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ABSTRACT

Purpose. The objective was to verify the effects of equal training applied during a training macrocycle on the physiologi-
cal indicators, body composition measures, and explosiveness of recreational runners.

Methods. The sample consisted of 12 recreational runners, 7 men and 5 women (aged 42.3 + 5.4 and 39.2 + 6.5 years,
respectively). The macrocycle was 12 weeks long. In pre- and post-training period, the subjects were submitted to anthro-
pometric measurements and tests to determine the maximal oxygen consumption, velocity associated with maximal oxy-
gen consumption, running economy, and strength of the lower limbs.

Results. Significant adaptations were verified between the indicators of countermovement jump (p < 0.036) and maximal
oxygen consumption (p < 0.003). Moderate correlations were observed between weight and countermovement jump (p = -0.664),
weight and drop jump (p = -0.657), body fat percentage and drop jump (p = -0.636). Trivial effect sizes were reported for
all variables.

Conclusions. The results evidenced that the loads applied were sufficient only to generate significant adaptations in the mus-

cle strength and aerobic power of the subjects.
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Introduction

Regular sports practice provides the individual with
numerous benefits to physical and mental health, as
well as greater social integration. As a result, the num-
ber of people who opt to practice a sport to improve their
quality of life is increasing [1]. Recreational running
has been gaining preference because of many factors:
it can be performed alone or in a group, is a low-cost
sport, and requires little knowledge or experience to
get started [2].

The growth in the number of individuals who choose
to practice this modality is motivated, initially, by
several reasons, such as health improvement, social
integration, well-being, or simply the desire for par-
ticipation in a competitive activity. Regarding partici-
pation in competitions, a good position guarantees

prizes, financial support, social recognition, and has
been promoted by the growing number of competi-
tions [3].

Considering the context of sports training, it is known
that performance is determined by several aspects
established through the interaction between physio-
logical and environmental factors [4]. With respect to
streetraces, maximal oxygen consumption (VO,max),
velocity corresponding to VO,max (vWO,max), and
blood lactate threshold responses are among the best
physiological indicators related to performance [5],
including neuromuscular modulation [6, 7]. Studies
have shown that neuromuscular variables are able to
significantly interfere with performance, promote de-
layed fatigue and improvement in anaerobic capacity
and maximum speed [8], and impact on running econ-
omy (RE) through the reduction in oxygen consump-
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tion at a given running speed [5]. Other studies show
that the combination of high-intensity and short-du-
ration training models [9] with low-intensity and
long-duration and interval intensity protocols [10, 11]
improves VO,max.

Thus, although the literature has presented research
that relates the adaptations in the variables of perfor-
mance in runners to the type of training applied [12],
the verification of the impact of a single training mac-
rocycle with loads, volume, and intensity for men and
women is still a lacune in literature.

As the number of participants and competitions in-
creases [3], many runners are currently involved in
running clubs where it is common to prescribe training
with loads, volume, and intensity equal for men and
women. Thus, we asked the following questions: What
are the effects of the same training program prescribed
by running clubs on the physiological indices and
explosiveness of recreational runners? Will men and
women be able to achieve significant adaptations of
performance?

With this study, we hope to provide technicians
and coaches of running clubs with better information
on the effects of a single training program on the per-
formance of men and women so that they can struc-
ture more appropriate training loads for athletes aim-
ing for maximum competitive performance in the
modality [13].

In order to investigate this gap in literature, we
established the objective to verify the effects of equal
training applied during a training macrocycle on the
physiological indicators, body composition measure-
ments, and explosiveness in recreational runners.

Material and methods
Participants

Overall, 12 moderately trained recreational run-
ners were included in the study: 7 men (42.3 = 5.4
years; 77.2 = 13.1 kg; 174 = 0.0 cm) and 5 women
(39.2 £ 6.5 years; 61.7 = 4.9 kg; 167 = 0.0 cm), mem-
bers of a street racing sports club.

As inclusion criteria, individuals were required to
present a minimum 1 year of experience in street
races, attendance in at least 3 race training sessions
per week, a running pace of 5-6 min/km for 10-km
races, and participation in > 80% of the prescribed
sessions in the macrocycle. All participants were in-
formed about the study procedures.
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Procedures

Data were collected during 2 visits, with a minimum
interval of 24 hours, which preceded the pre- and post-
training periods; both occurred in the sports sciences
laboratory of the Londrina State University.

In their first visit, the participants were asked to
complete an anamnesis form containing personal in-
formation and information about the training program.
Subsequently, anthropometric measures were evalu-
ated, and a maximal treadmill test was carried out to
identify VO,max values. In their second visit, the sub-
jects performed a countermovement jump (CMJ) and
a drop jump (DJ). Finally, to determine RE values,
they completed a submaximal test on a treadmill.

