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Simple Summary: The 6000 m tests, usually applied in indoor rowing, during weeks of evaluation
and selection of young rowing athletes, often discourage participation or are performed by athletes
without a previously established strategy (i.e., execution strategy, according to an estimated
performance expectation) which may underestimate the performance of young athletes. In addition,
prolonged high-intensity stimuli, without enough time for recovery, are associated with greater
cases of non-functional overreaching and overtraining, which can result in immunosuppression and
compromise future adaptations, as well as damage the athlete's health. Thus, the mathematical
model developed in this research can contribute to the development of athletes in Olympic in a less
strenuous way and reduce the need for long external tests at high intensity, as well as offering a
previous parameter for later execution of the 6000m test the part of the performance predicted by
the mathematical model,, by providing a low-cost tool with a significant level of reliability and
performance prediction of 6000 m. Furthermore, the mathematical model could help to propose
highly reliable assessment strategies following coaches. This model could be used as an alternative
to traditional ways of evaluating training progression up to 6000 m, thus contributing to the strategic
planning of the tests applied and the development of athletes.

Abstract: The present study aimed to develop a mathematical model to estimate the performance
of an indoor rowing event of 6000m through an 500 m all out test in junior athletes. We selected141
subjects from the Brazilian rowing confederation database (15.9 * 1.0 years), subsequently
randomised the sample to the development (~70%) and cross-validation (~30%) groups of the
mathematical model. Performance data for 500m and 6000m were collected (there was a 48h
washout between one test and another).Subsequently, the mathematical model: Time(min) 6000m =
{ [( Time(s) 500-m * 6) * 2] / 60} + 1.3, was developed by arithmetic modeling using machine learning
and Regression analysis, being tested by intraclass correlation coefficient (ICC), Concordance
correlation coefficient (CCC), Validity (Cb ), precision (0) and bland-Altman plotting. The prediction
of the result of 6000m through the mathematical model utilizando apenas o desempenho de 500m
“all-out” test showed a significant reliability in development group (2 = 0.730, ICC = 0.753; CCC =
0.895, Cb = 0.879, 0: 0.957, pure error: 0.2 secounds (1.0% estimative error)); and in cross-validation
group (r2 = 0.710, ICC = 0.747; CCC = 0.888, Cb = 0.875, o: 0.903, pure error: 0.3 secounds (1.4%
estimative error)). When comparing the estimated results of the 6000m performance by the
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mathematical model with the real performance of 6000m performed in indoor rowing, no statistical
differences were observed. In addition, the mathematical model did not present a significant
proportion bias in relation to the 6000 m performance in both groups. The mathematical model for
predicting 6000m performance through a 500m fast test was significant for national level junior
rowing athletes.

Keywords: Athletic Performance; indoor rowing; Physical Conditioning; predictive equation

1. Introduction

Olympic rowing requires high levels of aerobic and anaerobic power for successful
performance. Therefore, male elite rowers have high oxygen consumption rates (72 ml kg-
1 min-1 in men) and mean power of 469 + 51 W [1, 2, 3, 4, 5,]. In view of the above, rowers'
performance is often evaluated in indoor rowing ergometer to identify changes in athletic
performance [5, 6]. “All-out” total test on a rowing ergometer is commonly used over a
distance of 2000m, which corresponds to the actual distance used for official rowing
competitions such as the Olympic Games and World Championships [7].

Maximum aerobic power can be evaluated in different tests, such as 2000 m, 6-minute
all-out test and/or 7 x 2 minute incremental step test [5,6,8,9]. However, these tests are not
purely aerobic, showing frequent transitions to partially anaerobic metabolism, which can
cause early peripheral fatigue due to increased metabolic by-products (i.e., H+ ions)
derived from the accumulation of lactic acid, resulting in decreased effort due to muscle
discomfort that can occur for the long duration of these tests. Therefore, dubious
information is collected about the actual physical capacity of rowers [10,11,12,]. It is
important to consider that performance analysis tests to evaluate cardiorespiratory
capacity through maximal oxygen uptake and anaerobic threshold analysis require the
use of sophisticated equipment, the need for specialists and have a relatively high
financial cost, limiting factors for the wide use of these methods in routine training
practices. [8,9,13].

In view of the above, tests over a distance of 6000m are also widely carried out for
athlete selection and evaluation, as it is assumed that the 6000 m test in indoor rowing
ergometer is a accurate alternative to estimate the aerobic fitness of rowers based on
empirical information from a database collected by coaches of successful rowers in
national and international events which consolidate watts production values and
reference execution time of the proposed test [7]. This test is applied in the first stage of
the preparatory period, which usually starts in October and aims to build a strong aerobic
base through low intensity and long duration training, which occupies up to 90% of the
total training time during the preparation period [7,13].

