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Performanceconditional factorsinrowing
Factores condicionales de rendimiento en remo
Alfonso Penichet-Tomés, Basilio Pueo
Universidad deAlicante (Espafia)

Abstract. Literature has established strong relationships between some anthropometric and strength measures with rowing performance. However
these studies have not correlated rower’s success with absolute (watt average) and relative weight vaues (watts per unit weight). The aim of this study
was to correlate performance and efficiency in rowing with anthropometric and strength factors. Twenty-two elite rowers (11 male and 11 female)
volunteered to participate in this study. Anthropometric measurements and body composition was obtained for each rower. Participants performed
2000 m maximd effort on a Concept |1 rowing ergometer and strength lower extremities were evaluated with jump height protocol using a jump mat
(Chronojump-Boscosystem, Barcelona, Spain). Performance and efficiency in rowing ergometer test strongly correlated with anthropometric
characteristics of height (r=0.873; r=0.815), weight (r=0.894; r=0.703), body muscles (r=0.973; r=0.829) and free body fat (r=-0.705; r=-0.856).
However, positive corrdations of strength factors with performance and efficiency in rowers have not been strong enough to use them like success
predictors. This study concludes that present results provide an argument for coaches and rowers to increase strength training and to use anthropometric
characteristics to predict rowing efficiency and performance using strength factors such as complementary performance predictor. Furthermore,
anthropometric variables could be used to identify success in potential rowers.

Keywords: Chronojump-Boscosystem, performance, rowing, strength, anthropometry.

Resumen. La literatura ha establecido fuertes relaciones entre algunas medidas antropométricas y de fuerza con @ rendimiento en remo. Sin embargo,
estos estudios no han correlacionado € éxito de los remeros con vaores absolutos (media de vatios) y valores relaivos de peso (vatios por unidad de
peso). El objetivo de este estudio fue correlacionar € rendimiento y la eficiencia con factores antropométricos y de fuerza. Veintidds remeros de éite
(11 chicos y 11 chicas) participaron voluntariamente en este estudio. Se obtuvieron las medidas antropométricas y la composicion corpora de cada
remero. Los participantes redizaron un test de méximo esfuerzo de 2000 m en un remoergémetro Concept 11 v la fuerza de las extremidades inferiores
fue evauada con un protocolo de sdto con una plataforma de contacto (Chronojump-Boscosystem, Barcelona, Espafia). El rendimiento y la eficiencia
en d test de remoergdmetro correlaciond fuertemente con las caracteristicas antropométricas de dtura (r=0.873; r=0.815), peso (r=0.894; r=0.703),
masa muscular (r=0.973; r=0.829) and masa libre de grasa (r=-0.705; r=-0.856). Sin embargo, las correlaciones positivas de los factores de fuerza con
d rendimiento y la eficiencia en remeros no ha sdo lo suficientemente fuerte para usarlos como factores de éxito. Este estudio concluye que los presente
resultados proporcionan un argumento para que entrenadores y remeros incrementen el entrenamiento de fuerza y para que puedan utilizar las
caracterpotenciales zadas para identificar remeros potnciales. de fuerza como predictores complementarios de rendimiento. no ha sido lo isticas
antropométricas como predictores de rendimiento y eficiencia en remo utilizando los factores de fuerza como predictores complementarios de
rendimiento. Ademas, las variables antropométricas podrian ser utilizadas para identificar remeros potenciaes.

Palabras clave: Chronojump-Boscosystem, rendimiento, remo, fuerza, antropometria.

(Petibois, Cazorla, & Dééris, 2003) and spend 10-20% of totd training
timeto strengthwork (Gee, Caplan, Gibbon, Howatson, & Thompson,
2016; Gee, Olsen, Berger, Golby, & Thompson, 2011).

Many authors have previoudy identified relaionships between
strength and power with rowing performance (Geeet d., 2012). Secher
(1975) andlyzed drength of different levels that rowers were able to
generateinanisometricrowing smulation. Heavyweight international
rowersgenerated anaverageof 204 kg of force, nationd rowersgenerated
183kg, and club rowersgenerated 162 kg. Muscular endurance, power
and strength measures seemed religble predictors of ergometer tests
usad to evaluate rowers (Lawton, Cronin, & McGuigan, 2013)

Legs, back andarmssegmentsdo not exhibit thesameforcecapacity
(Baudouin & Hawkins, 2002). Rowers produced just under haf of