It should be emphasized that the training program
prescribed by a sports consultant was the same for
all participants of the study and lasted for 12 weeks.
Throughout this period, the researcher had access to
the training conducted.

During the evaluation period, the subjects were
advised to avoid consuming caffeine-based beverag-
es and foods and not to engage in vigorous physical
activity for at least 24 hours prior to testing, as well as
to remain fasted for at least 2 hours before the evalu-
ations.

With regard to anthropometric evaluation, to ob-
tain body weight, digital scales (Urano Ps 180) with
a capacity of 180 kg were used. The subjects were in-
structed to stand on the platform barefoot, wearing
minimal clothing, with their backs to the measuring
scale, keeping their body erect, legs slightly apart, and
eyes fixed to the front.

Height was determined with a wooden stadiometer
with a scale accurate to 0.1 cm. The participants stood
barefoot on the ground, erect, with their feet together.
It was advised that they remained in apnoea and main-
tained the position of the head in the Frankfurt plane.

To establish the thickness of the skinfolds, we used
a Cescorf calliper, with a precision of 1.0 mm, and
adopted the 7-fold protocol proposed by Jackson and
Pollock [14]. Three measurements were taken for each
point and the median value obtained at each point was
recorded. Next, to estimate the body fat percentage
(%BF), the formula of Siri was applied [15].

VO,max was determined by performing an incre-
mental maximal stress test on a treadmill (Inbramed,
model 10500), with the use of a K4b* spirometer
(Cosmed®, Italy). A ramp protocol [16] was adopted,
consisting of a warm-up at 8 km - h™' for 3 minutes,
with speed increments of 1 km - h™ per each subse-
quent minute until the subject was unable to main-
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tain the exercise speed. It is emphasized that the par-
ticipants were verbally encouraged to run to maximum
voluntary exhaustion.

Heart rate was monitored throughout the test by
using a Polar Team System 2 monitor. At the end of
each minute, the value was reported referring to the
subjective perception of effort in accordance with the
Borg scale [17] (6-20 points).

Observation of a plateau in VO,max or 2 of the
following indicators were established as the criteria
for VO,max selection: 90% maximum heart rate range
based on the Karvonen equation (220 - age); subjective
perception of effort > 19 in the Borg scale; and the ratio
of respiratory rate greater than 1.

The value of vWO,max was considered to be the
lowest exercise intensity where VO,max occurred and
was maintained for at least 1 minute [18].

RE was determined on a treadmill (Inbramed, model
10500), with the use of a K4b? spirometer (Cosmed®,
Italy). A running protocol was applied composed of
a 2-minute warm-up at 8 km - h™, followed by a 15-min-
ute run at an intensity of 10 km - h™. To identify RE, O,
consumption and the respiratory exchange ratio were
adopted between the 10" and 14™ minutes of the test [19].

To determine the capacity explosiveness of the lower
limbs, the CMJ technique [20] was applied. Three ver-
tical upward thrust attempts were performed, with
a 30-second interval between them, on a jump plate
coupled to the Multsprint 1.20 software from the
Multsprint Kit (Hidrofit, Brazil). The explosive strength
was expressed as height in centimetres, with the con-
sideration of the greatest height obtained.

Contact time was established with DJ [20]. The
subjects performed 3 vertical thrust attempts, with a
30-second interval between them, from a platform
with a height of 40 cm; 2 bars with sensors (Sys Jump,
Systware®, Brazil) were used to record the times of
contact (ms). The shortest contact time was adopted
to determine the explosive potential.

Statistical analysis

Data were described as the values of mean, stan-
dard deviation, raw delta, and percentage delta. Nor-
mality was verified with the Shapiro-Wilk test.

The paired t-test was applied to detect the possible
pre- and post-training differences for the variables of
body composition, physiological indicators, and explo-
siveness.

Spearman’s correlation was used between the pre-
and post-training moments by means of the percentage
delta analysis of the variables evaluated.

To identify possible differences between the mo-
ments in the indicators evaluated, the paired t-test
was applied.

To interpret the correlation values, the criterion of
Pestana and Gageiro [21] was adopted, which deter-
mines that correlation values < 0.60 correspond to
a very low correlation, those of 0.60-0.69 to low cor-
relation, those of 0.70-0.79 to moderate correlation,
those of 0.80-0.89 to good correlation, and those of
0.90-1 to very good correlation. Statistical signifi-
cance of the results was accepted at p < 0.05.

