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Abstract

The aim of this study is to compare the movement characteristics and heart rate (HR) response of hearing-impaired futsal players
based on their playing positions during a simulated game. The study involved twelve players from the Turkish Deaf Men's Futsal
National Team, and PlayerLoad (PL) metrics such as total PL (PLrorac), PL per minute (PL-min~ '), peak PL (PLpeak), low to
very high PL bands (PLLow-PLVHich), and external load variables such as acceleration (ACC), deceleration (DEC), explosive
efforts (EXPerr), and right/left change of direction (COD-R, COD-L), were analyzed using inertial movement analysis (IMA).
Additionally, the internal load metrics, including minimum, average, and maximum HR (HRmin, HRave, HRmax), percentage of
HRwmax (Y0HRwmax) and percentage of time spent in different HR zones (HRzone1 to HRzones) were continuously monitored. IMA
variables and HR metrics, based on playing position, were analysed with the Kruskal-Wallis H test. Group comparisons were
conducted using the Mann-Whitney U test, and Bonferroni correction was applied. As a result, PL variables change with notable
distinctions between defenders and wingers. Additionally, the PLvnicn Stands out as the only significant difference when
comparing wingers and pivots. Wingers generally exhibit different external load, including ACC and COD-L, compared to
defenders. Additionally, differences were observed in COD-L between pivots and defenders, as well as in COD-R between
pivots and wingers. In conclusion, external and internal load metrics during the simulated game vary depending on the players’
positions in hearing-impaired futsal players, highlighting the importance for coaches to consider this diversity in their athlete
monitoring approaches.

Keywords
External Load, Internal Load, Inertial Movement Unit, Indoor Soccer, Deaf Athletes

INTRODUCTION healthy athletes (Sobko, 2013). Therefore, various

physical and physiological factors can affect the

The number of people with hearing
impairments worldwide is predicted to reach 900
million by 2025; over 90 million of these
individuals will reside in Europe (Peracino, 2015).
There are over 2,070 sports and social clubs with
their own websites that connect deaf individuals
throughout the world (Szulc et al., 2017). The
training of athletes in disabled sports is becoming
increasingly urgent in connection with the
development of this branch of sport. However, the
training process in deaf sports, especially in team
sports, cannot be equated with the training of

performance of hearing impaired players during
training and matches. Previous research show that
individuals with hearing impairment have lower
physical capacity and motor skill performance
when compare with hearing athletes (Cobanoglu et
al., 2021; Dummer et al., 1996; Favretto et al.,
2019). However these studies has primarily focused
on hearing-impaired athletes in team sports like
soccer (Yapici et al., 2023), handball (Serdar &
Nebahat, 2020; Vujkov et al., 2010), basketball
(Sobko, 2013), and volleyball (Kazakov et al.,
2023), rather than the specific demands of Futsal.
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The activity profile of players in futsal serves
as a pivotal aspect influencing game strategies,
training regimens, and player performance.
Through the integration of various technological
approaches, researchers have been able to gain
profound insights into the intricate dynamics of
futsal matches. Time and motion analysis
techniques have elucidated the diverse physical
demands placed on players, highlighting the
frequency and intensity of movements such as
sprinting, changes of direction, and acceleration

(

). Moreover, physiological parameter
monitoring, encompassing metrics like heart rate
(HR) and oxygen consumption, provides valuable
data on the metabolic demands and physiological
responses of players throughout the game

). Furthermore, the utilization of cutting-edge
tracking technologies such as GPS and
accelerometers (inertial movement units) enables
detailed assessments of players’ spatial distribution,
movement patterns, and velocity profiles during
match play (

). By utilizing these technological advances,
researchers are better able to decipher the nuanced
activity profile of futsal players. According to our
knowledge, there is not any study on hearing-
impaired players have focused on acute mechanical
and physiological responses during the training or
game in any team sports. In line with this, the
hypothesis of this study was to determine the
movement characteristics of hearing-impaired
players during the futsal game who are subject to
typical futsal rules ( ), except for
the usage of flags only to signify violations and all
other events during the match. Therefore, the
present study aims to investigate the movement
characteristics and HR responses of hearing-
impaired futsal players and to compare the external
and internal load metrics based on their playing
positions during a simulated game.