However, although regular monitoring of rowers' aerobic fitness is something very
important and commonly analyzed through 6000m performance, this can present itself as
a challenging task for many rowers due to its long duration and physical demands [4,14].
In addition, it is well known that prolonged high-intensity stimuli, without the necessary
recovery, are associated with cases of non-functional overreaching and overtraining,
which may compromise future adaptations and may be harmful to the athlete's health.
[14]. Given the above, it does not seem to be feasible to routinely measure it from a 6000m
indoor rowing test . Therefore, there is a need for an alternative test that can reliably and
validly estimate 6000m performance from a shorter distance and thus the athlete to have
a prior prediction of their performance which will contribute to plot strategies for running
the suggested test, as well as mitigating the risk of overtraining [4,14,15,16].

Several approaches have been used to predict the performance of indoor rowing of
2000m with short anaerobic test [17,18,19,20,21]. Previous researchers have developed
mathematical models for predicting performance in senior rowers (i.e., age >18 years) at
2000m and6000 m from the 30s, 20s, and 60s tests, respectively [17,18,19]. However, these
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tools did not show reproducibility in the 6000m test or other indoor rowing tests used in
different categories for junior rowers (age < 18 years), and using a measure of high
applicability as short term tests in indoor rowing can be useful for planning the athletes'
long-term development as well as their training routine without the need to apply
strenuous and time-consuming tests [18,19,21].

Evaluating the performance of adolescent rowers through tests of high reliability and
practical applicability becomes an essential aspect of monitoring the athlete for further
planning [22,23]. As a result, coaches need reliable tests with indoor rowing ratings to
delineate and assess specific sport performance [18]. Given the above, the present study
aimed to develop a mathematical model to estimate performance in a 6000m indoor
rowing test from performance in 500m all out test in junior athletes. We hypothesized that
performance in the 500m all out test is strongly associated with performance in the 6000m
test in junior rowers with somatic maturation after peak growth, and that performance in
the 6,000m can be predicted with high reliability through the mathematical model using
independent variable of time(s).

2. Materials and Methods
2.1. Participants

An effect size of 0.915 was used to determine the minimum sample size a priori to
develop the mathematical model, referring to the linear regression result (mathematical
model for peak power X peak power in indoor rowing) found in the study by Almeida-
Neto et al. [24]. Thus, the G*Power® program (Verso 3.0; Berlin, Germany) was used in
the “T family ” configuration. statistics for regressions ” and an a = 0.05 and a {3 = 0.80
considering a single variable to perform the prediction; based on this assessment, a
minimum sample size of 10 subjects (£(2.0) = 2.91) was considered acceptable with an
estimated sampling power of 0.90. In addition, an effect size of 0.77 was considered to
calculate the “ a priori ” sample size, derived from the indoor rowing sprint performance
data from the Almeida-Neto et al [24] study. Therefore, a default a value of 0.05 and a 3
value of 0.80 were used with the t test for comparisons of dependent means. Thus, the
sample size for the present study was calculated, the sample power was 0.80 (t(11.0) =
1.79). The magnitude used for sampling power was: Unacceptable <0.70. Acceptable > 0.70
[25].

For the development of a mathematical model to predict 6000 m performance from a
500 m all out race, 141 individuals were selected from the Brazilian Rowing Confederation
database [26]. The database contains information from specific rowing tests performed
annually on national level athletes (tests: indoor rowing 500-m, indoor rowing 6000m and
anthropometry). Therefore, we only included data from male individuals aged 14 to 17
years from the databases for the years 2013, 2016, 2017 and 2019.

Inclusion criteria from the database were: (i) the athlete had membership of a state
rowing federation; (ii) information on the length of sport practice indicated that the athlete
had at least one year of training experience; (iii) being aged between 14 and 16 years; and
(iv) having a record of minimum training attendance of six times per week (=60 min per
training session). Exclusion criteria were: (i) having a record of presence of osteoarticular
(i.e., bone tissue and joint injuries) or muscle injuries in the last six months prior to
database registration; ( ii) not containing the results of all nescessary tests (indoor rowing
500-m, indoor rowing 6000m and anthropometry).

Randomization: We numbered the subjects in the database (from 1 to 141) and
randomized the sample into the development (~70%) and cross-validation (~30%) groups
of the mathematical model through a free online tool (https :/ /www.randomizer.orgy/).

