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Abstract

This investigation demonstrated a routine of evaluation and training of an athlete of the SL3 class of parabadminton for
2 days continuously monitored by a metabolic analyzer with measurements of oxygen consumption (VO,), carbon dioxide
production, and heart rate (HR). The results showed HR and VO, responses varying between 50% and 99.54% of HRmax (mean
HR 80.92 bpm), and 6% and 104% (mean VO, 35.25 mL/kg/min) of VO,max, during the simulated game. The exercise test and
the simulated training session showed significant changes in HR and VO,, reinforcing the need for considerable energy input
to training and assessment.
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Résumé

Cette étude a démontré une procédure d’évaluation et d’entrainement d’un athlete de la classe SL3 de Para-Badminton
pendant deux jours. L’athléte est évalué en continu au moyen d’un analyseur métabolique pour la mesure de la consommation
d’oxygeéne (« VO »), de la production de dioxyde de carbone et de la fréquence cardiaque (« HR »). Les résultats ont présenté
lors du jeu simulé des réponses HR et VO, variant entre 50 et 99,54 % de HRmax (HR, moyenne 80,92 bpm) et 6 et 104 %
(VO, moyenne 35,25 mL/kg/min) de la VO,m.y. Le test d’effort et la séance d’entrainement simulée ont révélé des changements
significatifs dans la fréquence cardiaque et le VO,. Ces données accentuent la nécessité d’un apport énergétique considérable

a 'entrainement et a I’évaluation. [Traduit par la Rédaction]

Mots-clés : sport paralympique, sports de raquette, physiologie du sport, entrainement sportif, performance

Introduction

Para-Badminton or Parabadminton (PBd) had its official de-
but at the Paralympics in Tokyo 2020 (www.paralympic.org).
It is important to highlight that the modality has basic rules
such as adaptations to the playing court and additional equip-
ment, according to the classification of players and events
(BWF Statutes 2021). In addition, PBd athletes use a racket to
dispute singles or doubles in five events—male and female
singles, male and female doubles, and mixed doubles (BWF
Statutes 2021)—each requiring specific preparation in terms
of technique, control, and physical fitness.

Thus, due to the demand for the sport, it is logical to
think that PBd athletes need periodic cardiorespiratory as-
sessments (Strapasson et al. 2019). Olympic badminton is
composed of interminable actions, requiring athletes consid-

erable levels of energy supply, supplying aerobic and anaer-
obic needs (Phomsoupha and Laffaye 2015). Thus, the deci-
sive moments of the games are supplied by the anaerobic
metabolism, being the total time of the activity and the in-
tervals of recovery supplied by the aerobic metabolism. Al-
though we know the energetic needs of badminton, until
now the metabolic and physiological responses of PBd ath-
letes are not known.

Several instruments are available for this assessment, espe-
cially portable equipment that allows for measuring the oxy-
gen uptake volume (VO,), carbon uptake volume (VCO5), Tes-
piratory quotient (RQ), and minute ventilation (VE) (Guidetti
et al. 2018; Tsekouras et al. 2019). With the data in hand, res-
piratory variables can become readily available for coaches to
monitor long-term cardiorespiratory fitness by planning pe-
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riodization aimed at optimal athlete performance (da Cunha
et al. 2011).

Thus, given the metabolic requirement imposed by the
game and the need for scientific and technological develop-
ment for the modality, the present case study aims to demon-
strate the responses of an experienced PBd athlete with cere-
bral palsy (class SL3) to a standardized assessment and train-
ing routine (Halperin 2018). As an initial hypothesis, we be-
lieve that the results presented by the evaluated athlete may
be similar to those exhibited by Olympic athletes in terms
of behavior but present acute responses of lower magnitude
due to peculiar characteristics of cerebral palsy.

