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1) Profesorado: Funcién del profesorado universitario: TRANSMITIR y CREAR conocimiento
2) Alumnado: Voluntad de realizar un doctorado

3) Entrenadoras: Preocupacion = Desconocimiento = El cuerpo bajo el agua
4) Grupo de Investigacion: Linea 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

'

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)
* Autorizaciones (Federacion, Comité arbitraje...)

* Falta de investigaciones sobre la Sincro

* Interés mutuo del proyecto: Universidad/Federacion

Grup de Recerca en Ciéncies de I'Esport INEFC ..
Barcelona (GRCEIB)

* Grupo de estudiantes PhD con implicacidn 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 Project: Caracterizacién estructural : ¢
. 740 . 7 . . ® o
y bioenergética de la natacion sincronizada SYNCHRO
ain Titulo del proyecto: Synchro Project: caracterizacion estructural y

Deportes

N A bioenergeética de la natacion sincronizada
c / i Referencia: CSD 001/UPB10/11  Afio: 2011
uperior de .
/ Importe concedido: 9.841,38 €
v Investigador Principal (IP): Dr. Xavier Iglesias Reig

Titulo del proyecto: Caracterizacio estructural i bioenergética de

- _ la natacié sincronitzada
]I} Generalitat de Catalunya Referencia de la concesion: IC Dones U-34/10  Afo: 2010
Y, Institut Catala de les Dones Importe concedido: 11.650,00 €

Investigador Principal (IP): Dr. Xavier Iglesias Reig
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* 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, diio y equipo)

3 * Analisis estructural y temporal de la natacion sincronizada
Analizar la estructura técnica y temporal de las diferentes rutinas

OBJ ETOS competitivas (solo, diio y equipo)

DE e 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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Monitorizacidn 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

Lara Ml'glu-n: Zamaora', Xavier liglesias ‘s Anna Barrers’, Diego Chaverr', Pau EI’I‘I‘.IJ,.
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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 [

IvrrODUCTION

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) 165.2+6.5 163.7%*5.1 168.9 + 8.0
Peso (kg) 53.6x56 53.2%5.3 54.6 6.3
Edad (afios) 17.5+3.3 15.9+£1.0 21.4+3.6

Entrenamiento (h-semana-l) 33.1+£10.0 29.9%8.2 40.7 £10.1

Anos de practica (afios) 9.6+25 8.7%x1.5 11.7+3.3

Valores = media £ SD
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Plataforma

Meétodo

Rutina competitiva
(~30"): (~2:00 - 3:30 min:s) 4 (~30")T
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Figure 1. The National Spanish duet wearing the waterproof cardiotacometer while "&; 120 Y
executing the free program during the competition _8
o 100
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Figure 2. The National Spanish duet wearing the waterproof cardiotacometer while
executing the free program during a training session 0 T T T T T T T T T T T T T 1
C 0O 0O 0O 0 0 0 OO0 O Q0 O OO0 CC Q0 OO0 O 0 O C O C O o o © O
N & © 0 O N © OO N & © 0D O N © 0O O N T O 0O C N = O
™ Y - - N AN AN NANOOOMOOOMET @ T T T 00N W
onr[guez-ZFar1A1o(r;(,)ll_Z)lgll/lesia.st, X, B?r;ero, IAl., Tzrres, L., Shav;-rr‘g D., & Figure 3. Heart rale profiles before, during (shadowed), and after a free duet routine performed Time (S)
odriguez, F. A. . Monitoring internal load parameters during ; - ; - : ; ;
competitive synchronized swimming duet routines in elite athletes. The du”ng trﬂlnlng I:b|l.IE: |II'IE'.-} and cnmp&trtmn I:I'E{I II"E} in one of the swimmers.

Journal of Strength & Conditioning Research, 28(3), 742-751.
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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) (n=96)
All swimmers Lapeak (mmol-L™") 6.9+1.4 85+1.8° 68+1.8 7.6+1.8 7.1%x24 6.2+1.9° 7.3%x20
RPE (a.u.) 74 la = I 80+09 76+09 8.1+0.9 6.6+1.2¢° 75115 7.0+1.4
Junior Lapeak (mmoI-L_‘) 6:1x1.1 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 10222 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+05 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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,/ * Equivalencia entre entrenamiento y competicion: Las demandas fisioldgicas de las
o rutinas en entrenamiento y competicion son similares, tanto en indicadores
/-'/ ' objetivos (frecuencia cardiaca) como subjetivos (percepcién del esfuerzo, RPE).
/s

, - & S e s * Altas demandas cardiovasculares: Las rutinas alcanzan frecuencias cardiacas

- o/ maximas elevadas con episodios de bradicardia intercalada debido a las apneas.
N ?fﬁ.
. * Relacion RPE - bradicardia: La percepcion de esfuerzo (RPE) se correlaciona
J Y = inversamente con los niveles minimos y medios de frecuencia cardiacay

’ S 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 los
/’f eventos de bradicardia durante las rutinas.

