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ABSTRACT

The aim of this study was to provide percentile curves and reference values for the penfiormance in 2C
maximal effort on rowing ergometer. Aextissal study was carried out motipeobabilistic sample
(n=15420) obtained from dmemanking of indoor rowing and made from results between 2010 and 2014
recorded in 20@0official races. Percentile curves and reference values were calculated using Generaliz
Additive Models farcation, Scale and Shape (GAMLSS) with a transformation ofCiatdtmBox
Exponential distribution and cubic splines as smoothing technique with age as the explanatory variable
study is the first to present percentile curves and refarem@valaate 20@0performance time

(indirect measure of mechanical pow@ming ergometer depending on ag® (b4 both sexes and
bodymass classifications (ightd heavyweight rowers). These curves and values are of interest in
assessingdoor rowing performance and in measuring the specific physical condition ofrmowers in 200(
regattas ewater. Percentiles also can be useful to predict performance levels in okepwondsages

Aging humaBxercise performayieitness assessmdddwingerformancé&alentlevelopment
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INTRODUCTION

Rowing is a sport discipline in whictinadual or crew drive a-ftovegr system -@rater as effect of
propulsion forces generated by the repetition of a stroke cycle (Kleshnev, 2010; Soper & Hume, 2004
not only considered a competitive sport, but also a type of physitabattibiethto the development

of aerobic and muscular fitness in other populations (Shephard, 1998). The official rowing races are ¢
out covering 2000on calm waters in different boats as classified by World Rowing Federation. Moreov
since 181, races in specific ergometer have been regularly organized as a consequence of habitual us
training and evaluation of rower perforMaasti(et al, 2005 the mode of indoor rowingsn2¢90

the standard distance in official competitions.

The effort of rowing 2@00aces requires maintaining a continual and high intensity physical activity fo
320420 secondggham et al, 200&)th rowers performingZRDstrokes t0-8Q@ strokes per minute,
producing 450 and 550 watts per $tndkee( al, 2014teinacker, 1993). In both sexes, large body
dimensions (Hagerman, 1984; Huang et al, 2007; Secher, 1983) and a low body fat percentage (Kerr
2007) are anthropometric variables that correlate with rowing performamsems20@bermore,

peak aerobic powseyill et al, 201 production of anaerobic engeg@dmpos Mello et al, 2009) and
VO2max (Cosgrove et al, 1999) are key physiological factors in achieving high performance in this
modality. Rowing ergometer goa¢Morrisville, Vermont, USA) is a mechanical simulation device (Smith
& Hopkins, 2012; Van Holst, 2012) that offers a reliable measure of Guekelpsivedy 2006). It is

normally usedo moni t or rower so6 tr anitmsisange, tema th 2000 y s i o |
performance test on rowing ergometer is considered a standard test for fitness and performance asses
for high | evel rowers (Mikulil et al, 2009).

Hence, the aim of this study was to produce percentile curves anatacfier@ectrmance in 2000

m maximum test made on rowing ergometer Concept 2 for men and wefemm dghtrid
heavyweight divisions. These percentiles are of interest in evaluating indoor rowing and in defining refe
values for the assessitrof the specific physical condition of men and womemweatee s @udition,
percentiles can be useful in predicting short, haltermd $pegific performance for rowers.

MATERIALS AND METISOD

Sample

A crossectional study was carried out fronpeobabilistic sample (n=15420), obtained frdimean on
ranking of indoor rowing made from results in official races since 2002. Different filters were applie
determine cases included in the sarfifgewAs applied to select results according tothef#0z0

distance race (n=174589). Secondly, data before September 2010 (n=121-bffiiabadaason
(n=34179), ages outsidéddange (n=311), old data for the same individuabfr-8586¢al values

(n=36) were excluded. Finally, four study groups were made according to indeorasswing body
categories, heavywe(ght5 kgnhen rowers (n= 6337), lightw@ightky men (n=3218), heaxgight

(> 61.5 kgyomen (n= 4023) anhhigighi¢ 61.5 kgpwomen (n=1842).

