNON HE
€NEN avTioTaonc oTnv XPOoVIKr aAAnAouxia epapuoynG Twv NpowenTIK®Y OUVANEWY ano Td
OUOo XEpia. ZKomog AoIMov TngG Napoucag EpEUvVAG NTav n HEAETN Tng dlapopornoinong Tou
TPOMOU OUYXPOVIOHOU META&U Twv OUO XEPIWV KATA TNV €AeUBepn KOAUPBNON ME €AEN
avTioTaong,.

M£60d0¢
Eferalouevor
Aciypa TnG £peuvac anoTtédeoav 10 KOAUPBATPIEC AyWVIOTIKWV KATNYOPIWY, HE aywVIOTIKO
OTUA TNV eAelBepn koAUpBNon (nAikiag: 18.2 + 4.6 eTwv, Uyouc: 1.69 + 0.14 m, palac: 60
+ 6.27 kg).
Méeoa ouAAdoyric dedouevawv
Ma v kataypa®n Tng unoBpuxiag kivnong Twv XepIwv Xpnoiponoinénkav 4 kapepes (2
Panasonic PV-900 kai 2 Panasonic AG-188), pe ouxvotnta Anfwng 60Hz, ol onoieg
TonoBsmBnkav niow and €idIkaG JIAUOPPWHEVA MEPICKOMIA, €TOI WOTE Ol OMTIKOI TOUC
afovec va oxnuatilouv PETA&EU Toug ywvia 41 poipwv. MNa Tn dlaBaduion Tou XwpPou
dleEaywyng TN Kivnong, Xpnoiponoinénke evag kuBog diaBaduiong diaotacewv 1 m x 3 m x
1 m, navw oTov onoio TonoBsmBOnkav 24 onueia eAéyyou. Mavw oTo Ot kal To apIoTEPO
XéPI TNG KABE KOAUMBNTPIOC Onpelmdnkav We palupo papkaddpo n 27 kar 57
METakapno@aAayyikn apdpwaorn, kabwe eniong kai To Oe&i kal apioTEPO 10Xi0 OTO UWOC TNG
HEICOVOC TPOXavTPAg Tou pnpidiou ooTol. H wn@ionoinon Twv ENIASYHEVWY ONKEIWV NAve
OTO OWHa €yIVE HEOw Tou Ariel Performance Analysis System.
Aiadikaoia ouAAoyric Oedouevwv
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KaBe koAupBnTpia diEvuoe 25 m, Y WPEYIOTN €vTaon, Hia Gpopa Xwpic EAEN avTioTaong kai
Mg Qopa Me €AEN avTioTaong, n onoia Npogpxovtav and pia Aekavn MikpoU peyeBouc,
dlapeTpou 23 cm Kal XwpnTikotnTag 2.2 It. H kivnon Tou kaBe xepiou BlaxwpioTnke o€
TéooepelG PAcelc: (a) yAioTpnua, (B) EAEN, (y) wBnon kai (d) enavagopd, kai unoAoyioTnke
N OXETIKN OIAPKEId TNG KABE (pAONG, €vw yid Tov KaBopioPO TOU TPOMOU OUyXPOVIGHOU
METAEU Twv OUO XepIwv UMoAoyioTnke o OeikTnG ouyxpoviopou (1dC), unoloyilovrac To
XPOVIKO OIA0TNUa nMou HecoAdBei PETAEU Twv NpowdnTIKWV PACEWV TwV OUO XEPIWV,
oUpQwva Pe Tn PeBodoloyia mou npoteivetal and Toug Chollet et al. (2000). Eniong
UMNOAOYIOTNKE TO WAKOC Kal N oUXVOTNTA XEPIAC, KABWC Kal n YEON KOAUKBNTIKN TaxuTtnTa.
ZTarioTiki avdAuon

Ma Tn oTamoTik ene€epyacia Twv OedOPEVWV £PApUOOBNKe t — test yia eEapTnuéva
deiypaTa kai To eninedo OnNUavTIKOTNTAG OPIoTNKE WG p< 0.05.