A * RPE como herramienta practica: La percepcion del esfuerzo (RPE) es una

f’f' alternativa viable para monitorear la carga interna de forma no invasiva y
c ) U f’irenﬂtrallfnglb-mhl‘ia - econémica

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.
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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_3t2.0 125-9-1'0.1 132.'0_14.?
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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
élite
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Subjects

16 elite senior & junior swimmers
Age 16.5 = 2.5 yrs

Height 165 = 7 cm

Body mass 53 + 8 kg

Testing

* Peak VO, by backward extrapolation of first 30 s
postexercise (Cosmed K4 b?)

* Serial (min 3, 5, 7) capillary blood samples for La,
(DiaglobalDP100)

* RPE (Borg CR-10 scale)
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Limitaciones

* Andlisis de 22 deportistas (11 rutinas de duo):
o 2 registros de FC perdidos totalmente por errores de Freelap
o 2 registros de FC con una de las fases perdida por errores de Freelap
o 6 registros (3 duos) desestimados por desarrollo de rutinas no completas — Criterio deportivo

Datos cualitativos Datos cuantitativos

e Dificultad en la sincronia de alta precision entre FCy
H H R « ) — 1 Los registros observados Registros latido a latido |
Comportamientos observacionales: efecto “acordedn Bl Ln (rmulas | | interpolados (Matiab,
por limitaciones/errores de Freelap en el registro de FC BN, - | condicionales de Excel) [ | Mathworks Inc., USA)

Lt -~/ acada uno de los frames a intervalos de 0.04s,

. . . . .
, , (25 fps) de la filmacién en video. ajustandolos a cada uno de los frames
T T
207 ilmacié [
25 fps) de la filmacidn en video.
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Analisis estructural y temporal de la natacion sincronizada

OBJ ETIVO 2 Analizar la estructura técnica y temporal de las diferentes rutinas

competitivas (solo, diio y equipo)

MINISTERIO
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Participantes

= 25 nadadoras de élite

= 42 rutinas
o 22 de Campeonato del Mundo
o 20 de Campeonato de Espana

o 19 solo técnico
o 23 solo libre
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Instrumento
observacional

Lanadadora esta en contacto con el suelo.

MMomentos de salto o suspension fuera del agua. Ninguna parte del cuerpo esta

AEREA
en contacto con el suelo o el agua.
FASEDE
RUTINA
ACTIATICA — Dresde el ?nomentc_n enn que la boca de la nadadora sale del agua. hasta que la
wuelve a introducir completamente dentro del agua.
STUBACTLATICA RN Dresde el momen_to enn que la boca se introduce en el agua. hasta el momento en
que vuelve a salir.
CARA FUER A Cara parcial o completamente fuera del agua.
FASEDE
INMAERSION
CAFRA DENTEO ‘ Inmersion completa de la cara (Barbilla v Frente).
SUPEERIOER ' La cabeza permanece por encima de la cadera en relacion al suelo.
POSICION . .
CORPORAL INFERIOFE. La cabeza permanece por debajo de la cadera en relacion al suelo.
La cabeza permanece ala altura de las caderas o muslos, con su limite maximo ala
HORIZONTAL - altura de las rodillas. El tronco permanece en todo momento en posicidon
horizontal.
ove DE / INo hay inmersion. Todo el cu o de la nadadora esta fuera del azua
INMERSION ¥ - =F -
Posicion superor. La parte del cuerpo INDMEESA empieza desde la linea del
pubis, hasta el Gltimo contacto de la nadadora con el agua.
Posicion inferior. La parte del cuerpo inmersa empieza en la linea del pubis %
finaliza con el Gltimo contacto de la nadadora con el agua. Las dos piemas estan
elevadas sobre la superficie o paralelas a i ivel max:
EATO DE v s u-p P L ella, pero siempre con su nivel maximo
- de inmersion en la linea de pubis o ghitea.
INMERSION
Posicion horizontal. Si es lateral no hay bajo nivel de inmersion. Si es supina
habra nivel bajo de inmersion cuando con las dos extremidades inferiores fuera
del agua. la linea de la superficie del agua quede por debajo de la linea del
NT“'"ELDF' pubis/linea del ghiteo. Si es prono habra nivel bajo de inmersion cuando con las
INMERSION

dos extremidades inferiores fuera del agua. la linea del pubisdinea ghitea quede
en la superficie del agua o por encima.

ALTO NIVEL DE

Posicion superior. Todo lo gque no es bajo superior ¥ tiene una inmersion parcial.

Posicion inferior. Todo lo gque no es bajo inferior w tiene una inmersidon parcial.