The research was approved by the Ethics and Research with Human Beings
Committee of (Blind Review ), respecting the national and international ethical principles
contained in the Declaration of Helsinki. In addition, the study meets the reporting
recommendations of the STROBE international checklist for observational studies [27].
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2.2. Experimental design

Before all the annual tests of the Brazilian rowing confederation all the athletes per-
formed a 10min warm up at low intensity in indoor rowing, following the specifications
of the Australian Rowing Federation standardization, the tests were performed using a
drag factor of 125 for junior male rowers (i.e. < 18 years), this can be consulted in a guide
available on line [28]. The athletes then completed a 500m test on indoor rowing. The
6,000m test was performed after a 48 hour rest. Both distances were performed on a Con-
cept2 indoor rowing ergometer (Model-D equipped with a PM4 and PM5 digital monitor;
Morrisville , VT, USA). The tests were conducted in Brazil in a climate-controlled envi-
ronment (26°C). According to the Australian Rowing Federation specifications. At the end
of the tests, the results of the peak power curve in watts and test time in seconds were
recorded from the equipment by a computer attached to its digital PM4 and PM5 monitor,
entered into the Brazilian Rowing Confederation database.

Figure 1 illustrates the procedures performed by the Brazilian Rowing Confederation
during in National Rowing Evaluation [29]. The procedures were carried out in 4 mo-
ments: (i) explanation of the research procedures to the participants and their guardians;
(ii) after 48 hours the anthropometric analyses occurred; (iii) after the anthropometric
analyses the athletes did a 500m time trial; (iv) 48 hours after the 500m time trial the ath-
letes did a 6000m time trial.

0 (1) (if) (iv)
ke 2O
|

48h 48h

Figure 1. Study design used in the present study.

2.3. Procedures
2.3.1. Anthropometry

A single evaluator performed the anthropometric assessments. Standardization of
procedures was based on the ISAK protocol and performed by a single experienced eval-
uator (International society of the Advancement of Kinanthropometry) [30]. Body mass
was measured on a digital scale with a variation of 0.10 kg (FILIZOLA ®, Brazil). Standing
height was assessed using a stadiometer with an accuracy of 0.01 cm (SANNY ®, Brazil).

2.4. Somatic maturation

The state of biological maturation was evaluated as biological age by obtaining the
Peak Height Velocity (PHV), referred to the maturity offset; a measure of somatic matu-
ration. Years of PHV was predicted using the mathematical model proposed by Moore et
al. [31] (for boys 8-18 years, and girls 8-16 years):

Maturity shift in males =-7.999994 +[0.0036124 x (Age (years) x Height (cm) )]

Participants were classified as pre-PHV (maturity compensation <-1.00 years from
PHV), circum-PHYV (between -1.00 and 1.00 years from PHV), and post-PHV (> 1.00 years
from PHV) [31]. Categorizing the stages of maturation by means of predictive equations
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proved to be a valid method compared to the gold standard (hand-wrist X-ray), the details
of which can be checked in the study by Almeida-Neto et al., [32]

2.5. Mathematical modeling

The present study developed a mathematical model based on the time of the 500m
indoor rowing test to predict 6000m performance. In this sense, a mathematical formula
was designed a priori within a theoretical model [33,34]. The theoretical model was deter-
mined by machine learning algorithms in the “R” language. he algorithms were pro-
grammed to capture mathematical expressions using the 500 m indoor rowing perfor-
mance variable that could reach an output result similar to the 6000m indoor rowing.
Thus, we selected the mathematical model that would theoretically provide greater reli-
ability with the real performance of 6000m of indoor rowing. The final structure of the
mathematical model developed by the present study can be found in the results section.
Then, regression analyzes were performed and the theoretical model was tested through
confirmatory factor analysis and the reproducibility index [35]. The open source R® soft-
ware was used (version 4.0.1; Foundation for Statistical computing®, Vienna, Austria) for
the mathematical modeling procedures, with a significance of p < 0.05.

