L
. . Institut Nacional
inefc m== greei
. . de Catalunya
G pd R
d IE sport
INEFC Barcelona

®
®e SynchroProject II: Alto rendimiento y salud en mujeres de natacion artistica = NIVERSITATo
JSYNCHRO, Tﬁ‘ﬁ'l BARCELONA

Desarrollo del Synchroproject 1

Xavier Iglesias

A nfen  FCN Jornada Cientifica cg
S cuaTioe B INEFC Barcelona, 20 noviembre 2024

2 BRI on rormcion moresonaL REDES DE INVESTIGACION EN CIENCIAS DEL DEPORTE 2024 n b

Y DEPORTES
Z de Deportes




1) Profesoradofuncion del profesorado universitario: TRANSMITIR y CREAR conocimie
2) Alumnado:Voluntad de realizar un doctorado

3) EntrenadorasPreocupacioy, Desconocimient@d, H cuerpo bajo el agua

4) Grupo de Investigaciohinea de investigacion + Equipo de trabajo

5) Motivacion:Inquietud por conocer mas + Tematica motivadora
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1. ANALISIS de las potencialidades y las posibilidades

2. CREACION de un proyecto de investigacion

«

3. EJECUCION del Proyecto
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4. TRANSFERENCIA i DIFUSION: Proceso productivo
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1. Anadlisis de las potencialidades y las posibilidades

Acceso a la muestra (Nadadoras, Madres/padres, entrenadoras)

1 dzG2NRAT I OA2yS&8 O6CSRSN}YOAsyxX [ 2
Falta de investigaciones sobre la Sincro

Interés mutuo del proyecto: Universidad/Federacion

o To T I

Grupo de estudiantes PhD con implicacion en el proyecto

2/3 contratos predoctorales

Busqueda de nueva financiacion

Profesorado del INEFC con gran implicacion y compromiso
Materiales del grupo de investigacion (INEFC) de otros proyectos
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2. CREACION de un proyecto de investigacién

Synchro ProjecCaracterizaciérestructural o @

- s o= . s . - q
y bioenergéticade lanataciénsincronizada 99
i Titulo del proyecto: Synchro Project: caracterizacion estructural y
AN A bioenergética de la natacion sincronizada
c / ggggggrde Referencia: CSD 001/UPB10/11  Afo: 2011
’ / Deportes Importe concedido: 9. 841, 38 U

Investigador Principal (IP): Dr. Xavier Iglesias Reig

Titulo del proyecto: Caracterizacio estructural i bioenergética de

- , la natacié sincronitzada
D} Generalitat de Catalunya Referencia de la concesion: IC Dones U-34/10  Afio: 2010
Y/ Institut Catala de les Dones importe concedido: 11.650. 00 G

Investigador Principal (IP): Dr. Xavier Iglesias Reig
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SYNCHRO

Synchro Project 1

Xavier Iglesias
Lara RodrigueZamora
Marta Carrasco
Diego Chaverri
Alfredo Irurtia
PilarClapés
Lorena Torres
Anna Barrero
Jorge Castizo
Ferran A. Rodriguez
y otras colaboraciones
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A Analisis bioenergético de las rutinas de competicion
OBJ ET|VOS Caracterizar la respuesta bioenergética de las nadadoras en la ejecucion de
las diferentes rutinas de competicion (solo, dio y equipo)

| A Andlisis estructural y temporal de la natacién sincronizada
Analizar la estructura técnica y temporal de las diferentes rutinas

OBJ ETOS competitivas (solo, duo y equipo)

DE A Valoracion del estado nutricional de las nadadoras

ESTU DIO Caracterizar las relaciones entre el gasto energético y la adopcion de unos
habitos y estilos de vida saludables en deportistas de natacion sincronizada
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Analisis bioenergético de las rutinas de competicion

OBJ ETIVO 1 Caracterizar la respuesta bioenergética de las nadadoras en la ejecucion de

las diferentes rutinas de competicion (solo, duo y equipo)
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Monitorizacion de la frecuencia cardiaca, lactato y RPE durante
las rutinas en competicion oficial de natacion sincronizada
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MONITORING INTERNAL LoAD PARAMETERS DURING
COMPETITIVE SYNCHRONIZED SWIMMING DUET
RouTtiNnes IN ELITE ATHLETES

