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ABSTRACT

Ferreira, MI, Barbosa, TM, Neiva, HP, Marta, CC, Costa, MJ,

and Marinho, DA. Effect of gender, energetics, and biome-

chanics on swimming masters performance. J Strength Cond

Res 29(7): 1948–1955, 2015—The purpose of this study was

to analyze the effect of gender and energetics on biomechan-

ics and performance of masters swimmers over 1 season.

Twenty-five masters swimmers (14 male and 11 female) were

assessed 3 times (TP1, TP2, and TP3) during a season (male

personal record in 200-m freestyle event: 173.00 6 31.41

seconds: female personal record in 200-m freestyle event:

200.73 6 25.02 seconds). An incremental 5 3 200-m step

test was selected to evaluate velocity at 4 mmol$l21 of blood

lactate concentration (v4), maximal blood lactate concentration

after exercise (Lapeak), maximal oxygen uptake (V_ O2max), stroke

frequency, stroke length (SL), stroke index (SI), and propelling

efficiency of the arm stroke (hp). The 200-m freestyle perfor-

mance and average swimming velocity (v200) were also moni-

tored. Significant differences were observed between males

and females for the 200-m freestyle performance, SL, SI, and

Lapeak. Performance (205.18 6 24.47 seconds; 197.45 6

20.97 seconds; 193.45 6 18.12 seconds), SL (1.69 6 0.17 m;

1.79 6 0.13 m; 1.78 6 0.15 m), SI (1.68 6 0.31

m2$c21$s21; 1.83 6 0.27 m2$c21$s21; 1.85 6 0.27

m2$c21$s21), hp (0.32 6 0.04; 0.33 6 0.03; 0.33 6 0.04),

and V_ O2max (38.71 6 3.44 ml$kg21$min21; 43.43 6 3.71

ml$kg21$min21; 43.95 6 7.02 ml$kg21$min21) have changed

significantly throughout the season (TP1, TP2, and TP3,

respectively) in female swimmers. In male, significant changes

were found in hp (0.33 6 0.07; 0.36 6 0.05; 0.36 6 0.06)

and V_ O2max (41.65 6 7.30 ml$kg21$min21; 45.19 6 6.55

ml$kg21$min21; 50.196 9.65 ml$kg21$min21) over the season

(TP1, TP2, and TP3, respectively). Gender presented a significant

effect on SL (TP2: h2
p = 0.29; TP3: h2

p = 0.37), SI (TP2: h2
p =

0.25), and Lapeak (TP3: h2
p = 0.42). v4 (TP1: h2

p = 0.23), SL (TP1:

h2
p = 0.46), SI (TP1: h2

p = 0.78; TP2: h2
p = 0.37; TP3: h2

p = 0.32),

and hp (TP1: h2
p = 0.28) had a significant effect on performance.

Male masters swimmers have better performance, SL, SI, and

Lapeak than female counterparts. Female masters swimmers

enhanced significantly the 200-m freestyle performance over the

season due to the improvement in swimming technique (SL, SI,

and hp) and energetic factors (v4 and V_ O2max). Nonsignificant

improvements were observed for the males’ performance. Gender

has a significant effect on SL, SI, and Lapeak. Therefore, perfor-

mance is more dependent on technical factors than energetics.
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INTRODUCTION

P
hysical exercise has a positive and meaningful
effect on health (8). Nevertheless, aging affects
the level of physical activity, and therefore phys-
ical fitness, due to a decrease in engagement in

physical activity and a trend to train at lower exercise inten-
sities (34). Moreover, with advancing age, structural and func-
tional impairment happens in most of the physiological
systems, even in the absence of discernible diseases. So, it is
expected that human performances in sports can also be
impaired with aging (8,13,23). Research with master athletes
provides a good chance to investigate age effects on the met-
abolic/biomechanic determinants of performance (7), exclud-
ing physical inactivity as a potential confounding factor (7).

