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Abstract — The study analyzed the physical conditioning and the time of recovery of the
maximum heart rate of 12 international referees being used the test of 20 meters with beep to
evaluate the cardiorespiratory conditioning, with the frequency to control the recovery time
of the maximum cardiac post test. The majority of the referees obtained a recovery of heart
rate greater than 50% in 3 minutes, were those that reached the levels of good to excellent in
the table of maximum Vo2. Even with some factors influencing their physical performance
most of the referees were able to complete the aerobic test and obtained a good recovery of the
heart rate, the others that failed to reach the test goal had the HR recovery in 3 minutes much
lower than expected, thus highlighting the association of the maximum VO2 level between
good and excellent with the recovery of the heart frequency.
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Resumo — O estudo analisou o condicionamento fisico e o tempo de recuperagio da frequéncia cardi-
aca mdxima de 12 drbitros internacionais utilizando-se o teste de 20 metros com beep para avaliar
o condicionamento cardiorrespiratdrio, com a frequéncia para controlar o tempo de recuperagio do
pos-teste cardiaco maximo. A maioria dos drbitros obteve uma recuperagio de frequéncia cardiaca
superior a 50% em 3 minutos, foram aqueles que atingiram os niveis de bom a excelente na tabela de
VO2 maximo. Mesmo com alguns fatores influenciando seu desempenho fisico, a maioria dos drbitros
conseguin completar o teste aerdbico e obteve uma boa recuperagio da frequéncia cardiaca, os outros
que ndo conseguiram atingir a meta de teste tiveram a recuperacdo da FC em 3 minutos muito abaixo
do esperado, Destacando, assim, a associagao do VO2 mdximo entre bom e excelente com a recuperagio
da frequéncia cardiaca.

Palavras-chave.: Consumo de oxigénio; Frequéncia cardiaca; Teste de esforco.
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INTRODUCTION

'The low level of physical condition and the low cognitive performance
are manifestations of the same pathological process and may be altered
by the improvement in the physical condition promoted by the training’.
Despite this, studies have positively associated cardiorespiratory fitness
with cognition, especially in measures of attention, executive function and
spatial vision?. Among the various components that characterize a person’s
physical well condition, having a high cardiorespiratory capacity has been a
very important factor, both for athletes and non-athletes who seek physical
activity for health promotion. Obtaining a regularity of physical activity or
physical exercise promotes physical body shape and health benefits, in rela-
tion to metabolism, physiological and psychological, besides maintaining
heart rate (HR) and low blood pressure in submaximal intensity effort, as
well as reduced systolic and diastolic blood pressure at rest’.

The relative intensity of aerobic exercise can be quantified through
several indicators. Among them, HR, maximum oxygen consumption
(VO2max), metabolic equivalent (MET) and subjective perception of ef-
fort>*. According to the Léger manual, the 20-meter back-and-forth test
is a double-indirect test used to estimate the VO2max value in children,
adolescents, and adults. This test is composed of multiple progressive stages
of running with increasing intensity that determine the VO2max of the
individual. For adults, the prediction of VO2max can be obtained by having
only the maximum aerobic speed of running (Vel, given in km/h) by means
of the following formula’: VO2max = - 27.4 + 6*Vel. There is an adequate
relative intensity of effort for improvement in aerobic fitness. HR is used as
an intensity regulator in aerobic exercise because it has a direct relationship
with the VO2max percentage so that 60 to 90% of the maximum HR. It
is equivalent to approximately 40 to 80% of the VO2max®".

The increase in HR during the execution of a physical exercise, modu-
lated by the sympathetic and parasympathetic nervous system, presents a
linear growth, mainly, when the volunteer is submitted to a power with
growth in the form of ramp. In the discontinuous step-type protocols, at
the beginning of the effort, a heart rate latency period of about 0.5 seconds
is documented, followed by a marked increase It is, mostly, due to the re-
duction of the parasympathetic stimulation on the known sinoatrial nodule
as a rapid component of heart rate elevation, which is independent of the
applied power intensity®. In order to qualify an International Basketball
Federation championship (FIBA) referee, candidates must successfully pass
the FIBA Referees’ Basic Physical Aptitude Test, written and practical,
in accordance with the FIBA rules established by the FIBA Technical
Commission’. Given the above lack, the objective in this paper was to
analyze the cardiorespiratory level and recovery of the maximum post-test
heart rate of the FIBA referees in an international basketball competition.
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METHOD

Design of the study

'The study was designed as a cross-sectional study and was conducted with
a group of referees from the International Basketball Federation (FIBA)
at the Juan de la Barrera Olympic Gymnasium in Mexico City, Mexico,
at the FIBA Americas Championship. Basketball (FIBA), U18 female,
from July 30 to August 7, 2018.