Lana RoDriGUEZ-ZaMora, XAVIER IGLESIAS, AxnNa BarreEro, LoreENa Torres, INEGO CHAVERRI,
1 AND FERRAN A. RODRIGUEZ
| INEFE-Basredinag Sporss Soiences Researol Growp, Institet Nocfonal A Eoducacts Fidea de Canndenys, Unfoersitat o
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Perceived Exertion, Time of Immersion and

Physiological Responses in Relation to Performance
Physiological Correlates in Synchronized Swimming

during Competition in Elite Synchronized Swimmers
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Introduction

Symehronized pwimming S5) combine swimming, dancng and
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rymchmized rowine of dsbomes mov in die wae acmpa
nird by musc. 5 becme o afthe ofical Omps prgam o
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ABSTRACT

Redrguer-Lamara, L, kglesas, X, Barrem, A, Tornes, L, Chavesrn,
D, and Rodrguez, FA. Momdonng mtemal kead pasmelens dur-
ing compelive synchronzed swamming duet roubines in elle
alhites J Strength Cond Res 20006 000-000, 201 3-The am
of the sludy = 1o compare the head rate (HR) and rate of
pemened axrbon [RPE) responses as mlemal load ndcaon
wile periomming duel oulnes dunng framing and compedibon,
both in the lechmcal and fee pograms o synchroneed swam-
mung [S51 Parbepants were 10 55 Olpmgec medalsts fage,
174 & 3 0years, hasghl, 1840 = 6.1 em; body mass, 520 +
B ke, lrameng, 363 £ B2 h-wk |, espesence, B2 £ 26
years]. They wes montoned whie performing the same lechn-
cal dued or Trée dued, dunng a Lraning Sesson mn and duning an
offical competion (C). Head raje was continucusly mondored,
Rale of pereved exeron was assessed using the Borg CR10
weake. Head rale maponses dunng T and © were almos] den-
toal: pre-esercme mean HR ([b-min ") was 13005 £ 138 (1)
and 1336 + 7.7 (C) and queckly moneased yelding mean peak
walues of 1848 = 5B [T] and 1B4E = B6 (C], wiih infar
sparsed bradycardes ewents down 1o BEE £ 4 [T) and
BE.3 £ 5 (C). Routnes wes pemened as “hard” fo “exdremely
hard™ by the swemmers n both conddons, and mean RPE
scoms [O-104] wes equally hogh durng © (7.8 £ 1.2 and
TI75 & 1.7 (p= 0.223). Rale of perceved sedion mversely
corretiled with minemum (R = ~0.545; p = 0.00B) and mean
HR (R = =0.452; p = QOZE) and posively corrataled wih
HRrange (R = 0520 p= 0011). The mlermal load mmposed
by 55 dusls peroamed durng 1minng s vidualy denboal fo thal
ehicded in a real competive stuation. Thenedore, pracicing oom-
pelitve noulines & swlable for develpung and mantaning the
cardovascular filness thal = needed lor speatic condixonng n

Address eomespandence o Ravier glesias, wiglesiantd grad com.
oy a1

Jowrna’ of Svenprd and Conditicamy Keearch

& 200F Natwaa! Srmpol aud Condite nmg & racuion

allesynchronzed swammens, wilh the added value of favonng
ercse aulomatcdy, nlennddual coondination, and armstc

expmsson semuaneous by

Key WorDs synchronsd swanmng, head rale ralng of [
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yochronteed swimuning (55) has been an event at
the Swmmer Olangmes ance the 198 Games. The
cwrment Olynpe progrom has omnpetton m duet
and deam events and meludes free and teclunel
routines. Sucossiul pednnance depends on e swimmens”
abdlity 1o execute a synelrondsed moutine of elilaorate moves
i the water aceompamed by musie. To attain das goal, syn-
chromgeed swimmers must ram for serolic ad amerohac
Tiness, strengih, power, endurance, flexibality, pedinnance
skill ansd artistie expression (3 As a result, traing demansds
al an ehite absolute level ofien resull i Inglrvohone [averag-
myr aboul A hewk *) (3540 lngh-miensity traming pro-
grams (35), mochuding kg penods devoted 1o choreograplny
when mmuel time & spent in the poal to perfeet synelironea-
timy. The regrubation ol exercse ety dunng 55 traming &
ertical 1o the suceess ol each comdilomng: program because
exercise mlensmily sel oo low does ol imduce the desred
plrysoksyrical adaplations, whereas o exercie miemiy sel
Losn Jaigl amay result in overlrammyg Bilgue or ijuries Fom
averse i U kind of aldetes (343554) For (i reason,
babineig the traindg components listed previously 1o jaro-
duce the desred resull o the tme of competition without
produsing overuse mguries should be the major sk for all
Mationgl Tean omaches (350 In tus Bee to mondor and
comtrol the tramng proces, i 5 mporant 0 lave a vahd
memsure of the swimmens’ mtemal tramang oad (12). Ths &
particularly relevant i ns kind of esthetic sports, where the
planmed external kad s often dilferent For each team member
bese of the vanety of elements omligunng: each routine
amd the order in wlneh they are exeouted.
The use of telametric heart rate (HR) montons provides
astnple poodnvasive, and convensent metlesd For a contimued
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Sujetos

