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ABSTRACT

The aim of the study was to verify the relative contributions of
energetic and kinematic parameters to the performance in 400-
m front crawl test. Fourteen middle-distance swimmers par-
ticipated in the study. Oxygen consumption was measured di-
rectly and blood samples were collected to assay lactate
concentration. Both oxygen consumption and lactate concentra-
tion were used to calculate the: (i) overall energy expenditure,
(i) anaerobic (alactic and lactic) and (iii) aerobic contributions.
The mean centre of mass speed and intracycle velocity variation
were determined through three-dimensional kinematic analysis.
Mean completion time was 315.64+26.91s. Energetic contribu-
tions were as follows: 6.1+0.28 % from alactic anaerobic me-
tabolism, 5.9+ 0.63 % from anaerobic lactic and 87.8 +0.88 %
from aerobic. Mean intracycle velocity variation was 0.14+0.03.
The results indicated that performance of 400-m test relies pre-
dominantly on aerobic power. Parameters such as lactate, mean
speed, anaerobic lactic and alactic (kW) correlated with perfor-
mance of 400-m test (p <0.05). Multiple linear regressions indi-
cated that mean centre of mass speed and anaerobic alactic (kW)
determined the 400-m test performance (R2=0.92). Even
though the T400 is characterized by aerobic metabolism, the
anaerobic alactic component cannot be negligible at this com-
petition level.

Introduction

Assessment of physiological parameters during swimming remains
achallenge. For environmental reasons it is not as easy to measure
oxygen uptake (VO,), for example, as it is in other cyclical sports
[1]. The 400-m all-out front crawl test (T400) has been proposed
as aviable and economic alternative to more complex tests for ob-
taining information about swimmers’ aerobic capacity (total
amount of energy) and are currently considered valid for evaluat-
ing aerobic power (VO,max) [2, 3]. The literature indicates that
70-80% of the energy sources come from the aerobic contribution
and 30-20 % from the anaerobic contribution [4-6] for the T400.
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However, there are few studies that have measured VO, directly
during the T400 [3, 7]. Itis possible to find data from T400 studies
based on retro-extrapolation from the recovery curve [13] or ob-
tained in dry-land ergometers [8], or in a swimming flume [9]. In
addition, the different estimates (e.g., equations, units of meas-
urement, and predictive values) used to estimate energy sources
(ES) parameters make comparisons difficult [10].

Although the aerobic contribution to T400 performance is very
important, one cannot ignore the anaerobic (alactic and lactic)
contributions [6, 11] to ES and performance. Moreover, the energy
cost (C), as the ratio between ES and swimming speed, is the en-

Downloaded by: Dot. Lib Information. Copyrighted material.


mailto:ricardoacorreia@yahoo.com.br

& Thieme

ergy expenditure per unit of distance swum [12]. Cis influenced by
hydrodynamic drag, age, and training experience [13, 14], and itis
accepted as the best indicator of performance in middle- and long-
distance competitive events. Further investigation of the T400 is
necessary to describe the complete energy balance and its relation-
ship to performance. In addition, the T400 (as a square-wave test)
allows identifying the oxygen uptake peak (VO,peak), which can
be considered a value similar to the VO,max [3, 7].

The intracycle velocity variation (IVV) has also been identified
as animportant C predictor because it describes the speed fluctu-
ations resulting from changes in thrust and drag during one arm
stroke [13]. Moreover, the technical level of the swimmer and the
distance travelled can also interfere in these variations. In well-
trained swimmers, IVV in a 200-m front crawl test (swimming
speed ~ 1.41m-s~T)was 0.22 when measured using the three-di-
mensional motion analysis system method [15]. In a T400, IVV was
~ 0.14 when measured with the two-dimensional motion analysis
system method [16]. To the best of our knowledge, there is not,
however, a study that provides matching IVV and physiological data
for the T400.

Little is known about ES and Cvalues derived from direct meas-
urements of VO, in the T400, besides the studies of Zacca and col-
leagues [3, 7]. To our knowledge, this is the first study to examine
ES, C,and IVVin the T400 in adult competitive swimmers. Consid-
ering the possible relations between the ES, the T400 three-dimen-
sional center-of-mass mean speed (5400), and IVV, the purpose of
this study was to verify the relative contributions of these param-
eters to the performance in 400-m front crawl test. Our hypothesis
was that although T400 is predominantly based on aerobic metab-
olism, anaerobic metabolism also makes an important contribu-
tion to performance in this test. In relation to kinematical param-
eters, the S400 is the only parameter that explains the performance
of the T400.