INMERSION l
— Posicion horizontal. Todo lo gque no es bajo horizontal ¥ tiene una inmersior
parcial.
10026 DE ——

INMERSION

Todo el cuerpo esta dentro del agua.
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Instrumento de registro
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Solo Técnico Solo Libre

Campeonato Campeonato Campeonato Campeonato
Espaia Mundo Espaina Mundo
(n=9) (n=10) (n=11) (n=12)
Puntuacién (puntos) 83,6 + 7,2&# 91,1 + 3,9* 82,8 + 7,5*%¢ 90,9 + 4,1&
: 184,
Rutina (s) 124,6 + 8,4& 130,5 + 3,09 178,0 + 6,5* ¢ 4 + 57#&
Fase playa (%) 2,8+ 1,0 29+ 1,3 2,8 + 0,9 24 £+ 0,5
Fase aérea (%) 0,2+ 0,0&# 03+ 019* 0,2 + 0,0*¢9 0,2 + 0,0#&
Fase acudtica (%) 24,1 + 5,0& 243 + 53¢ 29,5 + 4,9* 31,6 + 4,94
Fase subacudtica (%) 729 + 4,3& 72,4 + 59¢9 675 + 4,8%* 65,7 + 4,84
110,
Cara dentro (s) 85,1+ 7,6& 89,8 + 7,01 111,1 + 10,1 * g + 9,0#
Cara dentro (%) 68,3 + 4,7& 68,8 £+ 5,81 62,3 + 44* 60,1 = 5,1#
Tiempo maximo cara dentro (s) 20,7 + 4,2 19,0 + 2,9 23,4 + 3,3 22,3 + 4,5
Elementos cara dentro> 10" (n) 29+ 0,6 36 + 0,8 39 + 0,9 4,1 + 1,0
Elementos cara dentro > 10 47,5 + 10,6 542 + 9,9 62,3 £ 15,7 65,2 *14,2

()

Valores son media + SD
* = Diferencias con solo técnico en campeonato de Espafia; & = diferencias con solo libre en campeonato de Espaiia;
# = diferencias con solo técnico en campeonato del Mundo; 9 = diferencias con solo libre en campeonato del Mundo (P<0,05)
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FASE DE RUTINA Solo Técnico Solo Libre Duo Técnico Duo Libre
(n=9) (n=11) (n=10) (n=9)

Puntuacién (puntos) . . 828 + 7.5

Rutina (s)

Fase playa (%)

Fase aérea (%)

Fase acuatica (%)
Fase subacuética (%)

178.0 = 6.5 *#
2.8 9

2 0 *#
29.5 49 *

67.5 48 *

+ + + H+ I+
+ + + H+ I+
+ + + H+ I+

+ H+ 4+ H

[
62.3
234
3.9
62.3

10.1 *#
44 *
33 #
9
15.7

Cara dentro (s)
Cara dentro (%)
Tiempo maximo cara dentro (Ss)
Elementos cara dentro > 10" (n)
Elementos cara dentro > 10" (S)

H H+ W H
H H+ W H
+ B H
H H+ B H

Valores: media + SD

! * = Diferencias con Solo Técnico; & = diferencias con Solo Libre; # = diferencias con Do Técnico; | = diferencias Duo Libre
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Valoracion del estado nutricional de las nadadoras

OBJ ETIVO 3 Caracterizar las relaciones entre el gasto energético y la adopcion de unos

habitos y estilos de vida saludables en deportistas de natacion sincronizada

z INEEC BODY COMPOSITION AND NUTRITIONAL STATUS IN ELITE SYNCHRONIZED SWIMMERS

Universitat

Carrasco M.1,2.3, Irurtia A.2, Rodriguez-Zamora L.2, Iglesias X.2, Brotons D.3, Vidal E.1, Rodriguez, F.A.2 de Barcelona

1: FCS Blanquema, Universitat Ramon Llull (Barcelona, Spain); 2: GRCE, INEFC, Universitat de Barcelona (Barcelona, Spain); 3: SGE, Area de Medicina de L'Esport (Esplugues de Llobregat, Spain).

Introduction and aim

Information about the nutritional status and dietary practices and
requirements of synchronized swimming (SS) athletes is very scarce
(Lundy, 2011).

The body composition and somatic profile of current top young elite S5
athletes need to be updated (Bante et al., 2007).

This study examines the body composition and nufritional status of
young elite synchronized swimmers aiming to ascertain whether there are
risks associated to their health and performance.

Materials and methods

15 swimmers of the junior Spanish national team (15,841,0 y; 54,9+4,3 kg;
1684450 cm; BMI 194420 kg/m2) completed anthropometric
assessment (ISAK), seven-day food intake record, and haematology and
blood biochemistry analysis during a pre-competition period

Food intake was quantified using PCN-GRAMS 1.1 CESNID® software
and compared with the European Food Safety Authonty (EFSA)
recommendations to assess nutritional status.

Energy requirements were estimated using the Harris-Benedict formula
and Ainsworth’s compendium of physical activities.

Results
Anthropometry (meantSD): 6 skinfolds 70,6£10,5 mm; body fat mass
17,7£2,1%; skeletal muscle mass 43,1£2 2%; somatotype 2,8+0,5/ 3,509/
3,7+1,1 for endo-, meso- and ectomorph components, respectively

Nutrition: energy intake 21842406 kcalld; CHO consumed 4,641,1 g/kg;
protein consumed 2,1£0,4 g/kg; energy intake from fat 32 8+5,3%

Haematology and biochemistry: haematocnit 37,£1,8%; haemoglobin
12,4£0,5 g/dl; transferrin 261£36 mg/dI; ferritin 24,7416 .4 ng/ml.

