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Introduction
Olympic fencing is an acyclic sport with an elevated number
of high-speed actions. In terms of energy demand, in a
competition involving multiple bouts within a total interval
of 3-4 hours, the aerobic system contribution is about 80-
90% (Bottoms et al., 2023). This aspect is more pronounced
in direct eliminations, with an estimated energy expenditure
of 8.6 = 0.54 metabolic equivalents (Milia et al., 2014);
therefore, improving this system, exemplified by adaptations
such as increased size and number of mitochondria, will help
maintain intensity over a longer period (Yang et al., 2022).

This sport is of an intermittent nature, demanding a vast
amount of energy from the phosphagen system (Turner et
al., 2014). From an analytical perspective, alactic anaerobic
stimuli occur during a bout due to a series of actions within
a unit of time, with blood lactate values reaching 4 mmol-L!
(Turner et al., 2017b), bearing in mind the initial pool
classification rounds and the following direct elimination
rounds, until the end of the competition, in which the
difficulty of the rivals increases.

Calculating the intensity at which a fencer competes
from a cardiorespiratory perspective is key to planning
their physical training. While the demands of a wheelchair
competition are lower than those of standing fencing, and
similar in direct elimination bouts (Iglesias et al., 2019), it
is not comparable to other wheelchair sports like basketball
(Vaquera et al., 2016) due to the type of exertion that each
entail.

Taking Olympic fencing as a reference, energy input
in absolute terms (Passali et al., 2015) indicates that the
contribution of the aerobic system is very similar across
the various competition phases (pools: 185.55 +36.43 kJ;
15t elimination bout: 185.46 + 28.81 kJ 2" elimination
bout: 186.62 + 27.70 kJ). In the case of phosphagens, a
higher contribution occurs in pools (28.70 = 10.09 kJ)
than in direct elimination rounds (1% 19.53 + 9.49 kJ;
2nd: 22.25 + 9.27 KJ). Lastly, the glycolytic system is far
superior in pool rounds (16.42 + 6.47 kJ) as compared to
the following 2 rounds (1.20 + 1.32 kJ and 1.34 + 1.84 kJ,
respectively).

In terms of relative energy, the aerobic system
contributes less (p < .05) in pool bouts (80.57 + 4.45%)
than in comparison to the first and second 15-touch direct
elimination bouts (90.02 + 4.69% and 88.8 + 4.28%),
respectively. On the other hand, the glycolytic system takes
on greater prominence in the first round (6.97 + 2.53%)
than in the following two rounds (0.63 + 0.73% and
0.60 £+ 0.80%). In the case of phosphagens, these remain
stable with some fluctuation (pools: 12.44 + 6.67%; 1+
direct bout: 9.35 + 4.30%; 2" direct bout: 10.60 = 4.52%)
(Franchini, 2023).

Cardiocirculatory, metabolic, and perceptual responses in elite wheelchair fencing competition

The unit of measure typically used for taking
measurements during these competitions is related to the
heart rate reserve and the level of VO, max., an aspect
challenged by various authors who indicate that the latter
value is overestimated (for example in sports such as cycling
or running) and should therefore be carefully considered
(Guimaraes et al., 2019). This has been confirmed by other
researchers who indicate that this correlation is individual
and due to intrinsic characteristics that cannot be generalized
(Ferri Marini et al., 2022), as benefits from other capacities
may influence this, such as the fact that strength training
may contribute to improving strength resistance in combat
sports (Cid-Calfucura et al., 2023).

In this respect, there is indeed a consensus regarding the
use of perceptual and heart rate values, given the proven
high correlation between perceived exertion and beats
per minute after exercise (r = .84- .98), during exercise
(r=.73 - .85), and during its respective phases (r = .82-.92)
(Turner et al., 2017a).

Scales have been shown to be good indicators of
intensity, even in strength training exercises, for which
the correlation sits at » = .8 (Lagally & Costigan, 2004),
even for the precision assessment of the impact of an
activity in individuals in wheelchairs (Zhao et al., 2022),
and therefore have been shown to be a reliable system for
regulating intensity in this capacity. Models such as the
OMNI-RES picture system scale can be used in strength
training exercises by both men and women. When strength
increases, this is reflected in the scale items, which vary
according to the exercise (Gearhart et al., 2009). This is
relevant because it gives trainers or coaches tools to indicate
areas for improvement according to the physiological
systems involved (Lagally et al., 2009).

With this in mind, it should be possible to create a
competition strategy that addresses fatigue and allows for
the incorporation of resources that enable the onset of said
fatigue to be delayed, as occurs with nutritional resources:
mouth rinsing carbohydrate solution enables skill level to
remain the same, though it does not have the same effect on
reaction speed in high-level fencers (Rowlatt et al., 2017).
In this regard, dehydration is common and represents a very
significant risk, though more so in men than in women.
This means fluid replacement is fundamental, otherwise
pulse is impacted and subsequently rises (Eda et al., 2022),
even if it does not have any direct effects on lactate levels
(Chryssanthopoulos et al., 2020).