Talla(cm) 165.2N6.5 163.7N5.1  168.9N8.0
Peso(kg) 53.6N5.6 53.2N5.3 54.6N6.3
Edad(afios 17.5N3.3 15.9N1.0 21.4N3.6

Entrenamiento(h-semana)  33.1N10.0 29.9N8.2 40.7N10.1

Afiosde practica(afios 9.6N2.5 8.7N15 11.7N3.3
Valores= mediaN'SD
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Plataforma

Método

Rutina competitiva

(~30")! (~2:00 - 3:30 min:s) 1 (~30")T

| —_u | Resultddo  RPE
# Analisis observacional 4

I I' | l L— Control Frecuencia Cardiaca _"J. e ———

200

180 -
160
140
120
100 -

80

60 -
40 HR ses

Heart Rate (beats-min”)

[ —

20 Routine

-
DRSNS
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ENTRENAMIENTO vs COMPETICION o0

SYNCHRO
P r o j e t
200
, Routine
< HRpeak
180 1 " ” ‘
1 'l" I -1
- L s
=~ 160 ViR S
c v b
R n
¥ E 140 [/l HRmean
e P L e 8 i
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Journal of Strength & Conditioning Resea®83), 742751.
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Table 2. Heart rate (HR) parameters before (Pre), during (Routine), and after (Post) the competitive routines for the entire group of
swimmers.
TS FS TD FD TT FT All Routines
(n=5) (n=86) (n=10) (n=9) (n=5) (n=24) (n=59)
Pre HHIer 122.3+10.8 130.5+15.9 1246+125 130.7+9.6 125.9+10.1 132.0+:14.7 129.1+13.1
Routine HRpeak 195.5+8.3 189.3+7.6 191.8+109 1925+144 1924+73 191.2+5.6 191.7+8.7
HRcan 156.9+9.1 150.1+21.1 161.2+13. 153.1+20.2 167.2+74 162.5+11.6 159.6+-14.4
HRmin 93.1+21.7 714+354 045+ 28.1 85.4+277 91.2+138 89.3+31.3 88.8+28.5
HHra,.,gE 102.4+17.8 118+ 34 97.2+252 107.1+326 101.2+18.8 101.9+31.9 103.5+28.7
Post HRpost1 146.6+21.9 146.5+24.1 157.6+125 1553+215 1556+17.0 152.0+359 152.7+26.7
HHPDﬂ 108.0+12.8 117.8+£11.5 113.0+£13.7 1304+7.1 123.1+129 128.8+11.0°F 122.9+13.4
HRyous 88.3+18.1 105.1+4.9 1032+83 111.0+£155 1105+90 113.6+12.2° 108.1+13.6
Data are mean *+ SD (beats-min~"). TS, Technical Solo; FS, Free Solo; TD, Technical Duet; FD, Free Duet; TT, Technical Team; FT, Free Team. HR, . last minute before
routine; HR ek HRiyean, HRmine HRange: peak, mean, minimum, and range values during routine; HR,.41, HRpog3 HRpos: first, third and fifth minutes during recovery.
Significant differences (P<<0.05) among routine programs were noted only during recovery: °FT vs. TS; BET vs. TD.
doi:10.1371/journal.pone.0049098.t002
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Table 5. Peak blood lactate (La,..y), and rates of perceived exertion (RPE) of the routines.