Case report

Athlete and case-study background

The evaluated athlete (L.R.S.; 22 years old; male; black;
weight: 67 kg; height: 1.71 m; body mass index: 22.91; hy-
pertonia level 3, Ashworth Scale) has 5 years of experience
in the sport, participating in regional tournaments. He was
diagnosed with cerebral palsy (CP), where the greatest in-
volvement is on the left side of the body, predominantly
in the left leg. He has hypertonia in his left leg and mod-
erate ataxia in his left arm. The right side of the body re-
mains functional without changes caused by cerebral palsy.
The study was carried out on 2 days, separated by an inter-
val of 1 week. On day 1, an evaluation of the aerobic capac-
ity was carried out, through a progressive field test. On day
2, a simulated training session was performed, with lateral
and longitudinal displacements to hit the shuttlecock against
the opponent’s court. On both days, the VO, and heart rate
(HR) were monitored by telemetry. All procedures were per-
formed in the afternoon, where the individual was fed, as
usual, 2 hours after his last meal. The study was approved by
the University Federal of Pernambuco Ethics Committee (no.
52763121.0.0000.9430). The participant received a clear ex-
planation of the research procedures and signed an informed
consent document prior to participation.

Maximum progressive aerobic test

On the first day, the field progressive velocity protocol
(WHEEL-PROFT), was used and adapted by Vanlandewijck et
al. (2006). The participant walked a distance of 15 m repeti-
tively, delimited by two lines, walking the distance at a pace
defined by audible beeps, starting at 5 km/h speed with a
0.5 km/h increase every minute. When the participant was
unable to reach the target line twice consecutively, the test
was terminated. In the end, the distance covered (excluding
the length not reached by the athlete when giving up) and the
time spent were recorded. The test measure was given by the
final distance covered, the level reached, and the total time
of each target reached in the protocol.

Simulated training routine

On the second day, a simulated PBd training/competition
session was held. Before the session, a period of 5 minutes
was set aside for the athlete to warm up, as usually performed
by a volunteer. In the center, on the opposite side of the court,
a coach was positioned with 24 shuttlecocks in hand. At each

Fig. 1. Diagram of the simulated training session with lateral
and longitudinal displacements. (A) Photo of the athlete per-
forming the strike to return the shuttlecock; (B) the athlete at
rest and familiarizing himself with the portable equipment
for metabolic assessment by telemetry; and (C) organization
of the court and directions of the launches and displacements
of the shuttlecock and the athlete.

throw by the coach, the athlete returned the shuttle by swip-
ing his racket to the opposite side of the court. The direction
of the throw performed by the coach allowed small lateral
(right-left) and longitudinal (front-rear) displacements. After
the sequence of 24 shuttlecocks was completed, a rest time
ranging between 30 and 60 s was considered for the replace-
ment of shuttlecocks and the restart of automated launches.
During both conditions, VO,, VCO, production, HR, and the
athlete’s movement were continuously monitored. The en-
tire training session lasted about 25 minutes, with 13 minutes
being reserved exclusively for the simulated exercise. Among
the 13 minutes of activity, 6:30 min:s was reserved for lateral
displacements, and the rest of the time was reserved for lon-
gitudinal displacements. Figure 1 shows an illustration of the
logistics used to carry out the simulated session.

Measurements of oxygen consumption and

energy expenditure

The measurement of metabolic demand was obtained us-
ing a portable PNOE analyzer system (ENDO Medical, USA).
The PNOE is a portable metabolic device designed to mea-
sure gas exchange and validated for laboratory and field con-
ditions (Tsekouras et al. 2019). The unit runs on lithium bat-
teries and weighs approximately 800 g. The device consists
of a single carcass (120mm x 110mm x 45 mm, height,
width, and length, respectively), attached to a shoulder strap
and carried by the subject during physical effort. The sub-
ject wears a suitable mask and breathes through the hot-
film anemometer flow sensor. HR and respiratory gases are
transmitted by telemetry. The PNOE operates in a breath-by-
breath mode that continuously measures the volume and de-
termines exhaled gas concentrations simultaneously. It mea-
sures VO, using an open-circuit indirect calorimetry tech-
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Fig. 2. Correlations and comparisons of cardiovascular parameters (HR) and VO, during the WHEEL-PROFT progressive exercise

protocol (A, B) and the simulated training (C, D).
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nique, evaluating pulmonary gas exchange in the mouth and
nose. The unit’s components include an electrochemical VO,
analyzer and an infrared carbon (CO,) analyzer. The PNOE
arrangement was used on the first day, during the aerobic
conditioning assessment, and on the second day in the sim-
ulated experimental sessions. Energy expenditure was esti-
mated using the indirect calorimetry technique, considering
a metabolic equivalent in kilocalories for each liter of VO,
consumed. The values of VO, and CO, were crossed to deter-
mine the RQ and subsequent contribution of carbohydrates
and fat during the exercise protocol.