Materials and Methods

Subjects

Fourteen male swimmers with experience in middle- and long-dis-
tance races at national and international championships partici-
pated in this study (means and SDs: age, 23 £5 years old; height,
176+4.5cm; arm span. 183 +5cm; body mass, 71.6 £ 5.9 kg; train-
ing background, 12.5 £5years; 77.15+ 3.6 % of the world record in
men’s 400-m freestyle on a short course). In addition, most swim-
mers performed very similarly in the 400-m front crawl. The swim-
mers were all in the same training period: post major competition
of the year and used to training 6-9 times per week, 90-150 min
per session. The swimmers spent two weeks familiarizing them-
selves with the test procedures and equipment (AquaTrainer® snor-
kel, Cosmed, Rome, Italy) before the test. Participants were asked
to abstain from intense physical effort and/or training for 48 h be-
fore the test. The study conformed to the standards set by the Dec-
laration of Helsinki, and the local Institutional Review Board ap-
proved the procedures. In addition, the study met the ethical stand-
ards of this journal [17]. Written informed consent was obtained
from all participants.

Experimental procedure

Each swimmer performed the test once in a 25-m indoor pool
(1.90m deep, water temperature between 29 and 30 °C). Partici-
pants warmed up by swimming 800-m, consisting of 600-m at low
intensity, as in competition warm-ups but with open turns; fol-
lowed by 200-m of front crawl with the snorkel. The test was a T400
simulating the 400-m freestyle event with an in-water start and
open turns.

Energetic parameters

VO, during the T400 was measured directly, breath-by-breath, using
a telemetric portable gas analyzer (K5; Cosmed, Rome, Italy) con-
nected to a snorkel and valve system (AquaTrainer®, Cosmed) sus-
pended ~2 m above the water’s surface by a steel cable. The telem-
etric portable gas analyzer was calibrated before each testing session
with gases of known concentration (16 % O, and 5% CO,) and the
turbine volume transducer calibrated with a 3-liter syringe. Data
were pre-processed to exclude errant breaths (swallowing, cough-
ing, and/or signal interruptions) by including only those within 4 SD
of the mean [18]. The data were then smoothed using a 5-breath
moving window [19]. Peak oxygen uptake (VO,pe,i) was defined as
the highest value of the curve during the T400 [20]. Oxygen uptake
and lactate concentration at rest (VO5,est and Laes;, respectively)
were measured before the T400 (after warm-up), and afterwards
after 5 to 10 min of rest with the body (except the head) submerged
in the water. VO,,est Was the VO, in which the respiratory exchange
ratio stabilized at approximately 0.8. Venous blood (5 pL) was col-
lected from the antecubital region and used to determine lactate
concentration, which was measured at rest and after exercise (1, 3,
5, and 7 min after the test) in order to determine the peak lactate
value (Laye,k). Blood lactate concentration was determined by means
of enzymatic analyses with a specific reagent (Lactate K084; Bioclin,
Santa Branca, Brazil) followed by a reading in a biochemical analyzer
(SINOWA SX-140; Hemobio, Sdo Paulo, Brazil).

Energetic contribution and cost

The parameters of aerobic and anaerobic metabolism during T400
(» Equation 1) were calculated by the total energy expenditure
equation [10,12,15,21]:

Eror=VO,+ Blay+PCr(1- etlt) (1)
where E; is the overall energy expenditure over the T400; VO, was
calculated from the time-integral of the net difference between
VO;peak and VO, es; and used to estimate the aerobic contribution
(Aer, k]), assuming an energy equivalent of 20.9k-]-10,~1 (Zamp-
aro etal. 2010). La, is the difference between Lape,, and Layest, mul-
tiplied by B=2.7 ml-0,-mM~1kg~" and then by the total body
mass (kg) to yield the lactic anaerobic contribution (AnLa, kJ), as-
suming an energy equivalent of 20.9k-|-10,~1 (Zamparo et al.
2010). PCr (AnAla, k]) was estimated from the concentration of
phosphocreatine of 18.55mM -kg~ (net weight at maximum mus-
cle activation, assuming 30 % of muscle mass activated) [12,22].
tis time duration and 7is time constant of PCr splitting at work
onset (23.4 s as proposed by Binzoni, Ferretti, Schenker, et al. [23]).
Both Aer and AnLa were expressed in k| assuming an energetic
equivalent of 20.9k] 10, 1. AnAl can be expressed in k| by assum-
ing a P/O, ratio of 6.25 and an energy equivalent of
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0.468k]-mM~1[12]. Lastly, C (> Equation 2) was calculated as the
ratio between and S400 (T400 center-of-mass speed) [21]:

