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Summary

Background. The aim of the study was evaluate the strength of the respiratory mus-
cles, bite force, and occlusal force distribution of professional soccer players after training
and detraining resulting from the lockdown that occurred during the coronavirus disease
2019 pandemic.

Material and methods. Twelve male soccer players (age, 19-34 years) were subject-
ed to respiratory muscle strength analysis by examining the maximal inspiratory and expi-
ratory pressures, maximum molar bite force (right and left sides), and occlusal force dis-
tribution of the first permanent molars. Comparisons of variables after training and detrain-
ing were analyzed using the paired-sample t-test (p < 0.05), and the correlation between
respiratory variables was measured using the Pearson test (p < 0.05).

Results. There were no significant differences in the bite force and occlusal force dis-
tributions after training and detraining. The correlation results showed moderate positivity
between the maximal inspiratory and expiratory pressures during the training period.

Conclusions. The results suggest that when soccer players strengthen the inspiratory
muscles, they also strengthen the expiratory muscles and that detraining does not impact
the athlete's organic function, especially the respiratory muscle function and the forces of
the occlusal contact of the first permanent molars.

Streszczenie

Wstep. Celem badania byta ocena sity miesni oddechowych, sity zgryzu i rozktadu sity
zgryzu u zawodowych pitkarzy po treningu i roztrenowaniu wynikajgcym z blokady, ktéra
wystgpita podczas pandemii koronawirusa 2019.

Materiat i metody. Dwunastu pitkarzy ptci meskiej (wiek 19-34 lata) poddano analizie
sity miesni oddechowych, badajgc maksymalne cisnienie wdechowe i wydechowe, maksy-
malng site zgryzu trzonowcow (prawa i lewa strona) oraz rozktad sity zgryzu na pierwszych
statych zebach trzonowych. Poréwnania zmiennych po treningu i roztrenowaniu analizowa-
no za pomoca testu t dla proby par (p < 0,05), a korelacje miedzy zmiennymi oddechowy-
mi mierzono testem Pearsona (p < 0,05).

Wyniki. Nie stwierdzono istotnych réznic w rozktadzie sity zgryzu i sity zgryzu po tre-
ningu i roztrenowaniu. Wyniki korelacji wykazaty umiarkowang réznice pomiedzy maksy-
malnym cisnieniem wdechowym i wydechowym w okresie treningu.

Whioski. Uzyskane wyniki sugerujg, ze trening miesni wdechowych wzmacnia mies-
nie wydechowe, a roztrenowanie nie wptywa na funkcje organiczne sportowca, zwiaszcza
na funkcje mie$ni oddechowych i sity kontaktu zgryzowego pierwszych statych zebow trzo-
nowych.
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Background

A soccer player’s performance is considered mul-
tifactorial and is associated with the union of four di-
mensions: technical, tactical, physical, and psycholo-
gical, which permeate the soccer game [1]. Many co-
aches choose training approaches for physical conditio-
ning in an individual or specific way for a certain physi-
cal demand required within the soccer field [2,3].

Improvement in the metabolic capacity resulting
from the training of high-performance athletes pro-
motes an increase in the variables that determine
lung function since the duration, type, and intensity of
exercise affect the respiratory system [4,5].

High-performance athletes are constantly seeking
to overcome physical limitations. To achieve this pur-
pose, the body must exhibit perfect functional condi-
tions, with the muscles responding to commands from
the central nervous system [6,7]. In this sense, it is
also essential to have excellent general health, inclu-
ding oral health, which makes the athlete maintain
physical and sporting performance [8].

There are periods in the athlete's professional life
when they undergo physical detraining, and these
specific periods can promote the loss of adaptation of
the cardiovascular system and the metabolism of ske-
letal muscle acquired with aerobic physical training,
resulting in a reduction in the maximum amount of oxy-
gen that the organism can absorb with each breath-
ing process [9-11].

During the coronavirus disease 2019 (COVID-19)
pandemic caused by the severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) infection, restric-
tive measures of social distancing were implemen-
ted, and any collective activity was prohibited, mak-
ing soccer athletes unable continue to physically con-
dition themselves adequately through physical train-
ing in soccer matches.

Much has been discussed about how the suspen-
sion of official championships and physical training
associated with the lockdown could lead to consider-
able losses of functional adaptation acquired by train-
ing, resulting in disruption to the athlete's perfor-
mance by reducing his ability to train [12].

Therefore, this study aimed to evaluate the strength
of the respiratory muscles and molar bite, in addition
to the force distribution in the occlusal contacts of the
first permanent molars of professional soccer players
after training and detraining due to the lockdown du-
ring the COVID-19 pandemic. The null hypothesis of
this study is that professional soccer athletes present
differences in occlusal strength and respiratory vari-
ables when they interrupt training for a short period
during detraining.

