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ABSTRACT

The aim of this study is to evaluate the muscle strength and basal serum testosterone and urea levels
in soccer athletes. Twenty-four soccer players in pre-competitive period had a blood sample collected
to have testosterone and urea concentrations analyzed. Subsequently, 1RM tests were applied to the
bench press and squat exercises. After data collection, the athletes were randomly divided in two groups
submitted to: non-linear periodization program (G1) and non-periodized program (G2), both for 12 weeks.
ANOVA for repeated measures showed increase in serum testosterone concentration in G1 (A =3.70 ng/dl;
p =0.0001) and in G2 (A = 1.81 ng/dl; p = 0.035) and reduction in urea levels only in G1 (A = -3.08mg%;
p = 0.0001). G1 presented higher levels of testosterone (A = 2.13 ng/dl; p = 0.009) and lower levels of
urea (A =-1.36mg%; p = 0.026) in the post-test when compared to G2. 1RM tests did not show significant
differences. The non-linear training in soccer players was more effective than the non-periodized training
in promoting increase in serum testosterone levels and reduction in urea levels.
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INTRODUCTION

In soccer, strength is associated with high-intensity functional
performance. Fast alterations in direction and dislocation velocity
are frequent demands in soccer matches and they are crucial for
marking, dribbling and game tactics'. These demands may be in-
fluenced by human and athletic performance, being dependent
on muscle strength and power. Thus,the acknowledgment on the
muscle strength levels contributes to the prescription of rehabilita-
tion exercises as well as to the development of athletic properties?.

Strength increase is associated with better neural coordination,
as well as increase in the area of transversal section of the muscle.
Increase in muscle mass depends on protein synthesis, being it
influenced by the endogenous responses of the many anabolic
hormones, among which, we highlight testosterone?,

This hormone is necessary for maintenance of muscular mass
and anabolism in humans, although it occurs by ways somehow
not very clear yet, but it is important for the structure and function
of the skeletal muscle?. Kuoringet al> observed increase of isome-
tric strength and muscular mass of lower limbs, corroborating the
interaction between endogenous testosteroneand androgenic re-
ceptors (AR) in the recovery phase, with consequent increase of
protein synthesis, muscular hypertrophy and strength.

Contrary to the testosterone, cortisol, a hormone of catabolic
characteristics for its hyperglycemiant function, increases the pro-
tein degradation rate, being expressed by the urea levelsS. It is defi-
ned as adiamide, which begins its cycle in the liver mitochondria, but
builds the three subsequent steps in the cytosol and results from the
breakdown of the proteins to their basic units which are the amino
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acids. Urea circulates in the blood, and is later excreted in the urine’.

Blood urea concentration depends on physical exercises,
which, on their turn, have muscular strength as an important
component.The combination of the number of repetitions, sets
and overload are the strength training components, although it
is not clear yet which is the best combination of the mentioned
variables for a better response®.

Strength training in bodybuilding is well-spread as a sports
training instrument and it can be periodizedor not. The non-pe-
riodized training is characterized by themaintenance of volume
and intensity. The periodized or training, which is subdivided in
linear or non-linear, presents alternance between volume and
intensity. Linear periodization, also known as classic, may suf-
fer constant inverse alterations of training intensity and volume
during the preparatory period; however, it always has specific
manifestation of strength as goal. Non-linear periodization is
characterized by constant alteration of volume and intensity in
the different strength training sessions®.

Non-linear periodization has been applied to supply deficien-
cy in the calendar of sports modalities such as soccer, in which
the teams are made to play twice a week for up to 10 months
and a half per year'®. Due to this requirement, this periodization
model works with all strength manifestations which are neces-
sary in this modality.

