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ABSTRACT

BACKGROUND: Wheelchair fencing (WF) is a very practiced sport within the Paralympic
world. A careful analysis of the characteristics and data of a WF athlete can be useful for
coaches and movement experts to better plan a training program.

The objective of the study was to evaluate physical fitness evaluation methods adopted in
wheelchair fencing and to propose a Standard Operating Procedures (SOP).

EVIDENCE SYNTHESIS: Original articles written in English were included in this review,
and the population studied was composed of athletes who practice WF. Studies were searched
from PubMed, Web of Science, and Scopus databases using keywords and Boolean operators.
8 studies were included in this review; most of the studies converge and agree on the physical,
physiological, and technical characteristics of a WF athlete.

CONCLUSIONS: The scientific literature referring to this sport is very scarce, hence the need

for new original studies to optimize the SOP proposed.

Keywords: disability; evaluation; performance; wheelchair sport; standard operating procedure

(SOP).

1 INTRODUCTION

Constant physical activity, sports participation, and an active lifestyle represent, both in able-
bodied and in people with disabilities, the primary conditions for contrasting/preventing
pathologies and guaranteeing functional independence [1]. However, it has been demonstrated
that people with disabilities practice less physical activity than able-bodied people [2, 3], a
condition that can be attributed to factors such as physical, social, and financial barriers [4].
The most important sporting event for people with disabilities is represented by the Paralympic

Games [5], created for the first time by Ludwig Guttmann, a German neurosurgeon in 1948



with the name "Stoke Mandeville Games" [6]. In its first representation, this competition was
intended for Second World War veterans with spinal injuries or amputations [7]. Over the years,
the Stoke Mandeville Games have been held in different cities and have seen the participation
of athletes from all over the world. However, only in 1984 the International Olympic Committee
(I0C) officially has approved the denomination of the Paralympic Games. These games, due to
the increasingly widespread interest in the media, make it possible to show the world the
abilities of people with disabilities [8], demonstrating feelings such as integration, equality, and
equal opportunities [9, 10]. One of the oldest and most widely practiced disciplines at the
Paralympic Games is wheelchair fencing (WF) [11]. WF is a sport practiced by people with
physical disabilities and, as with any other Paralympic sport, there is an internal ranking to
make the competitions fair and equitable [12, 13]. Athletes are divided into three levels of
classification A, B, and C: category A includes athletes with the least disability (i.e., athletes
with full trunk movement and good balance), B includes athletes who do not move their legs,
have reduced trunk function and poor balance, while category C includes athletes with the
highest level of disability (athletes with tetraplegia); category C does not form part of the
Paralympic program. WF is a very energetic sport discipline that involves different muscles,
mainly the muscles of the upper limbs and trunk, indeed in able-bodied fencing, the athlete can
retreat to avoid the opponent's attack, while in Paralympic fencing due to the use of a wheelchair
anchored to the platform it is necessary to optimize the reflexes and develop good trunk
mobility [14]. As in fencing for able-bodied, there are also three different disciplines in
Paralympic fencing based on the weapon used: epee, foil, and saber. Consequently, an athlete
with a disability can choose the most congenial weapon. Usually, for each discipline, the
matches are made up of an elimination round, and then one advance to the direct elimination
match: every single match end with 15 points [14]. The rules, and technical elements (attacks,

response, combinations of actions) of WF are very similar to those of conventional fencing [14].



Elite fencers are constantly evaluated through tests, a search only on PubMed adopting the
string “fence and physical evaluation” find 88 articles on this topic, while the same string with
the word wheelchair fence detect only 2 articles. This highlights the necessity of a further and
deeper investigation for WF and their physical evaluation. Considering the complexity of the
technical elements means that it is necessary to monitor, through the administration of test
batteries, the level of athletes to reduce the risk of injury and optimize sports performance. It
must be considered that the administration of field tests is simpler, faster, and less expensive
than laboratory tests. The test battery to be used could be proposed as a standard operating
procedure (SOP) [16]; a procedure already used for other Paralympic sports [17-19]. A SOP is
a document that provides a battery of replicable tests to normalize the data [16]. For the above
reasons, this review aims to examine the scientific literature, to propose a SOP, containing field

tests, to be used for the evaluation of athletes practicing WF.