Data analysis

The normality of all the data collected from the volun-
teer was analyzed using the Shapiro-Wilk test. Data obtained
continuously in the progressive test and the simulated train-
ing session were analyzed using Pearson’s correlation. The
phases of the aerobic exercise protocol (warming up, the
testing itself, and cooling down) were compared with each
other using a fixed-effects model. The values of HR reached in
the effort test were transformed into percentages of HRmax
(Tanaka et al. 2001). Similarly, the VO, values displayed in
response to the training protocol were transformed into per-
centages of the maximum capacity achieved in the progres-
sive exercise test. The responses of the parameters evaluated
during the training session (HR and VO,) were compared
between the moments of lateral and longitudinal displace-
ments using a paired ttest. All analyses were performed us-

1
WHEEL-PROFT

Warm up Cool down

ing the Prism statistical package, version 9.0 (GraphPad, USA),
and a significance level of 5% (p < 0.05) was considered.

Observations and outcomes

Figure 1 shows details of the athlete participating in the
simulated training session, in addition to a diagram demon-
strating the experimental protocol developed at the train-
ing site. Through the effort test performed, it was verified
that the data obtained from the progressive speed were sig-
nificantly correlated with the athlete’s VO,. In turn, the HR
was also correlated with VO, consumption throughout the
progressive exercise protocol (Fig. 2A and 2B, respectively).
When comparing the phases of the progressive exercise pro-
tocol, significant differences were found between the three
moments, demonstrating the significant acute effect of the
proposed protocol (Fj.9758,40.01] = 118.9, p < 0.0001, Fig. 2C). A
similar effect was verified when comparing the behavior of
VO, between the three phases of the protocol (Fru7so,72.97) =
26.78, p < 0.0001, Fig. 2D).

When verifying the responses to the simulated training ses-
sion, significant differences were found between the phases
of lateral and longitudinal displacements only for the indi-
vidual’s HR (p < 0.0001, Fig. 3A) No differences were observed
in the consumption of VO, between the two phases of the
training protocol (p = 0.1560, Fig. 3B).

From a descriptive point of view, the total energy expendi-
ture of 84.26 kcal accumulated throughout the activity was
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Fig. 3. HR (A) and VO, (B) responses to a simulated exercise
protocol for an SL3 class PBd athlete. The percentages of HR
and VO, were properly relativized according to the maximum
values as recommended by Tanaka et al. (2001) and by the
maximum progressive test performed, respectively.
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verified. In addition, it was found that during the simulated
protocol there was a higher mean contribution of carbo-
hydrate metabolism for both phases (lateral and longitudi-
nal displacement), compared with the contribution of lipids
(lateral: 0.35 kcal vs. 0.03 kcal; longitudinal: 0.32 kcal vs.
0.04 kcal).

Discussion

The main objective of this case study was to show a training
routine to present the possibilities of monitoring and eval-
uation of an experienced athlete, of class SL3. PBd already
has a presence in the 2024 Summer Paralympics and, despite
the similarities to Olympic badminton, to date, there is no
information on metabolic and cardiovascular responses to
standardized exercise protocols in PBd. Therefore, an evalu-
ation with the portable instrument of gas exchange analysis
applied in a simulated game protocol showed the acute re-
sponses in a PBd with cerebral palsy. These findings partially
corroborate our initial hypothesis of approximation with the
acute responses of an Olympic badminton athlete, although
significant differences were observed between the stages of

the effort protocol (between HR and VO,), and during the sim-
ulated game (only in HR).

