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Abstract

Background Over the last few years, there has been a growing interest in workout apps and active virtual reality
video games (AVRGs), which provide entertainment and enable users to undertake various forms of physical activity
(PA) at home. Presumably, these types of exercises can be particularly useful for people with physical disabilities, who
experience problems with access to sports and leisure facilities due to architectural and communication barriers.
However, it is interesting whether the intensity of PA in VR is high enough to provide users with health benefits, as it is
mainly based on arm movements.

Objective The main aim of the study was to evaluate the intensity of physical exercise of wheelchair boxers during a
boxing training session using the FitXR app in immersive VR in light of health-related PA recommendations. The effect
of Velcro-fastened hand-held weights (HHWs) on the intensity of PA undertaken by people in VR was also examined,
and the attractiveness of virtual exercise were assessed in the opinion of users.

Methods PA intensity was evaluated using a heart rate monitor based on the percentage of maximal heart rate (%
HRmax) and the Borg’s rating of perceived exertion (RPE 6-20). The attractiveness perceived during exercise by users
were evaluated using the Physical Activity Enjoyment Scale (PACES 1-7 scale).

Results The study shows that the exercise intensity of the athletes during wheelchair boxing training in VR is at a
beneficial moderate level for health (HR,,.=68.98% HR,,.,). The use of HHWs (0.5 kg) does not significantly increase
the PA intensity of the individuals during virtual exercise. Users with disabilities highly rated the attractiveness

(6.32+0.79 points) of PA during virtual boxing training.

Conclusions Boxing exercises in VR can be an attractive and health-related form of PA for wheelchair boxers and a
supplement to their conventional training.
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Background

Immersive virtual reality (VR) is an artificial reality in
which a person is completely immersed in a computer-
generated world. This is possible, for example, by using
a head-mounted display (HMD) and displaying three-
dimensional images right in front of the user’s eyes [1].
In this way, the user is cut off from the visual and audi-
tory stimuli of the real environment and instead receives
images, sound, and even tactile sensations of the simu-
lated world. Over the past few years, there has been a
dynamic development of VR and growing interest in
workout apps and active virtual reality video games
(AVRGs), which provide entertainment and enable users
to undertake various forms of physical activity (PA).
There have been studies on the intensity of PA in VR
[2-5], analysis of body movements in an immersive vir-
tual environment [6, 7], the evaluation of the enjoyment
of this type of physical exercise [3, 4, 8—12], and the pos-
sibility of diagnosing and shaping motor and cognitive
abilities in a virtual world [13-16].

The VR is increasingly being used to improve the func-
tion of people with various dysfunctions. VR technology
may provide benefits in the rehabilitation of individu-
als with Parkinson’s disease, multiple sclerosis, anxiety,
heart disorders, cancer, spinal cord injury, those recover-
ing from ACL reconstruction and older adults [17-25].
The collective findings from those studies demonstrate
reduction in stress level and influence of emotional well-
being, improve balance, gait and upper limb function
and improvement in cognitive skills. The use of VR in the
rehabilitation process is also supported by the fact that
patients who perform exercises in a virtual environment
report less pain [26, 27]. The pain-reducing effect of the
immersive virtual environment is so significant that VR
can be an effective therapeutic support in burn wound
care [28] and during exercises to increase the range of
motion in burned joints [29]. The specific properties of
immersive virtual reality are also used to alleviate pain
when undertaking various medical procedures in chil-
dren and pediatric rehabilitation [30] and even in women
during childbirth [31].

As seen from the literature review, the spectrum of
applications of VR in rehabilitation is vast. However,
there is a lack of research on the use of this technol-
ogy in rehabilitation and sports training for wheelchair
users. The few papers focus on simulating wheelchair
use in a virtual environment [32-35]. Little is known
about the sensations of people with disabilities using
VR technology to practice PA, their opinions on the
usefulness of such solutions, and the intensity of this
type of physical activity. In addition to the therapeutic
aspect, applications using immersive VR can be useful
for wheelchair users who participate in recreational or
competitive sports. Such people, due to architectural and
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communication barriers, have difficult access to sports
and leisure facilities, and thanks to VR, they can exercise
at home in a small space. It is worth emphasizing that
thanks to existing interactive training programs, it is pos-
sible to practice various forms of PA in a virtual environ-
ment. The great potential of immersive VR technology in
sports is evidenced by the fact that it is increasingly being
used by trainers in the process of improving physical fit-
ness [13, 14, 36—38] and even teaching movement skills.
There is already evidence that skills acquired in VR can
be transferred to the real world [39-41].