The reasons behind the participation of master athletes in
competitions and in regular exercise are the enjoyment, the
health benefits (31), and the best performance. For those
reasons, the identification of the factors that influence the
swimming performance and the magnitude of their influence
is an important aim. Swimming performance is determined
by physiologic, biomechanic, and psychological factors
whereby the development of these characteristics enhances
the possibility of success (1). Therefore, the longitudinal
assessment of the performance is important because it ena-
bles the analysis of the swimmer progression over a season
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induced by training (11). Considering that master swimmers
have less practice sessions in comparison with younger
counterparts (29) and that their main focus is the build-up
of endurance (34), it is worth to evaluate whether a training
program will have impact on energetics and biomechanics.
Energetic variables, such as aerobic and anaerobic capacities,
can be assessed at the concentration of 4 mmol$l21 of blood
lactate levels (v4), maximal oxygen consumption (V_ O2max),
and maximal blood lactate concentration after exercise
(Lapeak), respectively. These variables may be useful tools
to monitor the effects of aging on muscle metabolism. The
biomechanical parameters are useful indicators of the swim-
ming technique (4) and include the stroke mechanics, such
as stroke frequency (SF), stroke length (SL), stroke index
(SI), and propelling efficiency of the arm stroke (hp). In
master swimmers, the differences between genders may rep-
resent an interesting topic of research to find out whether
the effects of aging are similar in both genders. However, the
body of knowledge about this issue is scarce (16) and few
reports included cross-sectional data about their physiologic
and biomechanic characteristics (37). Compared with young
and elite counterparts, longitudinal research with masters
swimmers is reduced and exclusively focused on performance
variations based on race time progression (16) and energy cost
(38). As far as we can understand, it seems that there is a lack
of evidence about energetic and biomechanical adaptations of
master swimmers over time (e.g., a full season).

The aim of this research was to analyze the effect of
energetic and gender on the performance and biomechanics
of master swimmers over 1 season. It was hypothesized that
(a) gender influences the performance, (b) energetics influ-
ences the performance and biomechanics, and (c) biome-
chanics influences the performance.

METHODS

Experimental Approach to the Problem

A longitudinal research design was conducted, with 3 evalua-
tion moments over a season: December (TP1), March (TP2),
and June (TP3). Training program consisted in 3 sessions per
week, involving low-, medium-, and high-aerobic sets, sprinting
sets, and drills. Training averaged 9.0 6 1.7 km$wk21.
Throughout the season, the training of swimmers presented
an intensity corresponding to aerobic (TP1: 92.81%; TP2:
90.35%; TP3: 91.36%) and anaerobic capacities (TP1: 7.19%;
TP2: 9.65%; TP3: 8.64%) (Figure 1). The training process was
always accompanied by the research team with the coach of
the team. The distinction between aerobic and anaerobic loads
was carried out taking into account the considerations of Ma-
glischo (22) and using the same procedure detailed in previous
studies (10,24). In each TP, the 200-m freestyle performance, v4,
Lapeak, V_ O2max, v200, SF, SL, SI, and hp were collected.

Subjects

Twenty-five subjects were recruited for this research. Eleven
female swimmers (at baseline, age: 34.7 6 7.3 years; height:

1.63 6 0.05 m; body mass: 58.5 6 5.4 kg; personal record in
200-m freestyle event: 200.73 6 25.02 seconds) and 14 male
swimmers (at baseline, age: 35.6 6 7.4 years; height: 1.76 6
0.06 m; body mass: 73.7 6 8.3 kg; personal record in 200-m
freestyle event: 173.006 31.41 seconds) volunteered to serve
as subjects.

Male and female swimmers, aged 25–50 years, were re-
cruited by detailed announcements at a local swimming
club. The following inclusion criteria were considered: (a)
male or female, (b) aged 25–50 years, (c) have a back-
ground as swimmer participating in national swimming
events, and (d) be engaged in a systematic master swim-
ming program. The exclusion criteria included the follow-
ing: (a) any physical challenge, (b) musculoskeletal injury,
pathology, or condition, (c) pregnancy, and (d) more than
3 consecutive weeks of absence during the follow-up
period.