2 MATERIALS AND METHODS
This review followed the principles of the preferred reporting for systematic reviews and meta-
analyses for Scoping Reviews (PRISMA-ScR) checklist and explanation [20]. The manuscript

was not previously recorded.

2.1 ELIGIBILITY CRITERIA

According to PRISMA guidelines, inclusion and exclusion criteria for participants,
intervention, comparison, outcomes, and study design (PICOs) were adopted. Participants
included in the study were elite athletes with international experience. No eligibility criteria
were adopted regarding the type of intervention, the manuscripts were included if WF athletes
were considered in the study. Related to comparison and outcomes, all evaluation typologies

related to physical performance were included. For study design, observational, randomized,



clinical, and longitudinal studies were included. Reviews, meta-analyses, opinions, abstracts,

letters, and editorials were not taken into consideration.

2.2 DATA COLLECTION PROCESS

Studies were searched from PubMed (NLM), Web of Science (TS), and Scopus databases. Two
keyword groups were created and matched using the Boolean operator AND and OR. The
keyword terms were:

Keywords 1: wheelchair fencing, wheelchair fencer.

Keywords 2: physical fitness, sports physiology, performance analysis.

An example of matching was wheelchair fencing AND (physical fitness OR performance

analysis).

2.3 RECORD, MANAGEMENT, AND ANALYSIS OF THE MANUSCRIPT

The studies detected on the electronic databases were screened to identify any duplicates and
eliminate manuscripts that did not comply with the inclusion/exclusion criteria.

In the first phase of the analysis, the screening was performed by title, then on the abstract, and
finally the complete text was analyzed. In each phase, two investigators performed the
screening independently, and if there were doubts about the inclusion or exclusion of an article,
the principal investigator was involved.

When the screening process was finished, a spreadsheet was created in Microsoft Excel®
(Microsoft Corp., Redmond, WA) to enter the data relating to the individual manuscripts: first
author and year of publication, sample size, age and gender of the sample, and motor skills

evaluated.

3 EVIDENCE SYNTHESIS



After the manuscript search, a total of 92 manuscripts were found, 60 were excluded because
they were duplicates. After the screening against the inclusion and exclusion criteria, 19 articles
were excluded because they analyzed other topics and 5 for other reasons. At the end of the
analysis, 8 manuscripts were included. The PRISMA flowchart depicts the entire selection

process (figure 1).

* Figure 1 about here *

3.1 PARTICIPANTS CHARACTERISTICS

A total of 117 athletes were involved in the analysis and of them 32 were males and 16 were
females; 69 were not specified (4 studies had not reported the gender of their participants). The
analyzed sample presented a very wide distribution: elite athletes (64%), national athletes

(27%), and able-bodied athletes who perform WF. More information is provided in Table 1.

Table 1, General information related to the included studies

1~ author, year Obijective Number Level of
[WF] [m] [f] subjects
Bernardi, Evaluate the cardiovascular benefits induced
2003[21] by sports practiced by athletes with different 117 E
motor disabilities. [30] [Na] [Na]
Describe the cardiorespiratory response of
Bernardi, Paralympic athletes during a simulated 34 E
2010[22] competition and evaluate the relationship [6] [6] [O]
between field performance and aerobic
capacity.
Blaszczyszyn [23],  Evaluate the synchronization of the trunk 16 E
2021 stabilizing muscles of wheelchair fencers [16] [8] [8]
Borysiuk, Evaluate the correct movement patterns of 16 E
2022[24] fencing techniques in wheelchair fencers [16] [Na] [Na]
Borysiuk, Evaluate muscle co-activation and muscle 16 NT
2022[25] activity time in wheelchair fencing [16] [Na] [Na]
Determine the structure of the movement
Borysiuk, pattern performed during a wheelchair 7 E
2020[26] lunge, performed in response to visual [7] [Na] [Na]

and sensory input



Evaluate movement patterns among women

Borysiuk, and men in wheelchair fencing with a focus 16 NT
2020[27] on postural muscles [16] [8] [8]

Iglesias, Determine the cardiorespiratory demands of 10 AS
2019[28] fencing and wheelchair fencing [10] [10] [O]

Legend: E = Elite, WFC = Conventional fencing, SB = Sedentary disabled, NT= National team, AS= Able-bodied subjects,
Na= Not available