One of the newly developed forms of physical activity
for people with physical disabilities is wheelchair box-
ing (paraboxing). Paraboxing is practiced by people with
various musculoskeletal dysfunctions. The most common
paraboxers are amputees, people with cerebral palsy, and
tetra- and paraplegics. Some of them practice the sport
recreationally. Their training is based on performing
punches on punching shields, bags, and other equipment,
and practicing dodging. Some take up boxing against a
real opponent. The most common fighting format is box-
ing bouts, in which the fighters sit close together (arm’s
reach distance) on immobilized wheelchairs. This type of
fight is quite brutal, as the fighters take a fair number of
blows, most of which are received to the head. To avoid
them, they can only balance their bodies, which is rather
limited due to their seated position, while they cannot
move away from their opponent, as in traditional box-
ing. There is also a fighting formula where competitors
can move around in wheelchairs. The need to take a large
number of punches in paraboxing makes competition
dangerous for athletes, especially those with dysfunctions
located in the spine. This article ignores the aspect of the
advisability of paraboxing as a sport. It is not the inten-
tion of the authors to decide whether disabled people
should engage in extreme and risky forms of PA, espe-
cially as there are many other dangerous sports besides
boxing that are preferred by disabled athletes (e.g. down-
hill skiing or water skiing). Like able-bodied athletes,
people with disabilities are looking for an adrenaline
rush, disregarding the risk of injury or accident, and they
ultimately decide what form of PA they want to practice.

The risks associated with undertaking wheelchair train-
ing can be significantly minimized by using immersive
VR technology, which allows exercisers to simultane-
ously experience sensations and stimuli similar to those
experienced during real exercise [33, 42, 43]. The applica-
tion used in our study enables realistic training involving
the delivery of various boxing punches and performing
blocks, which can foster the development of motor skills
useful to boxers. Effective training should also be char-
acterized by sufficient intensity to improve the athletes’
physical capacity. It is interesting whether this type of PA
is intensive enough to guarantee that users are provided
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with health benefits. It should be noted that PA when
performing wheelchair boxing techniques relies only
on arm movements and small movements of the torso,
which may not guarantee adequate exercise intensity.

Therefore, the main aim of this pilot exploratory study
was to evaluate PA intensity during boxing training in
VR using the FitXR app in the context of health recom-
mendations for PA. We aimed to assess what is the exer-
cise intensity level of paraboxers during boxing training
using the FitXR app and if it is sufficient to be consid-
ered a health-promoting PA. Since PA based mainly on
arm movements may not be intensive enough to meet
these recommendations, we also assessed the effect of
additional loading in the form of hand-held weights on
the exercise load in disabled athletes. Furthermore, an
attempt was made to assess whether this form of PA is
attractive to paraboxers and whether they find it a use-
ful training tool. We hypothesize that the paraboxers
engaged in VR boxing training will demonstrate exercise
intensity levels within the recommended range for health
promotion. Additionally, we hypothesize that the incor-
poration of hand-held weights will significantly increase
exercise intensity. Finally, we anticipate that paraboxers
will find this virtual training modality attractive and con-
sider it a valuable tool for their training regimen.