All subjects gave their written informed consent before
participation. The study was approved by the local ethics
committee and is in accordance with the Declaration of
Helsinki.

Energetics and Biomechanics Data Collection

An incremental 5 3 200-m step test (25-m pool) was
selected to evaluate the swimmers’ energetic adaptations
(33). The starting velocity was set at approximately 0.3
m$s21 less than the swimmer’s best performance, represent-
ing a low training pace (20). Underwater pacemaker lights
(GBK—Pacer; GBK Electronics, Aveiro, Portugal) were
placed at the bottom of the swimming pool to control the
swimming pace along each lap. Time for each trial was
clocked with a stopwatch (SEIKO S141) by an expert eval-
uator as backup.

Oxygen uptake (V_ O2) was measured with a backward
extrapolation technique, immediately after each trial (Kb42;

Figure 1. Total weekly volume of training throughout the 3 time periods.
#Test occasions.
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Cosmed, Rome, Italy). The mean error in V_ O2 in consecutive
evaluations was 1.20 6 0.23%. Swimmers were instructed
not to breath during the last cycle before touching the wall.
After finishing the trial, the swimmer leaned on the wall
while an operator fixed a portable mask on his face during
all recovery period. The V_ O2 reached during each step of the
protocol was estimated using the backward extrapolation of
the oxygen (O2) recovery curve. The V_ O2max was consid-
ered to be the mean value in the 6 seconds after the V_ O2

detection, during the recovery period (20). The first mea-
surement of V_ O2 before the highest V_ O2 value was not con-
sidered, because it corresponded to the device adaptation to
the sudden change of respiratory cycles and to oxygen
uptake. The device adaptation never exceeded 2 seconds
(10,20).

Fingertip capillary samples were collected before the
200 m, at the end, and in the third, fifth, and seventh minutes
after the protocol to assess lactate concentrations (Accusport;
Boherinnger, Mannheim, Germany). The Lapeak was con-
sidered to be the highest blood lactate concentration in
postexercise condition (32). The v4 was obtained by inter-
polation of the average lactate value (4 mmol$l21) on the
exponential curve of lactate/speed relationship.

Swimming velocity (v) defined as the ratio between the
distance and the time to travel such distance, and it was
measured considering the mean value obtained in each lap
with a stopwatch (measured between 5 and 20 m). The same
distance was used to measure SF (Hz), SL (m), SI
(m2$c21$s21), and hp. The Interclass Correlation Coeficient
(ICC) in all biomechanic variables ranged from 0.98 to 0.99.
The SF was recorded manually from 3 consecutive stroke
cycles in each lap, with a chrono-frequency meter (Golfinho
Sports MC 815, Aveiro, Portugal). Then, SF values were con-
verted to International System Units (i.e., Hz).

The SL was estimated as the ratio between swimming
velocity and SF (13). The SI was computed as the product of
the velocity of the swimmer during the 15 m recorded and
the corresponding SL (12). The propelling efficiency of the
arm stroke (hp) was estimated as being (39):

hp ¼
�

v30:9

2p3SF3l

�
3
2

p
; (1)

where the factor 0.9 takes into account that, in front crawl,
about 10% of forward propulsion is produced by the kicking,
SF is the stroke frequency (Hz), and l is the arm’s length (m),
being computed trigonometrically, measuring the arm’s
length and considering the average elbow angles during
the insweep of the arm pull, as reported by Zamparo (35).
All the energetic and biomechanical values were then esti-
mated at v200 performance.

Performance Data Collection

Swimming performance was assessed based on time lists of
the 200-m freestyle event during local, regional, and national

competitions. The time between the official event and the
testing session took no longer than 2 weeks.