2.6. Statistical analysis

The Kolmogorov-Smirnov test was applied to verify the normal distribution of the
data. Descriptive analysis consisted of the mean and standard deviation, comparisons be-
tween methods (mathematical model and indoor rowing performance) were performed
using Student's t-test for dependent samples (intragroup : development and cross-valida-
tion). The effect size between the differences was analyzed by Cohen's d guided by Es-
pirito Santo & Daniel [36]: insignificant: <0.19; small: 0.20-0.49; average: 0.50-0.79; large:
0.80-1.29; very large: <1.30. We calculated the Pearson correlation coefficient (r), the coef-
ficient of determination (r2), and the standard error of measurement to test the validity of
the mathematical model in relation to the indoor rowing. The magnitude of Schober et al.
[37] was used to interpret the results of the correlations as follows: insignificant: r<0.10;
weak: r = 0.10-0.39; moderate: r = 0.40-0.69; strong: r = 0.70-0.89; very strong: r = 0.90-1.00.
The approach proposed by Lawrence & Lin (1989) was used to analyze the correlation
agreement coefficient (CCC) to verify the validity (Cb) precision (@), pure error and be-
tween the methods. Stepwise linear regression analysis was used to confirm the predictive
power of the variables contained in the theoretical model obtained by mathematical mod-
eling as described in the previous section.

The intraclass correlation coefficient was calculated to measure the reproducibility
and reliability of the mathematical model obtained, and the magnitude used was deter-
mined by Miot [38] absence: ICC =<0; poor: ICC = 0-0.19; weak: ICC = 0.20-0.39; moderate:
ICC =0.30-0.59; substantial: ICC = 0.60-0.79; and almost complete: ICC == 0.80. Proportion
bias was verified using the recommendations proposed by Bland and Altman, [39].

For the technical error of anthropometric measurements, the following magnitude
was used: Acceptable <1.0% [40]. All the aforementioned analyzes were performed using
MedCalc software. ® (version 12.5.0; Acacialaan , Ostend / Belgium), considering a signif-
icance of p <0.05..

3. Results

Table 1 shows the characteristics of the sample, where there were no significant dif-
ferences for chronological age, biological maturation and 500 m indoor rowing perfor-
mance between the “development” and “cross-validation” groups. In addition, technical
measurement errors for all anthropometric measurements were <1%.3.1. Subsection
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Table 1. Sample characterization.

Variables Development group (n=101)  Cross-validation group (n=40)
Age (years) 16.1+£0.7 16.2+0.7
Biological maturation 22+0.6 23+0.6
(PHV)

Height (m) 176.7 £7.3 176.0 £ 6.7
Body weight «g) 69.5+9.6 67.9+8.1
Body mass index (g/m2 222+25 21.8+22
Performance 500 m ¢) 82.7+55 839+75
Peak power at 500 m ) 393.4+75.0 376.0 +74.7
Peak Power at 6,000-m 223.0+40.4 2199 +30.8
W)

PHV: Peak Height Velocity; Cm: Centimeters; Kg: Kilograms; Kg/m?: Kilogram per square meter; S:
seconds; W: Watts.

The 500 m indoor rowing performance in seconds showed significant correlation and
predictive power for the 6000 m performance, justifying the use of the variable for the
development of a mathematical model to predict the 6000 m indoor rowing performance.

Table 2. Correlation parameters and linear regression of the 500 m sprint test with the 6,000 m per-
formance test.

Test Rowing 6,000 m

Correlation linear regression

development group

r p value 12 B IC9%% B  pvalue

Rowing 500 m ) 0.840*  0.001 0.705 13.6 [10.2;17.3] 0.001

r = Pearson's product moment correlation coefficient. r? = regression determination coefficient. 3 =

angular regression coefficient in relation to the dependent variable. - m = meters. (s): Seconds.

The present study developed the following mathematical model to predict 6000 m
performance with 500 m sprint performance in indoor rowing for young athletes.

T (min) 6-000 -m = { [( T 500-m * 6) * 2] / 60} + 1.3

T (min)= time in minutes. T s =time in seconds

When comparing the estimated 6000m performance results by the mathematical
model with the actual 6000m performance performed in indoor rowing, no statistical dif-
ferences were observed (see Table 3). In addition, the mathematical model showed a sig-
nificant correlation coefficient in agreement with the indoor rowing results. Similar results
were observed in the cross-validation group.
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Table 3. Comparisons, correlation coefficient of agreement, standard error and intraclass correlation

coefficient .
Method Comparation CCC Analysis
development group
Performance pvalue CCC Co 12 standar  ICC
6,000 m d error
(min)
Indoor rowing 23.09+1.45 0.14
Mathematical 23.08 £1.11 0.9 0.895 0.879 0.73 0.11 0.753
model
Cross validation
group
Indoor rowing 23.30+1.71 0.17
Mathematical 23.07 £1.50 0.5 0.888 0.875 0.71 0.15 0.747
model