Methods

The research was carried out at the Sports Centre for
Persons with Disabilities in the Hala 100-lecia sports hall
in the KS Cracovia club in Krakow, Poland, according to
the procedures of the certified Laboratory of Research
on Pro-Health Physical Activity (PN-EN ISO 9001:2015,
certificate validity: 7.12.2021-16.12.2024). The study
involved 11 male wheelchair boxers working with the
Warriors Foundation (Polish: Fundacja Wojownicy)
(age: 30.0£7.3 years, body height: 170.6+14.0 cm; body
weight: 68.51£17.1 kg). The athletes declared a training
volume of 3 to 5 h per week (4 people) and 5 to 8 h (5
people). The other two paraboxers trained more than
12 h a week. The training experience of the athletes
was relatively low at 1.86£1.70 years, which is because
paraboxing is a newly established sport and only a few
athletes in Poland have been training for more than two
years. All players declared previous experience with
immersive VR. The people surveyed were character-
ized by different types of disabilities. According to the
interview, the following dysfunctions were present in
the group of paraboxers: spinal cord injuries (lumbar —4
people, thoracic —1 person, cervical —1 person), cere-
bral palsy (4 people), spina bifida in the thoracic region
(1 person), and motor polyneuropathy (1 person). The
study included individuals who had no problem operat-
ing the VR kit and the application used in the research.
However, according to the adopted criteria, the following
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persons were excluded: those sensitive to flashing lights
or image layouts present in programs and video games,
those with symptoms of motion sickness, those suffering
from epilepsy or with a history of epileptic seizures, those
with physical limitations (e.g. injuries) that could hinder
PA in VR, those taking agents that affect heart rate, and
people who had previously used the FitXR app. The study
included athletes with training experience of at least six
months. It should be noted that the population of wheel-
chair boxers in Polish clubs and associations on the day
of the study was only a few dozen. Therefore, although
the group of athletes surveyed appears small, it repre-
sents a relatively large percentage of Polish paraboxers.
The study was conducted according to the guidelines of
the Declaration of Helsinki and reviewed and approved
by the Research Ethics Committee of the Academy of
Physical Education in Katowice (protocol 9/2018, annex
KB/27/2022).

For VR immersion, we used the Oculus Quest 2 wire-
less VR headset (Facebook Technologies, LLC. 1 Hacker
Way, Menlo Park, CA 94,025, USA) consisting of VR
glasses and controllers. A FitXR app was used for train-
ing, including boxing training among its many exercise
options. A beginner option called Fight Formation (dura-
tion of 15 min) with Rooftop (day) location/scenery.
Standard settings were retained. The training was a form
of active video game that involves the user delivering var-
ious boxing punches (straight, hook, undercut) at incom-
ing targets and performing blocks when a two-glove
symbol appears in front of the player. The user hits the
yellow targets with the right hand, and the blue targets
with the left hand. The type of punches depends on how
the targets are set up, which suggests to the user which
punch should be performed. During the game, the player
scores points, which are calculated according to the num-
ber and accuracy of hits and the dynamics of the strike.

Each participant was familiarized in the use of the app
before participation in the study. The research procedure
consisted of two training sessions. One session used an
extra load to the upper limbs and the other was done
without a load. Each session lasted 15 min. Subsequent
subjects began alternately with sessions with and without
load (crossover procedure). The sessions were separated
by a 30-minute passive rest break, during which the study
participants could only drink water. Two Velcro-fastened
hand-held weights (HHWs), one for each hand, were
used to load the upper limbs. Figure 1a and b illustrate
the test stand and one of the participants, while Fig. 2
presents selected screenshots from the application used
(game environment).

During training in VR, heart rates were monitored
using a Vantage V heart rate monitor (Polar Electro Oy,
Kempele, Finland). The level of exercise intensity was
estimated from the average percentage of maximum
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Fig. 2 FitXR: Fight Formation workout, screenshot

heart rate (%HR,,,), and the average exercise heart rate
(HR_,,) was also calculated. The maximum heart rate
(HR,,) was estimated before the study from the for-
mula 208—-0.7% age [44]. The results obtained were com-
pared to the PA intensity standards recommended by
the American College of Sports Medicine (ACSM) [45].
According to the ACSM classification, it is assumed
that during low-intensity PA, HR,,, <64%HR,,,.. Mod-
erate efforts are those during which HR_,, = 64%HR

ave — max
and less than 77%HR .. High-intensity PA, on the other
hand, occurs when HR

ave.

ave 277% of HR_ .. The results
were also categorized into exercise intensity zones, using
the Polar Flow software that works with the heart rate
monitor. The average absolute duration of PA (in sec-
onds) was estimated for the following zones: 0— less than
50% HR,,,, II- 50-59% HR_,,, [II- 60-69% HR ., IV-
70-79% HR ., V- 80-89% HR, ., and VI- 290% HR ...