The formula proposed by Rhea [22] served o cal-
culate the effect size (ES). Values < 0.5 were consid-
ered as trivial ES, those of 0.5-1.25 as small ES,
those of 1.25-1.9 as moderate ES, and those = 2.0 as
high ES. The analyses were performed with SPSS soft-
ware, version 20.0.

Ethical approval

The research related to human use has complied
with all the relevant national regulations and institu-
tional policies, has followed the tenets of the Decla-
ration of Helsinki, and has been approved by the
Committee of Ethics and Research on Human Beings
of Londrina State University under opinion No.
1.534.572/2016.

Informed consent
Informed consent has been obtained from all indi-
viduals included in this study.

Results

The training volume and description of the training
sessions during the 12-week study are provided in
Tables 1 and 2, respectively.

Table 3 presents the results of the comparisons of
the variables: weight, %BF, CMJ, DJ, VO,max, vWO,max,
and RE at the pre- and post-training moments for the
total sample. Statistically significant differences (p <
0.05) were observed only for CMJ (0.036) and VO, max
(0.003).

Table 4 shows the analysis of raw and percentage
delta values before and after 12 weeks of training.
A significant increase was evidenced in the differences
between the means and standard deviations of the
variables of CMJ and VO,max.

With regard to the values of the correlations, the
results presented in Table 5 demonstrate that there
was a moderate correlation between the following in-
dicators: weight and CMJ (p = -0.664), weight and
DJ (p = 0.657), and %BF and DJ (p = 0.636). In turn,
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Table 1. Training volume of the group during the 12-week study

Microcycle Wednesday (km) Thursday (km) Friday (km) Saturday (km)  Monday (km) Total (km)

1 10 Rest Rest 14 8 32
2 8 Rest 12 14 10 44
3 8 Rest Rest 17 10 35
4 8 Rest 12 18 10 48
5 6 Rest 14 20 10 50
6 16 Rest 10 30 14 70
7 10 Rest 10 16 10 46
8 8 17 Rest 12 10 47
9 8 Rest Rest 18 10 36
10 8 Rest Rest 26 10 44
11 6 Rest 8 15 10 39
12 10 Rest 20 36 12 78
Table 2. Characteristics of the training sessions during the 12-week study
Method Method Method Method Lowest - Highest M.ea.n T(.)tél
Microcycle NO‘. " in session in session in session in session Intensity weekly  weekly - training training
sessions 1 5 3 4 volume volume volume load
(km) (km) (km) (km)
1 3 EC EC VA _ LO/MO/HI 8 14 10.6 32
2 4 EC INT + VA EC EC LO/MO 8 14 11 44
3 3 INT EC INT _ MO/HI 8 17 11.6 35
4 4 INT + VA EC EC VA LO/MO/HI 8 18 12 48
5 4 PRO EC EC PRO LO/MO/HI 6 20 12.5 50
6 4 PRO+EC EC EC INT LO/MO 10 30 17.5 70
7 4 VA EC PRO EC LO/MO/HI 10 16 11.5 46
8 4 VA EC EC INT LO/MO 8 17 11.7 47
9 3 PLI _ EC EC LO/MO 8 18 12 36
10 3 INT + VA _ EC + VA EC LO/MO 8 26 14.6 44
11 4 EC EC INT + PRO + EC EC LO/MO/HI 6 15 9.7 39
12 4 EC EC EC EC LO/MO 10 36 19.5 78

EC - extensive continuous, INT - interval, PLI - plyometric, PRO - progressive, VA - variational,
HI - high, LO - low, MO - moderate

Table 3. Comparison of performance in the physiological indicators of the total sample of street runners
before and after the 12-week training period

Pre Post
Variable p
M SD M SD

Weight (kg) 70.78 12.91 70.70 12.89 0.856
%BF (%) 13.94 4.61 13.84 4.43 0.733
CMJ (cm) 26.78 5.80 28.40 5.31 0.036
DJ (ms) 0.250 0.140 0.240 0.130 0.727
VO,max (ml - kg - min™) 48.11 2.84 49.23 2.83 0.003
vWO,max (km - h™) 15.75 1.22 15.33 1.07 0.096
RE (ml - kg™ - min™) 36.94 2.28 37.71 2.35 0.052

%BF - percentage of body fat, CMJ - countermovement jump, DJ - drop jump, VO,max - maximal oxygen consumption,
vVO,max - running velocity associated with maximal oxygen consumption, RE - running economy,
M - mean, SD - standard deviation
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Table 4. Results of evaluations of the total sample before and after the 12-week training period in raw delta
and percentage delta, presented as means and standard deviations