Procedures

Data were obtainediae from http://log.concept2.com/ranking.asp, website with official results of nation:
and international indoor rowing races since 2002. In indoor rowing races model D €@mncept 2 ergon
(Morrisville, Vermont, USA) is used, since it is a device with a good reliability in measuring average po
2006m maximum test (Vogler et al, 2007). Rower chronological age was established as explanatory var
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(years) and time invested ta @00€m in rowing ergometer was the performance indicator and response
variable (seconds) to design percentiles curves and calculate refefEnte inald€ (s) is an

indirect measure of average mechanical power output (w) and is bakedaticaémedel provided

by ergometer supplier: power=2,80/timenm/2000)F.our groups according to sex (men and women)
and bodynass classification (lightl heavyweight) were considered. Percentiles range was established
in accordance wiltie proposal included in the study for the development of children growth standards
the World Health Organization Multicentre Grow Reference Study Group (Borghi et al., 2006).

Statistical analysis

Atypical values were removed from the gacoptng to the conservative rule: x¥@(2QR or

x>Q(75) + 3*IQR. Kolmogbnavnov were used to assess normality for the distributitvenA he U
Whitney test was used to evaluate differences between sex and waighernior2@@ice and the
caresponding effect sizes were calculateRog#imthal value. This analysis was carried B with

SPSS Statistissftwardor Mac OS X, versdinO (SPSS, an IBM Company, Armon, NY). Generalized
Additive Models for Location, Scale and Shape @#&kL§%Plied (Rigby & Stasinopoulos, 2006) to
draw the percentile curves and to estimate the reference values in each group. Data distributions fo
response variable (seconds) were modelled usinGdePBarer Exponential distribution (BCPE) and

the cubic splines technique was applied as smoothing method to explain the parameters of the B
distribution as a function of the explanatory variable (age). Worm plots (Buuren & Fredriks, 2001)
achieved for fit goodness assessment. The "gakalgs"gbdbe R statistical software (R Core Team,
2016) was used to carry out this af@tgsisopoulos & Rigby, 2007).

RESULTS
Data about nationality of rowers are summarized in Table 1 and show presence in the sample of cou
with top performameénternational rowing races (n=34) with an outstanding percentage of USA rowers |

497 %), especially in the heavyweight women ¢géap (59

Table 1. Sample distribution according to row

Men Women

BM>75kg BMs75kg BM>61.5kg BMs61.5kg

Country (n= 6337) (n=3218) (m=4023) (n=1842)
Germany 8,80% 11,20% 3,50% 8,30%
Australia 2,50% 1,00% 2,80% 3,40%
Canada 3,90% 8,00% 7,00% 11%
Denmark 2,70% 2,00% 2,00% 1,40%
United of States 49,70% 56,70% 65,30% 59,60%
France 11,90% 7,60% 3,00% 5,40%
Ireland 3,80% 1,50% 3,00% 1,80%
United Kingdom 14,80% 9,90% 8,30% 7,30%
Others countries 1,9% 2,1% 1,1% 10,1%

Note: body-mass (BM). Heavyweight men rowers (body-mass >75 kg), lightweight men
rowers (body-mass <75 kg), heavyweight women rowers (body-mass >61.5 kg), lightweight
women rowers (body- mass <61.5 kg).
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For the four study groupshypetheses of normal distribution (p<0.01) were refuted for response variable
(seconds). Likewise, asymmetry and kurtosis determined values of positive asymmetry (> 0.5)
leptokurtosis (> 0.5) in the four groups, with the exception of kurtosibggi@&Gp of men in the
lightweight division.

Data show trivial and significant statistical differences (p <0.01) of performance (time) between heavyv
and lightweight rowers in both sexes (effect digdsrraten and 28 for women). The#g&etences

are mediwtarge between men and women (p <0.01) for the sarassbxatggory (effect size69=0

for heavyweight division and4#6r lightweight division).

Performance percentile curves (seconds to cav@f@d@@n and womenarbiwdymass categories
are presented in Figur@sahd also numerical values of percentiles are shown 6. TablessXor
P2, Pio, Pos, Pso, Prs, Rioand Bspercentiles and reference values By o, Pis, Pos, Psg, Prs, Bss, R,
Pesand Bspercentiles are defined between 14 and 70 years old in the four study groups.

Percentile curves show a similar trend in all groups and plots are smoother and more regular in men
women. Two phases are identified for the evolution otperitrrage. The first phase (from 14 years

to 1825 years according to group and percentile) corresponds to fast and exponential growth of perform:
The second phase (from maximal performance age up to 70 years old) presents a contim&l and linear o
in 2006n maximum test performance.

Meaningful differences in the plot of the curves are observed between more extrenamg@sentiles (P
especially for the/Dyears old interval and in heavyweight women group. Stadseth2 maximum
peformance age by group in each percentile.