Material and methods

Sample

The study was approved by the Faculty of Den-
tistry of Ribeirdo Preto, University of Sdo Paulo (ethi-
cal approval code No. 35574920.0.0000.5419). Be-
fore testing, all subjects provided written informed con-
sent to participate in the study and to have their re-
sults analyzed.

All soccer players training for the Limeira Clube
soccer team participated in the Campeonato Pau-
lista. which occurs once a year in the State of Séo
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Paulo, Brazil, thus characterizing the convenience
sample.

The inclusion criteria were individuals who were
high-performance soccer professionals, were males,
were aged 19-34 years, and presented with normoc-
clusion, without pulmonary involvement, and with all
permanent teeth in the oral cavity, excluding the third
molars.

The exclusion criteria were athletes who presen-
ted with ulceration, open wounds, or skin hypersensi-
tivity, presented with cognitive deficits or neurological
and systemic (decompensated) pathologies, used
analgesics and muscle relaxants that could interfere
with neuromuscular physiology, were smokers, and
presented with chest deformities and scoliosis, and
signs of flu in the week of evaluation.

After applying the inclusion and exclusion criteria,
12 athletes were included to perform the analysis
after training and detraining without distinction of skin
color. The detraining was characterized as a 2-month
period in which soccer players did not train due to the
COVID-19 pandemic lockdown instituted in the State
of Sao Paulo, Brazil.

Respiratory pressure analysis

A calibrated analog manovacuometer (Murenas®)
with a range of £300 cmH-O, positioned between the
lips through a mouthpiece adapted to the athlete's
mouth, with the nose occluded using a nose clip, was
used to measure the maximum respiratory pressure,
enabling the evaluation of quantitative changes in the
respiratory muscle strength [13,14].

In the muscle strength test, the maximum expira-
tory pressure (MEP) of the total lung capacity and the
maximum inspiratory pressure (MIP) measured at the
level of the residual volume were observed.

Soccer players were seated on a chair, office type,
in Fowler’s position [15], with the upper limbs on the
side of the body and the lower limbs flexed at a 90°
angle.

Verbal commands to perform the test were issued
by a single trained assessor, where the athlete was
instructed to exhale completely, try to empty their lungs
as much as possible, and then inhale deeply and quick-
ly through the mouth, measuring the residual volume
(MIP). The first test was repeated three times, with an
interval between one pressure and another of 1 min,
considering the highest value to be valid.

The mouthpiece of the device was again attached
to the athlete's mouth, still with the nose occluded by
a nose clip, and the athlete was instructed to inhale
completely, try to fill their lungs as much as possible,
and then exhale deeply and quickly through the mouth,
and then from the total pulmonary capacity, the MEP
was measured.

This second test was repeated three times, with
an interval of measurement from one pressure to
another 1 min, considering the highest value to be
valid. The procedure was performed by a single trained
assessor to reduce bias during the study.

The respiratory pressure variables were analyzed
after a collection of at least three and at most five
measurements, where 1 min of rest between attempts
was established, considered acceptable, with a diffe-
rence of less than 10% between them. For data ana-
lysis, the highest value obtained was compared to the
predicted values [16]. All soccer players were instruc-
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ted on the applicability of the test and received train-
ing to be able to perform it accurately.

Molar bite force analysis

The records of the maximum molar bite force were
obtained using a digital dynamometer (model IDDK;
Kratos, Cotia, SP, Brazil), with a capacity of 980.66
N. The maximum molar bite force was obtained in the
region of the first permanent molars, where the value
was recorded through the dental occlusion of two
dynamometer rods, whose final rods had two Teflon
discs at their ends.

During collection, the athletes were seated on
a chair, with their arms extended throughout the body
with hands on their thighs, receiving guidance on how
to bite the rods, thus ensuring the reliability of the
procedure. As a biosafety procedure, the dynamome-
ter rods were protected with disposable latex finger
cots (Wariper-Sp) and cleaned with alcohol. The final
value was the highest value of the three consecutive
measurements of the maximum bite force, with an
interval of 2 min between each execution [17,18].

Force distribution in occlusal contact analysis

Analysis of the force distribution in the occlusal
contacts of the first permanent molars (upper and lo-
wer) was performed using the T-Scan® Il Occlusal Ana-
lysis System (Tekscan, Inc. South Boston, MA. USA).

The equipment has an extra thin thickness sensor
(0.102 mm), which does not interfere with the habitu-
al bite and allows recording the distribution of occlu-
sal contacts, enabling the analysis of the relationship
of occlusal surfaces in terms of percentage strength
[19,20].

At the beginning of collection, the guide support
for the bite was tested in the athlete's mouth; it was
inserted into the manual handle of the equipment,
turning on the device, indicating that the equipment
was ready to be used.

