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Abstract: This narrative review aims to provide a comprehensive overview of the scientific literature
on wheelchair badminton and its distinctive aspects, encompassing abilities and disabilities,
propulsion technique, and the use of a racket. The relatively young history of wheelchair badminton
is reflected in the scarcity of scientific studies within this domain, highlighting the need for further
investigation. The review systematically covers existing articles on wheelchair badminton, offering
a nearly exhaustive compilation of knowledge in this area. Findings suggest that WH2 athletes
engage in more intense matches with a higher frequency of offensive shots compared to WH1
athletes. Moreover, backward propulsion induces distinct physiological responses and alterations
in propulsion kinematics, potentially leading to performance decrements. The use of a badminton
racket further influences propulsion kinetics and kinematics, potentially impacting performance
and injury risk. Further research is imperative to explore additional perspectives, address existing
gaps, and expand the scope of study within the wheelchair badminton domain. This narrative
review serves as a foundation for future investigations, emphasizing the necessity of continued
research to enhance our understanding of wheelchair badminton.

Keywords: biomechanic; badminton particularities; racket; classification; propulsion direction

1. Introduction

Badminton is a globally popular sport with recognized physical and mental health benefits [1].
However, physical disabilities often hinder individuals from engaging in this activity. Wheelchair
badminton (wheelchair badminton) emerged as an adapted form of the sport, facilitating the
participation of individuals with physical disabilities, even in competitive settings, thereby allowing
them to experience the advantages of badminton [2]. Originating in the 1990s, wheelchair badminton
started when several German athletes became interested in adapting the rules of able-bodied
badminton to allow for the inclusion of individuals with disabilities [3]. wheelchair badminton
follows the rules established and unified worldwide by the BWF and is similar to able-bodied
badminton. The reduced number of athletes enables gender and disability inclusivity [3]. Despite
being a relatively recent discipline, wheelchair badminton has witnessed substantial international
growth, marked by world championships and its inclusion in the 2021 Tokyo Paralympic Games.

Several specificities unique to wheelchair badminton exist. The classification system, specific to
wheelchair badminton, includes the creation of two wheelchair classes with characteristics unique to
each class and refer to the abilities and disabilities of each athlete. Athletes are also subjected to
movements specific to this sport: alternating forward and backward propulsion with little or no
lateral movement. Finally, the equipment used in wheelchair badminton practice does not differ from

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202401.1100.v1
http://creativecommons.org/licenses/by/4.0/

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 January 2024 doi:10.20944/preprints202401.1100.v1

regular badminton and athletes have to propel with the use of a rackets [4]. We know that the use of
aracket can have an impact on an athlete's performance, as shown by studies carried out in the closely
related discipline of wheelchair tennis [5-7]. Thus, this narrative review aims to provide an overview
of the literature on wheelchair badminton and its specificities: the abilities of the athlete’s regarding
their classification, the type of propulsion and the use of a racket.

2. Materials and Methods

The present narrative review is a systematic examination of the various specific features of
wheelchair badminton: the use of a racket to propel the wheelchair, the sport's specific classification
and the predominantly forward- and backward-propelled movements. Given the novelty of this
sport, the paucity of scientific studies available, and based on the narrative review by Bakatchina et
al. [8] a narrative review was considered to be methodologically more appropriate than a systematic
review. This review provides an overview of current knowledge to guide future research in this field.

3. Abilities and disabilities

Sport classification in the field of disability is crucial and aim is to equalize opportunities and
thus create fairer competitions for everyone. Since a player's disability limits their ability to play a
sport, this limitation must be recognized and therefore requires classification [9]. The wheelchair
badminton classification was created by the BWF to meet the requirements of the International
Paralympic Committee Athlete Classification Code 2015 and international standards. The system is
highly inclusive since it allows people with various disabilities to play wheelchair badminton. In the
case of this review, we will only focus on the classes concerning wheelchair users in their sports
practices. These athletes can be categorized into two classes: wheelchair 1 (WH1) and wheelchair 2
(WH2). The WHI class corresponds to manual wheelchair users with abdominal and lower limb
paralysis, while the WH2 class corresponds to users with abdominal capabilities but lower limb
paralysis with partial sensation and who may sometimes move in a vertical position using crutches
or prostheses, but only practice the sport in a wheelchair [3,10,11]. The differentiation between the
two classes of wheelchair users lies in their abilities. The abilities of athletes according to their
classification were studied through temporal and technical aspects in two different studies, which
are two important characteristics of athletes” performance [12,13].