C=E;-54007 ()

In addition, ES values were converted into metabolic power by the
quotient of E;; and test time (kW) and expressed as percentages [10].

Kinematical parameters

A stopwatch (HS-70W; Casio, Tokyo, Japan) was used to time per-
formance of the T400. To obtain swimming-test images, six sta-
tionary (non-coplanar view and synchronized) video cameras (HDR-
CX260, Sony, Tokyo, Japan) were used, four below and two above
the water. Nineteen body markers were used for three-dimension-
al reconstruction of the swimming movement [24] and calculation
of the center of mass by e-zone method [25]. The calibrated space
(4.5%x1.0%1.50m, central 10 m in the last 25 m of each 100 m of
T400) determined the biomechanical reference coordinates (x, hor-
izontal; y, lateral; and z, vertical) for the calculation of the kinemat-
ic parameters. The accuracy of the digitalization and of the calibra-
tion procedure was 7.1, 0.8, and 5.3 mm, respectively, for the x, y,
and z axes. Thus, all kinematic parameters were calculated deter-
mined by 3D kinematic analysis (Ariel Performance Analysis Sys-
tem, Ariel Dynamics Worldwide, Trabuca Canyon, CA, USA). The
Direct Linear Transformation Algorithm was used for three-dimen-
sional reconstruction and a digital low-pass filter at 4 Hz was used
to smooth the data.

The S400 was calculated by dividing the horizontal displacement
of the center of mass in one stroke by the overall cycle duration in
fourlaps (75-100, 175-200, 275-300 and 375-400-m) in the cent-
er of the pool. The IVV was defined as the coefficient of speed var-
iation over one cycle (CV =SD/mean) [13].

Statistical analyses

The Shapiro-Wilk test of normality was applied. Means, standard
deviations, and 95 % confidence intervals were calculated. A mul-
tiple linear regression (MLR) was used to identify the relative con-
tributions of factors that are associated with the T400 performance.
Previously, correlations (Pearson’s r) were applied between the
T400 performance and the variables described. Then, only those
variables that were statistically correlated to the T400 were entered
in the MLR with the stepwise model. R2 adjusted was identified and
Fisher’s exact test was used to identify the regression significance.
To express the relative importance of each equation factor, the
weights of the regression were converted to standardized regres-
sion coefficients. The Durbin-Watson test was used to analyze the
independency between the residuals not explained by the regres-
sion generated. The significance level was set at 5 %. Descriptive
statistical analysis was performed in IBM SPSS Statistics 21.

Results

» Table 1 shows the mean values, standard deviations, and confi-
dence intervals (95 %Cl) of energetic metabolic contribution sourc-
es (energy in k] and metabolic power in kW) and C. The results
showed that the 400-m front-crawl test requires a high metabolic
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> Table 1 Energetic parameters and contribution in mean +standard
deviation (SD) and 95 % Cl (confidence interval) values in T400 (n=14).

Energetic parameters Mean SD (95%)Cl

VO, peai (Ml-kg=T-min-1) 68.13 9.68 | (62.53-73.72)
Lapeai (Mm-1-1) 9.03 0.73 | (8.61-9.46)
AnAla (k) 30.00 2.28 | (28.68-31.32)
AnAla (kW) 0.10 0.01 | (0.09-0.11)
AnLa (k]) 29.06 3.81 | (26.85-31.26)
AnLa (kW) 0.10 0.02 | (0.09-0.11)

Aer (k]) 434.71 73.31 | (392.38-477.04)
Aer (KW) 1.44 0.26 | (1.29-1.59)