In addition, Olympic and Paralympic fencing have three
different disciplines (épée, foil, and saber), with differing
action and resting times that also require different energy
substrate demands (Tarragé et al., 2023). Some studies have
focused on analyzing simulated competitions; for example,
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in simulated foil competitions, higher beats per minute
and ratings of perceived exertion (RPE) values have been
observed in direct elimination bouts (163 + 13 bpm™' and
3.7 £ 1.2 RPE in pool and 170 + 10 bpm'' and 5.6 = 1.6
RPE in direct elimination) (Bottoms et al., 2023). Similar
values have been observed in simulated épée competition,
but with fewer differences between elimination rounds
(168 = 12 bpm! in and 169 + 14 bpm'! in direct elimination)
(Oates et al., 2019). Assessments during official competition
have not been widely studied in the literature, however
heart rate and blood lactate levels have been described
in men’s épée bouts with values of 166 + 8 bpm™! and
3.2 £ 0.7 mmol-L!, and in women’s foil bouts, with
values of 173 =7 bpm™' and 4.2 £ 0.9 mmol-L!' (Iglesias
& Rodriguez, 1995).

The current literature has little specific data on
wheelchair fencing in competition settings. One of the
most recent studies described oxygen consumption values in
training bouts of 23.3 + 6.1 ml-min-'-kg-! with peak values
of 32.1 £7.9 ml-min"'-kg"'. The heart rates recorded during
these training bouts corresponded to a mean intensity of
72.7 £ 10.3% of the fencers’ maximum heart rate. Likewise,
the recorded lactate levels were 3.5 + 3.6 mmol-min! and
RPE was 4.8 + 3.2 (Oates et al., 2019).

Given the scarce diversity of studies with which to
establish a comparison for the quantification of energy
output and perception in official competition wheelchair
fencing, the aim of this study was to focus on calculating
cardiocirculatory (heart rate, heart rate reserve [Bok et
al., 2023], WINT index [Sowan et al., 2023]), metabolic
(blood lactate), and perceptual values over the course of
an international competition with participation from elite
category A and B athletes from Finland, Hungary, Peru,
Romania, and Spain. Categories A and B correspond to the
functional classifications for Paralympic fencing competition.

These calculations will help identify the training loads
for these types of fencers and optimize competition-focused
physical training programs to counteract fatigue while
also contributing to more in-depth knowledge about this
Paralympic sport.

Methodology

Participants

An international wheelchair fencing tournament was
organized with the épée chosen as the weapon. Within the
tournament, 3 different competitions were held with the
total number of participants (n = 16): i) one with category A
athletes (n = 7), these being the most functional with good

Cardiocirculatory, metabolic, and perceptual responses in elite wheelchair fencing competition

sitting balance, trunk mobility, and good control of their
fencing arm; ii) a second with category B athletes (n = 5),
with impairment of the legs, trunk, or fencing arm, and iii)
a third and last competition with less-experienced category
B athletes (n = 4). The participating countries were Hungary
(1), Finland (2), Romania (1), Peru (1), and Spain (11). The
sample characteristics are described in Table 1.

The study was approved by the Research Ethics
Committee (REC) of the Catholic University of Valencia
with Resolution No. UCV/2022-2023/107 and was based
on the guidelines described in the Declaration of Helsinki
regarding the ethical principles for medical research involving
human subjects, and all the individuals participating in the
study signed the corresponding informed consent.

Table 1
Characteristics of the sample of wheelchair athletes
participating in the study.

Variable
n 16
Age (years) 34.94 + 12.94
Male 9 (56.25 %)
Sex (n)
Female 7 (43.75 %)
Height seated 0.85 + 0.08
Arm span (m) 1.65 +0.22
Class A 7 (43.75 %)
Category (n)
Class B 9 (56.25 %)
Experience 5.11 +5.37
Right-handed 13 (81.25)
Laterality
Left-handed 3 (18.75)

Materials and methods

Each athlete underwent two specific anthropometric
measurements: calculation of seated height and arm span.
Neither of the regular height and weight measurements were
taken due to the impossibility of taking them in most cases.

For seated height, the participants sat on a 44 cm-high
stool. Sitting upright, the head was maneuvered into the
Frankfort angle and the stadiometer (Seca 213, Hamburg,
Germany) was placed on the vertex of the head. The height
of the stool was subtracted from the result to obtain the
final height.