In addition to objective measurements taken with
the heart rate monitor, a subjective assessment of exer-
cise intensity was also recorded. For this purpose, the
Borg’s rating of perceived exertion (RPE) (6-20) was

employed [46, 47]. This allowed the results of objective

measurements to be correlated with the subjective per-
ceptions of the participants. User satisfaction with PA in
immersive VR practiced with and without HHWSs was
also assessed using questionnaire surveys. A short ver-
sion of the Physical Activity Enjoyment Scale (PACES)
was used [48], consisting of 8 statements to which par-
ticipants responded on a 7-point Likert scale (1 =strongly
disagree, 7=strongly agree): “I find it pleasurable’, “It’s a
lot of fun’; “It’s very pleasant’, “It’s very invigorating’, “It’s
very gratifying’, “It’s very exhilarating’;, “It’s very stimu-
lating”, “It’s very refreshing” An average was calculated
based on the points assigned to each statement, which
was the final score of the survey. The aforementioned
questionnaires were completed by the participants twice:
during the interval between training sessions and at the
end of both sessions.

Statistical calculations were performed using Statis-
tica v.13 (TIBCO Software Inc.) and Jamovi v. 2.2.3.0
software. Basic descriptive statistics (arithmetic means,
standard deviations, and structure indices) were calcu-
lated. The normality of distribution was assessed using
the Shapiro-Wilk test. The non-parametric Wilcoxon test
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Fig. 3 Mean heart rate of wheelchair boxers during boxing training in VR
vs. upper limb load: HHWs - hand-held weights; bpm - beats per minute;
p - p-value; r,, - rank-biserial correlation coefficient
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Fig. 4 Exercise intensity of wheelchair boxers during boxing training in
VR vs. upper limb loading: HHWs - hand-held weights; HR,,,, - maximum
heart rate; p - p-value; r,,, - rank-biserial correlation coefficient

was used to assess the significance of differences between
the compared results. The level of statistical significance
was set at a=0.05. The effect size was estimated using the
rank-biserial correlation coefficient (r,,). The Spearman’s
rank correlation coefficient (rg) was used as a measure of
the relationship between objective and subjective inten-
sity ratings.

Results

PA intensity during boxing training in VR with and without
HHWs in the light of health recommendations

The results of the study show that additional upper
limb loading in the form of HHWSs did not increase the
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heart rate of paraboxers during boxing training in VR
(p=0.95; r;=-0.02). Without HHWs, the mean heart rate
was 129.27125.98 beats per minute (bpm), while with
HHWs, it was almost identical, at 129.45+22.95 bpm
(Fig. 3). The results translate into the level of PA intensity,
which also did not change significantly with the applica-
tion of additional upper limb loading (p=0.86; r,;,=-0.07).
In both training conditions, very similar average percent-
ages of maximum heart rate (%HR,,,) were recorded in
wheelchair boxers. In the case of training with HHWs,
this parameter was 68.98+12.77%HR,,,,, while without
HHWs, it was 69.11£11.23%HR,,,. It should be noted
that both values were in the range of 64-76%HRmax,
indicating moderate exercise intensity and the beneficial
nature of PA on participants’ health (Fig. 4).

Analysis of both training sessions reveals that, irre-
spective of the upper limb load, the paraboxers’ heart
rates were maintained longest in the three zones: Zone I
(50-59% HR,,.), Zone II (60-69% HR_,.), and Zone III
(70-79% HR,,,,). The greatest differences in results were
recorded in Zone II (83.45% HR,,,,) and Zone III (67.91%
HR,,.,), but they were statistically insignificant in both
the former (p=0.18; r,,=0.46), and the latter (p=0.40;
r,;=-0.33). In the other zones, differences were minimal
(Fig. 5).