Statistical Procedures

Standard statistical methods were used for the calculation of
the mean and SDs. For the analysis of the statistical effect of
energetic and biomechanic variables on performance in each
TP, a univariate analysis of covariance (ANCOVA) was used,
having as dependent variable the performance, as factor the
gender, and SF, SL, SI, hp Lapeak, v4, and V_ O2max as cova-
riates. For the analysis of the statistical effect of energetic
variables on biomechanic variable in each TP, a multivariate
analysis of covariance (MANCOVA) was used, having as
dependent variables SF, SL, SI, hp, as factor the gender,
and Lapeak, v4, and V_ O2max as covariates. The normality of
the residuals of MANCOVA was checked by applying the
Kolmogorov-Smirnov test and the homogeneity of variance-
covariance matrix was tested by the BoxMtest (TP1: M =
30.198, F(10,2183.5) = 2.43, p # 0.05; TP2: M = 15.722,
F(15,1852.3) = 1.26, p . 0.05; TP3: M = 33.830, F(10,1852.3) =
2.72, p # 0.05). When the assumption was not verified (p #

0.05), it was selected the Pillai’s Trace test statistics, while
when the assumption was verified (p . 0.05), it was selected
the Wilks’ Lambda. When statistically significant differences
were observed, an ANCOVA was estimated for each depen-
dent variable, followed by Bonferroni’s post hoc comparison
tests. Partial eta squared (h2

p) was selected as effect size index.

RESULTS

Energetics

V_ O2max, Lapeak, and v4 were higher in males compared with
females in all TPs (Figure 2). These differences were signif-
icant only for Lapeak in all TPs (TP1: p = 0.02; TP2: p ,
0.001; TP3: p , 0.001) with a significant and large effect of
gender on this variable in TP3 (h2

p = 0.42, p, 0.001). V_ O2max
increased in male (8.5, 11.1 and 20.5%) and female (12.2, 1.2
and 13.5%) between TP1–TP2, TP2–TP3, and TP1–TP3,
respectively (Figure 2A). A decrease in Lapeak was determined
for males throughout all TPs: TP1–TP2 (23.9%); TP2–TP3
(22.3%); TP1–TP3 (26.1%), whereas Lapeak in females
decreased from TP1 to TP2 (211.6%), increased from TP2
to TP3 (3.1%), and decreased from TP1 to TP3 (28.1%) (Fig-
ure 2B). An increase in v4 was observed throughout the sea-
son in both genders: male’s v4 increased 1.1, 2.2, and 3.3%
between TP1–TP2, TP2–TP3 (in this case significantly), and
TP1–TP3, respectively (Figure 2C). Female showed a nonsig-
nificant increase between TP1 and TP2 (2.28%), slight increase
between TP2 and TP3 (0.9%), and a significant increase
between TP1 and TP3 (3.14%).

A large effect of v4 on biomechanic variables was found in
all TPs (TP1: h2

p = 0.85, p, 0.001; TP2: h2
p = 0.88, p, 0.001;

TP3: h2
p = 0.60, p , 0.001). In TP1, we observed that v4 has

a large effect on SI (h2
p = 0.56, p , 0.001), followed by hp

(h2
p = 0.47, p , 0.001) and SL (h2

p = 0.38, p , 0.001). In TP2,
data showed a large effect of v4 on SI (h2

p = 0.58, p , 0.001)

Factors Influencing Swimming Masters Performance
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and hp (h2
p = 0.32, p = 0.01), and a moderate-sized effect on

SL (h2
p = 0.24, p = 0.02). In the last TP, v4 has a large effect

on SL (h2
p = 0.52, p , 0.001), followed by SI (h2

p = 0.50, p ,
0.001) and hp (h2

p = 0.50, p , 0.001). Lapeak and V_ O2max did
not have a significant effect on biomechanic variables in
all TPs.