Sample

Twelve referees from the international category, 3 men and 9 women,
participated in the survey, composed of the following countries: Argen-
tina (1), Colombia (1), Chile (1), Mexico (2), Canada (1), Guatemala (1),
El Salvador (2), Puerto Rico (1), Cuba (1) and United States of America
(1). The referees were selected according to the teams that are competing,
there are 8 referees from each country plus 4 neutral referees, that the
teams are not participating in the games, each of them refereed 6 games,
arriving and leaving a day before and later, respectively, of the dates of the
games. There is a more aerobic training during the days that are in the
competition, performing a race of 3 to 6 km interspersing the days with a
HIT and the functional one.

Data collect
For data collection there were used the Polar team pro pulsometer was used
to measure the heart rate, during and after the test, an Omron bioimped-
ance device to analyze the BMI of each member measured with 6 hours
of fasting on awakening, a Lenoxx CA 340 - 280W Audio Amplifier
Loudspeaker, 14 white and orange cones and a white crepe tape to mark
lines that mark the exit and arrival of 20 meters (Beep test). The physical
test is part of an analysis of the referees’ profile and the one that cannot
complete the test is below the selection criteria list to referee the most
important games, such as a final or second and third place dispute.
FIBA physical fitness coordinator Ramiro Inchauspe applied the
tests with the bioimpedance device on the morning of 05/08/2018 in the
auditorium of the hotel Holliday Inn Cocoyan where they were staying,
starting at 7 hours earlier. The physical test Beep test was applied in the
arena of the Olympic Gymnasium Juan de la Barrera arena of the games
at 10 o’clock, before the start of the competition. Two batteries were made
with 6 referees in each. In the first battery they were all women and in the
second, 3 men and 3 women. Men had the aim of completing 10 minutes
equivalent to 86 touches and women 8 minutes or 64 touches, these being
the protocol required for cardiovascular fitness of the FIBA referees in any
competition. The referees were already with the pulsometer throughout
the test, to measure the maximum frequency at the end of the test and to
notice the recovery time of the maximum frequency from 1 to 3 minutes
post-test. The test yoyo lasts for 10 minutes and the referee attempted to
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make as many backs and forth as possible (2X20), respecting the race speed
which is indicated by a beep emitted by a CD. The athlete was eliminated
when, for the second consecutive time, he fails to reach the indicated marks
coinciding with the acoustic signal due to physical wear and tear. The yield
will be given by the number of meters reached in the race.

Data analysis

According to a previous study', the function of data analysis is to organize,
provide structure and extract the meanings of the research data. Statistical
analysis was performed by the Microsoft® Excel 2002 program through
descriptive analysis and comparison between the minimum values, being
considered significant values greater than 64, for women, and greater than
86, for men.

RESULTS

In table 1 is presented the data referring to which country are the referees.
They have an average age of 32 years old and the vast majority are women
with an average body mass index (BMI) of all in 24.

Table 1. Results of data collected from referees during the FIBA Americas U18.

Inchauspe et al.

COUNTRY AGE SEX BMI TEST HR M 1"HR 3HR  1HR% 3HR%
ARGENTINA 26 Female 21,1 76 180 168 146 714 23,29
CANADA 32 Female 25,8 52 186 171 126 8,77 47,62
CHILE 33 Male 27,8 98 183 162 118 12,96 55,08
COLOMBIA 46 Male 25,9 108 180 158 116 13,92 55,17
CUBA 32 Female 21,9 82 189 167 122 13,17 54,92
EL SALVADOR 35 Female 22,9 60 176 158 127 11,39 38,58
EL SALVADOR 32 Male 24,6 60 174 168 148 3,57 17,57
GUATEMALA 32 Female 22,7 64 206 180 153 14,44 34,64
MEXICO 30 Female 26 64 187 163 126 14,72 48,41
MEXICO 32 Female 21,3 83 174 143 98 21,68 77,55
PUERTO RICO 29 Female 28,7 60 193 173 135 11,56 42,96
U.S.A. 35 Female 22 70 190 168 123 13,10 54,47

Note. BMI: body mass index; HR: heart rate; U.S.A.: United States of America.