Furthermore, statistically significant differences in
results were found during the participants’ subjective
assessment of the intensity of the physical exercise ana-
lyzed on the Borg’s RPE (6-20) scale. Boxing training in
VR without HHWs was rated by paraboxers as signifi-
cantly less intense than training with additional upper
limb loading (p=0.01; r,;=-0.95). In the former case, per-
ceived exercise load was at 12.55+2.64 points on Borg’s
RPE (6-20) scale, while in the latter - at 15.55%+2.71
points (Fig. 6). Comparison of this assessment with the
classification of PA intensity [49] shows that the wheel-
chair boxers rated PA as moderate for exercise without
HHWs (which is similar to the objective measurement
using heart rate monitor) and vigorous for exercise with
HHWSs. Spearman correlation analysis between subjec-
tive and objective measures of exercise intensity shows
that there was a statistically significant (p <0.03) relation-
ship between intensity ratings estimated from %HRmax
and Borg’s RPE (6-20) scale for PA in VR with HHWs
(rg=0.64), whereas for exercise without HHWs, despite a
relatively high correlation coefficient (rg=0.49), the rela-
tionship was statistically insignificant (p=0.13).

max:

Wheelchair boxers’ satisfaction with PA in VR and their

views on the usefulness of a virtual form of boxing training
The PACES (1-7 scale) survey of wheelchair boxers found
that athletes rated their satisfaction with boxing training
in VR very highly both without HHWs (6.32+0.79) and
with HHWSs (6.24+0.64). The differences between these
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scores were small and statistically insignificant (p=0.50;
r,=0.32) (Fig. 7).

Discussion

The results of the study showed that the intensity of
wheelchair boxing training in VR was at a moderate level.
According to World Health Organization (WHO) guide-
lines, moderate-intensity efforts should be viewed as
health-promoting PA [50]. Therefore, in terms of health
benefits, the virtual environment exercises used in our
study may not only complement the paraboxing train-
ing but also be offered as a health-promoting form of PA
for other wheelchair users. A major problem for these
people is movement and, consequently, the participation
in organized forms of PA. VR technology, on the other
hand, makes it possible to undertake various forms of PA

r p=0.50; r,,=0.32

7 L

[ 32 6.24
@‘ L
[‘";-. -
S s
i
L -
Q
< 5
(= = S

1| 8

i

without HHWs HHWSs

Fig. 7 Satisfaction of wheelchair boxers with PAin VR vs. upper limb load-
ing: HHWs - hand-held weights; p - p-value; r,, - rank-biserial correlation
coefficient; PACES - Physical Activity Enjoyment Scale

in a small space, without having to leave home. Contrary
to appearances, VR can be also used to socialize, which
can be achieved using the multiplayer mode.

The health-promoting nature of exercise during
immersive virtual reality video gaming (AVRGs) has also
been documented by other authors [2-5, 10]. However,
the studies refer to able-bodied users without fitness defi-
cits. There is a lack of studies on the assessment of PA in
physically disabled wheelchair users, i.e. people who use
AVRGs in a seated position. It is a form of physical activ-
ity that is mainly limited to exercise performed with the
upper limbs.

Interestingly, no significant effect of HHWs on the
exercise intensity of paraboxers was found during box-
ing training in VR, especially as other studies show that



