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Abstract

Purpose: The aim of this study was to investigate the relationship between upper extremity physical fitness levels of
wheelchair archery and wheelchair basketball athletes. Methods: Ten wheelchair basketball players and ten wheelchair
archers, who met the inclusion criteria were included in the study. Athletes were divided into two groups according to their
sports branch. Hand grip strength, shoulder flexibility, reaction time, trunk balance and upper extremity muscle strength were
measured among the upper extremity physical fitness parameters. Measurements were repeated separately for both upper
extremities. In addition, the demographic data of the individuals were recorded through the questionnaire. Results: There was
no statistically significant difference between the groups in terms of age, height, weight and body mass index (p>0.05). The
years of disability and sports experience were significantly higher in basketball athletes, while weekly training hours were
significantly higher in archery athletes (p<0.05). When the groups were compared, there was a statistically significant
difference in right hand grip strength, trunk balance and all upper extremity muscle strength parameters in favor of wheelchair
basketball athletes (p<0.05). There was no statistically significant difference in left hand grip strength, shoulder flexibility and
reaction time of all upper extremities between the two groups (p>0.05). Conclusion: According to results, it was thought that
these differences between two different sports groups are due to the different nature of the two sports branches and the fact that
individuals cannot be distributed homogenously between groups according to the types of disabilities.
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INTRODUCTION

“The concept of disability involves
individuals with long-term physical, mental,
intellectual or perceptional disorders that prevent
them from taking part in the society, under equal
conditions with others in a complete and effective
way” (Bickenbach et al., 1999). There are many
sports activities that individuals with disabilities
can perform with a wheelchair. Among these,
wheelchair basketball is the first that comes to
mind. On the other hand, wheelchair archery has

become preferable more recently. Basketball, by
its nature, is a fast and exciting sport requiring
speed, whereas archery is more stationary and
requires attention and focus, rather than speed.
Wheelchair basketball is a team sport, whereas
wheelchair archery can be performed both as an
individual and team sport. Despite their
differences, both are popular sports frequently
preferred by individuals with disability (Gil-Agudo
et al., 2010; Kim et al., 2018).

According to World Health Organization,
physical fitness is defined as “social, mental and
physical well-being” (Thompson et al., 2010).

Received: 23 February 2021 ; Accepted: 04 May 2021 ; Published: 20 June 2021

'ORCID: 0000-0003-1218-7098, “ORC

Erten et al., Int J Disabil Sports Health Sci, 2021

: 0000-0002-5592-7546, *°ORC

. 0000-0002-2476-6567

.Page 73/ 79.



Physical Fitness for Paralympic Athletes

Some of the physical fitness parameters involve
muscle strength, shoulder flexibility, body balance,
reaction time etc. Due to both physical inactivity
and certain physiological reasons, the level of
physical fitness among individuals with disabilities
is generally low. This has a negative impact on the
functions of these individuals (Thompson et al.,
2010).

Specific training and rehabilitation programs
designed for the sports performed by individuals
with disabilities have an impact on their level of
success. In addition, in order to protect these
individuals from secondary problems that may
arise because of their disability, their level of
physical fitness should also be evaluated and
increased. While many studies in individuals with
disabilities demonstrating the positive outcomes of
performing a sport are available in the literature,
whether performing a different sport will have
different physical and psychological effects for the
same disability level individuals are not known
(Ambrose and Golightly, 2015; Barry et al., 2011;
Fresig and Richter, 2009; Loef and Walach, 2012;
Uchida et al., 2012). For this reason, our study
aimed to compare wheelchair basketball and
wheelchair archery athletes with regard to their
upper extremity physical fitness levels and
examine the way different branches of sports
impact individuals with physical disability.

Participants

The study was conducted with the
participation of the wheelchair basketball team’s
premier league athletes and paralympic archers
from Istanbul Bagcilar Municipality Disability
Sports Club and the paralympic archers of Istanbul
Okcgular  Foundation  Sports  Club.  The
measurements were taken between the dates 20-29
April, 2019 at the Bagcilar Municipality’s Goztepe
Sports Complex and Okgular Foundation Sports
Club, where the athletes attend for their regular
training sessions. The participants were provided
detailed information about the study and the
individuals signed the written informed consent
forms. The study protocol was reviewed by the
local research ethics committee of Istanbul
Medipol University at its meeting on March 29",
2019 and was approved under the dossier number
10840098-604.01.01-E.12558. Ten wheelchair
basketball players and ten wheelchair archers,
regardless of their gender, were included in the

study. Participants were required to be willing to
take part in the study, literate, participating in the
training sessions regularly for at least 1 year, with
no history of upper extremity surgery in the last
year, and with no existing mental problems
preventing communication. One basketball player
and one archer who suffered from an upper
extremity injury and were unable to complete
measurements were excluded from the study. The
study was completed with the participation of 18
athletes. Participants were divided into two groups
in accordance with their preferred sport activity.
Measurements