Raw delta Delta (%)
Variable p
M SD Min Max M SD Min Max

Weight (kg) -0.08 14 -2.9 1.6 -0.1 1.9 -3.1 2.1 0.856
%BF (%) -0.09 0.92 -2.06 1.35 -0.3 6.5 -9.7 11.9 0.733
CMJ (cm) 1.62 2.34 -1 7.5 6.9 9.5 -3.3 30 0.036
DJ (ms) -0.01 0.06 -0.17 0.07 -0.2 15.2 -33.2 28 0.727
VO,max (ml - kg™ - min™) 1.12 1.02 -0.46 2.75 2.36 218 -0.99 6.2 0.003
vVO,max (km - h™!) -0.41 0.79 -2 1 -2.4 4.9 -11 7.1 0.096
RE (ml - kg - min™) 0.77 1.22 -1.66 2.8 2.1 3.3 -4.1 8.1 0.052

%BF - percentage of body fat, CMJ - countermovement jump, DJ - drop jump, VO,max - maximal oxygen consumption,
vVO,max - running velocity associated with maximal oxygen consumption, RE - running economy,

M - mean, SD - standard deviation

Table 5. Correlation of the physiological and muscular strength indicators of the total sample of street runners
in the pre- and post-training period

Delta (%)

Variable
%BF CMJ DJ VO,max vVO,max RE
Weight 0.406 -0.664* 0.657* 0.154 0.022 -0.343
2 %BF -0.769** 0.636* -0.196 -0.254 -0.308
O:S’ CMJ -0.713** 0.217 0.285 0.469
= DJ 0.028 -0.456 -0.552
A VO,max 0.576* 0.021
vVO,max -0.060

%BF - percentage of body fat, CMJ - countermovement jump, DJ - drop jump, VO,max - maximal oxygen consumption,
vVO,max - running velocity associated with maximal oxygen consumption, RE - running economy

* moderate correlations
** high correlations
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%BF — percentage of body fat, CMJ — countermovement jump, DJ — drop
jump, VO,max — maximal oxygen consumption, vWVO,max — running velocity
associated with maximal oxygen consumption, RE — running economy

Figure 1. Post-training effect sizes in the physiological
indicators and muscle strength among runners

a high correlation was observed between %BF and CMJ
(p = -0.769) and between CMJ and DJ (p = -0.713).
In Figure 1, a trivial increase in ES can be observed
in all indicators evaluated, except for weight, which did
not demonstrate any variation between the moments.

Discussion

The study investigated the effects of equal training
applied during a training macrocycle on the physio-
logical indicators, body composition measures, and
explosiveness of recreational runners.

The information obtained herein allowed to verify
how training loads were prescribed by the trainers
and to identify whether the responses resulting from
the training process were sufficient to present satis-
factory improvement in the performance of the ana-
lysed variables.

The results demonstrated that the applied loads
were sufficient to generate significant adaptations only
in the CMJ and VO,max indicators. Moderate correla-
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tion coefficients were found between %BF and CMJ, DJ
and CMJ. On the other hand, in general, the ES mag-
nitude for physiological indicators and explosiveness
was trivial.

As for the variables that presented significant re-
sponses, an increase of 6.9% was observed in the height
obtained in the CMJ jump. This value was lower
than the 7.2% reported by Crivoi do Carmo [16] when
2 plyometric training sessions were included in male
runners over a period of 8 weeks, and also lower than
the 8.9% evidenced by Ramirez-Campillo et al. [23],
who included the same number of plyometric sessions
for 8 weeks among runners of both sexes. Thus, it is
possible that the runners presented a lower performance
in the CMJ jump when compared with subjects of
the other studies [16, 23] owing to the low number of
sessions aimed at the development of this capacity.

Positive improvements in explosiveness may be
obtained from the application of maximum strength
and explosive strength training models; the inversely
proportional correlation values between CDJ and DJ
as evidenced by the literature is related to parameters
ofloss or gain of explosiveness [11, 24]. Thus, the greater
the gain in the height obtained in the CMJ jump and
the shorter the contact time in the DJ, the greater the
explosiveness increment. When analysing the train-
ing macrocycle of the runners in the present study, it
was verified that there were few sessions aimed at
the development of explosive force, without a structured
frequency, which could generate returns lower than
expected in explosiveness, although the subjects pre-
sented positive responses in this variable. This demon-
strates that even with little time dedicated to the devel-
opmentofthis physical capacity during the macrocycle,
it seems possible to observe a positive adaptation, which
is important for maintaining levels of training and
consequent performance in competitions.