3.1. Temporal effect

The following temporal parameters were measured in both studies [12,13]:
- Total playing time: time between the first game service to the last point of the game
- Rallye time: time between contact with shuttle during service and end of point
- Effective time: time accounted for the sum of rallies
- Working density: ratio between the effective time and the rest time
- Work load: ratio between the total playing time and the effective time and displays the working

relationship during the game. The lower the value, the greater the intensity of the game.

The comparison of these temporal parameters between the classes, depending on the study
under consideration, is presented in Table 1.

Table 1. Results of the comparison of temporal parameters between WH1 and WH2 depending on

the study.
Strapasson Mota Ribeiro &
P E : p ES
(2021) Almeida (2020)
Total playing time [s] / / / WH2 > WH1 0.037 044

Rally time [s] WH2 > WHI1 0.05 0.2 NS 0.073 0.38
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Effective time [s] / / / WH2 >WHI1 0.009 0.53
Rest time [s] WH2<WH1 <0.001 0.1 WH2 < WHI1 0.026 0.23
Working density / / / WH2 >WH1 0.009 048
Work load / / / WH2 > WHI1 0.030 0.56

With WH2>WH1: the measured parameter is significantly higher for class WH2 compared to class
WH1; WH2<WHT1: the measured parameter is significantly higher for class WH1 compared to class
WH2; NS: non-significant; /: not measured by the study; p: p-value; ES: effect size.

From a temporal standpoint, the studies demonstrate that matches involving WH2 athletes
exhibit greater intensity than those involving WH1 athletes [12,13]. As proposed by Strapasson et al.
[13], this may be associated with a reduced number of strokes executed at a faster pace, decreased
rally duration, and increased time required to retrieve grounded shuttlecocks, consequently
extending the pause time for WHI athletes. Thus, limitations in trunk mobility in WH1 athletes
appear to directly impact the dynamics of badminton matches [13].

These results must be taken into consideration during athletes' training to offer them something
that aligns perfectly with their needs. Given these specificities, WH1 athletes should train for shorter
periods and less intensively than WH2 athletes, to avoid athlete fatigue due to overtraining.

3.2. Technical effect

The studies measured several technical parameters defined in Table 2.

Table 2. Definition of the various technical parameters measured.

Technical parameters Definitions

Total stroke (TSt) Total number of strokes performed during a match

Frequency of strokes (FS)
Number of strokes performed per second

[stroke/s]

Stroke played in the mid-court over the net, with a high, deep
Clear (C) .

trajectory for play at the opponent's end of the court
Tense, dynamic stroke played in the mid-court over the net
Drive (D) with a horizontal trajectory for play at the opponent's middle of
the court

Curved trajectory stroke for play next to the net, at the front of

Drop shot (DS) .
the court of your opposing player.

Stroke played close to the net, to send the shuttlecock over the

Lob (L) opponent's head and into the back of the court, giving the

player time to return to the mid-court.
Stroke played close to the net and under the net, for play next
Net-shot (NS) ]
to the net, at the front of the court of your opposing player.

Performed at the back of the court, it's a powerful downward

Smash (S) . :
stroke, hit flat over the head to try and score the point.
Stroke struck from mid-court in response to a fast shot,
Block (B) removing almost all the speed of the shuttlecock and landing in

the opponent's forward zone

. Stroke made at the net and going to the back of the court,
Net-lift (NL) . o
requiring a certain height to pass clearly over the opponent
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Short forehand service (SFS)

Long forehand service (LFS)

Short backhand service (SBS)

Long backhand service (LBS)
Total service (TSe)

Winning points (WP)

Unforced error (UE)

Short serve with your racket while the back of your hand is
facing the shuttle
Long serve with your racket while the back of your hand is
facing the shuttle
Short serve with your racket while the front of your hand is
facing the shuttle
Long serve with your racket while the front of your hand is
facing the shuttle
Total number of services performed during a match
Total number of points won by an attack by the athlete who
provoked the opponent's error under pressure
Total number of out and net error when the player is not under
excessive pressure from the opponent and has the possibility of

effective strokes to win the point

In wheelchair badminton, strokes such as the drive and smash are considered aggressive,
attacking strokes. Conversely, strokes such as block and clear are considered defensive. The
comparison of technical parameters between the classes, depending on the study under
consideration, is presented in Table 3.