Specifically, for percentilee®k performance age is 23 years old for men (in both weight categories), 25
years old for heavyweight women and 24 years old for the lightweight women group. Worm plots sh
thatgood fits of the model were obtained in every curve and reference values, although these were some
lower for poor performance percentigsn®Bch group.
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Figure 1Percentile curves for 200me (s) on rowing ergometer (&@eybars) for heavyweight men
rowergbodymass > 75 kghdfor lightweight men roleoslynasst 75kg).
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Figure 2Percentile curves for 2000me (s) on rowing ergometer (af® yiears) for heavyweight
women rowefisodymass > 61.5 kandfor lightweight women ro{eEdymasst 61.5 kjy
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Table 2. Reference values forrabe (s) on rowergometer (age-1@ years) for heavyweight men
rowers (n=6337)

age P Ps Pw Pis Py Psg Pr;s  Pss Py Pos  Pog
14 410,4 420,9 430,6 437,3 4473 466,7 488,0 501,0 5104 525,5 5442
18 368,7 374,33 379,8 383,9 390,7 405,9 424,5 435,8 444,0 4573 4743
19 3650 370,4 3758 3799 3866 4022 4218 4337 4424 456.6 4749
20 3609 3662 371.6 3757 382.5 398.6 419.1 4317 4409 4560 475.7
21 357.4 362.8 3682 3723 3793 396.0 417.5 4306 4403 4562 477.1
22 355.8 3613 3669 371.1 3783 395.8 418.4 4322 4425 4592 4813
23 3555 3612 367.0 371.4 3789 397.1 4209 4355 4462 463.8 487.0
24 3559 361,7 367,7 372,3 380,1 399,1 423,8 4389 450,0 4682 492,11
25  356,5 362,5 368,7 373,4 381,5 401,0 426,3 441,7 453,1 471,6 4958
30 361,3 368,0 374,8 379,8 388,4 408,4 433,5 448,5 4593 476,8 499,0
40 369,0 3759 382,6 3875 3954 412,9 4339 446,5 455,7 470,5 489,2
50 381,0 3879 394,77 399,5 407.4 424,2 4443 456,5 4654 479,9 4983
60 396,7 404,4 4119 4173 426,1 445,2 4679 481,5 4913 507,1 526,8
70 4127 4213 4298 4360 4461 4685 4950 5104 5214 538.6 559.6

Note: heavyweight men rowers (body mass >75 kg).

Table 3. Reference values for-@20@e (s) on rowing ergometer (affeykars) for lightweight men

rowers (n=3218)
age P, Ps | STRNS SF P2s Pso Pr;s  Psgs Py Pys Py
14 4223 430,8 438,8 4445 4534 471,9 4922 503,6 511,5 523,5 537.5
18 3856 3904 3953 399,0 4052 4197 436,7 446,0 4522 461,5 4722
19 381,22 3857 3904 3940 400,1 4147 4322 441,77 448,1 457,7 4688
20 376,6 381,0 3856 389,1 3952 4100 4282 438,1 4449 4550 466,6
21 3722 3764 3809 3844 390,5 4057 4246 4351 4423 453,0 4655
22 3689 373,1 377,5 381,0 3871 402,8 422,6 433,77 4413 452,9 466,4
23 3676 3718 3762 379,7 3859 4019 4227 434,5 4425 4549 4695
24 3677 3719 3763 379,8 386,1 4025 4242 436,5 4451 4582 4739
25  368,5 372,6 377,1 380,6 3870 403.8 4262 439,0 4479 461,7 4783
30 3729 3771 381,7 3854 392,0 4099 4338 447,6 4572 472,0 4899
40 3819 3864 391,1 3949 401,7 419,1 441,5 4540 462,5 4754 4904
50 396,1 400,5 405,1 408,7 4149 4303 449,0 4592 466,1 4763 487,9
60  411,1 4158 420,6 4243 430,7 4462 4654 4762 4836 4950 5084
70 431,1 4358 440,7 4444 450,6 4658 4848 4957 5034 5154 5302

Note: lightweight men rowers (body mass <75 kg)

VOLUME3| ISSUR | 20B| 737



SilvaAlonset al/ Percentile curv&seference values for rowing ergometeJOURNAL OF HUMAN SPORT & EXERCISE

Table 4. Reference values forr20@@e (s) on rowrgometer (age-1@ years) for heavyweight
women rowers (n=4023).

Table 5. Reference values forrBQ@d0e (s) on rowing ergometer (a@eyears) for lightweight women
rowers (n=1842)
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