To measure arm span, the subject was seated on a backless
stool against a wall with the hips and shoulders touching
the wall. The subject was instructed to perform a shoulder
abduction and elbow extension with the fingers extended.
The maximum length between the middle fingers of both
hands was measured.
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Heart rate (HR), heart rate reserve (HRR), WINT aerobic
index (WI), and RPE data were analyzed to determine the
fatigue accumulated over the course of a competition. For
the physiological values, heart rate was monitored during
the competition using a coded armband heart rate sensor
(Moofit, Shenzhen, Guangdong, China), and the data were
collected using the Pulsemonitor software (Pulsemonitor,
Michalowice, Poland). With the previously recorded age
and baseline heart rate data, heart rate reserve was obtained
using the following equation:

100

HRR = Maxi HR in bout * —————
aximum in bout * 220 - Age

And the WINT aerobic load index using the calculation below:

Previous

WI = Max. HR — HR ————
220 - Age

— Previous HR

An épée competition was held according to the regular
phases: an initial round of 5-touch, 3-minute pool bouts and
a second phase of 15-touch, 9-minute direct elimination
bouts. To measure metabolic stress, after each phase the
participants’ lactate levels were measured 3 minutes after
the end of each bout, performed on the earlobe using the
Lactate Pro2 analyzer (Arkray Inc., Kyoto, Japan).

While these samples were being taken, RPE was recorded
at each interval using the OMNI-RES scale from Robertson
et al. (2003), with the aim of establishing a correlation
between physiological and perceptual indicators. These
procedures are summarized in Figure 1.

Statistical analysis
The data were described using means and standard deviation,
as well as medians and interquartile ranges for the continuous
quantitative variables and using proportions for the qualitative
variables.

The model was adjusted as per the Zuur and Ieno protocol
(2016). First, the data structure error was determined by

Figure 1
Software for recording heart rate, lactate samples, description of the OMNI-RES scale protocol.

Cardiocirculatory, metabolic, and perceptual responses in elite wheelchair fencing competition

adjusting beyond the optimal model. In the case of the
models for determining changes in heart rate and lactate
accumulation, the model was adjusted as follows:

Y~Phase(Experience+Category+Sex)+1(11ID)

For the model used to determine changes in perceived
exertion, this was adjusted in the following manner:

Y~Phase(Experience+Category+Sex)+HR+Lactate+(1|ID)

This allowed for consideration of all the factors studied
and the first-level interactions between the sociodemographic
factors and the competition phase.

Second, the random effects model was adjusted using the
individual (ID), estimating the coefficients with the restricted
maximum likelihood (REML) method. Subsequently, the
fixed effects model was adjusted with the ML method,
repeatedly eliminating interactions until the model could
no longer be improved. Lastly, the optimal model was
generated estimating the coefficients with the REML method.
To interpret the model, the coefficients and the results of
the type I ANOVA were considered. For the significant
categorical factors, post-hoc comparisons were made using
the emmeans package.

All the nested models were compared among themselves
using the corrected Akaike information criterion (AICc).
In all cases, the assumptions of the linear models were
checked, visually inspecting the residuals and the DHARMa
residuals. The models were adjusted using the Ime4 v.1.1-30
and ImerTest v.3.1-3 packages.

All the analyses were carried out with R (R Core Team,
2013) v.4.2.2. The openxlsx v4.2.5 package was used to
read the data tables (for xIsx files) and/or the haven v.2.5.0
package (for sav files). The graphs were created using
ggplot2 v.3.3.6 ggpubr v.0.4.0 and other functions included
in the previously mentioned programs. For all the analyses,
o =.05 was used.
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Figure 2
Variation in heart rate during pool and direct elimination phases
(F8, F4 and F2).

Cardiocirculatory, metabolic, and perceptual responses in elite wheelchair fencing competition

Figure 3
Variation in heart rate and perceived exertion during the pool and
direct elimination phases.
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Table 2
Differences in accumulation of lactate between competition phases.
contrast estimation SE df T ratio p value
1 Pool -0.161 0.358 27.443 -0.450 .655
2 F8 - F4 -1.101 0.500 28.378 -2.202 .088
3 F8 - F2 -1.578 0.606 28.582 -2.602 .037
4 F4 - F2 -0.476 0.580 28.285 -0.821 .692

Note: Tukey’s test to analyze differences in lactate accumulation.

Results

The initial heart rate values prior to competition were
87.88 £23.29 bpm! and lactate values 2.36 + 0.84 mmol-L-.
Figure 2 shows the evolution of heart rates across each of the
phases and how heart rate values were significantly higher
in the direct elimination phases, but without any differences
between the sexes (p = 605). Tukey’s test indicated significant
changes between both phases of the competition (p =.014).
These data present a high correlation with two variables
dependent on this value, in the case of heart rate reserve
r=.90 and the WINT aerobic load index, r = .76.

Table 2 shows the difference in lactate accumulation
between the pool phase and direct elimination phases. As
with the heart rate, there were no differences between men
and women (p = .792).