Thus, the aim of the present study was to evaluate muscle
strength and basal serum levels of testosterone and urea in soccer
athletes submitted to non-linear periodization program and non-
-periodized program.
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MATERIAL AND METHODS

Sample

All the 24 athletes of the filed soccer team of the Cabofrien-
se Sports Association, from the under-20 category participarted
in this research. The subjects should be in full sports activity, free
from osteomyoarticular injuries or any other disease which limited
the exercise practice. They were randomly divided in two groups:
group 1 (G1), composed of 12 subjects (body mass: 64.7 + 6.6kg,
height: 172.3 + 59cm, fat %: 5.2 + 2.8, age: 17.5 + 1.0 years) who
were submitted to 12 weeks of strength training with non-linear
periodization and group 2 (G2), composed of 12 subjects (body
mass: 66.1 + 4.8, height: 177.2 + 6.1cm, fat %: 5.1 + 1.2, age: 17.7
+ 0.5 years) who were submitted to 12 weeks of non-periodized
strength training.

All procedures used in this study were approved by the Ethics
in Research Committee of the Castelo Branco University (protocol #
0091/2008) and the subjects signed the Free and Clarified Consent
Form according to the Declaration of Helsinki'".

DATA COLLECTION PROCEDURE

Anthropometric evaluation

Bod mass and height were evaluated with a mechanical scale of
150kg capacity and 100g precision with Filizola (Brazil) stadiometer.
The International Society for the Advancement of Kinanthropometry
protocol was used for both'. The fat percentage (fat%) was eva-
luated through the seven skinfolds protocol with use of a Lange
(Switzerland) scientific adipometer with Tmm resolution',

Blood collection

Blood was collected after 12-hour fast, in the morning shift,
comprised between eight and 11 hours, to evaluate the serum
testosterone. Approximate 0.2ml of sterile saline solution was
needed to double determine it. The analysis procedures followed
these steps: about 4-5ml of blood was collected in test tube labeled
accordingly and the coagulation was stored. The blood was centri-
fuged and the serum was carefully removed. It was stored at 4°C for
up to 24 hours at minus 10°C or less if the test was later performed.
The KIT ELISA Diagnostic Biochen Canadd Inc. Direct Testosterone, 1973
was used, while for urea analysis, serum, plasma with EDTA was
collected Such kit has been used as determination method of the
urease activity and storage temperature was kept at 2 to 8°C.

Streng the valuation

Strength evaluation was performed by the application of the
one repetition maximum test (1RM), following the Baechle proto-
col™ All the tested subjects had minimum experience of 12 weeks
in strength training and were accordingly told about the evalua-
tion procedures they were submitted to. Strength evaluation was
thoroughly performed by the same evaluator whose reliability was
randomly tested with 10 subjects one week before the experiment,
with interval of 72h between tests, presenting an intraclass corre-
lation coefficient (ICC) of 0.93.

Each subject was told to perform a movement with motor ges-
ture performed in the test, which comprised: bench press — indi-
vidual at dorsal decubitus, feet on the ground, elbows extended,
hands supinated holding the bar with lateral distance of 20cm to
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the line of each shoulder, performed on a bench specific to this
exercise with bar support brand name Righetto (Brazil). The move-
ment consisted in elbows flexion until the bar slightly touched the
thorax in the direction of the nipples and total extension for elbows
was done; squat — individuals at standing position, feet with small
abduction and bar rested close to the cervical region and Biotech
(Brazil) squat bars were used. The movement consisted in flexing
knees up to 90° and returning to total extension.

In both movements no alterations in anatomic positions were
allowed to avoid the test reliability was compromised. Three-
minute interval was given before the first trial, and a single rep-
etition was performed in each trial. A five-minute interval was
given between each performed trial or not. Lighter load was
placed whenever a trial was not performed.

Intervention

The G1 subjects were submitted to strength non-linear perio-
dization, with three times per week frequency during 12 weeks.
They performed 4-6RM, 8-10RM, 12-15RM on the first, second and
third days of each intervention week, respectively. The following
exercises were used in the intervention: hackmachine, seated knee
extension, knee flexion machine, seated adduction, ankle flexion,
military shoulder press, front pull up, bench press, hip flexion in
machine and abdominal crunches. During intervention, Righetto
machines were used (Righetto Fitness Equipment; Rua Itacuruga,
568, Jardim Aeroporto, Campinas, Brazil). G2 suffered non-periodized
training intervention in which 3x10RM were performed three times
per week, keeping volume and intensity unchanged, using the same
exercises described for G1.