Biomechanics

Males presented a higher SF only in TP1 (Figure 3). In the
other 2 TPs, females obtained a higher SF, although these

differences were not significant, with a small effect size over
the season (TP1: h2

p = 0.04; TP2: h2
p = 0.17; TP3: h2

p = 0.11).
In females, SF decreased between TP1 and TP2 (21.9%; p =
0.04), increased between TP2 and TP3 (2.2%), and between
TP1 and TP3 (0.3%). In males a nonsignificant decrease was
observed throughout the season:28.6,20.5, and29.1% (Fig-
ure 3A). Stroke length was higher in males compared with
females in all TPs (TP1: p = 0.04; TP2: p , 0.001; TP3: p ,
0.001) with a moderate and large effect in TP2 (h2

p = 0.29) and
TP3 (h2

p = 0.37), respectively (Figure 3B). In both genders, SL
increased from TP1–TP2 (male: 7.7%; female: p, 0.001; 6.0%)
and slightly decreased from TP2 to TP3 (male:21.5%; female:
20.7%). From the first to the last TP, SL increased 6.1% in
male and 5.2% in female group (p = 0.03).

Males presented a higher SI and hp than females in all TPs
(Figure 4). However, these gender differences were only sig-
nificant for SI in TP1 (p = 0.01) and TP2 (p , 0.001), with
a moderate-sized effect in TP2 (h2

p = 0.25). In males, a non-
significant increase was observed in SI throughout the sea-
son: 5.8, 1.1, and 6.9%. In females, SI presented an increase
between TP1 and TP2 (9.5%; p = 0.04), TP2 and TP3 (1.0%),
and between TP1 and TP3 (10.6%; p = 0.03) (Figure 4A).
Nonsignificant differences were found in hp between genders

Figure 2. Mean 6 SD values of V_ O2max (A), Lapeak (B), and v4 (C) in
the 3 TPs. *Significant differences in Lapeak between males and females
(TP1: p = 0.02; TP2: p , 0.001; TP3: p , 0.001). #Significant
differences in v4 male between TP2 and TP3 (p = 0.02) and female
between TP1 and TP3 (p = 0.02); in V_ O2max male between TP1 and TP2

(p = 0.01), TP2 and TP3 (p = 0.01), and TP1 and TP3 (p , 0.001);
and V_ O2max female between TP1 and TP2 (p = 0.01), and TP1 and TP3

(p = 0.02).

Figure 3. Mean 6 SD values of SF (A) and SL (B) in the 3 TPs.
*Significant differences in SL between males and females (TP1: p = 0.04;
TP2: p , 0.001; TP3: p , 0.001); #Significant differences in females SL
between TP1 and TP2 (p , 0.001), and TP1 and TP3 (p = 0.03). SF =
stroke frequency; SL = stroke length.
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in all TPs (Figure 4B). In both genders, hp increased from
TP1 to TP2 (male: 8.9%, p = 0.01; female: 5.8%, p = 0.01),
decreasing slightly from TP2 to TP3 (male: 20.8%; female:
20.5%).

In TP1, nonsignificant effect of gender on biomechanic
variables was found. In TP2, the gender influence was greater
in SL, followed by SI, both with a medium-size effect (h2

p =
0.29, p = 0.01 and h2

p = 0.26, p = 0.02, respectively). TP3
presented a significant large effect-sized in SL (h2

p = 0.37).

Performance

Comparing both genders, males had always better perform-
ances than females (TP1: p = 0.02, h2

p = 0.11; TP2: p = 0.04,
h2
p = 0.02; TP3: p = 0.01, h2

p = 0.03). The males presented
a nonsignificant improvement in the performance over the
season (TP1–TP2: 21.5%; TP2–TP3: 22.0%; TP1–TP3:
23.5%), whereas, in females, significant improvements were
observed in TP1–TP2 (23.8%; p , 0.001) and TP1–TP3
(25.7%; p , 0.001) (Figure 5).

Performance Determinants

A large effect of SF, SL, SI, and hp on performance in the 3
TPs was found. In TP1, a moderate-sized effect of SF

(h2
p = 0.24, p = 0.04) and hp (h2

p = 0.28, p = 0.03), a large effect
of SL (h2

p = 0.46, p , 0.001) and SI (p , 0.001, h2
p = 0.78).

In TP2, a large effect of SI (h2
p = 0.37, p = 0.01) was found.