CCC: Agreement Correlation Coefficient; ICC: intraclass correlation coefficient; Cb: validity; (min):

Minutes

The concordance analyses performed by the Bland-Altman graph point to an ade-
quate concordance between the mathematical model developed by the present study and
indoor rowing (LOAs: -2.7; 2.7) (See Figure 2-A). Similar results were observed for the
mathematical model cross-validation group (LOAs: -4.0; 3.5) (See Figure 2-B). In addition,
there were no significant biases in the propensity score for any of the groups (r2<0.03;
p>0.05). In addition, the model showed significant accuracy (development group - ©:
0.957, pure error: 0.2 secounds (1.0% estimative error); Cross-validation group - o: 0.903,
pure error: 0.3 secounds (1.4% estimative error).

SD  +1.96
35

i

I SD +1.96
2+ 2.7
i X Mean

0,0

E:: i S0 -1.86
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-4 il L 1 L | L | L | L | L |
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b
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{(Mathematical model V¥s. Indoor Rowing)
=1

Figure 2. Bland - Altman plot with the agreement between predicted and actual performance. - m =
Meters. SD: Standard derivation. ---—-: 95% CL.

4. Discussion

The present study aimed to develop a mathematical model to estimate the perfor-
mance of 6000 m through a maximum test of 500 m in juvenile rowing athletes. In this
sense, the main results were: (i) the mathematical model showed significant reliability and
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agreement to predict the performance of 6000 m from a maximum test of 500 m in devel-
opment group (12 = 0.730, ICC = 0.753; CCC = 0.895, Cbv = 0.879, 0: 0.957, pure error: 0.2
secounds (1.0% estimative error)); and in cross-validation group (r> = 0.710, ICC = 0.747;
CCC =0.888, Cb =0.875, 0: 0.903, pure error: 0.3 secounds (1.4% estimative error). (ii) no
statistically significant differences were found between the results obtained by the math-
ematical model and the results of the 6000 m indoor rowing test; (iii ) in addition, no sig-
nificant bias was found in relation to the mathematical model.

The present research emphasizes that one must consider the phenomenon called bi-
ological maturation (BM) when it comes to adolescent athletes [, 22, 23,41]. The higher the
advancement of BM, the higher the efficiency of anaerobic metabolism [42,43,23]. It is em-
phasized that the BM may not be in sync with chronological age, and may be delayed or
advanced [31]. Therefore, BM can be a potential error in junior athletes and is important
to take into consideration when groups are compared. Therefore, we used BM instead of
chronological age to balance the developmental group and cross-validation.

A previous study addressed the effectiveness of short distance performances in pre-
dicting 2000m rowing performance [20], which showed that short performances of 20 sec-
onds (r=-0.952, p < 0.0001) and 60 seconds (r= - 0.930, p<0.0001) showed a strong correla-
tion with performance in a 2000m test with prediction limits ranging from -0.12 to 0.11 m
s-1 (-2.74-2.78%) . The findings of Cerasola et al, [20] corroborate with the findings of the
present study (r = 0.840, p<0.001), which showed significant accuracy for the development
group - grecision: 0.957, pure error: 0.2 secounds (1.0% estimation error) and for cross
validation group - grecision: 0.903, pure error: 0.3 secounds (1.4% estimation error). An-
aerobic performance over short distances and short duration maximal stimuli was shown
to be associated with 2000m performance in indoor rowing. [17,19,20,21]. It is noteworthy
that official Olympic rowing competitions take place over a 2,000 m course, and the pre-
dominant energy system in these competitions is aerobic (84%), but with constant inter-
action with anaerobic systems (16%), [44].

Previously, Holmes and colleagues [45], found significant associations between 3-
min all - out performance maximum test with the performance of 6000m. The authors
suggest that the performance of 3-min all - out maximum test can contribute to predict the
performance of 6000m [45]. Corroborating these findings, the present study is a pioneer
in developing a mathematical model to estimate the performance in the distance of 6000m
using only the performance of 500m; not requiring laboratory variables, increasing its
practical applicability during the training routine in the environment of coaches and ath-
letes.

In another recent study, [46] was found significant associations between peak anaer-
obic power and 2000m indoor rowing performances (r<0.90; p<0.05). A small anaerobic
power test performed on an indoor rowing machine (10 seconds with a resistance factor
of 200 (N.s?/m?)) was a viable alternative to monitor the performance of the 2000m rowing
[46]. Thus, the present study predicted a distance of 6000 m from a maximum sprint test
of 500 m. Peak anaerobic power over short distances may indicate performance in longer
runs due to the interaction between anaerobic and aerobic energy systems during rowing
events [20,21].