3.2 STUDIES CHARACTERISTICS

There are few studies, present in the scientific literature, that use field tests to evaluate WF
athletes; in detail, there are two physical performance parameters taken into consideration by
the authors, among these it was detected in 3 studies the maximum rate of oxygen consumption
(VO2peak) and in 5 studies the muscle activation. More details can be seen in Table 2.
Cardiorespiratory fitness has been evaluated in a few articles, in particular, the researchers in
these studies used a portable metabolite and a heart rate monitor (placed on the chest) during a
race simulation, noting that the physiological demands of WF are lower than those of standing
fencing, the researchers also demonstrated that the sport with the greatest adaptation in terms
of VO2peak is Nordic skiing, while intermediate values were found for wheelchair fencing
[21]. In addition, Bernardi and colleagues discovered that the sports performance of a
wheelchair Paralympic athlete depends on his cardiorespiratory capacity [22].

A total of 5 studies analyzed muscle activation; in detail, all the researchers used an
electromyographic examination and an accelerometer with the evaluation carried out during the
execution of an attack by the fencer. The tests were preceded by an individual warm-up phase
and provided for the standardization of the competition platform (the fencing platform with the
fencers' wheelchairs was set up so that the end of the weapon was in contact with the bent arm
of the trainer).

The results showed clear trunk muscle activity in WF [23, 24, 27], and a lower muscle

activation time for category A athletes compared to category B athletes [25]. The researchers



also found a statistically significant difference in the initial phase of the technical attack
movement between male and female athletes: female athletes initially activated the trunk
extensor muscles, while male athletes initially activated the trunk flexor muscles [26]. This
result would seem to testify that male and female athletes use different postural settings in the
attack phase. The researchers also suggest the possibility of repeating the test batteries

through different stimulations such as visual or sensory stimulation [27].

Table 2, Information related to physical fitness
characteristics of the included studies

1™ author, year Reference parameters
Bernardi,
2003 [21] VO2peak
Bernardi,
2010[22] VT - VO2peak
Blaszczyszyn,
2021 [23] MA
Borysiuk,
2022 [24] MA
Borysiuk,
2022 [25] MA
Borysiuk,
2020 [26] MA
Borysiuk,
2020 [27] MA
Iglesias, VO2peak — EE - HR
2019 [28]

Legend: VT= Ventilatory threshold, VO2peak= Peak oxygen uptake,
EE= Energy expenditure, HR= Heart rate, MA= Muscle activation

4 DISCUSSION

The review highlights how little research has been conducted on WF, and how few field tests
have been proposed to evaluate the sports performance and physical characteristics of an athlete
who practices WF. Consequently, there is a need to create an SOP (Table 3) to standardize the

physical fitness testing procedure for athletes of WF.



4.1 CARDIORESPIRATORY FEATURES

Cardiorespiratory capacity is an important parameter for analyzing the sporting performance of
a WF athlete [22]. Consequently, in addition to evaluating VO2peak through the metabolite in
arace simulation, it could be useful to insert an additional evaluation test. For this reason, within
our SOP, it is possible to insert the Yo-Yo intermittent recovery adapted test [29]. The test
measures the aerobic capacity of athletes, i.e. the parameter of maximum oxygen consumption.
In detail, the greater the volume of maximum oxygen consumption, the greater the sports
performance. The original test consisted of 20 m shuttle runs performed at increasing speed
with 10 seconds of active recovery until exhaustion [30]. The test already has an adapted
protocol for wheelchair athletes, as it is already used for other wheelchair sports [31]. The
protocol, due to the differences between running and pushing the wheelchair, consists of 10 m
of wheelchair running with progressively increasing speed, alternating with 10 seconds of
active recovery [32]; the test ends when the athlete is unable to cover a shuttle at the expected
speed. For the evaluation, the total distance covered by the athlete is measured. This test is
proposed in our SOP because it is a quick and simple method to collect data on an athlete's
ability to perform intense and repeated exercises. Considering that wheelchair fencing has

several technical elements within it that require intense, repeated, and long-lasting actions.