Table 3. Results of the comparison of the number of strokes per technical parameter between WH1
and WH2 depending on the study.

Strapasson
(2021)

TSt WH2 > WHI1
FS [stroke/s] /

C WH2 > WHI1
D WH2 > WH1
DS WH2 > WHI1
L WH2 > WH1
NS WH2 > WHI1
S WH2 > WH1
B /

NL /

SES WH2 > WHI1
LFS WH1 > WH2
SBS WH2 > WHI1

LBS WH1 > WH2

Mota Ribeiro &
b ES Almeida (2020) P FS
<0.001 0.4 WH2 > WH1 0.007 0.54
NS 0.705 0.08
<0.001 0.3 NS 0.112 0.34
<0.001 1.3 WH2 > WHI1 0.053 0.40
<0.001 0.4 NS 0.155 0.30
<0.001 0.5 / / /
<0.001 0.5 WH2 > WHI1 <0.001 0.68
<0.001 0.8 WH2 > WHI1 <0.001 0.77
/ / WH2 > WH1 <0.001 0.67
/ / NS 0.077 0.38
<0.001 0.5 NS 0.958 0.01
<0.001 0.6 NS 0.388 0.20
<0.001 0.5 NS 0.876 0.03
0.037 0.3 NS 0.141 0.32
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TSe / / / WH2 > WHI1 0.009 0.53
WP / / / NS 0.933 0.02
UE / / / WH2 > WH1 <0.001 0.64

With WH2>WH1: the measured parameter is significantly higher for class WH2 compared to class
WHI1; WH1>WH2: the measured parameter is significantly higher for class WH1 compared to class
WH2; NS: non-significant; /: not measured by the study; p: p-value; ES: effect size.

Among the large number of different technical parameters measured, it seems that WH2 athletes
employed more aggressive stroke (net-shot, drive and smash) in contrast to the WH1 athletes and
execute more total strokes than WHI1 players [12,13]. Given that WH2 athletes have more effective
time at their disposal than WHI1 athletes, we can assume that this accounts for their greater number
of total strokes. As for drives, smashes, and net-shots, they necessitate either significant forward
flexion of the trunk or backward extension. It is reasonable to infer that the trunk instability of WH1
athletes restricts their proficiency in executing strokes that demand greater postural control.
Strategies for placement on the court could be envisaged, considering the technical specificities of the
athletes, particularly in doubles. The progression of knowledge warrants the imperative for
additional studies to not only fortify but also augment these analytical insights.

However, the variability in results pertaining to technical parameters across various studies is
evident, despite the alignment in the parameters under investigation. These discrepancies may be
attributed to differences in the number of matches analyzed. For instance, Strapasson [13] scrutinized
20 matches, whereas Mota Ribeiro & Almeida [12] examined 25. Furthermore, the heterogeneity of
player skill levels, spanning from international to national standards, across different studies could
potentially contribute to the observed disparities. Given these substantial variations, establishing
definitive technical characteristics specific to athlete classifications is beset with inherent
complexities. Due to the disparities in results, elucidating the differences between WH1 and WH2
athletes is challenging.

4. Propulsion technique

The practice of wheelchair badminton and its internal logic imposes movements on the players:
the athletes successively repeat forward and backward propulsion. Four studies have looked at
backward propulsion with a view to preventing the risk of injury (14-17). Indeed, since forward
propulsion is predominantly used by wheelchair users, it leads to overuse of the upper limbs, which
can accentuate the risk of secondary pathologies such as tendonitis or rotator cuff syndromes [14-
17]. Backward propulsion has been designed as a protective solution to the over-use of forward
propulsion. In the context of wheelchair badminton, backward propulsion is mandatory and
frequently used. Its study is therefore a necessity, both for injury prevention and athlete performance.

4.1. Physiological effect

The studies by Linden et al. [14], Salvi et al. [15] measured their variables at different imposed
rolling resistance, and Mason et al. [16] at different imposed speeds. To facilitate understanding of
the results presented, we will refer to an overall significant effect. The comparative analysis of
physiological parameters obtained for forward and backward propulsion is presented in Table 4.