In TP3 a large effect of SI (h2
p = 0.32, p = 0.01) was found.

Concerning the effect of energetic variables on performance,
a moderate-sized effect of v4 on performance was found
(h2

p = 0.23, p = 0.04) in TP3. There was a nonsignificant
effect of gender on performance over the season.

DISCUSSION

The aim of this study was to compare the changes in
performance, energetics, and biomechanics of male and
female master swimmers and to analyze the effect of the
energetic variables and gender on performance and bio-
mechanical variables within a season. Males presented better
performance and higher SL, SI, and Lapeak values than
females. No differences between genders were found in SF,
hp, v4, and V_ O2max. Stroke frequency, SL, SI, hp, and v4
influence performance.

The glycolytic metabolism depends on muscle mass
involved, such as on the proportion of fast-twitch fibers
(7). With men having greater skeletal muscle mass than
women, it is expected that higher lactate production, and
the large effect of gender on Lapeak found in TP3, emphasizes
that difference. No significant increase in Lapeak was found
throughout the season in both genders. The assessment of
Lapeak is related to anaerobic capacity and the absence
of improvements is probably due to the lower percentage
of anaerobic workout and to the decrease found in anaerobic
capacity with aging (26). The values reported for both gen-
ders were lower than those obtained by Benelli et al. (7)
(10.8 6 2.8 mmol$l21 in female, and 14.2 6 2.5 mmol$l21

in male), probably related with different experiences and
performance level of the samples, including from elite

Figure 4. Mean 6 SD values of SI (A) and hp (B) in the 3 TPs.
*Significant differences in SI between males and females (TP1: p = 0.01;
TP2: p , 0.001). #Significant differences in female, SI between TP1 and
TP2 (p, 0.001), and TP1 and TP3 (p , 0.001); in male, hp between TP1

and TP2 (p = 0.01), and TP1 and TP3 (p = 0.02), and in female, hp

between TP1 and TP2 (p = 0.01), and TP1 and TP3 (p = 0.03). SI =
stroke index.

Figure 5. Mean 6 SD values of the 200-m freestyle performance in the
3 TPs. *Significant differences between genders (TP1: p = 0.02; TP2:

p = 0.04; TP3: p = 0.01). #Significant differences in female 200-m
performance between TP1 and TP2 (p , 0.001), and TP1 and TP3

(p , 0.001).
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swimmers to “weekend athletes” who sporadically train and
compete.

Methods to quantify the release of anaerobic energy are
less accurate than the aerobic energy becuase it is an
intracellular process with little reliance on central processes
(18). For this reason, a universally accepted method cannot
be found, but the literature reports a variety of procedures
that have been used, highlighting the peak blood lactate
concentration after exercise and accumulated oxygen deficit.
The advantages of peak blood lactate concentration after
exercise benefits from ease of implementation and from
the existence of studies that showed the reliability of this
method (5,9,36), even in low-intensity bouts, as occurred
in the beginning of the test (3).

The accumulated oxygen deficit method is based in 2
assumptions (27): (a) establishment of the submaximal energy
cost (by the linear relation between V_ O2/velocity) and (b) esti-
mative of the supramaximal energy cost by linear extrapolation
of the submaximal energy cost. Regarding to point (a), this
assumption requires the measurement of the steady state V_ O2
at several intensities. For this, it is necessary to perform a sub-
maximal, discontinuous, and progressive intensity test. The first
main issue of this method arises at this point: define the optimal
duration of each submaximal exercise to avoid underestimates
or overestimates the submaximal energy cost. The second issue
is related with the estimative of the supramaximal energy cost
by linear extrapolation of the submaximal energy cost (point
(b)). Some authors suggest that the relationship between V_ O2
and the intensity is not linear, which may limit the use of linear
extrapolation. Questions as to the existence of linearity in the
V_ O2 intensity relationship consubstantiate in the alleged
decrease of efficiency, the effect of exercise intensity increase.