STATISTICAL ANALYSIS

Data were treated with the statistical package SPSS 14.0 and
presented as mean and standard deviation. Data normality and
homogeneity variance were analyzed by the Shapiro-Wilk and Le-
vene tests, respectively. Analysis of variance (ANOVA) for repeated
measures was used, where the first factor was the groups (G1 and
G2) and the second factor the repeated measures (pre and post-
-test), followed by Tukey post hoc to identify the possible differences.
The adopted value for statistical ignificance was p < 0.05.

RESULTS

Figure 1 presents the results of the testosterone analysis in the
pre and post-intervention phases. Significance increase in G1(A =
3.70ng/dl; p = 0.0001) and in G2 (A = 3.70ng/dl; p = 0.0001) was
observed in the intragroup comparisons. In the post-test, G1, which
was submitted to strength non-linear periodization, presented tes-
tosterone levels higher than G2 (A = 2.13ng/dl; p = 0.009).

Figure 2 presents the results of the urea analysis in the pre and
post-intervention phases, where significant intra and intergroup
differences have been observed. In the presented results, significant
decrease in the urea levels was verified only in G1 (A = -3.08mg%;
p = 0.0001) after strength non-linear periodization intervention. G2
did not obtain alterations. In the post-test, G1 presented lower urea
levels than G2 (A = -1.36mg%; p=0.026).

Figure 3 presents the results of the TRM test in the squat and
bench press exercises from G1 and G2. There were no signifi-
cant differences in the intra and intergroup comparisons.
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Figure 1. Comparative analysis of testosterone of the groups submitted to non-linear
periodization program (G1) and non-periodized program (G2).
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Figure 2. Comparative analysis of urea of the groups submitted to non-linear
periodization program (G1) and non-periodized program (G2).
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Figura 3. Comparative analysis of the 1RM test for squat and bench press in pre and
post-test in G1 submitted to strength non-linear periodization and G2 submitted to
non-periodized strength training.

DISCUSSION

G1 was submitted to strength non-linear periodization for
12 weeks and presented higher testosterone serum level when
compared with G2, which underwent the non-periodized in-
tervention. This finding is confirmed in the study by Edwards
et al’®>, which presents significant statistical difference for total
and free in the plasma testosterone increase after physical exer-
cise in soccer players, attributed to the volume and/or intensity
proportionality associated to reduction of metabolic left overs,
hemo concentration as well as secretion increase.
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The results of the present study are corroborated by Nebigh et
al’s, with university soccer players submitted to physical training
during puberty, which found increase in the testosterone level in
these subjects when compared with the control group of non-
-practitioners. They justified the increase of body lean mass obtai-
ned by the indirect testosterone action on the growth hormone
(GH). However, the present study did not evaluate the development
of muscle mass, a fact which limits these considerations. Never-
theless, in both studies the subjects submitted to physical training
presented increase in the testosterone levels.

Contrary to testosterone, reduction in the blood urea levels
in G1 was observed, suggesting hence lower ammonia concen-
tration, which could be high during physical exercises by the
increase of deamination of amino acids.This metabolite contri-
butes in a negative way to the metabolic harm of muscles and
the brain, consequently causing peripheral and central fatigue'”.

The result obtained by the present study referring to the
analysis of nitrogen residue, done through the urea metabolite,
presented expressive intra and intergroup reduction in the se-
rum urea levels in G1. Such fact demonstrates result with lower
concentration of this metabolite in the use of strength non-linear
periodization during 12 weeks. Such result expresses lower deple-
tion of muscular proteins, since, according to Cunha et al.', the
nitrogen residue concentration in the plasma is an indication of
fractioning of muscular proteins caused by consequent increase
of the catabolic state.