Introduction

Rowing is a whole-body strength-endurance sport in which
competitive distance of 2000 metres is completed in 6-7 minutes
(Jrim&e et d., 2010). Aerobic metabolism isthe predominant system
with a67% of thetota, and the remaining 33% refersto the anaerobic
component, being 21% dactic and 12% lactic (Mé&estu, Jirimée, &
Jurimae, 2005; Roth, Hasart, Wolf, & Pansold, 1983; Shin, Choi, Lim,
Cho, & Lim, 2015). Rowers perform gpproximately 230-260 strokes
per race (Pollock, Jones, Jenkyn, Ivanova, & Garland, 2012; Volianitis
& Secher, 2009) with arate of 32-38 strokes per minute and can get a
mean power of 450-550 Waits per stroke (Penichet-Tomeas, Pueo, &
Jmenez-Olmedo, 2016; Seinacker, Lormes, Lehmann, & Altenburg,

1998).

Severd dudies have verified strong relaionships between some
strength (Sanchez-Sixto, & Horia, 2017), anaerobic and anthropometric
measures (Borges, Ruiz, & Argudo, 2017) with performance. Rowers
useamog dl musclesof thebody and thosewith higher height, weight
and gtting height have more possibilities to reach better performance
(Akga, 2014; Mikulic, 2009; Yoshiga& Higuchi, 2003a). In conditions
of heavy sideor heedwind, relaively small body sizesmadetherowers
moresusceptiblein on-water competition performance (Bourgois, 2000).

Boat speed and rowers strength are dosdly correlated (McNedly,
Sandler, & Bamd, 2005; Pérez-Treus, Lorenzo-Buceta, & Garcia-Soidan,
2015). Oneof thekeysto achievethefastest competition distanceisto
optimizetechniquetoincresseefficiency of forceproduction (Penichet-
Tomés et d., 2012; Pollock et d., 2012). Training programs of dlite
rowers are composed of rowing, ergometer exercises, race pace work

Fecha recepcion: 15-11-16. Fecha de aceptacion: 10-03-17
Alfonso Penichet-Tomés
afonso.penichet@gcloud.ua.es

- 238 -

drivepower withtheir legs, trunk swingamost one-thirdand armsless
than onefifth, al vaues according to stroke (Kleshnev & Kleshnev,
1998). Authors who have investigated lower limbs have used sguet,
jump squat and leg pressexercisesand reported significant relationships
with performanceinrowing ergometer (Akga, 2014; Chun-dung, Nesser,
& Edwards, 2007; Jiriméeet d., 2010).

However, udieshavefocused on different categorieswith absolute
values of weight (i.e. lightweight, heavyweight...) and correlated
anthropometric measures and lower limbs strength of the rowerswith
theresultina2000 metersrowing test, usng maximumand sub-maximum
strength eval uation methodol ogies. Totheknowledge of theauthors, no
study has correlated performance in a 2000 meter rowing race with
absolute and relative weight vaues (watts per unit weight) using
plyometric muscular action testssince this methodol ogy iscommonly
usad to evauate strength, not to correlate it with rowing race perfor-
mance (Geeet d., 2012, 2016).

Therefore, theaim of thisstudy isto corrdate performancein 2000
metersrowing ergometer test (wett average) and efficiency (watts per
unit weight) with anthropometric characterigtics, explosive strength
and recruitment of muscle units, explosive elastic strength and
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coordination, mechanical power, and anaerobic lactic and alactic
metabolismof lower extremities.

M ethodology

Subjects

Twenty-two €lite rowers (11 male, 11 female) volunteered to
paticipate in this study. They were informed of the experimental
procedures, previoudy gpproved by the research ethics committee of
the University of Alicante, and any potentid risksinvolved. Subjects
were training regularly 5-7 times per week for the last 3-5 years.
Measurements took place at the finishing of the competition period.
The mean = SD characterigtics of these rowers were age: 25.5 + 3.7
yearsold; height: 174.7 + 9.6 cm; and weight: 72.1+ 10.7 kg.

Proceduredesign

Rowers performed 2000 meters maximal rowing test on rowing
ergometer (Modd D; Concept 2, Inc.,, Morrisville, VT, USA) (Akca,
2014; Geeetd., 2016). All rowerswerefamiliarised with theingrument
sincethey haveused extensvely during their everyday training. Before
thetest, participantswarm up by rowing sub-maximally for fiveminutes
(Geeetd., 2012), followed by aseries of joint mobility exercisesand
dynamic gretchesfor the main muscle groups.