Estimated energy requirements were 2871£358 keal/d (12,0241,5 MJ/d)
All the swimmers were not in intake/expenditure energy balance. A high
percentage of swimmers failed to meet macro- (CHO: 85,7%; Protein: 64,3%;
Fat: 78,6%) andlor micronutrient (Fe, Mg 929%; Zn: 100,0%)
recommendations for the general population of their age

Discussion and conclusions

SS is characterized by high and complex physiological demands
(Rodriguez-Zamora et al., 2012).

Young synchronized swimmers must be properly conditioned and
properly nourished to perform optimally and to meet developmental
requirements. A high proportion of the young elite swimmers studied were
not in energy balance andlor failed to meet macro- and/or micronutrient
recommendations, which may negatively impact performance and
physiological development.

More research is needed fo understand the unique nulrition needs of
this population and to propose general guidelines or recommendations for
this high-risk athletic population
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BIOELECTRICAL IMPEDANCE VECTOR ANALYSIS (BIVA) FOR
MONITORING HYDRATION STATUS IN YOUNG COMPETITIVE

INEFC

Escola
Catalana de
Cineantropometria

Generalitat
de Catalunya

INTRODUCTION

A synchronized swimming (55) training session
typically includes specific drills, choreographies, and
physical conditioning exercises, imposing complex
physiclogical demands’. Training volume and intensity
differs depending on the age and competitive level of
the Bicelectrical impedance vector analysis
(BIVA) is a and safe for

SYNCHRONIZED SWIMMERS

Carrasco-Marginet M, Castizo-Olier J, Iglesias X, Rodriguez FA, Chaverri D, Irurtia A

Catalan School of Kinanthropometry

National Institute of Physical Education of Catalonia

ecc@gencat.cat

Table 1. Characteristics of participants.

Prejunior  Junior p-value
m=4g) m=15) ) K
13000
156231
60521

General
Age (vears)
TV (hweek:1)
SSP (vears)

167109 -10851 0.0001"
300f38 -15.011 0.0001°
91+10 -0.950 0.0001"

assessing hydration and body composition changes”

Am

This study applied BIVA to the assessment of
hydration changes evoked by 55 durmg a typical
training session in swimmers of different age and
competitive level.

METHODS AND PROCEDURES

39 swimmers were divided mto 1) prejuniors (pre-JR)
and juniors {JR) (Table 1). Height and body mass (BM)
were assessed following the norms and procedures of
the ISAK. BIVA was conducted PRE and POST a
typical training session as shown in Figure 1. A multi-
frequency wrist-to-ankle BLA meter device (Z-Metrix®,
Bioparhom, France) was used and 50 kHz whole-body
BIA vectors were analysed by the resistance (R) -
reactance (¥c) graphic method, and Z mean values
plotted’ (Figure 2).

Statistical analysis

Pre-post differences were tested by paired t-test (Table
1). Hotelling’s T? test determined differences in the
complex localized vector through the 95% confidence
and tolerance intervals (Figure 2).

ResuLTS

Compared to the significant
differences were found in who]&bodv BI.A vector in
both preJR (T2=236, p=0003) and JR (T?=233,
p=0.001). Changes were observed between PRE and
POST in BM (pre-JR: 47.0£72 kg ws. 467273 kg,
P<0.001; JR: 5337249 kg vs. 334240 kg, P<0.001), R
(pre-JR: 330246 0 vs. 348+43 0, P<0.001; JR: 503233 0O
ws. 524 245 0, P=0.004), and ¥c (pre-JR: 64454 O vs.
666248 0, P=0.002; JR: 66.0:29 0O vs. 703243 0O,
P<0.001). BIVA showed significant vector migration
from PRE to POST (T?=8.99; p<0.03) in JR, whereas no
changes were noted (T°=1.92; P>0.05) in pre-JR (Fig. 2)

DiscussioN & CONCLUSIONS

1619182
472%72

1663148 -1043 0.058
53749 -3.103 0,003

Height (cm)
Body mass (kg)

Binelectrical
R(Q) 5300 £ 46.0
e (0 644254

503.0£33.0 3286 0.002°
66029 0395 0.695

Velues are mean = standard deviation; TV, training vehume; 55F, synchronized swimming
* sigrificent differences between Frejunior and Jurior

practice; F, resistance; ¥e, n

zvrimnmers (unpeired fest, p0.05)
[_nmam- 1250w |

L RPE *C
Figure L Study protocel. °C, body and skin temperabares; BPE, rating of perceived exerbion:
Pre Jr- prefurior; [ jundor.