The accumulated oxygen deficit method includes also
a second test: supramaximal continuous, until exhaustion
test to calculate the accumulated oxygen deficit as the
difference between the total energy demand and the
accumulated V_ O2. The requirement to perform 2 tests makes
this method more time consuming and complex contrasting
with the ease of the use of the peak blood lactate concen-
tration after exercise. After analyzing the advantages and
disadvantages of the 2 methods, we decided to use the peak
blood lactate concentration after exercise.

The v4 is influenced by the volume of training: higher
training volume leads to a greater aerobic capacity. There-
fore, and since the training stimulus is the same for both
genders, the absence of differences between male and female
is not surprising. Generally, the increase in v4 happens in the
first months of training due to volume increase. However,
our sample was engaged in a high percentage of aerobic
training pace throughout the season. The increase in
V_ O2max for both genders may be due to that training, with
a minor focus on strength, speed, and power tasks as occurs
in young and elite swimmers (34).

A swimming event is composed by 4 moments: start,
swim, turn, and finish. The use of the snorkel might impose

some constraints during some of these moments, especially
during the start and turn moments (4). For example, the
gliding phases after the start and turns are usually less effec-
tives when the swimmers use the snorkel since the duration
and depth of the glide after takeoff are minimized (4). More-
over, the rolling turning technique must be changed to the
open turn. Another constraint of the use of the Aquatrainer
snorkel may be the increase of the drag force up to 10% (19)
which, without a concomitant increase of the propulsive
force will lead to a decrease in velocity, and consequently,
in the swimming performance. Some studies reported no
significant differences in stroke mechanics between swim
with and without the Aquatrainer snorkel (2,28). Thus, the
significant changes in the performance may be more related,
not with swimming, but with the other moments of the
swimming event, such as the start and turns. Despite the
improvement verified in the snorkel reported by Baldari
et al. (2), such as more comfortable mouthpiece and head
connection, underwater stability of the tubes and a better
freedom of movement due the higher flexibility of the sys-
tem, the constraints related with start and turns remain,
whereby we decided to use the method of the extrapolation
of V_ O2 kinetics.

The v4 has a large effect on performance and in biome-
chanics variables, being the effect size higher in SI, followed
by hp and SL. Considering that the assessment of v4 is
important in determining the aerobic capacity of the swim-
mers, the higher influence of v4 on performance highlights
the importance of aerobic contribution for the total energy
expenditure in the 200-m race. The large effect found of v4
on SI, SL, and hp, may be caused by the aerobic loads, that
allows to swim at low velocities and focus on technical as-
pects of the stroke mechanics, improving their technical
ability.

Females presented nonsignificant higher values of SF than
males in TP2 and TP3. The SF is dependent of the limb’s
kinematics (6) and the surface area of propulsive segments
(25). A negative nonsignificant relationship between SF and
arm span was found in another study (30). However, these
gender differences in SF were nonsignificant, which was
corroborated by the absence of a significantly effect-sized
of gender on SF in the 3 TP. Female swimmers presented
a decrease in SF between TP1 and TP2, which may be
related with training. The swimmers may have learned
how to swim with fewer strokes and to be more effective
as demonstrated by the improvement found in hp over the
season. Comparing with Zamparo’s data (35), the difference
found may be due to the different methodology used to
calculate SF. Zamparo used the average time taken to com-
plete 5 strokes, whereas we used the average time to com-
plete 3 strokes (35).

The SL is related with the anthropometric characteristics,
for example, height, arm span, and arm length (30). In our
study, males were taller than females, whereby the greater
SL of males may be related with their anthropometric
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values. Moreover, SL is related to the ability to exert power-
ful and effective stroke in water. The power developed per
cycle by males is higher than females because the latter have
less muscle strength and power (21), in opposition to the
higher muscle mass in males (15).