The strap of the device, together with the sensor,
was connected to the computer, where a record was
already established for each athlete, with the regis-
tration of the name, sex, date of birth, identification
code, the width of the upper and lower central inci-
sors (measured with a digital ruler) and clinical dental
information, such as missing teeth and diastema. At
this stage, with the sensor inserted into the athlete's
oral cavity, the position guide, located on the support,

was centralized and fitted between the upper central
incisors. The soccer player was instructed to bite the
sensor, reaching between 95% and 100% of the ma-
ximum force in the occlusal contacts.

Data were analyzed and stored using T-Scan soft-
ware (Tekscan, Inc. South Boston, MA. USA), show-
ing the maximum occlusal force contact (%) of each
player for the occlusal force distribution of the first
permanent molars.

Statistical analysis

Statistical analyzes were performed using the IBM
SPSS 26.0 statistical software (IBM SPSS Inc., Chi-
cago, IL, USA). A normality test was performed for
the samples obtained for respiratory variables, maxi-
mum molar bite force, and occlusal force distribution.
The result of the normality test indicates that these
data are suitable for statistical analysis using para-
metric tests.

Comparisons of variables after training and de-
training were analyzed using the paired-sample t-test
(p < 0.05), and the correlation between respiratory
variables was measured using the Pearson test (p <
0.05).

Results

Table 1 shows the mean respiratory muscle strength,
as represented by the MIP and MEP. It can be ob-
served that after detraining, there was a reduction in
the mean MIP and a slight increase in MEP compa-
red to the period after training. The results were not
statistically significant (p < 0.05).

As shown in Table 2, there was a moderate posi-
tive correlation between the MIP and MEP during the
training period, demonstrating that the increased in
muscle strength during inspiration favors increased
strength during expiration.

In the analysis of the mean maximum molar bite
force (right and left), no significant differences were
found (p < 0.05) after training and detraining, but from
a clinical point of view, we could suggest that there
was a great molar bite force maximum after detrain-
ing. The data are presented in Table 3.

Table 4 shows the mean occlusal force distribu-
tion of the permanent first molars. There were no sig-
nificant differences (p < 0.05) between training and
detraining.

Tab. 1. The strength of respiratory muscles, represented by the maximum pressure between the period after training

and detraining of soccer players

Maximum pressure Period Mean + SD (cmH,0) p-value
Training -132.66 + 25.00

MIP Detraining 12291+ 27.45 0.278
Training 102.58 + 38.52

MEP Detraining 104.58 + 35.19 0.831

MIP, maximum inspiratory pressure; MEP, maximum expiratory pressure

Tab. 2. The correlation of the variables maximum inspiratory pressure and maximum expiratory pressure between the

period after training and detraining of soccer players

Period Correlation type Pearson correlation p-value
Training Positive 0.588 0.04
Detraining Positive 0.636 0.02
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Tab. 3. The comparison of soccer players’ maximum molar bite force.

Molar bite force Period Mean + SD (N) p-value
. Training 538.39 + 175.83
Right Detraining 607.52 + 135.14 0.138
Training 565.45 + 134.35
Left Detraining 593.69 + 136.21 0.412
Tab. 4. The comparison of the occlusal force distribution in soccer players' permanent first molars.
First permanent molar Period Mean + SD (%) p-value
) Training 10.23 £6.73
Upper right Detraining 11.02 % 6.24 0.621
Training 15.02 + 4.82
Upper left Detraining 15.37 £ 10.02 0.854
. Training 12.07 +4.32
Lower right Detraining 12.64 +7.76 0.822
Training 7.48 +4.35
Lower left Detraining 8.25 +6.59 0.607

Discussion

The hypothesis that high-performance soccer ath-
letes would lose part of their physical conditioning
was not supported by the findings of this study. How-
ever, the correlation between the levels of respiratory
muscle strength during the two periods was slight.

Respiratory muscles are vital in the performance
of athletes and significantly influence exercise tole-
rance [21,22]. From the results of our study, we observ-
ed that trained soccer players had higher MIP and
MEP values compared to those after detraining. These
data corroborate research that found results related
not only to the increased inspiratory muscle strength
during training but also to the improved metaboreflex,
leading to increased oxygenation and blood supply to
the peripheral muscles [23,24].

Statistical analysis showed that there were no sig-
nificant losses during detraining related to respiratory
muscle strength; that is, they lost the inspiratory for-
ce, and the expiratory force was practically the same
(even increased slightly), that is, probably a little dia-
phragm force changed with detraining, showing that
athletes are very well physically conditioned and that
they require a period longer than 2 months without
training to feel the effects of detraining.