Demographics of all participants were
recorded, followed by upper extremity
measurement procedures. All measurements, with
the exception of reaction time, were made three
times for each extremity and the mean values were
recorded. Hand grip strength was measured by
Jamar (5030J1, Jamar, Sammons Preston, Inc, UK)
hydraulic grip dynamometer. The measurements
were made by using the second grip position of the
device, which contains a total of five positions
(Gerodimos, 2012). Shoulder flexibility was
evaluated with the ‘Back Scratch Test” (Dewhurst
and Bampouras, 2014). Reaction time was
evaluated by using the ‘Nelson Visual Hand
Reaction Test’. The measurements were taken for
20 times; the highest and the lowest 5 values were
excluded and the mean of the remaining values
were estimated (Oxendine, 1982). The strength of
shoulder flexor, extensor, abductor, internal and
external rotator muscles and elbow flexor muscles
were measured with a Lafayette (Pelican 1150
Case, Pelican Products, Torrance, CA USA)
myometer device (Livingston et al., 2015).
Modified Functional Reach Test for evaluating the
trunk balance was applied in 3 different versions
including unilateral, bilateral and lateral reach
(Magnani et al., 2017).
Statistical Analysis

Statistical analysis was performed by using
the SPSS 18.0 (PASW 18, SPSS Inc, Chicago,
USA) software. Data were expressed in terms of
mean and standard deviation. Variables measured
as numeric values were tested for normal
distribution using the Shapiro-Wilks test. Since it
was observed that the data were not normally
distributed, statistical analysis was performed
using the non-parametric Mann-Whitney U test.
The statistical level of significance was accepted
as p<0.05.
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RESULTS Years of sports experience and years of

disability were found to be significantly higher in

No significant difference was found between  the basketball group, whereas weekly training time

the groups with regard to age, height, weight and  was significantly higher in the archery group
body mass index values (p>0.05), (Table 1). (p<0.05), (Table 1).

Table 1. Comparison of the demographic features of athletes

Demographic Features Archery Basketball
n=9 n=9

n % n %
Bilateral Ampute 0 0 3 33.3
Unilateral Ampute 0 0 2 22.2
Polio 0 0 2 22.2
Paraplegia 4 44.4 2 22.2
Tetraplegia 3 33.3 0 0
Spina Bifida 2 22.2 0 0

Mean SD Mean SD p

Age (year) 30.44 4.06 34.67 7.73 0.287
Weight (kg) 71.33 11.44 74.11 12.61 0.658
Height (cm) 178.33 8.99 173.33 6.84 0.250
BMI (kg/m?) 22.48 3.23 24.68 3.87 0.289
Years of Sports Experience 4.22 4.06 14.11 5.18 0.002*
Years of Disability 15.44 8.11 27.00 9.17 0.030*
Weekly Training Time 28.67 8.94 8.67 1.00 0.000*

*Mann Whitney U Test, p <0.05*, sd: standard deviation

When athletes were compared with regard to their hand grip strength, no statistical difference was
found between the groups with regard to right hand grip strength (p>0.05), whereas a significant
difference was detected in the left hand grip strength in favor of the basketball players (p<0.05), (Table
2). No significant difference was found between the groups upon the comparison of shoulder flexibility
and reaction time (p>0.05), (Table 2).

Comparison of the functional reach test data between the groups revealed no significant difference
for the findings of the bilateral reach test (p>0.05). However, a significant difference in favor of
basketball players was observed for unilateral reach and lateral reach test findings (p<0.05), (Table 2).

Table 2. Comparison of athletes hand grip strength, shoulder flexibility, reaction time and trunk balance

data
Archery Basketball
n=9 n=9
Mean SD Mean SD p
Hand Grip Strength R 33.14 20.70 47.54 9.74 0.171
L 28.74 21.37 48.29 8.07 0.030*
Shoulder Flexibility R 7.96 7.50 14.78 11.89 0.185
L 13.50 14.10 16.50 9.89 0.627
Reaction Time R 0.13 0.04 0.14 0.02 0.354
L 0.19 0.14 0.14 0.03 0.791
Lateral Reach R 15.91 5.50 23.16 5.87 0.015*
L 15.21 5.79 24.22 9.19 0.021*
Unilateral Reach 30.77 13.18 44 .81 10.71 0.031*
Bilateral Reach 24.79 19.42 34.07 14.79 0.251

*Mann Whitney U Test, p <0.05*, sd: standard deviation, R: Right, L: Left
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Comparison of the upper extremity muscle strength measurements revealed a statistically
significant difference for all values in favor of the wheelchair basketball players. (p<0.05), (Table 3).