Flud intaks manbering
L3

Pre-JR

Post.T Pre-Post T

p—
LR N

15

20 30 40 w0
Pt

Figure 2 Om the left zide, scattersram of the £2 PreJR and 15 R individual mpedance

wectors, plotted on the 50%, 75%, and 95% tolerance ellipses of the comesponding healthy

female reference Hotellmg's T# atp<005

Both JR and pre-JR swimmers showed a migration of the BL4 vector characterized by an increase in length (R) and height (¥c), likely
s a result of moderate dehydration. Regardless of age and competitive level, a typical 55 traming session affects the homeostatic
hydration level of the swimmers. BIVA analysis appears to be sensitive enough to detect these changes (mean diff. 0.5-0.8 %BM).
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CHANGES IN THE WHOLE-BODY BIOELECTRICAL IMPEDANCE VECTOR INDUCED BY TRAINING
IN YOUNG ELITE SYNCHRONIZED SWIMMERS: PRELIMINARY RESULTS
Carrasco M.1,2.3, Irurtia A.2, Rodriguez-Zamora L.2, Iglesias X.2, Brotons D.3, Vidal E.1, Rodriguez, F.A.2

Universitat
de Barcelona

1: FCS Blanquema, Universitat Ramon Liul (Barcelona, Spain) 2 GRCE. INEFC, Universitat e Barcelona (Barcelona, Spain), 3 SGE, Area de Medicina de L Esport (Esplugues de Liobregat, Spain)

Introduction and aim

Synchronized swimming (SS) requires high-volume and high-intensity
training that is assumed by young swimmers from an early age. A typical
training session may include specific drills, choreography, and physical
condlhmmg exercises, lmposmg complex physiological demands

iguez-Z: et al, 2012). B: P vector analysis
(BIVA) is a non-invasive and safe fechnique for assessing hydration and
body composition changes (Lukaski & Piccoli, 2012). This study appiied
BIVA to the assessment of hydration changes evoked by training sessions
in swimmers of different age and competitive level

Materials and methods

59 swimmers were dwvided into 1) pre-juniors (pre-JR): mean age 13.9 (SD
0.9) y, body mass (BM) 47.0 (7 2) kg, height 161.8 (8.2) cm, fat mass 15.1
(4.8 %BM, muscle mass 37 6 (5.0 %BM); and 2) juniors (JR) 16.7 (09) y,
BM 537 (4.9) kg, height 1658 (5.2) cm, fal mass 18.6 (2.6 %BM), muscle
mass 388 (3.7 %BM). Anthropometric assessment (ISAK) and BIVA
analysis were conducted PRE and POST a typical training session (p-JR
25 (0.1) h, JR 40 (0.2) h). A mult-frequency wrist-to-ankle BIA meter
device (Z-Metrix®, BioparHom Co, France) was used and 50 kHz whole-
body BIA vectors were analyzed by the resistance-reactance (R/Xc)
graphic method, and Z mean values plotted (Piccoli et al, 1994)
Holelling's T2 test determined differences in the complex localzed vector
through the 95% confidence and folerance intervals.

Results

Changes (p<0.005) were observed between PRE and POST in BM (pre-JR
470 (7.2) kg vs. 46.7 (7.3) kg, JR: 537 (4.9) kg vs. 53 4 (4.9) kg), R (pre-JR
530 (46) Q vs. 548 (45) ©; JR: 503 (33) Q vs. 524 (45) ), and Xc (pre-JR
644 (54) O vs. 666 (48) O, JR: 660 (29) O vs. 703 (43) Q) BIVA
showed vector migration from PRE to POST (T2=8.93; p<0.05) in JR, whereas
no changes were found in pre-JR (T2=1.92; p>0.05)
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Discussion and conclusions
Junior swimmers showed a migration of the BIA veclor characterized by an
increase in length (R) and a decrease in the dielectnc mass of soft tissues
(Xc), ikely as a result of moderate dehydration

In turn, pre-JR showed the maintenance of a good hydration status
without significant bioelectrical changes.

These prefiminary results should be considered by coaches,
nutritionists and physicians in order to ensure adequate fiuid intake dunng
training in these young athletes.
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Introduction and aim

Information about the nutrtional status and dietary practices and
requirements of synchronized swimming (SS) athletes is very scarce
(Lundy, 2011).

The body composition and somatic profile of current top young elite SS
athletes need to be updated (Bante et al, 2007)

This study examines the body composition and nutritional status of
young elite synchronized swimmers aiming to ascertain whether there are
nsks associated to their health and performance.

Materials and methods

15 swimmers of the junior Spanish national team (15,8+1,0 y, 54,934 3 kg;
1684250 cm; BMI 194220 kg/m2) completed anthropometric
assessment (ISAK), seven-day food intake record, and haematology and
blood y analysis during a p period

Food intake was quanified using PCN-GRAMS 1.1 CESNID® software
and compared with the European Food Safety Authonty (EFSA)
recommendations to assess nutritional status.

Energy requirements were estimated using the Harris-Benedict formula
and Ainsworth’s compendium of physical activies

Results

Anthropometry (meanSD): 16 skinfolds 70,6£10,5 mm; body fat mass
17,7£2,1%; skeletal muscle mass 43,122,2%; somatotype 2,840,5/3,509/
3,741,1 for endo-, meso- and ectomorph components, respectively.