Strength and power of lower extremitieswereeva uated withthree
squa jumps(SJ), three countermovement jumps (CMJ) (Ferrer, 2007,
Geeetd., 2012, 2016; Asencio, Sanchez, & Gonzdez, 2016), and one
repeet jump (RJ), using ajump mat (Chronojump-Boscosystem, Bar-
cdlona, Spain), which hasbeendemongtrated asvdid andrdigbleagainst
other direct measurements systems(Pueo, Lipinska, Jménez-Olmedo,
Zmijewski, & Hopkins, 2016).

For SJ, rowersflexed kneesto 90 degrees, held this position for 3
seconds and performed the jump without any countermovement. In
CMJtests, participants began from astanding position, with handson
hips, to make an eccentric movement bending legs to an angle of 90
degreesto jump, immediatdly after, as high as possible. Last test was
RJ, during 30 seconds, following the sameindications asthe CMJ but
continuoudly.

The dadtic index was ca culated with the difference between two
jumps(SJand CMJ). Mechanica Power (MP) (W/kg) wascdculated
with Test time (Tt = 30 5), Hight time (Ft) and number of jumps (n),
whereg (9.81 m/s?) isgravitaiond accderation: MP=(g2- Tt - Ft)/
[4n - (Tt—Ft)]. To cdculate the Resstance Index (RI) to fast strength,
the average height reached in RJwasrelated to CMJheight: Rl = RY
CMJ.

Data analyss

The Statigtica Package for Socid Sciences (SPSS) v.22 software
was used to andyse data. A Kolmogorov-Smirnov normal test was
which resulted in a norma digtribution, so the Satisticd test applied
was Pearson correlation coefficient (r) to determine the relaionships
with performanceof dl measured parameters. Veriablesthet correlated
higher than 0.70 have been considered as enough strong associaions
(Martinez, Sdnchez-Villegas, Toledo, & Faulin, 2014) to determinate
them as predictors of performance and efficiency in 2000 m rowing
ergometer test. Significancewas set at p<0.05 and p<0.01.

Results

Participants body messureswereheight 174.73+9.63cmandweight
72.05+10.69 kg. Inthe2000 mrowing test, they reached apower mean
value of 247.32 + 74.49 W with mean efficiency of 3.37+0.61 W/kg.
Anthropometric data show amean muscle weight of 57.79+10.51 kg
and a percentage body composition of muscle 79.29+5.58 % and fat
17.35£5.59 %. Mean values, rowing ergometer performance and
efficiency andys's are reported in Table 1. Andlys's exposes strong
correlations between 2000 m rowing test performance and height
(r=0.837), weight (r=0.894), body muscle kilograms (r=0.973) and
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body fat percentage (r=-0.705). However, no correlation has been
found with body muscle percentage (r=0.495). On the other hand,
efficiency also strongly correlates with height (r=0.815), weight
(r=0.703), body musclekilograms (r=0.829) and body fat percentage
(r=-0.856), but not with body muscle percentage (r=0.584).

Legstrength testsresulted in mean jumpsheight of 28.14+4.62 cm
for SJ, 30.08+5.32 cmfor CMJand 21.52+5.52 cm for RJ. Andysisof
lower limbs strength by means of SJ tests, which assess explosve
strength and recruitment of muscle units, showed no correlation with
performance (r=0.489) and efficiency (r=0.604). Similarly, CM Jtests,
which assess explosive strength, recruitment of muscle units, reuse of
eagticenergy and muscular coordination, resultedinalack of corrdation
with performance(r=0.560). Findly, andyssof RJtest, whichevauates
mechanica power and lactic and dactic anaerobic metabolism, aso
showed no corrdation with performance (r=0.523) and efficiency
(r=0.652) in 2000 m rowing test. None of the corrations can be
congidered strong enough to choose it as performance or efficiency
predictors, except CMJ test with efficiency (r=0.709).

Analysis of jump tests revesled a mean dadtic index vaue of
1.94+2.19, mechanica power 16.48+3.31 W/kgand resstanceindex to
fast strength of 0.71+0.10. Mechanical power obtained with the RJ
test resultsdoesno correl atewith performance (r=0.453) and efficiency
(r=0.602). On the other hand, eagtic index of the extensor muscles of
legs d=o fails to corrdate with efficiency (r=0.447). Therefore, no
sgnificant valuesof correlation between res sanceindex tofast strength
and performance or efficiency in 2000 m rowing test were found.

Table 1. Mean, Pearson correl ation coefficients and p-value for each variable versus 2000 m
race performance and efficiency.