Eror (KJ) 493.77 76.15 | (449.79-537.74)
Eeor (KW) 1.63 0.27 | (1.48-1.79)
C(kj-m~1) 0.99 0.19 | (0.88-1.10)
VOypeak (Ml-kg~T-min~T): oxygen uptake peak values reached in T400;
Lapeak (Mm -177): peak lactate concentration of T400; AnAla (k])/ (kW):
alactic anaerobic contribution absolute values; AnLa (k])/ (kW): lactic
anaerobic contribution absolute values; Aer (k])/ (kW): aerobic
contribution absolute values; E.; (k])/ (kW): total energy absolute
values; C (k]-m~1): energetic cost.
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50 -

% Etot
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10
0 T
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> Fig. 1 Energetic contribution percentages (Aer: aerobic contribu-
tion, AnLa: anaerobic lactic contribution; AnAla: anaerobic alactic
contribution; n=14)

demand (Ey:) (mainly from Aer) with high C. » Fig. 1 reports the
percentage values for energetic contribution to T400 performance.
The means = SD were AnAla 6.19+0.28 %; AnLa 5.97 £0.63 %, and
Aer 87.84+0.88 %. In addition to the high Aer, it can be seen that
the anaerobic contributions summed represent 12 %.

> Table 2 shows means, standard deviations, and mean 95 %
confidence intervals for the kinematical parameters (T400 time,
S400, and IVV). The 400-m front-crawl test time-trial was lower be-
cause it was influenced by not being able to make turns and exits
(due to the use of snorkel). » Table 3 shows the energetics and kin-
ematical parameters correlated with performance in the T400 are
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> Table 2 Kinematics parameters in mean +standard deviation (SD) and
95 % Cl (confidence interval) values in T400 (n=14).

Kinematics Mean SD (95%) IC
parameters

T400 (s) 316.36 20.21 (300.21-315.23)
S400 (m-s-1) 1.26 0.07 (1.18-1.35)

vV 0.14 0.03 (0.12-0.16)

T400 (s): performance of 400-m test; S400 (m-s~'): mean center-of-mass
speed of 400-m test; IVV: intracycle variation velocity of 400-m test.

> Table 3 Pearson’s r correlation and significance level (p-value) between
energetics and kinematics parameters with T400 performance (n=14).

r (p-value)

Lapeak (M- mol -177) -0.60 (0.02)
Aer (k]) 0.08 (0.78)
Aer (kW) -0.40 (0.15)
Aer (%) 0.29 (0.30)
AnLa (k]) -0.47 (0.08)
AnLa (kW) -0.82 (< 0.001)
AnLa (%) -0.46 (0.09)
AnALa (k) -0.02(0.92)
AnALa (kW) -0.73 (0.003)
AnAla (%) -0.06 (0.81)
Eor (KJ) 0.05 (0.85)
Eor (kW) -0.46 (0.09)
S400 (m-s~1) -0.90 (< 0.001)
vV -0.34(0.23)

Lapeak (Mm -177): peak lactate concentration of T400; Aer (k])/ (kW):
aerobic contribution absolute values; AnLa (k])/ (kW): lactic
anaerobic contribution absolute values; AnAla (k])/ (kW): alactic
anaerobic contribution absolute values; Ey (k])/ (kW): total energy
absolute values; S400 (m-s~1): mean center-of-mass speed of
400-m test; IVV: intracycle variation velocity of 400-m test.

Lapeak (r=0.60), S400 (r=-0.90), AnlLa (kW, r=-0.82), and AnAla
(kw, r=-0.73) all with p < 0.05. However, the predictors of per-
formance through the linear regression were S400 and AnAla (kW).
» Fig. 2 shows T400 performance as a function of the S400 and
AnAla (KW). The data was distributed in a scatterplot using a linear
function to estimate a possible relationship between theses param-
eters (F,,11=86.04; p<0.001; Durbin-Watson = 1.80). In addition,
these results indicate that the best performance in the T400 is de-
termined by the high speed of the center of mass and by the anaer-
obic lactic contribution (R2=0.92). Thus, the equation generated
for performance estimation by means of S400 (m-s~1) and AnAla
(kW) is:

T400(s) = (- 181.7x5400) + (- 955.3 x AnAla) + 640.5 3)

Where T400(s) is time trial for the T400, S400 the T400 center-of-
mass speed, and AnAla (kW) the anaerobic alactic power.