Category Variable TS FS TD FD TT FT All Routines
(n=9) (n=11) (n=16) (n=16) (n=14) (n=30) (Nn=96)
All swimmers Lapeak (mmol-L™") 6.9+1.4 85+1.8° 68+1.8 7.6+1.8 7.1+24 6.2+19° 7.3%2.0
RPE (a.u.) 745 V=g |7 8.0+09 76+09 8.1+0.9 6.6+1.2¢ 75195 7.0+1.4
Junior Lapeak (mmoI-L_‘) 6.121.1 8.1+33 65*15 6.9+1.7 70x27 65+19 6.7+2.0
RPE (a.u.) 6.7+1.2 74+09 8.1+06 8.2+0.9 74+1.1 79+08 7.8+0.9*
Senior Lapeak (mmoI-L_‘) 74*1.5 88+1.7 70+22 88+1.4 1.2%22 53x1.7 7.4%+2.1
RPE (a.u.) 7.3+2.0 85+05" 7.0+08 7.8+1.0' 5.7+05f 6.1+1.19 7.1+1.4

Values are mean * SD. TS, Technical Solo; FS, Free Solo; TD, Technical Duet; FD, Free Duet; TT, Technical Team; FT, Free Team; a.u., arbitrary units (0-10+).
*Significant differences between junior and senior swimmers for all routines. Significant differences among routines in:

Lagea (P<<0.05) for all swimmers are: °FT vs. FD and FS; FS vs. TD.

RPE for all swimmers are: FT vs. FS; “TT vs. FS, TD and FD; °FT vs. FD.

RPE (P<0.05) for the senior group are: ‘TT vs. TS, FS and FD; 9FT vs. FS and FD; "FS vs. TD; 'TD vs. TT.

doi:10.1371/journal.pone.0049098.t005
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Figure 4. Corelation between heart rate (HR) parameters during duet
mutines peformed dusng Faining and com patition in elite synchronized
awimmerz (a = 10): (A) mean (HRmean), (B) minimuwm (HRmin), and (C)
mnge (HRrange] HR. Regression (solid) and identity (dotted) lines are
depicted, and regression equations and daemination coefficients (R¥)
are shown.

A Equivalencia entre entrenamiento y competici6has demandas fisioldgicas de las
rutinas en entrenamiento y competicion son similares, tanto en indicadores
objetivos (frecuencia cardiaca) como subjetivos (percepcion del esfuerzo, RPE).

A Altas demandas cardiovasculardsas rutinas alcanzan frecuencias cardiacas
maximas elevadas con episodios de bradicardia intercalada debido a las apneas.

A Relacion RPEbradicardia La percepcion de esfuerzo (RPE) se correlaciona
inversamente con los niveles minimos y medios de frecuencia cardiaca y
positivamente con la amplitud de la variacion de la frecuencia cardiaca. Esto
sugiere que la intensidad percibida esta vinculada a la duracion y frecuencia de I
eventos de bradicardia durante las rutinas.

A RPE como herramienta practicka percepcion del esfuerzo (RPE) es una

alternativa viable para monitorear la carga interna de forma no invasiva y
SO2YysYAOI

RED SynchroProject Il

nnnnnnn

[ ]
° [ ]
Institut Nagional
1 e d'Educacié Fisica r C e I
[ ] I 1 C mmmmmm wa
[ J Grup de Recerca
en Ciéncies de Isport
I

Superior
eeeeeeeeee

Desarrollo del Synchroproject 1 Xavier Iglesias 20 Noviembre 2024 D ?ﬁ



Limitaciones

Mortalidad experimental por los instrumentos = 37 rutinas

itines.
TT FT All Routines B T FT All Routines
(n=14) (n=30) (n=96) (n=5) (n=24) (n=59)
7.1 i2.4 6.2i ].93 7_3t2.0 125-911'0.1 132.ﬂt14.?
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Fase 2

Analizar el consumo de
oxigeno, frecuencia
cardiaca y lactato en
rutinas completas y
fraccionadas de duo en
natacion sincronizada de
elite
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Subjects

A16 elitesenior& junior swimmers
AAgel6.5+ 2.5yrs
AHeight165+ 7 cm
ABodymass53+ 8 kg

INEFC Barcelona

Testing

APeak VQby backward extrapolation of first 30 s
postexercise Cosmed K43

ASerial (min 3, 5, 7) capillary blood samples fgr La
(DiaglobalDP100)

ARPE (Borg GR scale)
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