Considering the VO,max, the literature indicates
that both the combination of high-intensity and low-
volume loads [9] and the application of low-intensity
loads and interval protocols [10, 11] may contribute to
increases in the values of this variable. The increase to
4811 ml - kg' - min™ in the post-training VO,max val-
ues generated a significant rise of 2.36% in relation to
the first evaluation, demonstrating that there was
a small improvement in the aerobic fitness of the
subjects of the present study. Although they presented
a certain amount of experience in street races, the
VO,max of the individuals evaluated was lower than
that among the participants of the study by laia et al.
[25], men with a mean age of 33.5 years and VO,max
of approximately 54.80 ml - kg™ - min™"; of the study by
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Zaton and Michalik [26], men and women with a mean
age of 34 years and VO,max of 51.98 ml - kg - min™;
and of the study by Manou et al. [27], 25 male adoles-
cents aged 13-16.1 years with training experience time
with soccer of 6.7 = 1.8 years, who presented an in-
crease of 6.65% in VO,max values after 2 preseason
periods. Given that approximately 75% of the training
sessions of the macrocycle were composed of low-in-
tensity and high-volume loads, the improvement ob-
served in aerobic fitness could be related to the fact that
the participants of the present research were more
prone to sensitive cardiorespiratory adaptations as
a function of training status when compared with run-
ners with higher levels of performance [28], such as the
subjects of the above-mentioned studies.

Itis important to note that when analysing the train-
ing program (Table 2), one can observe an exponential
increase in training volume of approximately 50% from
the penultimate to the last microcycle. Regardless of how
the training loads were prescribed (the researcher did
not control this), there was a positive and significant
response for the VO,max variable, which is important
for the maintenance of training levels and also possible
improvements in competitive performance, although
other variables, such as explosiveness and RE, may in-
fluence the end result.

With regard to the adaptations observed in the RE
variable after the training period, there was a 2.1% in-
crease in the energy demand of the subjects. This index
is very close to the established range of 2.2-2.6%, con-
sidered significant for RE improvement [28]. Thus,
despite not finding significant values for this variable,
several studies have shown that neuromuscular factors
can positively impact RE. Recent research reinforces
that positive responses in RE, along with increased ex-
plosiveness, improve the time of contact with the ground
during the race and, consequently, demand less energy
expenditure on the part of the athletes.

With respect to the significant correlations, the mod-
erate values observed between the %BF and CMJ vari-
ables (r: —0.769) may explain why the values of body
composition correlated negatively with performance
in the motor test. Considering that many sports show
correlations between performance variables and so-
matic features [29], the negative overload generated by
the increase in body composition values affects the
execution of the motor gestures and, consequently,
jumping impulse force [30]. The correlation between
CMJ and DJ (r: -0.713) with increases in explosive-
ness are verified from the greater height in the CMJ
jump when analysing the performance of the sub-
jects in the DJ jump; the highest values of this ability
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are related to the shorter contact times with the jump-
ing performance, which may have a relation with the
time of ground contact during the execution of strides
in races.

When analysing the magnitudes of effect on the
physiological indicators and other variables analysed,
although significant alterations were observed for the
CMJ jump and VO,max, they had a trivial effect on
performance, with increments of 0.27 and 0.16, re-
spectively. Berryman et al. [31] found similar values
for the same variables. Trivial effects of 0.25 for the
CMJ jump and 0.20 for VO,max were verified after an
intervention period of 8 weeks of training with weights
for male runners, whereas effects of 0.52 for the CMJ
jump and 0.03 for VO,max were evidenced with the
same subjects after the application of a plyometric
protocol over an 8-week period. This information in-
dicates that the stimuli generated by the applied train-
ing loads were not sufficient to induce an effective con-
tribution to improvementin the evaluated parameters.

Although the results of the tests imply that the loads
used in the macrocycle generated small responses in
the evaluated variables, it should be taken into account
that for the studied sample, the changes resulting from
the training, although small, enabled the individuals to
complete higher running mileage than they had usu-
ally performed, without suffering detriments from the
training loads applied.

Thus, it is recommended that future studies seek to
verify the impact of a training macrocycle on altera-
tions in physiological indices and explosiveness with
a larger number of runners and also to compare the
periodization of macrocycles prescribed by different
groups or consultants in order to produce a reference
for better identification of the distribution of loads
and impact generated on the performance of recrea-
tional runners.

Conclusions

The study allows to conclude that the loads applied
in the macrocycle were sufficient only to generate sig-
nificant adaptations in the explosiveness and aerobic
power of the subjects. In addition, moderate correla-
tion coefficients were found. It was verified that the
magnitude of ES was trivial for all the indicators
evaluated.
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