AnoTeAéopara

KaTtd v koAUPBNnon pe €AEN avTtioTaong dianioTwlnKe OTATIOTIKA CNUAVTIKY KEIWoN TNG
KOAUMBNTIKAG TaxUTNTAg, TNG ouXvOTNTAG KAl TOU WNAKOUC XEPIAC. X' OTI a@opd Tn OXETIKN
OIAPKEID TWV ENIKEPOUC PACEWV TNG XEPIAES dIAnIOTWONKE GTATIOTIKA oNUavTikr al&non Tg
Paonc €AENC kal TNG @Aong wWONoNG, evw avTiOeTa PEIWONKE N OXETIKA OIAPKEId TOU
yAioTpripuaTog kai Osv diapopornoindnKe ONUAvTIKa n OXETIKN OIApKEId TNG €Navapopac.
AuTEG 01 DlIaQOPONOINCEIG €iXav wG ouveneld o OeikTNG OuyXpoviopoU va napouciacel
OTATIOTIKA ONKAvTIKA auénon katd TV koAUpPNnon Ke €AEN avTiotaonc (Mivakag 1).

MNINAKAZ 1. Aa@opornoinon Twv EMIASYHEVWV NAPAMETPWY KATA TNV €AEUBeEPN
KOAUMBNON He €AEN avTioTaoncg OuykpITIKA WE TNV €AeUBepn KOAUWBNON Xwpi €AEN

avTioTaong
X0pic EAEN HE €AEN t-TIgn
avrtioTaong avrioTaong
MEoN KOAUMPBNTIKN TaxutnTa (m/sec) 1.56 + 0.07 1.14 + 0.08 28.258*
ouxvoTNTa XePIag (kUkAol/sec ) 0.84 + 0.05 0.75 + 0.06 7.895*
HAKOC XePIAc (M) 1.85 =+ 0.09 153 +0.13 | 10.085*
OXETIKN dIApKeia ENENG (%) 16.49 + 1.82 | 18.94+1.97 | 3.105*
OXETIKN diapkelia wlnong (%) 20.15 + 2.65 2211 +249 | 4501 *
OXETIKN diapkeia yAIoTprpaTog (%) 33.85 + 6.02 30.98 +4.76 | 3.487 *
OXETIKN dIapKela enavapopdac (%) 29.53 + 6.62 27.96 + 3.96 1.611
AsikTnG ouyxpoviopou (%) -13.5 + 4.01 -7.6 £3.11 6.300*
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ZudnTnon - Zugnepaopara

Ano Ta anoteAéopaTa TNG Napouoac PEAETNG NPOKUNTEl OTI, KATA TNV KOAUMBNON HE €AEN
avTiotaong MIKpoU MPEYEBOUC, MAPOAO MOU TO MPOTUMO OUYXPOVIOWOU WETA&l Twv OUo
XEPIWV NAPAMEVEI OTO POVTEAO Tou niacidaTtog (1dC< 0), PeiwveTal To Xpovikd diaoTnua
nou pecoAaBel PETAEU Twv MPowdNTIKWV PACEWV TwV OUO XEpIwv, kaBwG au&aveTal o
OeikTng ouyxpoviopoU anod -13.5% kata Tnv €AelBepn KoAUWPnon ot -7.6% kata Tnv
KOAUUBNoN Me €AEN avtiotaonc. Auth n dlagoponoinon ogeiAeTal otnv au&non Tng
OXETIKNG JIAPKEIAC TwV NPoweNnTIKWV PACEWV TNG EAENG Kal TNG wONONG Kal o Keiwon TG
OXETIKNG JIAPKEIQC TwV KN NPowBNTIKWV PACEWV ToU YAIOTPNKATOC Kal TNG enavagopdc,
OUMBANOVTAC £TOI €VOEXOMEVWG OTNV €KUABNON €vOC anOTEAEOUATIKOTEPOU TPOMOU
OUYXPOVIOHOU PETAEU Twv OUO XEPIQV.
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