Mean + SD Perforrmance Efflc: ency
Anthropometry
Height (cm) 174.73+9.63 08731 0.8151
Weight (kg) 72.05+10.69 08941 0.7031
Body muscle (kg) 57.79+10.51 09731 0.8291
Body muscle (%) 79.29+558 049" 0.5841
Body fat (%) 17.35+5.59 -0.705" -0.856"
Leg strength

SJ(cm) 28.14+4.62 0.489* 0.6041
CMJ (cm) 30.08+5.32 0.560" 0.709"
RJ(cm) 21.52+5.52 0.523" 0.652"
Elastic index 1.94+2.19 0.329 0.447"
Mechanical power (W/kg) 16.48+3.31 0.453" 0.602"
Resistance index 0.71+0.10 0.316 0.374

 Significance p<0.01; * Significance p<0.05

Discussion

Severa dudieshavediscussed thet anthropometric characteristics
may have influence on rowing success (Bourgois, 2000; Podstawski,
Choszez, Konopka, Klimezak, & Sarczewski, 2014; Yoshiga& Higuchi,
2003p). Agreeing with the results of the current study higher body
height, body weight, body muscle kilograms and less body fat are
srongly correlated with 2000 m rowing ergometer test. These data
coincidewith | zquierdo-Gabarren & de Txabarri (2010) whererowers
with higher body mass (p<0.05) and fat freebody mass (p<0.05) reach
shorter timein the 2000 mtest (p<0.05). Most successful rowersinthe
study made by Mikulic (2009) were tadler and heavier, with higher
Sitting height and lower fat massthan less performance rowersin 6000
mrowing ergometer test. Furthermore, thesesignificant corrdationsdo
not only happen in studies with highest level rowers but aso with
universty rowers (Akga, 2014; Cosgrove, Wilson, Wett, & Grant,
1999) in which results body height and body mass were strongly
correlated with rowing ergometer performance. Yoshiga & Higuchi
(20034) dsofind strong corrd ationsbetween rowing successand height,
body mass, fat-freemassand bilaterd leg extensionintheir study with
332 rowers.

Reaults of the last studies show sgnificant relationships between
strength vaues and performance (Gee et ., 2016; Akca, 2014; Feros,
Young, Rice, & Talpey, 2012). Literature that collects studies that
correlated srength, power and muscular endurancemessuresfromwelght
room exercises seemed to be strong predictors of specific ergometer
tests used to assess dite rowers (Lawton et d., 2013). Lawton et d.
(2013) and Russl, Le Rossgnol, & Sparrow (1998) claimed thet
absolutemaxima strength, but not relativemaximal strength (kilograms,
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Newton, or watts per unit weight), isastrong discriminator of rowing.
However Izquierdo-Gabarren et d. (2010) carried out an eight weeks
concurrent strength and endurance-training program using amoderate
number of repetitionsnot tofail and demondtratedincreasesin strength,
musclepower and rowing performance. Kneeextenson representsthe
main force-producing activity of the stroke (Pollock et d., 2012) and
strength and power leg gppear to bean essentid physica characteritics
inrowing (Geeet d., 2012). Furthermore, itisimportant to emphasize
not only theimportance of knee extenson but aso the gain produced
by thecountermovement of legsinstrokecydewheremainly quedriceps
and hamstring muscles are gpplied (Guéve et d., 2011). However,
dthough thisstudy showsa positive correlation between SJ, CMJand
RJtestswith performance demondtrating theimportanceof leg strength,
asociations are not strong enough to use only jump tests results to
predict performancein 2000 m rowing ergometer test. Only theheight
reechedinthe CM Jtest hasbeen strongly correlated with theefficiency
in 2000 m rowing ergometer test, in accordance with Chun-Jdung et d.
(2007), where rowers jumped 42.6+10.7 cm in CMJ test and adso
correlated significantly with 2000 m rowing test.

Conclusions

The current Sudy identifies anthropometric characteritics like
performancefactor of rowing performance. High height andweight are
good predictors of performance and efficiency in rowing ergometer.
Rowerswith higher musclemassand lesspercentageof body fat reached
better performance and efficiency.

Leg strength hasto betrained and increasedinrowerswiththeaim
to improve rowing performance. Although explosive dadtic strength
strongly correlates with efficiency in rowing ergometer, explosive
strength, explosivedagtic strength and power do not seemto beagood
predictor of performance and efficiency in 2000 m rowing ergometer
test. Thesestrength manifestations can be considered ascomplementary
performanceand efficiency predictorsto others, such asanthropometrics
characteridics

We concludethat these results provide an argument for coachesto
submit their rowersto endurance strength training and power muscular
training but not to use strength as only performance predictors.
Furthermore, anthropometric variablescould beusad toidentify success
in potential rowers.
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