The strength non-liner periodization to which G1 was submit-
ted in this research was also used by Uchidaet al."*with strength
training practitioners and application of multiple sets. They find
reduction of catabolic hormone, cortisol and consequent reduc-
tion of the urea serum levels. This episode can favorably signal the
protein anabolism by strength training practice, corroborating
hence the findings of the present investigation.

The results found in the TRM pre and post-tests for the squat
and bench press exercises in G1 and G2 did not show significant
differences in strength gain. It can be attributed to the experience
in strength training of the subjects involved in the research, which
reduces the neural modulation of the tested subjects, as well as the
12-week period reserved to the intervention not being sufficient for
effective strength gain. These results are supported by the finding by
Simé&o et al?%, who state the importance of the hypertrophic factor
in the composition of the sample with trained individuals, affirming
that 12 weeks of intervention are not sufficient to develop strength
with individuals with physical characteristic with great muscle de-
velopment.

In a position adopted by the American College of Sports Me-
dicine (ACSM)?', subjects in high training stage should present
delayed results in the differences obtained in strength gain in one
set or multiple sets. Periods which range from four to 25 weeks
have not shown to be sufficient to significantly alter strength.
Thus, the strength results presented in this research are in agre-
ement with the ACSM, since G1 and G2 were submitted to 12
weeks of intervention.

The findings in strength of TRM in G1 and G2 may be related
to the fact that the subjects involved in both groups presented
high performance in sprint running due to the soccer practi-
ce. This relation is reported by Fleck and Kraemer?in research
with athletes, showing that the metabolic system used for the
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strength training is the same for sprints. Thus, it can be conclu-
ded that the subjects trained in short distance velocity present
better results in the TRM tests, justifying the results in GT and G2.

CONCLUSION

The results of this study evidenced that non-linear periodiza-
tion strength training for soccer players was more efficient than
the non-periodized training in promoting increase of the serum
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ERRATUM

In the RBME, volume 16, issue 6, November/December,2010, in the article “Muscular overload training does not affect the diameter of
the main veins of the lower limbs in adult women with venous insufficiency”, tables 3 and 4, on pages 415 and 416, respectively, should

be substituted for the following tables 3 and 4:

Table 3. Diameters of the great saphenous vein at thigh level in the pre and post-
-training moments.

Table 4. Diameters of the small saphenous vein in the pre and post-training
moments.

Variable/test | EG® (n =10) |CGP (n =10) Effects F P Variablel/test | EG?(n=10) | CG® (n=10) Effects F P
VSMC®
ANOVA
superior O Upper SV ANOVA
Pre-training | 408+ 155 | 369+ 090 Group 047 | 049 Pre-training | 255071 | 2454062 Group 023 ] 063
Post-training 259+097 | 239£065 Training 0.00 | 093
Post-training | 390+ 168 |3.53+1.28 Training 0.75 0.39 % 1154 251 *Training group 022 | 063
A% 461 -4.53 *Training group 000 | 097 Mean SSV ANOVA
Mean VSMC ANOVA Pre-training | 246+055 | 251 +053 Group 0.11 | 074
Pre-training | 3.13£0.95 | 3.571+1.03 Group 031 1 057 Posttraining | 230+055 | 240+ 055 Training 178 | 0.19
Post-training | 3.05+1.05 |3.15+1.14 Training 224 | 014 A% 6.95 458 *Training group 007 | 078
A% -2.62 -11.42 *Training group 0.87 0.36 Lower SSV ANOVA
Lower VSMC ANOVA —
Pre- training 225+038 | 223£054 Group 0.00 | 0.96
Pre-training | 3.13+£1.00 |337+093 Group 042 0.52 Post-training 208+057 | 2134059 Training 165 | 021
Post-training | 296+ 1.11 | 328+1.23 Training 050 | 048 . 817 460 “Traini 012 | 072
-8. -4, raining grou ) )
A% -5.74 -2.74 *Training group 045 0.83 0 ggroup

a: experimental group; b: control group; c: great saphenous vein at thigh level.

a: experimental group; b: control group; ¢: small saphenous vein.
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