Table 4. Results of the comparison of physiological parameters between forward propulsion and
backward propulsion depending on the study.

Lindenetal. Salvietal. Mason etal.
1993 1998 2015
Oxygen uptake [L/min’ or mL/kg/min?] FP > BP BP > FP BP > FP
Respiratory exchange ratio NS / /
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Pulmonary ventilation [L/min] FP > BP BP > FP /
Heart rate [beats/min] / BP > FP BP > FP
Blood lactate [mmol/L] / BP > FP /
Rating of perceived exertion [points] / BP > FP /

With FP>BP: the measured parameter is significantly higher for the forward propulsion compared to
the backward propulsion; BP>FP: the measured parameter is significantly higher for the backward
propulsion compared to the forward propulsion; NS: non-significant; /: not measured by the study.

The findings of studies conducted by Mason et al. [16] and Salvi et al. [15] indicate that backward
propulsion induces higher cardiorespiratory responses, overall intensity of effort, physiological
stress, metabolic load, and rating of perceived exertion at high imposed rolling resistance or speeds
[15,16]. Indeed, oxygen uptake and heart rate increase in backward propulsion [15,16], as well as the
pulmonary ventilation, blood lactate and rating of perceived exertion [15]. As Mason et al. [16] noted,
these findings may be attributed to an ergonomic wheelchair configuration not suited for backward
propulsion. In fact, wheelchair seats are typically positioned to optimize forward propulsion, which
could potentially increase the physiological demands on the athlete in the opposite propulsion
direction. In view of these results, it would be interesting to work on specialized muscle
strengthening on the muscles activated during backward propulsion, to limit the physiological effects
of this propulsion. It would also be possible to modify the wheelchair seat to facilitate backward
propulsion. But further studies are needed because the ones presented in this section were carried
out only in the laboratory on able-bodied subjects, not on wheelchair badminton players under
ecological conditions.

However, those results are at odds with the findings of Linden et al. [14]. Indeed, Linden et al.
[14] note an increase in oxygen uptake and pulmonary ventilation in forward propulsion compared
to backward propulsion, while Salvi et al. [15] and Mason et al. [16] show the opposite. The protocol
employed in Linden et al.'s [14] study may account for these disparities in outcomes. Indeed, Linden
et al. [14] utilized a setup where a stool was placed between two independently moving wheelchair
wheels on an ergometer to simulate wheelchair propulsion instead of using an actual wheelchair.
This configuration failed to accurately replicate the characteristics of wheelchair propulsion. Notably,
the device used by Linden et al. [14] lacked a backrest. The absence of a backrest could have
encouraged the use of back extensors, which are beneficial during backward propulsion, but may
have negatively impacted forward propulsion especially at high rolling resistances or speeds [15,16].
An experiment so far from a real wheelchair propulsion condition can have impacts on the results
obtained.

4.2. Biomechanic effect

Three studies were conducted to examine the effects of propulsion direction on kinematics and
propulsion technique with several different parameters measured (14-16). As previously mentioned,
the studies measured their variables at different imposed rolling resistance (14,15) or speeds (16). To
facilitate understanding of the results, we will refer to an overall significant effect. The comparative
analysis of propulsion technique parameters obtained for forward and backward propulsion is
presented in Table 5.

Table 5. Results of the comparison of force and technical propulsion parameters between forward
propulsion and backward propulsion depending on the study.

Linden etal. Salvietal. Mason et al.
1993 1998 2015

Work [J] / / NS

Peak and mean resultant forces [N] / / FP > BP
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Mean tangential forces [N] / / FP > BP
Peak and mean radial force [N] / / FP > BP
Vertically downward maximal force [N] / / FP > BP
Vertically downward minimal force [N] / / BP >FP
Mean lateral force [N] / / FP > BP
Fraction of effective force [%] / / BP > FP
Rate of force development / / FP >BP
:’Sl::llll( :Z?il:l;:ncy [push/s] or strike per minute P> BP / NS
Push angle [°] / / FP >BP
Push time [s] / / BP > FP
Strike rate [push] / FP > BP /
Mechanical efficiency BP > FP / /
Revolution per minute NS / /

With FP>BP: the measured parameter is significantly higher for the forward propulsion compared to
the backward propulsion; BP>FP: the measured parameter is significantly higher for the backward
propulsion compared to the forward propulsion; NS: non-significant; /: not measured by the study.