Polechonski et al. BMC Sports Science, Medicine and Rehabilitation

the application of a small additional load on the upper
limbs significantly increases the intensity of PA during
exercise in VR [3]. The research was carried out using a
popular AVRG (Beat Saber). The game involves the user
using lightsabres to cut through virtual cubes moving
toward him or her to the beat of music. The authors stud-
ied a group of young adults and showed that the addi-
tional loading of the wrists with 0.5 kg HHWSs caused
the relatively low intensity of exercise during playing
Beat Saber to increase significantly to moderate. Stud-
ies of PA intensity in VR using Velcro-fastened weights
were also carried out by another research group [4]. The
authors assessed the effect of ankle weights (AW) weigh-
ing 2 kg on exercise intensity during AVRG involving
the lower limbs. Participants used a multidirectional
treadmill with leg loading and in non-AW conditions.
The authors demonstrated that both forms of PA were
characterized by high levels of PA intensity, but training
with AW significantly increased exercise intensity in VR.
The cited results of the study indicate that a small load
to the upper limbs in the form of HHWs or on the lower
limbs using AW during VR exercise in healthy individu-
als results in a significant increase in exercise intensity.
In contrast, this pattern was not observed for parabox-
ers in our study. This may be because people after spinal
cord injury (SCI) may have a reduced exercise heart rate
[51]. This would be confirmed by the paraboxers’ subjec-
tive perceptions about PA during boxing training in VR.
The athletes perceived exercise in VR without HHWs as
moderate, while with HHWs, their assessment differed
significantly, and the level of exercise load estimated by
the participants on the Borg scale can be described as
intense. This shows that the participant felt significantly
more fatigued when training with HHWs than without
HHWs, although objective measurements did not con-
firm this relationship.

Also interesting is the high correlation between PA
intensity scores estimated from %HRmax and Borg’s RPE
(6-20) scale for PA in VR with HHWSs (r;=0.64), with a
statistically insignificant correlation of scores for exer-
cise without HHWs. It is worth mentioning that similar
correlations were also observed in our previous studies,
in which we found that without the application of addi-
tional load, the results of subjective and objective mea-
surements of exercise intensity in VR did not correlate
with each other, whereas after the application of addi-
tional resistance, the correlation was observed [3]. This
fact is difficult to explain unequivocally, although it can
be supposed that the additional small load applied during
PA in VR makes the fatigue experienced by users more
relevant to the actual fatigue than when physical exercise
in VR is performed without load. This conclusion can be
drawn from the analysis of studies by other authors, who
have found that being in a virtual environment reduces
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the intensity of perception of various stimuli, e.g. pain,
because VR, by stimulating different senses, distracts
the immersed person from the problem [52-55]. The
phenomenon is referred to as cognitive distraction. If it
occurs during exercise in VR, it can alleviate the discom-
fort associated with hard training. Confirmation of this
assumption could be of great importance in the case of
individuals with disabilities, who are generally character-
ized by reduced levels of fitness and physical capacity.
This would allow these people to perform more intense
and longer exercises in a virtual environment. The few
studies published to date suggest that VR may be useful
in distracting from unpleasant bodily sensations occur-
ring during aerobic PA in overweight and obese children
[56] and in reducing negative sensations associated with
the performance of isometric exercises [57].

The analysis of the wheelchair boxers’ satisfaction with
PA in VR based on the PACES survey reveals that this
form of training suits disabled athletes, as evidenced by
the high rating given to it by the study participants. The
attractiveness of PA in VR has also been assessed in pre-
vious studies, yielding similar results [3, 4, 8—12]. How-
ever, these studies concerned physically healthy people.
There is a lack of this type of research on wheelchair
users. Based on the analysis of the results of the PACES
survey, it is worth noting that the paraboxers in our study
rated their satisfaction with exercise in VR at similar lev-
els both without upper limb loading and with HHWs, and
the differences between these ratings were small and sta-
tistically insignificant. This shows that the additional load
on the wrists in the form of 0.5 kg HHWs during exer-
cise in VR did not disturb the paraboxers. Furthermore,
with the question in the questionnaire “Did you experi-
ence any discomfort from the extra weight when playing
with hand-held weights?”, no respondent answered in
the affirmative. This may result from the cognitive dis-
traction mentioned earlier. Similar conclusions in this
respect have also been presented in previous studies [3].
The results of the evaluation of satisfaction with PA in
VR of wheelchair paraboxers encourage further research
explorations related to the experiences and perceptions
of people with physical disabilities when exercising in a
virtual environment to identify factors influencing the
attractiveness of this form of exercise. The data collected
in this way could help the developers of AVGs and vir-
tual training and rehabilitation programs to guide further
development. It is important to note that satisfaction is
an important predictor of regular healthy PA and that
how people feel during exercise determines their future
involvement in training or therapies [58].