Those who obtained a recovery of more than 50% in 3 minutes were
the ones that reached the level of excellence in the maximum VO2 table,
except for the Argentine participant who has a good maximum V02 but
the recovery of the HR is much slower than the too much. In order to
determine reference values for maximum VO2, they generally did not
take into account all these factors, in addition to the fact that the formulas
most used to predict the maximum VO2 are from studies with very small
samples (Figure 1).
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Figure 1. Level of maximum heart rate (MHR), heart recovery in three minutes (3’HR%), and maximum Oxygen Consumption (V02 MAX).

DISCUSSION

Although the BMI does not provide reliable evidence regarding the amount
and distribution of body fat, many studies demonstrated their relevance in
assessing mortality risk. In adults, extreme BMI values increase the risk of
mortality'. In the aerobic test, only the Canadian referees and two from
El Salvador did not reach the required minimum level. This test is already
part of an important test series in other countries championship, such as
EUROFIT, FITNESSGRAM, also known as PACER, where it has been
applied in Europe and the USA in the evaluation of schoolchildren, as well
as by FIBA for the selection of referees'.

The HR recovery of referees from Argentina, Chile, Colombia, Cuba,
Mexico, and the United States were considered above the one required by the
aerobic test and with the highest percentage of HR recovery in 3 minutes.
Post-exercise heart rate recovery is a tool with clinical potential and sports
practice application. It is known that a minor recovery of heart rate after
exercise is related to a poor prognosis of mortality. In addition, better recovery
of heart rate between physical training sessions predisposes a better sports
performance’. In the table, it is observed that the Argentine referee had
an excellent aerobic test, but the recovery of the HR was much lower while
compared to the others that also obtained good results in the aerobic test.

As recovery is developing, removal of metabolites produced by muscle
contraction (lactate, H +, Pi ...) and circulating catecholamines, return of
blood pH to its basal condition and regularization of body temperature.
Such responses produce the recovery of body cells****. In the present study,
there was no significant difference between the two groups.

A good recovery of the HR can be an important factor for the success
of the sport since the good performance in a sports activity requires a great

recovery of the efforts of the previous activities''®.
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It is observed a correlation between maximum VO2 level and HR.
Referees who are classified as good and excellent in the maximum V02
have a greater reduction of the maximum HR in 3 minutes, in particular,
was the referee of Mexico who (77%) of HR recovery in 3 minutes and

with excellent V02 at 48. According to previous studies' '

, greater blood
flow in the brain (i.e. carbohydrates and creatine) results in higher energy
intake (i.e. ATP). It can be assumed that this is a probable mechanism by
which acute exercise favors cognitive performance and acute and chronic
exercise benefits on cognitive performance have been widely reported.
Acutely, such effects are probably due to an increase in cerebral blood
flow and hence the supply of nutrients. In parallel, there is evidence sug-
gesting that the acute effect of exercise may be mediated by an increase in
neurotransmitter activity.

'The action of physical exercise on cognitive function can be direct or
indirect. Mechanisms that directly act to increase the speed of cognitive
processing would be an improvement in the cerebral circulation and altera-
tion in the synthesis and degradation of neurotransmitters. In addition to
the direct mechanisms, others mechanisms, such as a decrease in blood
pressure, a decrease in the levels of LDL, triglycerides in the blood plasma
and inhibition of platelet aggregation seems to act indirectly, improving
these functions as well as the general functional capacity, reflecting in this
manner in the increase life quality®.

Exercise and physical training promote a variety of changes, including
cardiorespiratory benefits, as well as increases bone mineral density and
decreases the risk of chronic degenerative diseases. Another aspect has
gained relevance in the middle of the gain of conditioning: the improve-
ment in cognitive function. Physical exercise improves and protects brain
function, suggesting that physically active people are less likely to be af-
fected by mental disorders than sedentary ones. In addition, it is important
to note that physical activity is associated with a higher level of cognitive
function, which may be related to physical activity®.

CONCLUSION

Whereas being a basketball referee is not a profession and everyone has to
have a fixed job to support their families, some with the day to day running
cannot get one to train. Even with some factors influencing their physical
performance, most of the referees were able to complete the aerobic test
and obtained a good recovery of the heart rate, the others that failed to
reach the test goal had the HR recovery in 3 minutes much lower than
expected, thus highlighting the association of the maximum VO2 level
between good and excellent with the recovery of HR.

Further studies with a larger number of referees are suggested to identify
whether the test beep meets the requirements of a basketball game and to ob-
tain more relevant information on the association of maximal HR reduction
in 3 minutes taking into account the level of each referee’s maximum VO?2.
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