Discussion

This study was designed to verify the relative contributions of pa-
rameters (ES, S400, and IVV) to the performance in the 400-m front

crawl test. Firstly, it was necessary to describe the results of the en-
ergy and kinematical parameters. Subsequently, these were listed
in an attempt to find which parameter(s) could explain the perfor-
mance in 400-m front crawl test. T400 performance depends heav-
ily on the aerobic system because the test lasts around 300 s. It
should be pointed that the swimmers were breathing through a
snorkel during the test, to enable obtaining VO, values, and this
impairs turns and the dolphin kick phase after turns, thus increas-
ing performance time but not impairing mean swimming speed or
other kinematical parameters [26].

Energetic contributions can be expressed as work performed (in
k]), metabolic power (in kW) and ES percentage values. All these
measures help to provide a complete picture of energy balance. In
the present study, Aerwas 435k|, 1.44 kW, and 88 % of the ES. The
aerobic system is the main source of the metabolic energy required
inthe T400 [6,27]. In a 100-m front crawl test, the corresponding
values were ~90k], 1.41 kW, and 49 % of Aer (calculated from data
on Cand speed) [28]. In a 200-m front crawl test, they were 211k,
1.49kW, and 65 % of Aer [10]. In the T400, for young swimmers
(~15years old) Aerwas reported as 331k|, 1kW, and 90% [7]. Thus,
itis observed that the longer the distance, the greater the recruit-
ment of aerobic metabolism. Differences in body mass, height, age,
gender, years of experience, and training may influence the aero-
bic energy capacity.

In this study, the AnAla was 30k] (0.10 kW). AnLa was 29 k|
(0.10kW), and each system contributed 6 % of the E.. The corre-
sponding values for the 100-m front crawl test [20] were as follows:
Anla was 27k], 0.42 kW, and 21 %; and AnAla was 39 k], 0.60 kW,
and 30 %. For the 200-m front crawl test [10], AnLa was 43 k|, 0.31
kW, and 25 %; and AnAla was 65kJ, 0.46 kW, and 10 %. Thus, as the
distance increases, the anaerobic contribution in relation to the
total energy decreases. The contribution of the anaerobic system
(~12%) was lower in our sample than previously reported values,
which were around 18% [11, 29, 30], but those studies analyzed
swimmers with faster times and swimming speeds (~1.40 m-s')
than oursample (~1.26 m-s~1). Moreover those studies [15,21, 27]
calculated oxygen consumption using the retro-extrapolation
method and did not present AnAla results.

As pointed out above, ES results are influenced by the experi-
mental and analytical procedures. A recent similar study [7] report-
ed an anaerobic contribution of ~10% (7 % AnAla and 3 % AnLa) for
the T400 in a sample of swimmers younger than those in our sam-
ple, with a mean speed of 1.20 m-s~' and mean time of ~320s.
However, the sample of this study had men and women, which ex-
plains the slightly lower anaerobic contribution values compared
to the present study. Estimates of AnAla may vary between studies
[10,12] depending on the relative value of body mass used. Al-
though the T400 is predominantly an aerobic activity, it is neces-
sary to stimulate the anaerobic energy sources during training. The
anaerobic contribution to T400 performance, although low (12 %),
is not negligible in competitive performance. An indirect test pro-
tocol to determine ES (VO, estimated using retro-extrapolation)
indicated that anaerobic metabolism contributes between 20-30%
of the energy used in the T400 [6]. Furthermore Laffite, Vilas-Boas,
Demarle, et al. [11] stated that the contribution of the anaerobic
system to the first 100 m of the T400 is much higher (~ 45 %, inter-
national level swimmers). However, T400 performance in the pre-
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» Fig. 2 Scattergrams of T400 performance as a function of the a center of mass speed of 400-m test (5400, m.s~') and b alactic anaerobic contri-

bution (AnAla, kW). Dashed line indicates the confidence interval (95 %).

sent study was worse when compared to the results of Rodriguez
and Mader [6] and Laffite, Vilas-Boas, Demarle, et al. [11]. Because
we collected gas directly, and the swimmers were not able to per-
form flip turns or undulatory underwater movements, this may
have led to an underestimation of the anaerobic contribution.