Finally, it should be emphasized that the paraboxers in
our study only used one form of training in VR involving
interaction with virtual objects, which is only a substitute
for the possibilities offered by virtual technology. There
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are now boxing apps where users can interact with other
fighters in a multiplayer mode and not only exercise
together but also participate in a boxing bout. It is worth
noting that for some paraboxers (e.g. those with ventric-
uloperitoneal shunts), this may be the only safe way to
compete in this sport. With such applications, paraboxers
can compete not only against each other but also against
able-bodied people. VR thus becomes a ‘space’ in which it
is possible for able-bodied people to compete with those
with disabilities. It allows people with musculoskeletal
dysfunctions to reject complexes and limitations and feel
like able-bodied athletes. Even more realistic competition
will be possible when haptic technology costumes and
gloves are included with the app to increase the sensation
of immersion and interaction. Haptic technology, which
uses mechanical communication with users through the
sense of touch [59], will allow users to feel the punches
inflicted by an opponent. The use of VR and haptics in
the context of PA for people with disabilities needs to be
looked at more broadly, as these technologies are likely
to find applications in training and competition in many
other sports.

Limitations

Finally, it is important to mention the limitations of the
present study. Undoubtedly one of them is the relatively
small group of respondents. The reasons were given when
characterizing the participants in the study, pointing out
that wheelchair boxing is a newly established sport and
the population of paraboxers in Poland affiliated with
clubs and associations is only a few dozen. It is therefore
important to emphasize that in our study, the athletes,
contrary to appearances, represented a relatively large
percentage of wheelchair boxers in Poland. Another limi-
tation is the method used to evaluate exercise intensity
based on heart rate monitoring. A more precise method
of evaluating exercise intensity, such as indirect calorim-
etry would be more appropriate. In our study, we decided
to use heart rate monitoring because of the multifaceted
nature of the measurements. In addition to the objec-
tive assessment of PA intensity, users’ subjective sever-
ity of perceived exertion, and its attractiveness were also
assessed. Therefore, there was concern that the masks
used in calorimetry might cause discomfort and hinder
the subjective assessment of participants’ perceptions.

Conclusion

The present study determined the exercise intensity in
a group of paraboxers during a 15-minute boxing work-
out using the FitXR app, which, based on the results,
was at a moderate level beneficial to health. The use of
an additional load in the form of half-kilogram weights
attached to the wrists does not significantly increase the
physical intensity of paraboxers during virtual training.

(2024) 16:80
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Paraboxers highly rated the attractiveness of PA during
virtual boxing training. Therefore, it seems that the FitXR
app may be a pleasant and beneficial complement to con-
ventional boxing exercises for wheelchair boxers.

Practical applications and implications for further
research

Due to the great attractiveness of PA in VR and the
dynamic development of immersive information tech-
nologies, virtual training may quickly become not only an
important supplement to conventional forms of exercise,
but even an alternative solution. Even more so because,
as it turns out, the intensity of this type of exercise is
relatively high, which means that it can potentially bring
health benefits. Therefore, the exercises in the virtual
environment used in our research may not only comple-
ment the training of paraboxers, but also be a proposal
of a health-related form of PA for other disabled people
in wheelchairs who have problems with free movement
and using organized forms of PA. VR technology allows
you to perform various attractive exercises in a small
space, without having to leave your home. It is even pos-
sible to establish social contacts in a virtual environment
thanks to the multiplayer mode. Therefore, disabled ath-
letes can interact with other players, train with them and
even compete. Confrontation with healthy people is also
possible. VR allows people with musculoskeletal dysfunc-
tions to reject complexes and limitations and feel like
fully functional individuals. Even greater opportunities
will appear when haptic costumes and gloves become
more available, which will enhance the feeling of immer-
sion and interaction and enable users to communicate
through the sense of touch.

Our research results encourage conducting similar
research experiments. In the future, the research should
include people with various disabilities and evaluate
newly created training applications and AVRGs in the
context of the intensity of physical exercise, the possibil-
ity of improving physical fitness with them, their attrac-
tiveness and usefulness for people with special needs.
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