The results of these studies show that backward propulsion leads to challenges in applying
sufficient forces on the handrim, necessitating adjustments in the propulsion movement's kinematics,
especially at high rolling resistances or speeds [14-16]. Indeed, the findings of the study conducted
by Mason et al. [16] reveal an increase in the forces (peak and mean resultant forces, mean tangential
force, peak and mean radial forces, vertically downward maximal force and mean lateral force)
generated at the handrim during forward propulsion compared to backward propulsion, along
with an increase in the rate of force development. It is noteworthy that the minimum vertically
downward force is the only force to exhibit a higher value in backward propulsion than in forward
propulsion, although it does not contribute significantly to wheelchair propulsion. Additionally, the
study identified a substantial increase in push time, strike rate, and push frequency in backward
propulsion compared to forward propulsion, indicating a significant alteration in propulsion
technique in this configuration [14,15]. These changes could lead to reduced performance in a
sporting context. Indeed, it could be difficult to reach maximum velocities if the forces required to
propel the wheelchair are not sufficiently applied. These findings further underscore the importance
of adapting wheelchair ergonomics, especially the seat, to accommodate both forward and backward
propulsion. Moreover, identifying individual challenges with backward propulsion could open the
door to strategically adjusting the athlete's positioning on the field to effectively address these issues.
But further studies are needed in a sporting and ecological context.

However, it is important to note that Linden et al. [14] observed an increase in mechanical
efficiency in backward propulsion compared to forward propulsion, indicating an increase in
propulsion efficiency. As mentioned in the preceding section, this result should be interpreted
cautiously due to the experimental protocol significantly deviating from ecological conditions,
posing a potential impact on the obtained outcomes. Also noteworthy is that Mason et al. [16] found
a higher effective force fraction in backward propulsion compared to forward propulsion, contrary
to their previous findings. The authors explain that this increase in the fraction of effective force may
result from a modification in the "grasping" technique, characterized by a slower and more extended
approach, reinforced by an increase in vertically downward force [16]. This suggests that less force
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was wasted during backward propulsion, although it does not necessarily imply greater efficiency
compared to forward propulsion [16].

5. Use of the racket

The use of the racket is a particularity of wheelchair badminton, which athletes cannot abstain
from. Therefore, it is interesting to evaluate the impact of this badminton racket on their propulsion.
Although it is not possible to eliminate the BR during propulsion, potential solutions include
modifying the ergonomics of the wheelchair handrim or adjusting the grip of the racket and handrim.
Additionally, adaptations in athletes' physical preparation could be implemented to account for the
impact of the racket. Thus, a better understanding of this tool and its implications could lead to
beneficial modifications in athletes' performance and contribute to reducing the risk of injuries.

5.1. Kinematic effect

One study focused on examining the influence of employing a badminton racket on the
propulsion's kinematics [17]. Their results concerning the kinetic parameters of propulsion reveal
that the use of the racket alters the force application on the handrim in a manner that increases
generated forces while decreasing the efficiency of propulsion [17]. In fact, their study revealed that
the rate of rise, maximum power output, and push angle are higher during racket condition
compared to the without racket [17]. Furthermore, the maximal propulsive moment increases in
racket conditions, associated with an elevation in maximal total force and a reduction in the fraction
of effective force. This suggests that, while the propulsive moment increases, non-contributory forces
to the propulsion, such as radial force, increase equivalently or even more, resulting in a decrease in
the fraction of effective force and, consequently, a reduction in the efficiency of athlete propulsion.
According to Alberca et al. [17], these kinetic findings can be explained by the coupling between the
hand holding the racket and the handrim. The challenge of gripping on the handrim with the
presence of the racket compels athletes to adapt their propulsion kinetics. This adaptation involves
increasing the forces and power exerted on the handrim to sustain a consistent velocity. This could
lead to a reduction in performance as well as an increase in injury risks. It would be intriguing to
explore the development of new handrim coverings for athletes, aiming to enhance the friction
between the racket handle and the handrim, thereby mitigating coupling challenges between the two.