4.2 MUSCLE STRENGTH AND ENDURANCE

None of the studies analyzed has the objective of evaluating the muscle strength of an athlete
who practices WF, although muscle strength is a widely used parameter for other wheelchair
sports [33, 34]. One of the main tests adopted for the evaluation of strength in wheelchair
athletes is the hand grip test [35-37]. In detail, the administration of this test allows the

evaluation of the strength of the muscles of the forearm and hand, the assessment of primary
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importance in WF to manage and improve the athlete’s grip with the weapon used. This test
presents a specific protocol as recommended by the American Society of Hand Therapists
[38]. The protocol provides for tightening a dynamometer as much as possible, carrying out
the test in a sitting position with the back leaning against the backrest, the elbow at a 90°
position, and the arm in a neutral position, not in touch with the trunk. Each athlete performs
the test 3 times, both for the dominant and non-dominant limb. The indication by Ahmadi and
colleagues for optimal data collection were to squeeze as hard as possible the instrument for 3

seconds [39].

4.3 FLEXIBILITY

Muscle flexibility in WF has not been evaluated in any study, although it is a relevant parameter
in terms of injury prevention [40, 41]. One of the tests used in other wheelchair sports is the
back scratch test, included in the Brockport Physical Fitness test manual [42]. The test measures
how closely the hands can join behind the back. In detail, the protocol provides for a well-
defined execution [43]: from a sitting position with the upper limbs placed behind the back with
one hand over the shoulder and the other hand down the back. The distance (cm) between the
second finger of one hand and the second finger of the other hand is measured (if the second
finger of the left hand touches the second finger of the right hand the value is 0). The simplicity
of administering the test makes it useful for testing the functional suitability of subjects in
wheelchairs.

The use double-arm goniometer is another useful tool to be able to evaluate the range of motion
of the elbow, wrist, or shoulder [44], however, its application requires specific tasks, so it is not

recommended in our evaluation SOP.

4.4 ANTHROPOMETRIC VARIABLES
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None of the studies analyzed considers the anthropometric measurements, however, for
wheelchair athletes who practice other sports, one of the most used tests is the one related to
the detection of skin folds [45]. This measurement is a common method for determining body
fat composition. Although calipers require an accurate measurement technique for evaluation,
this test is valid, inexpensive, accurate, and easy to perform in the field [46]. Skinfold
measurement can use different anatomical sites around the body. In detail, the operator
pinches the specific site to raise a layer of skin and the underlying adipose tissue. The calipers
are then applied and a reading of the value in millimeters (mm) is taken two seconds later.
The mean of two measurements should be taken. Wong and colleagues [47] decided to apply
the skinfold test to wheelchair athletes through the administration of the two-point test, to
make the test faster than the seven-point skinfold evaluation. For these reasons, we have

decided to insert a 2-site skinfold thickness into the SOP.

STANDARD OPERATION PROCEDURE (SOP)

The SOP that could be used to evaluate WF athletes begins with the detection of skin folds at
two points and follows with the execution of a 20-minute warm-up phase at low intensity.
Subsequently, the battery of tests could be administered as follows: evaluation of the grip
through the hand grip test, evaluation of flexibility through the back scratch test,
cardiorespiratory evaluation through the Yo-Yo intermittent recovery adapted test or race
simulation with portable metabolite, and conclusion the evaluation of muscle activation through
a simulated race. Athletes must be instructed to perform each test to perform tests at the
maximum intensity; it is also necessary to use an adequate recovery period between tests. Each

athlete carries out every single test in his wheelchair.
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Table 3, the standard operating procedure for evaluation of
physical fitness of wheelchair fencing

Physical fitness Test adopted
component

Body composition 2-site skinfold thickness
Muscular strength Handgrip test
Cardiorespiratory Yo-Yo intermittent recovery adapted test /

capacity Race simulation with portable metabolite

Muscle activation Race simulation with electromyography
Flexibility Back scratch test

Legend: Standard Operating Procedure for the evaluation of
physical fitness of wheelchair fencing

The present study has limitations. An important limitation of the study is the scarcity number
of included studies, but this condition highlights the importance of future original articles on
this topic; a second limitation is related to the sample: the sample of athletes analyzed is small,
not very detailed, made up of athletes with a different performance level and with different
physical characteristics, not allowing a comparison of the results.

The proposed SOP is a first operational indication, it needs to be investigated and revised
according to the publication of new original studies. Future studies should pay more attention
to this topic, evaluating the fitness characteristics of WF using the proposed SOP, to create

normative data, facilitating team evaluation. Future research should consider this topic more.

CONCLUSION
This SOP is useful for evaluating the physical characteristics of a WF athlete; it is also useful
for coaches as it allows you to compare the results of your team and to develop a personalized

training program at the level of the individual athlete.
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