Figure 3 shows the differences in perceived exertion in
pool bouts versus the rest of the tournament (F8, F4, F2).

A significant effect was detected indicating that perceived
exertion was 1.34 + 0.43 points higher in the competition
phases than in the previous phase.

Bearing in mind the different competition phases,
significant differences were observed between the initial
phase and subsequent phases (p =.028 and p = .002), though
this significant increase did not occur between phases F4
and F2 nor were any differences between the sexes reported
(p = .535).

Discussion
It is important to identify the physiological responses
resulting from real competition settings, as this helps define
the training needs of athletes.
The characteristics of each of the bouts were similar to
an interval training exercise, wherein there is a high degree
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of uncertainty due to the intermittent pattern. In settings
in which measuring respiratory parameters such as VO,
max. is not possible, having cardiocirculatory, metabolic,
and perceptual records is sufficient (Lopez-Chicharro &
Vicente-Campos, 2018) for detecting and subsequently
addressing the resulting needs for improvement. Along this
line of reasoning, Iglesias et al. (2023) presented a study on
wheelchair fencing in which they state that it is possible to
use heart rate to estimate oxygen consumption by assuming
a certain degree of underestimation (9.9%) but with good
correlation indices (r = .843, p <.001).

Over the course of the competition, the average heart
rate was 14.08 + 5.33 beats higher in the direct elimination
than in the pool phases, thereby confirming that reported by
Turner et al. (2017b), who indicated that this phase, with
15 touches per bout, conditions the contrast for this value
(p = .014) between phases, only to later stabilize until the
end of the competition (F8-F4 p = .875, F8-F2 p = .830,
F4-F2 p = .561). This finding shows that both Olympic and
Paralympic fencing present similar behaviors in terms of
cardiocirculatory response. Fatigue increases progressively
in both disciplines and presents a high correlation with heart
rate reserve (r = .90) and the WINT aerobic load index
(r=.76). This analysis should be taken into consideration in
relation to respiratory rate, which increases with respect to
other physical exercises, given that nasal airway resistance
following a bout is 0.28 £ .16 Pas¥s, Without it, in normal
physical exercise, the mean value was 0.24 + .15 Pa™¥s,
meaning significant differences were observed between using
or not using a fencing facemask before and after sporting
activities (p < .05) (Passali et al., 2015).

In terms of the metabolic profile, there was no significant
difference in lactate accumulation between phases (p = .656):
a marginally significant effect was observed between the
first and second phase of the competition (F8-F4) (p = .037).
When analyzing the effect of the competition phase on
lactate accumulation, this was greater in the last portion
of the competition than the first. This data is in line with
that described in Olympic fencing competition (Turner et
al., 2017b), in which values exceeding 4 mmol-L-' were
recorded in the final portion of the tournament.

Likewise, no significant variations (p = .089) were
observed when considering the category: category A
accumulated slightly more than B (1.307 = 0.715). It is
important to bear in mind that more experience correlated
with less increase (reduction of 0.127 = 0.064 mmol-L"),
which could be related to the fact that elite fencers are
capable of generating greater speeds than lower-level fencers,
despite increases in their blood lactate (Weichenberger et
al., 2012) compared to those lower-lever athletes. This is
important because the resulting peripheral fatigue comes

Cardiocirculatory, metabolic, and perceptual responses in elite wheelchair fencing competition

with coordination impairment that can inhibit precision
when performing technical movements requiring maximum
speed (Varesco et al., 2023).

The RPE followed a similar path as heart rate. This
increased as the competition progressed and was most
notable between pools and direct elimination bouts (p =.004)
and each of the subsequent phases (F8-F4 p = .028; F8-F2
p =.002), with the exception of the last one (F4-F2 p = .212).
This increase occurred in a parallel manner to that of heart
rate (.03 £ .014 for each heart rate unit). This confirms the
relationship between perception and heart rate, which in
Olympic fencing has obtained a very high correlation during
competition (r = .82-92) (Turner et al., 2017a), confirming
that direct elimination bouts require greater physiological
demand (Bottoms et al., 2023). In this regard, no consistent
relationship between subjective perceived exertion and
increase in blood lactate has been found.

Conclusions

The main conclusions that can be gathered from the
cardiocirculatory responses are that the highest heart rate
recordings occur in direct elimination phases and these
stabilize towards the end of competition. In terms of the
metabolic profile, no differences in lactate accumulation
occur between phases, rather a gradual increase can be
observed. Lastly, perceptual values increase progressively
over the course of a tournament. Understanding the responses
that occur during real wheelchair fencing competitions make
it possible to adapt training programs to athletes’ specific
physical and technical/tactical needs without the need to
make adaptations to the Olympic fencing discipline, as has
been done until now.
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