However, it should be noted that the study by Alberca et al. [17] was conducted with novice
able-bodied participants who received wheelchair badminton training. Considering these findings,
an investigation into the utilization of the badminton racket among a population of wheelchair
badminton athletes would be relevant.

5.2. Temporal effect

The same study as previous focused on examining the influence of using a badminton racket on
the propulsion's temporals [17]. Their temporal findings suggest an alteration in the propulsion
motion when employing a racket [17]. Specifically, it seems that the motion becomes shorter and
quicker with the use of a racket because push time, cycle time and push angle decrease without racket
compared to with racket [17]. In their study, Alberca et al. [17] suggest that these temporal results can
be attributed to challenges in coordinating the hand holding the racket with the handrim, as well as
the weight of the racket. Indeed, the difficulties in grasping the handrim with the racket, coupled
with its weight, may lead athletes to shorten their propulsion gesture, resulting in an increase in their
speed of movement. This adjustment could result in a diminished and less efficient force application
to the handrim, potentially compromising the athlete's performance. Training with feedback could
be proposed to optimize the backward propulsion gesture. Nonetheless, as previously mentioned,
additional investigations.

This adjustment could result in a diminished and less efficient force application to the handrim,
potentially compromising the athlete's performance. Training with feedback could be proposed to
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optimize the backward propulsion gesture. Nonetheless, as previously mentioned, additional
investigations.

5.3. Muscular effect

Only a short communication addressed the impact of the racket on muscular parameters during
wheelchair propulsion [18]. Their findings highlight that the muscle hardness of the ulnar carpi flexor
and deoxygenated hemoglobin are greater with the racket compared to the condition without the
racket. They also added that the number of sprints performed in propulsion with a racket was
reduced compared with propulsion without a racket. Since this is a short communication, explaining
the results is challenging. Nevertheless, these initial results seem to indicate that propulsion with a
racket increases the load on the upper limb holding the racket and increases athlete fatigue. Further
studies are needed to gain a better understanding of the underlying mechanisms of the racket’s
impact on the muscles.

6. Discussion

The aim of this narrative review was to provide an overview of the scientific literature on
wheelchair badminton and its specificities, including abilities and disabilities, propulsion technique,
and the use of a racket. The history of wheelchair badminton shows that this sport is relatively young,
which is confirmed by the lack of scientific studies made in this field. Indeed, this review relates in
an almost exhaustive way the articles on the topic of the wheelchair badminton.

These various studies represent valuable contributions for sports practitioners and a better
understanding of this discipline. Indeed, the synthesis of these studies shows that WH2 athletes play
more intense matches and more offensive shots than WHI1 athletes, that backward propulsion
induces an increase in physiological responses and a modification of propulsion kinematics
compared to forward propulsion, which can lead to performance decreases, and that the use of a
badminton racket modifies propulsion kinetics and kinematics in a way that could reduce
performance and increase the risk of injury. The Figure 1 summarizes the main findings of this study.

However, it is important to note that no biomechanical characteristics are known for the two
classes of wheelchair badminton, and studies concerning propulsion technique and racket use have
been carried out in the laboratory on able-bodied subjects, or in the field with novice able-bodied
subjects. Therefore, further research is necessary to explore other perspectives and expand the field
of study in the wheelchair badminton domain.
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Figure 1. Main findings of the narrative review.

Considering these results, several perspectives for research and development emerge. Indeed,
comparing, and characterizing athletes based on their classification could allow for more precise
adjustments to their training programs and match strategies. Beyond this aspect, a kinematic
characterization of the different classes could give rise to an additional objective tool for the athlete
classification process. Given that wheelchair badminton remains a relatively young sport, the limited
development of its classification system underscores the potential importance of integrating an
objective on-field measure to determine athletes' classes, thereby constituting an asset. Regarding
propulsion directions, an in-depth study with wheelchair badminton players could clarify the
potentially negative impact of backward propulsion compared to forward propulsion, leading to
ergonomic adaptations of the wheelchair to optimize performance in both propulsion directions. A
modification to the wheelchair's backrest could enhance performance in backward propulsion while
preserving advantages for forward propulsion. Finally, concerning racket usage, it would be
conceivable to explore the effect on wheelchair badminton athletes and test modifications such as
changes to the shape of the handgrip, the use of new materials for its coating, or the introduction of
new grips on the racket handle to improve the grip between the hand and the handrim.
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