Values for C depend on the external and internal mechanical
work and are influenced by hydrodynamic drag [31]. Reported C
values for T400 are around 0.75 to 1.16 k].m~1[10, 14,32, 33]. We
found an average C of 0.99k] - m? with a mean swimming speed of
1.26 m-s~1, which is similar to previous results [10, 13, 30]. One
should consider that there is variation in the methods to obtain ox-
ygen uptake values and in the fixed values used in AnLa and AnAla
metabolism calculations. These differences may contribute to the
differences in reported values for C. In addition, age, gender, and
the swimmer’s technical level [31] may also influence C values. Pre-
vious studies that used similar methods to ours reported C
~1.16k].m~1 for the 100-m front crawl with a mean swimming
speed of 1.58 m-s~1[19], and ~1.60k|-m~ for the 200-m front
crawl with a mean swimming speed of 1.51 m-s~1[10]. A recent
longitudinal study of the T400 in young swimmers [7] reported a
C of ~0.92k|.m~T with a mean swimming speed of 1.20 m-s~1.
Taking into account distance and speed effects, those results are
similar to those presented here.

To ourknowledge, this is the first study to have used 3D kinemat-
icanalyses to calculate IVVin the T400. A study that applied the same
method (physiology and 3D kinematical) to the 200-m front crawl
test obtained values of 0.22 £ 0.03 for a higher mean swim speed
(1.42+0.05 m-s~T1) than our sample achieved (1.26 £0.07 m-s~1).
Our IVV results are similar to previous results based on two-dimen-
sional kinematical analyses [16] (~ 0.14 in the 400-m race pace).
Schnitzler, Seifert, Ernwein, et al. [16] found that in elite swimmers,
IVV values varied little across swimming speeds and distances, be-
cause elite swimmers have sufficient technical ability to change their
front crawl coordination in order to keep IVV and C low.

Interestingly, we found significant a correlation of anaerobic pa-
rameters (La, Anla and AnAla) with T400 performance. Thus, it may
be likely that these parameters influence the S400 and consequent-
ly performance. These possible relationships are scarce in the lit-
erature for the 400-m front crawl, except for one study [34] that
used a different method (excess post-exercise oxygen consump-
tion) to estimate the anaerobic contribution to T400 performance.

Correia RA et al. The 400-m Front Crawl... Int | Sports Med

Positive correlations were found (r=0.80 and r=0.44) between an-
aerobic contribution and performance, with the result being simi-
lar to that obtained in this study. In the present study, multiple lin-
earregression indicated that performance is improved by reaching
higher speeds and recruiting AnAla in the T400. It was expected
that the Aer would also influence performance. However, this did
not occur, possibly due to the homogeneity of the results related
to aerobic contribution among the participants. All presented high
values of oxygen consumption and thus the Aer, which is even im-
portant for performance in the T400, was not able to discriminate
performance at this level. The AnaAla (kW) was a strong T400 per-
formance predictor, confirming the hypothesis formulated.

Another possible explanation to consider is that for a higher swim-
ming speed, anaerobic sources, mainly AnAla, contribute more to
the Ey than in lower swimming speeds. In mid-distance races, this
contribution is due to the extended time trial if we compare it to
shorter events [35]. Therefore, this possible effect may have influ-
enced the relationship with performance in T400. In addition, the
specialist swimmers of this distance train to improve aerobic capac-
ity and consequently performance. At the same time, the present
study's results lead us to question whether coaches stimulate anaer-
obic power, and more specifically the alactic anaerobic power. It was
identified that the swimmers with the highest AnAla power values
were those with the highest average S400. Therefore, this finding is
important information for coaches and swimmers to review the ap-
plication of this training content. However, more studies with a larg-
er sample are needed to investigate the possible relationships be-
tween the sources of energy contribution in swimming (mainly an-
aerobic sources) in the 400-m front crawl test.

Therefore, some limitations of the study may be useful toinform and
to conduct future research. The actual sample size precludes compari-
son between performance groups. In addition, 100-m sections of 400m
at steady speed refer to speeds reached throughout the T400. Thus, it
would be possible to calculate the energy sources at each lap to esti-
mate the energy balance throughout the test as performed in the study
by Figueiredo, Zamparo, Sousa, et al. [10] in the 200-m front crawl test.

Conclusions

The results indicated a predominance of Aer in the T400, and high
Cand IVV. AnAla and S400 were strong T400 performance predic-
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tors, and together were able to explain 92 % of the T400 perfor-
mance. Thus, swimmers with a higher AnAla contribution obtained
better performance in the T400. Hence, swimming training should
stimulate both aerobic and anaerobic metabolism in order to im-
prove T400 performance.
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