Table 3. Comparison of upper extremity muscle strength data of athletes

Archery Basketball
n=9 n=9

Upper Extremity
Muscle Strength Mean SD Mean SD P
Shoulder Flexor R 11.74 4.87 30.51 6.13

L 11.19 3.62 31.46 5.19 0.000*
Shoulder Extensor R12.71 3.84 25.39 5.07

L 11.61 3.42 26.01 5.51 0.000*
Shoulder Abductor R 9.46 3.35 26.90 5.12

L 8.34 3.82 27.66 4.45 0.000*
Shoulder Internal R 12.06 4.50 24.57 5.59
Rotator L 12.48 4.46 23.13 4.00 0.000*
Shoulder External R 6.80 2.63 21.56 3.29
Rotator L 7.00 3.26 2117 3.81 0.000*
Elbow Flexor R 15.01 4.61 31.84 5.40

L 12.89 5.78 31.83 4,53 0.000*

*Mann Whitney U Test, p <0.05*, sd: standard deviation, R: Right, L: Left

DISCUSSION

Although there are various studies evaluating
the physical fitness of the upper extremity in
wheelchair basketball players in the literature, we
could not come across any study that examining
the physical fitness of the upper extremity in
paralympic archery athletes. Therefore, our study
was conducted in order to compare wheelchair
basketball and archery athletes with regard to their
upper extremity physical fitness levels.

While no difference was found between the
archers and the basketball players with regard to
right hand grip strength, a significant difference
was observed for the left hand grip strength in
favor of the basketball players. We think this
difference is due to the rather low left hand grip
strength of 3 athletes diagnosed with tetraplegia in
the archery group. In a study by Gil et al., the
dominant hand grip strength of 13 wheelchair
basketball players included in the study was
reported to be 44.96+9.98 kg (Gil et al., 2015).
Yanci et al., reported a dominant hand grip
strength of 44.50+11.33 kg for 16 wheelchair
basketball players, as measured by Jamar hand
dynamometer (Yanci et al., 2015). The results
reported in the literature are observed to be similar
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to those obtained in our study (Gil et al., 2015;
Wang et al., 2005; Yanci et al., 2015).

The period of time between the starting of
the stimulus and the initiation of the reaction is
defined as the reaction time (Gautam and Bade,
2017). In certain sports that particularly require
speed, an athlete’s fast response shortens the
reaction time, and this in turn leads to a successful
sports performance. Since basketball, by its nature,
requires speed and agility, basketball players were
expected to have better reaction times in
comparison to archers in the study group.
However, no significant difference was found
between the two groups with regard to the reaction
times for both hands. Wang et al., reported a
simple visual reaction time of 0.19+0.02 seconds
for the dominant extremities of 37 wheelchair
basketball players (Wang et al., 2005). Darilgen et
al., divided the study group into two, based on
their classification scores and evaluated the
dominant extremity’s reaction time with a Newtest
reaction time meter. The visual reaction time of the
participants were found to be 0.20+0.02 seconds in
both low and high degree trunk control groups. No
significant difference was detected between the
visual reaction times of the two groups (Darilgen
and Yildirim, 2008). The reaction times of the
athletes in our study are consistent with those
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reported in other published studies in the literature
(Comert et al., 2010; Darilgen and Yildirim, 2008;
Wang et al., 2005).

Sitting balance is defined as the ability of the
individual to control movement while leaning
forward without any external support. Proximal
stabilization and trunk balance are highly
important, particularly for ensuring the regularity
of the distal movement in individuals performing
wheelchair sports (Gagnon et al., 2016; Santos et
al., 2014). When the trunk balance of the athletes
in our study were compared, basketball players
were found to have better results than the archers.
Trunk muscles, such as rectus abdominus, are
innervated by the nerves at the T5-T12 levels of
the spinal cord. Individuals with a spinal cord
injury above these levels cannot maintain their
trunk balance (Adegoke, 2002). The basketball
group in our study included 2 paraplegic
individuals with lesions at the T5 and T7 levels,
whereas the archery group included 3 tetraplegic
individuals with lesions at the C7-C8 levels and 4
paraplegic athletes with lesions at the T5-T12
levels. We think the difference observed between
the groups with regard to trunk balance may be
both due to the higher number of individuals with
spinal cord injury and the higher level of spinal
cord lesions in the archery group.