Nutriion: energy intake 2184406 kcal/d; CHO consumed 4,621,1 gkg;
protein consumed 2, uo 4 g/kg; energy intake from fat 32,845 3%

37,21,8%;

124205 gld; nansiemn 26136 mg/di ferritn 24,7:16.4 ng/ml

Estimated energy requirements were 2871358 kealid (12,0241,5 MJid).
All the swimmers were not in intake/expenditure energy balance. A high
percentage of swimmers failed to meet macro- (CHO: 85,7%; Protein: 64,3%;
Fat: 786%) andlor micronutient (Fe, Mg 929%; Zn: 100,0%)
recommendations for the general population of their age

Discussion and conclusion

SS is charactenzed by high and complex physiological demands
(Rodriguez-Zamora et al., 2012)

Young synchronized swimmers must be propery conditioned and
properly nounshed to perform optimally and to meet developmental
requirements. A high proportion of the young elite swimmers studied were
not in energy balance and/or failed to meet macro- andior micronutrient
recommendations, which may negatively impact performance and
physiological development.

More research is needed to understand the unique nutrtion needs of
this population and to propose general guidelines or recommendations for
this high-nisk athietic population.
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* Desequilibrio energético y deficiencias nutricionales: Las nadadoras
de sincro jovenes de élite suelen presentar un desequilibrio entre
ingesta y gasto energético, y deficiencias en macronutrientes y
micronutrientes, lo que podria afectar su rendimiento y salud.

* Impacto del entrenamiento en la hidratacidn: Las sesiones de
entrenamiento generan deshidratacion moderada, especialmente en
categorias junior. El uso de herramientas como BIVA es efectivo para
monitorear estos cambios.

* Importancia del control: La combinacion del analisis de impedancia
bioeléctrica, el balance nutricional y la periodizacion adecuada del
entrenamiento permite optimizar el rendimiento deportivo,
minimizar riesgos de salud en nadadoras de natacidén sincronizada
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1. Analisis de las potencialidades y las posibilidades

2. CREACION de un proyecto de investigacion

.

3. EJECUCION del Proyecto

.

4. TRANSFERENCIA i DIFUSION: Proceso productivo

RED SynchroProject Il
[ ]
° [ ]
inefc e grcelb Desarrollo del Synchroproject 1 - Xavier Iglesias - 20 Noviembre 2024 n ;ﬁ; o
Sﬂm(;::cf(:scsg%snm‘ eeeeeeeee i : sEDEEPPgRCTAECSI N, FORMACION PROFESIONAL

Superior

‘‘‘‘‘‘‘‘‘ INEFC Barcelona



AR T T 111\ ——
, b‘q' ey L
C ] Lz

IFUSION: Proceso productivo

* " DE EDUCACION, FORMACION PROFESIONAL

® [ ]
Institut Nacional
INETC s,
de Catalunya sejo Bl ¥ MINISTERIO
e Deportes <
spol a

) 4 Y DEPORTES
2



2 Tesis doctorales

Valoracién nutricional de jovenes

nadadoras de natacion sincronizada o M a rt a C a r ra s c o M a rgi n et :

Carrasco Marginet, M. (2015). Valoracién nutricional de jévenes nadado-ras de
natacion sincronizada (Tesis doctoral). Centre de Barcelona de I'INEFC - Facultat

NORS—— d’Educacio de la UB, Espana. Calificacion: Excelente Cum Laude. Directores: Dr.
T Alfredo Irurtia Amigd y Dr. Daniel Brotons Cuixart.
T https://www.tdx.cat/handle/10803/393946#page=1
T e ® Lara Rod rl'gu ez Zamora

Rodriguez Zamora, L. (2013). Physiological responses and competitive
performance in elite synchronized swimming (Tesis doctoral). INEFC Centre de
Barcelona, Universitat de Barcelona, Espana. Calificacion: Ex-celente Cum
Laude. Directores: Dr. Ferran A. Rodriguez y Dr. Xavier Iglesias.

e https://www.tdx.cat/handle/10803/289616#page=1
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https://www.tdx.cat/handle/10803/393946#page=1
https://www.tdx.cat/handle/10803/289616#page=1

7 Articulos ® Rodriguez-Zamora, L., Engan, H. K., Lodin-Sundstrém, A., Schagatay, F., Iglesias, X.,
Rodriguez, F. A., & Schagatay, E. (2018). Blood lactate accumulation during competitive
— freediving and synchronized swimming. Undersea & Hyperbaric Medicine, 45(1), 55-63.

Physiological Responses in Relation to Performance

Going Competion i ke nconces wmmes https://doi.org/10.22462/01.02.2018.8

Lara Rodriguer Zamora v iglesias a Barrero’, Diego Chaverrl', Pau Brola’
Ro J

e Carrasco-Marginet, M., Castizo-Olier, J., Rodriguez-Zamora, L., Iglesias, X., Rodriguez, F.
A., Chaverri, D., Brotons, D., & Irurtia, A. (2017). Bioelectrical impedance vector analysis
(BIVA) for measuring the hydration status in young elite synchronized swimmers. PloS
One, 12(6), e0178819. https://doi.org/10.1371/journal.pone.0178819

® Iglesias, X., Rodriguez-Zamora, L., Chaverri, D., Clapés, P., Rodriguez, F. A., & Anguera, M.
Teresa. (2015). Diversificacidon de patrones en rutinas de solo en natacion sincronizada de
alto nivel. Cuadernos de Psicologia del Deporte, 15(1), 35-46.
https://dx.doi.org/10.4321/S1578-84232015000100009