Our findings indicated a substantial relationship between the 500m distance and the
6000m performance predicted by the equation developed in the present study (r = 0.840,
p<0.001). Significant agreement was also observed between the mathematical model and
6000 m performance in both the development- and cross validation group, (development
group - 0: 0.957, pure error: 0.2 secounds (1.0% estimative error); Cross-validation group
- 0:0.903, pure error: 0.3 secounds (1.4% estimative error). Furthermore, it should be noted
that the mathematical model did not present a significant proportion bias in relation to
the 6000 m performance in both groups, which suggests significant effectiveness of the
mathematical model to predict the performance of 6000 m. These results corroborate pre-
vious studies that have sought to predict 2000m indoor rowing performance from short
distance performance [20,21,]. Akca et al, [18], employed multiple regression procedures
to predict 2000 meter performance in rowers. Their equation showed a predictive power
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of R 2=0.757 and SEE = 6.37 and the variables that were used in the equation were func-
tional anaerobic components of power, strength and anthropometric. These findings cor-
roborate the predictive power of the equation developed in the present study, which in
addition to being a pioneer for estimating 6000m performance in indoor ergometric row-
ing, uses only 500m performance, without requiring other variables as suggested in the
study by Akca et al, [18].

5. Conclusions

The mathematical model developed to predict the performance for 6000m rowing
events from a 500m indoor rowing test with maximum stimulation in male junior rowing
athletes is reliable, reproducible and practical. The mathematical model can be used as
monitoring tool to be used by rowing coaches in the training environment, favoring the
saving of time to perform the test and avoiding the wear and tear of performing a 6000m
test in junior athletes.

6. Practical application

New ways of optimizing sports performance, selection, and talent development are
encouraged in rowing. Thus, the mathematical model developed in the present study is a
practical and direct means for these purposes, as it uses the time in seconds of a maximum
stimulus of 500 m. This new tool has demonstrated high reliability and can be used to
design strategies based on the time predicted by the equation, which can be easily added
to training worksheets on different devices such as computers, smartphones or tablets. It
is important to note that the mathematical model developed in the present study does not
invalidate the application of formal assessment at a distance of 6000 m. This test should
likely remain an essential tool in the battery of tests as it considers the ability to sustain
performance longer.

Furthermore, given the need for greater attention to anaerobic metabolism in Olym-
pic rowing performance, considering the distance reduction from 2000m to 1500m at the
2028 Olympic Games in Los Angeles, resulting in a decrease in rowing competition time
estimated to be approximately 90 -120 seconds, leads to an increase in the relative contri-
bution to anaerobic metabolism of approximately 5% to 15%. Consequently, it may be
necessary to adjust training periodization priorities for higher intensity interventions, es-
pecially in the period immediately preceding games [47]. The present study proposes a
mathematical model to estimate the performance of 6000m from a short stimulus, with
relative predominance of the anaerobic metabolism, which could be an additional tool for
the improvement of the anaerobic capacity and progression of training from junior to sen-
ior (i.e. main category) during the Olympic cycle to Los Angeles.

Our tool can also be useful to mitigate the risks of overtraining and overreaching in
young rowers, since prolonged high-intensity stimuli, such as the maximum test of 6000m
in indoor rowing, are associated with greater cases of overtraining, which may compro-
mise future adaptations and athlete's health.[48,49,50] Therefore, predicting the perfor-
mance of athletes will be useful to reduce physical stress during the training routine.

7. Strengths of the present study

The strengths of the present study are: (i) the study design was adequate to answer
the research question, presenting an evaluation model with high reliability; (ii) Gender
was not a divergent factor in the current sample. Only male athletes were involved, avoid-
ing possible interference in the presence of different genders; and (iii) the study contrib-
utes to areas of practice with high applicability for professionals, especially rowing
coaches, using a protocol that is easy to apply and less physical wear and tear.

8. Limitation

Despite the relevance of the current results, the main limitation of this study is that
the sample is composed only of junior athletes, and thus other categories of athletes may
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present different results from those found. Thus as the fact that the athletes point to an
average of biological maturation in the post-PHV stage; in this way, the mathematical
model cant be accurate for athletes in the pre-PHV stage and in the initial moments of the
Circum-PHV stage. We suggest that future studies test the mathematical model devel-
oped by the present to predict the 6000m performance considering other categories of age,
sex, and in junior athletes with pre- and circum-PHYV biological maturation.
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