In a study by Ozunlu et al., trunk balance of
69 wheelchair basketball players were evaluated
with the modified functional reach test (Ozunlu
and Ergun, 2012). Among the athletes with three
different types of disability, unilateral and lateral
reach tests revealed no statistically significant
difference, whereas a significant difference was
found for the bilateral reach test findings. This
study differs from ours in that regard. Ozunlu et al.
reported that the 3 individuals with spinal cord
injury in their study had paraparesis (Ozunlu and
Ergun, 2012). On the other hand, our study
included individuals with tetraplegia. Therefore,
we think the difference between the trunk balance
findings can be attributed to the fact that athletes in
the two studies had different types of disability.

Most athletes usually perform exercises
aimed to develop resistance, endurance and build
muscle, whereas flexibility exercises are mostly
neglected. However, a flexibility program
implemented correctly may provide significant
benefits. Although the wheelchair archery athletes
in our study had greater shoulder flexibility in
comparison to the basketball players, the

difference was not statistically significant. Ergun
et al., divided 32 wheelchair basketball players in
accordance with their years of sports experience
(Ergun et al., 2008). The first group with an
experience of 2.5+1.5 years had a shoulder
flexibility of 13+8 cm and the second group had
4.5+44.5 years of experience with a shoulder
flexibility of 18+7 cm, whereas the third group had
7.5#3 years of experience and a shoulder
flexibility of 16+7 cm (Ergun et al., 2008). In this
regard, this study’s findings are line with those
observed in our study.

When the upper extremity muscle strength
measurements of the athletes were compared, a
significant difference in all parameters in favor of
wheelchair  basketball players was found.
Wheelchair archery involves drawing the bow and
shooting the arrow while sitting in a stationary
position in the chair. Wheelchair basketball, by
comparison, involves movement patterns that
require active and fast utilization of the upper
extremity, such as shooting, passing and dribbling
the ball and retrieving rebounds. In addition to
performing these patterns, the player has to use his
upper extremities actively in order to move his
wheelchair continuously in the playing field.
Therefore, we think the difference between the two
groups is the result of the different natures of the
two sports involved in the study and we believe the
fact that basketball players had a higher level of
sports experience also contributed to this result.

Wang et al. reported the following results for
the dominant upper extremity muscle strength of
37 basketball players, as evaluated by MP
DA100B BioPac force measurement system:
Shoulder flexion, 25.34 kg; shoulder extension,
20.13 kg; shoulder abduction, 23.72 kg; and elbow
flexion, 24.29 kg (Wang et al., 2005). Darilgen et
al. used a dynamometer to measure the upper
extremity muscle strength of 60 wheelchair
basketball players divided into two, as low degree
and high degree trunk control groups based on
their classification scores. Muscle strength values
of the high degree trunk control group were
reported to be significantly higher than those in the
low degree trunk control group (Darilgen and
Yildirirm, 2008). Our findings support those
reported by Wang et al. and Darilgen et al.
(Darilgen and Yildirim, 2008; Wang et al., 2005).
Even though our values are similar, the fact that
they are higher than those reported in the previous
studies may be due to the relatively higher level of
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experience of the basketball players included in
our study.

The findings in our study revealed a
significant difference for muscle strength in the
upper extremity, grip strength and trunk balance in
favor of the wheelchair basketball players. We
think that the difference in the grip strength and
trunk balance in favor of basketballers is due to the
individuals diagnosed with tetraplegia in the
archery group. Although a significant difference in
favor of basketball players could be expected for
the reaction time and shoulder flexibility, no
differences were observed between the groups. It
is surprising that there is no difference in
flexibility and reaction time among the athletes of
these two sports branches, one of which is
reguiring speed and the other one is more stable.
However this may be owing to the low number of
athletes in our study. That being said, while
wheelchair basketball is the most popular sport
among the paralympic sport activities, paralympic
archery has only started to gain popularity
recently. Especially in our country, the number of
disabled individuals participating in this sport is
very low compared to the basketball branch.
Therefore, our study includes some limitations
arising from the inadequate number of individuals
performing archery. In time, as more people
become interested in and perform this sport, we
believe the study can be repeated with a higher
number of participants in the future.
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