In 2 months, these football players did not feel
much of the effects of detraining when we analyzed
the strength of the respiratory muscles. The data are
aligned with the findings in the literature, where the
detraining process for a few weeks does not affect
the ventilatory efficiency of the respiratory system [9].

A hypothesis that could explain the non-loss of
respiratory muscle strength during detraining would
be that the body undergoing physiological resistance
training has a high number of myonuclei per muscle
fiber, which are the cellular components of muscle me-
mory, which would be preserved during a period of
detraining [25,26].

However, some studies do not support our re-
sults; they reported that the 2-month period of home
confinement resulting from the COVID-19 pandemic
caused by the SARS-CoV-2 infection, promoted a sig-
nificant reduction in the aerobic abilities of athletes
after detraining [10,27].
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This study showed a positive and moderate cor-
relation in the training and detraining conditions, but
the mean MIP cut-off after the training period was re-
duced when comparing the two conditions. This de-
monstrates that in these athletes, increasing respira-
tory muscle strength also increases expiratory mus-
cle strength, but if inspiratory muscle strength de-
creases, there is no significant reduction or negative
correlation in expiratory strength. These athletes benefit
from a positive correlation when the MIP increases,
but when it decreases, the MEP values do not follow
this reduction, which shows that the effects of detra-
ining in 2 months are not significant.

An important factor that may be related to the lack
of training in professional athletes is the possibility of
involvement of the stomatognathic system because it
may be directly related to the functional state of the
skeletal striated musculature and morphofunctional
changes in the human body that interfere with the
variables that make up this complex system [28].

It is known that organic systems are interdepen-
dent functional units, and any change in the dyna-
mics of the structures that make up the stomatognathic
system can interfere with the physical performance of
an individual. Therefore, the assessment of molar bite
force is a method to determine whether there are
functional limitations in the human body through a ca-
reful analysis of the objective quantitative index of
masticatory function [29]. However, no study in the lit-
erature analyzed the maximum molar bite force of
professional soccer players after detraining; therefore,
the comparison of our results with those of other stu-
dies was compromised.

The results of this study did not show significant
differences in the maximum molar bite force of soc-
cer players after detraining, but when observed from
a clinical point of view, the bite force (right and left
sides) was slightly high. This shows that the stoma-
tognathic system, especially when analyzing the bite
force, was not compromised after detraining, demon-
strating the importance of performing functional train-
ing that has very specific protocols to maintain the
performance of the human body [30].

Physical training aims to increase the ability to
obtain and use energy efficiently, promoting physio-
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logical adaptations of organic systems, which reach
organs, tissues, and cells and improve body capacity
[31]. We believe that after detraining, professional soc-
cer players maintained their aerobic capacity, increas-
ing energy promotion for a certain period. Therefore,
using oxidative phosphorylation, which is a metabolic
pathway that uses energy released by oxidation of
nutrients to produce adenosine triphosphate, can pre-
serve this organic function [32]. This could explain
the maintenance of strength, especially the maximum
molar bite after the athletes' detraining.

The occlusal biodynamics of permanent molars
was another variable analyzed in this study. In the
evaluation of the percentage values of the occlusal
force of the permanent first molars, no significant dif-
ferences were observed in the period of 2 months
during detraining. It is scientific knowledge that con-
trolling mechanical overload in the skeletal striated
musculature promotes increases strength and mus-
cle mass [33], and athletes are subjected to constant
training that also improves the strength of the upper
body; consequently, there is a functional improve-
ment in the complex muscle that makes up the cra-
niocervical postural system, which can maintain the
balance of static and dynamic structures of the sto-
matognathic system [34].

The results of this study suggest that soccer ath-
letes lost very little physical conditioning when ana-
lyzing the variables of this study and that a long pe-

riod of paralysis would probably be necessary to cau-
se a considerable loss of physical conditioning that
could promote functional consequences in the respi-
ratory musculature and the stomatognathic system.
It is also necessary to emphasize that strengthen-
ing the construction of the oral health policy in sports
with the inclusion of dental sciences and integration
(multidisciplinarity) between the health areas of high-
performance sports, such as physical exercise as
a whole, improves the understanding of the perfor-
mance of elite athletes, especially football players.

Conclusions

The correlation results of this study showed that
professional soccer players, when strengthening the
inspiratory muscles, also strengthen the expiratory
muscles. For these athletes, this shows that the trai-
ning they receive as soccer players, which includes
training and games, favors the strengthening of the
respiratory muscles (inspiratory and expiratory); more-
over, they do not need to perform additional strength-
ening of the respiratory muscles, since, when training
and playing soccer, the inspiratory muscles gain strength
and favor the gain in strength of the expiratory mus-
cles. Regarding the bite force and distribution of oc-
clusal contacts of the first permanent molars, no dif-
ferences were observed after training and detraining
of professional soccer players.
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