® Iglesias, X., Rodriguez-Zamora, L., Clapés, P., Barrero, A., Chaverri, D., & Rodriguez, F. A.
(2014). Analisis multidimensional de la estructura de las rutinas competitivas en natacion
sincronizada. Revista de Psicologia del Deporte, 23(1), 173-180 https://archives.rpd-

online.com/article/download/v23-nl-iglesias-rodriguez-zamora-etal/1430-4908-1-PB.pdf
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https://doi.org/10.22462/01.02.2018.8
https://doi.org/10.1371/journal.pone.0178819
https://dx.doi.org/10.4321/S1578-84232015000100009
https://archives.rpd-online.com/article/download/v23-n1-iglesias-rodriguez-zamora-etal/1430-4908-1-PB.pdf

® Rodriguez-Zamora, L., Iglesias, X., Barrero, A., Chaverri, D.,
Irurtia, A., Erola, P., & Rodriguez, F. A. (2013). Perceived exertion,
time of immersion, and physiological correlates in synchronized
swimming. International Journal of Sports Medicine, 35(05), 403-
411. https://doi.org/10.1055/s-0033-1353177

® Rodriguez-Zamora, L., Iglesias, X., Barrero, A., Torres, L., Chaverri, D., & Rodriguez, F. A. (2013). Monitoring internal load
parameters during competitive synchronized swimming duet routines in elite athletes. Journal of Strength and
Conditioning Research, Epub: 2013/07/04. https://doi.org/10.1519/JSC.0b013e3182a20ee?

® Rodriguez-Zamora, L., Iglesias, X., Barrero, A., Chaverri, D., Erola, P., & Rodriguez, F. A. (2012). Physiological responses in
relation to performance during competition in elite synchronized swimmers. PLoS ONE, 7(11), Article e49098.

https://doi.org/10.1371/journal.pone.0049098
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https://doi.org/10.1519/JSC.0b013e3182a20ee7
https://doi.org/10.1371/journal.pone.0049098
https://doi.org/10.1055/s-0033-1353177

21 Comunicaciones en congresos y jornadas

e Iglesias, X., Mellado, A., Chaverri, D., Tarrago, R., & Anguera, T. (2020, 1 Agosto). A mixed
method analysis in artistic swimming: Time motion, lag sequential and polar coordinates
analysis. 9th European Congress of Methodology (EAM, Valencia, fase virtual).

¢ Blanco, M. A,, de la Calle, L., Gaibar, M., Novillo, A., Ferndndez Santander, A., Rodelgo, T.,
Andreu, C., & Romero Lorca, A. (2018, 3-5 mayo). Natacion sincronizada en edad escolar:
relacion entre comportamiento alimentario, genética y rendimiento deportivo. 142 Congreso
Internacional de Ciencias del Deporte y la Salud, Universidade Vigo, Universidade da Coruiia,
Sportis, Pontevedra, Espafia.

e |glesias, X., Rodriguez-Zamora, L., Carrasco, M., Chaverri, D., Irurtia, A., Clapés, P., Torres, L.,
Barrero, A., Castizo, J., & Rodriguez, F. A. (2018, 28-29 junio). Synchro Project: La igualdad en
juego: Las mujeres en las profesiones del deporte. Comunicacién presentada en el IlI
Workshop Internacional "Dones i esport”, INEFC de Barcelona, Espaiia.

e Carrasco-Marginet, M., Castizo-Olier, J., Iglesias, X., Rodriguez, F. A., Chaverri, D., & Irurtia,
A. (2016, 31 Octubre - 2 Noviembre). Bioelectrical impedance vector analysis (BIVA) for
monitoring hydration status in young competitive synchronized swimmers. World Conference
on Kinanthropometry and Body Composition ISAK-UADY 2016, Mérida, México.

e Rodriguez, F. A., Chaverri, D., Rodriguez-Zamora, L., Carrasco, M., Irurtia, A., & Iglesias, X.
(2016, 6-9 de julio). Oxygen uptake and blood lactate in full and fractionated synchronized
swimming duet routines in elite swimmers. En 21st Annual Congress of the European College
of Sport Science. European College of Sport Science. Viena, Austria.

e |glesias, X., Rodriguez-Zamora, L., Chaverri, D., Irurtia, A., Carrasco, M., & Rodriguez, F. A.
(2016, 15 junio). Synchro Project: caracteritzacié estructural i bioenergetica de la natacié
sincronitzada. En | Jornada Catalana de Recerca en Ciéncies de |'Activitat Fisica i I'Esport.
INEFC Barcelona, Barcelona, Espana.

e |glesias, X., et al. (2016, 15 junio). Consum d’oxigen i lactat sanguini en rutines de duo
senceres i fraccionades en natacio sincronitzada d’elit. | Jornada de Recerca en Ciencies de
I'Esport. INEFC Barcelona, Barcelona, Espafia.

e Iglesias, X., Rodriguez-Zamora, L., Chaverri, D., Clapés, P., Rodriguez, F. A., & Anguera, M. T.
(2015, 21-24 julio). Diversificacidon de patrones en rutinas de solo en natacién sincronizada de
alto nivel. En XIV Congreso de Metodologia de las Ciencias Sociales y de la Salud. Universitat
de les llles Balears, Palma de Mallorca, Espaiia.