Therefore, the main result observed for the aerobic effort
test was that the progressive speed of the athlete was signif-
icantly correlated with the consumption of VO, (r = 0.53;
p < 0.01). In turn, the HR was also correlated with VO,
consumption throughout the progressive exercise protocol
(r = 0.60; p < 0.01). This can be explained by the cardiores-
piratory demand imposed by the modality. For example, un-
derstanding that badminton is a modality with parameters
similar to those of PBd, it can be seen that the average HR of
an athlete in this modality can reach more than 90% of the
maximum HR. Also, the aerobic system requirement during
a game can reach 60%-70% (Phomsoupha and Laffaye 2015).

These findings may indicate the possibility of using HR as
a parameter for monitoring exercise intensity, even for ath-
letes with cerebral palsy. With the advancement of portable
technologies, studies with ecological designs should be de-
veloped for this purpose (Cardinale and Varley 2017). How-
ever, the VO, and HR responses in the athlete studied
showed lower values (mean HR: 80.92 bpm; mean VOj:
35.25 mL/kg/min) than those verified in other studies carried
out with Olympic athletes (Esteve-Lanao et al. 2007). This can
be explained, at least in part, by factors specific to cerebral
palsy.

Puce et al. (2021) summarized that fatigue information
measured objectively on maximal task performance and in-
dicated lower levels in participants with CP, possibly due to
their pathological inability to recruit highly fatigable mus-
cle fibers. However, highly trained individuals with CP com-
pared with neurotypical people performing maximally fa-
tiguing tasks seem to be an exception to this as they exhibit
similar levels of fatigue. In submaximal tasks, such as the one
performed in the present study, other factors may influence
the metabolic responses of athletes with CP, such as ataxia,
athetosis, or hypertonia. Thus, the individualized responses
of each athlete must be considered in the planning of effort
intensities and, above all, in their recovery.

When comparing the phases of the progressive exer-
cise protocol (warm-up, activity, and rest), significant differ-
ences were observed between the three moments (p < 0.01)
and in the VO, behavior (p < 0.01), demonstrating the
acute responses of a standardized PBd training session. The
evaluated athlete presented a total energy expenditure of
84.26 kcal/min, with a predominance of carbohydrate con-
sumption as an energy source (fat: 0.50; carb: 2.08 kcal/min).
It is worth mentioning that the protocol time (13 minutes)
was approximately equivalent to a set of PBd. These findings
reinforce the importance of similar assessment protocols for
the development of an athlete whose aerobic system require-
ments for performance are very well known. It is known
that a well-developed aerobic endurance capacity seems nec-
essary for quick recovery after intensive training (Faude et al.
2007).

Regarding the responses to the simulated training session,
significant differences were found between the phases of lat-
eral and longitudinal displacements only for HR (p < 0.01).
Similarly, in investigations with badminton, the relevance
of HR as one of the indicators related to performance in
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matches is clear (Bisschoff et al. 2018). Because of the in-
creased HR, long-term badminton matches can lead to neuro-
muscular fatigue (Girard and Millet 2009). Accumulated neu-
romuscular fatigue negatively affects players’ ability to exe-
cute blows with optimal strength and accuracy, and can also
lead to less reactive court moves and poor tactical choices
during matches. It should be highlighted that, based on a
good metabolic assessment, PBd athletes and coaches can an-
ticipate these parameters with adequate preparation. Addi-
tionally, our findings may serve as parameters to replicate
similar protocols for other athletes with disabilities and other
functional classes.

Conclusions

It was observed that the PNOE instrument was sufficiently
reliable and discriminating in its metabolic assessments of a
PBd athlete. Similarly, the protocol intervention was also ef-
fective for physical assessment. The authors realized that the
presented routines were sufficient to generate a considerable
physiological and metabolic demand on the investigated ath-
lete. Both the exercise test and the simulated training ses-
sion were able to generate significant changes in HR and
VO,, reinforcing the need for considerable energy input to
compose assessment and training routines. In future perspec-
tives, new studies with PNOE in different functional classes
of PBd should be carried out to guarantee the reproducibil-
ity of the instrument for the modality. Finally, the authors
recommend periodic metabolic assessments of PBd athletes.
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