Female SL increased from TP1 to TP2 and TP1 to TP3,
which would mean that, with training, the stroke became
more powerful and effective and probably contributed to the
improved performance. Zamparo’s results (35) were differ-
ent, with males reaching lower values of SL and females
presenting higher values than ours, possibly because of the
different anthropometrics and test performed. The higher SF
and lower SL found by Favaro and Lima (17) may be due to
the different race used (50 m). In shorter distances, v in-
creases at expense of the increase of SF and not SL. Knowing
that SL is larger at a slow velocity and tends to decrease at
maximal velocity values (35) and analyzing the results of
Zamparo et al. (37), the lower SF values and higher SL were
probably due to the different test used, where v was achieved
by a smaller SF and a larger SL.

The anthropometrics, specifically the height, could also
influence the higher SI values presented by male swimmers.
These results were highlighted by the moderate effect of
gender on SL and SI. Females presented an increase in SI
throughout the season that represented an improvement
in the ability to swim higher distances within a stroke
cycle at similar velocities (12). The absence of significant
increase in male SI (and SL) probably means that male
presented a better swim technique compared with
women, being more difficult to observe changes in stroke
mechanics.

The hp was higher (no significant) in males compared
with females in all TPs. As indicated by equation 1, hp is
directly related with v and inversely related with SF. Because
males presented better performances than females, these re-
sults are expected. Moreover, the results revealed that
females obtained higher (nonsignificant) values of SF than
males in 2 periods of the season (TP2 and TP3), which may
also justify the higher values of hp found in males. The dif-
ferent values obtained by Zamparo (35) could be attributed
to the anthropometric characteristics of the subjects, as
a shorter shoulder-to-hand distance lead to higher hp: the
swimmers of our study presented lower values of arm length
compared with the Zamparo’s study (35) (0.60 6 0.03 and
0.57 6 0.01 m vs. 0.73 6 0.06 m, respectively).

Differences in the 200-m performance between genders
may be attributed to both energetic and biomechanics factors.
The energetics focuses on the ability of the muscle cells to
provide energy by 3 distinct, but operating together, meta-
bolic pathways (aerobic, anaerobic lactic, and anaerobic
alactic) (18). The contribution of each one to release energy
for competitive swimming depends on the exercise intensity
and duration. The main energy source for the 200 m is aero-
bic, followed by the anaerobic lactic system. Lapeak, as a mea-
sure of anaerobic energy release during exercise, suggest

a higher anaerobic contribution in the male group compared
with females. Regarding the biomechanics, the higher values
of SL, SI, and hp in males may ascribe the better performane
compared with female.

Swimming performance depends on the interaction
between physiological and biomechanical factors (4) and
therefore, the improvement in female swimmers from TP1
to TP2 and TP1 to TP3 may be due to the variations in those
variables over the season. The influence that the technical
aspects had on performance rather the energetics may be
a consequence of the structural and functional impairment
that occurs with advancing age in most physiological sys-
tems (8), associated to the minor engaging in regular exercise
(14) and the characteristics of training (predominantly aero-
bic). Thus, it seems that, in this age group, the swimming
technique is the major determinant for performance.

It can be pointed as main limitations of the study: (a) the
subjects performed oriented instead of fitness oriented, (b)
the slightly effects in middle-aged swimmers (compared
with advanced ages), (c) the training frequency was not
controlled, and (d) the no use of more sophisticated
biomechanical analysis (i.e., videometry) because it was too
time consuming and complex to be conducted.

PRACTICAL APPLICATIONS

Considering the masters swimmers of this study, we found
that it is possible to improve performance of swimmers in
this age group, which may indicate that regular physical
exercise (3 times per week, lasting 1 hour and 30 minutes
per session), may be sufficient to mitigate the loss of
the physiological functional capacity that occurs with
increasing age.

In this age group, the performance seems to be more
dependent on technical than energetic factors whereby, the
training should aim to preserve the energetic factors as much
as possible, and at the same time, develop the technical skills.
Thus, the training should include a higher percentage of
technical drills to enhance technical performance of the
swimmers. The focus could be to associate technical training
with aerobic and anaerobic tasks, allowing the swimmer to
increase technical efficiency.
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