e Iglesias, X., Chaverri, D., Rodriguez-Zamora, L., Carrasco, M., Irurtia, A., & Rodriguez, F. A.
(2015, 7-9 mayo). Evolucion del lactato sanguineo durante la ejecucion de rutinas de dio
libre en natacién sincronizada. Sportis, Pontevedra, Espafia.

e Irurtia, A., Carrasco, M., Rodriguez-Zamora, L., Iglesias, X., Brotons, D., & Rodriguez, F. A.
(2014, 28 abril - 2 mayo). Bioelectrical impedance vector migration induced by training in
young competitive synchronized swimmers. In B. Mason (Ed.), XlIth International Symposium
for Biomechanics and Medicine in Swimming. Australian Institute of Sport, Canberra,
Australia.

e Iglesias, X., Rodriguez-Zamora, L., Chaverri, D., & Rodriguez, F. A. (2014, 8—10 mayo).
Caracterizacion de las fases de apnea y posiciéon corporal en rutinas de natacidn sincronizada.
10th International Congress on Sport Science and Physical Education. Sportis, Pontevedra,
Espafia.

e Iglesias, X., Rodriguez-Zamora, L., Barrero, A., Chaverri, D., Irurtia, A., Erola, P., & Rodriguez,
F. A. (2013, 3—6 septiembre). Tiempo de inmersién y respuesta de la frecuencia cardiaca en
rutinas de solo y duio en natacién sincronizada. Xlll Congreso de Metodologia de las Ciencias
Sociales y de la Salud, La Laguna.

e Rodriguez-Zamora, L., Engan, H. K., Lodin-Sundstrom, A., Iglesias, X., Rodriguez, F. A., &
Schagatay, E. (2013, 26-29 junio). Blood lactate after competitive free diving and synchronized
swimming events.18th Annual Congress of the European College of Sport Science, INEFC
Barcelona.

e Carrasco, M., Irurtia, A., Rodriguez-Zamora, L., Iglesias, X., Brotons, D., Vidal, E., &
Rodriguez, F. A. (2013, 26-29 junio). Changes in the whole-body bioelectrical impedance
vector induced by training in young elite synchronized swimmers: Preliminary results. 18th
Annual Congress of the European College of Sport Science, INEFC Barcelona.
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e Carrasco, M., Irurtia, A., Rodriguez-Zamora, L., Iglesias, X., Brotons, D., Vidal, E., &
Rodriguez, F. A. (2013, 26-29 junio). Body composition and nutritional status in elite
synchronized swimmers. 18th Annual Congress of the European College of Sport Science,
INEFC Barcelona.
e Rodriguez-Zamora, L., Iglesias, X., Irurtia, A., Barrero, A., Chaverri, D., & Rodriguez, F. A.

. . (2013, 26-29 junio).). Perceived exertion, time of immersion, and physiological correlates in
? YN ﬁ HRO elite synchronized swimming during competition. 18th Annual Congress of the European

' l College of Sport Science, INEFC Barcelona.

e Iglesias, X., Rodriguez-Zamora, L., Barrero, A., Torres, L., Chaverri, D., & Rodriguez, F. A.
(2013, 26-29 junio). Monitoring internal load parameters during competitive synchronized
swimming duet routines in elite athletes. 18th Annual Congress of the European College of
Sport Science, INEFC Barcelona.
e Iglesias, X., Rodriguez-Zamora, L., Clapés, P., Barrero, A., Chaverri, D., Erola, P,, Irdrtia, A., &
Rodriguez, F. A. (2012, 4-7 julio). Heart rate kinetics during synchronized swimming solo
routines in relation to breath holding and body position. Poster presented at the 17th
Congress of the European College of Sports Science (ECSS), Bruges, Belgium.
e Iglesias, X., Rodriguez-Zamora, L., Clapés, P., Barrero, A., Chaverri, D., Erola, P,, Irdrtia, A., &
Rodriguez, F. A. (2012, 7-9 junio). Exercise, body position, and breath holding related to heart
rate responses during synchronized swimming solo routines. 7th FIEP European Congress — 1r
Congrés Catala de I’'Educacid Fisica i I'Esport, Barcelona, Espafia.
e Rodriguez-Zamora, L., Iglesias, X., Barrero, A., Chaverri, D., Erola, P, Irurtia, A., & Rodriguez,
F. A. (2012, 7-9 junio). La percepcion de esfuerzo en natacién sincronizada de competicion.
En 7th FIEP European Congress — 1r Congrés Catala de I'Educacio Fisica i I'Esport, Barcelona,
Espafia.
® Rodriguez-Zamora, L., Iglesias, X., Barrero, A., Chaverri, D., Erola, P., & Rodriguez, F. A. (2012,
4-7 julio). Heart rate, blood lactate, and perceived exertion in synchronized swimming
routines during competition. Poster presented at the 17th Congress of the European College
of Sports Science (ECSS), Bruges, Belgium.
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