AND

Participants

A priori analysis was conducted on G*Power
(version 3.1.9., University of Kiel, Germany) which
provided an estimated sample of 12 with a power
(1-B) of 80% and an a error of 5,0% with an effect
size 0.8 for pair comparisons. The inclusion criteria
for the participants during the preparation period for

the international futsal tournament were as follows:
(1) training duration 5 times a week with an average
duration of 80 minutes, (2) not having suffered a
lower limb injury in the last 6 months, (3) no
intensive training 48 hours prior to the simulated
game. A total of 12 male futsal players (age: 21.5 +
2.8 years; height: 177.9 + 4.9 cm; and body weight:
72.2 £ 4.8 kg) from Turkish Deaf Men’s Futsal
National Team voluntarily participated in the study.
The positions of the players were categorized into
defenders (n=3), wingers (n=6) and pivots (n=3)
). Goalkeepers were not

included in the study. The participants avoided
smoking, strenuous exercise, and consuming
alcohol, energy and/or caffeinated beverages for the
24 hours before the simulated game. All
participants completed a written informed consent
form after receiving a full description of research,
risks, benefits, confidentiality, and participant
rights. This study was approved by Gazi University
Ethical Commission with the reference number of
2024-109 and conducted in accordance with the
ethical principles of Declaration of Helsinki.
Data Collection

The activity profile of players during the
game were monitored using Catapult Optimeye S5
(CatapultSports, Melbourne, Australia) with IMU
technology, comprising a tri-axial accelerometer,
gyroscope, and magnetometer, which provide data
for inertial movement analysis (IMA) at a sampling
rate of 100 Hz. The validity of the IMU systems has
been demonstrated by the previous studies for
running-based team sport (

), and the
IMA to measure external load metrics of the players
during the training and games has been used widely

by various indoor sports, such as handball
( ),
basketball (
) and futsal
).
Variables of movement characteristics

obtained with IMA were included PlayerLoad (PL)
metrics such as total PL (PLtotaL), PL per minute
(PL'min~ '), peak PL (PLpeak), low to very high PL
bands (PLLow to PLvmicn), and external load
variables such as acceleration (ACC), deceleration
(DEC), explosive efforts (EXPerr), and right/left
change of direction (COD-R, COD-L).

PL is an abbreviation for the cumulative sum
of accelerations along all three axes recorded by a



triple-axis accelerometer throughout motion (at a
frequency of 100 Hz), presented as an arbitrary unit
(a.u). To obtain an intensity index, PL is divided by
time, resulting in PL per minute (PL-min~ '), and
PL bands are classified into four categories: PLLow
(1-2 9); PLmep (2-3 9); PLuigH (3-4 9); PLvhich (>
49) ( ).

ACCrLow, ACCwmep, and ACChicH represent
the overall inertial movements captured under a
positive forward acceleration vector within the
elevated range (from 1-2 m-s?, 2-3 m-s?, greater
than 3 m-s?), while DEC indicates those detected
under a negative deceleration vector within the
same threshold ( ). COD
defines the total inertial movements observed in a
sideways left-right vector above the specified limit.
EXPerr includes all inertial movements regardless
of direction (including ACC, DEC, and COD,
excluding jumps) within intermediate and higher
thresholds (greater than 2.5 m-s?) (

).

HR was monitored continuously at 1-sec.
intervals using a chest strap sensor (Polar T31
coded transmitter, Polar Electro Oy, Finland) and
minimum, average and maximum HR (HRwmn,
HRAave, HRmax), percentage of HRmax (YoHRmax)
and percentage of time spent in different HR zones
(HRzone1 to HRzones) were calculated where Zone
1 = 50-60% HRwmax, Zone 2 = 60-70% HRwmaXx,
Zone 3 = 70-80% HRwmax, Zone 4 = 80-90%
HRmax, and Zone 5 = 90-100% HRmax

). HRmax was determined using age-predicted
equation ( ).

A simulated futsal game was played on a
taraflex indoor court (20 x 40 m) and lasted 40 min
and consisted of two 20-min halves separated by a
10-min interval. The official FIFA laws of the game
were adopted, and a referee and a coach were
appointed on the side-lines to provide technical and
tactical guidance during the matches to create
similar conditions to official matches. The players
performed 25 min of their official game warm-up
routines that consisted of 5-minute general sub-
maximal aerobic warm-up exercises including
jogging, running, skipping forward and backward,
5 min stretching and mobility, 5 min dynamic
activities (short sprints, change of direction) and 10
min futsal-specific drills without and with
opposition in a progressive pattern till shooting
action.

The simulated game was organized as a
friendly match against a futsal team from the

1% Division Futsal League. In line with the real
game scenarios, where players were substituted by
the national team coach during the game without
considering the time they spent on the field or
bench. Time-outs were also standardized by
interrupting the game once per half when there were
10 minutes remaining in both halves.
Statistical Analysis

The data are presented as mean and standard
deviation. The normal distribution of the data was
assessed using the Shapiro-Wilk test. Inertial
movement analysis variables, based on playing
position, were analysed with the Kruskal-Wallis H
test. Group comparisons were conducted using the
Mann-Whitney U test, and a Bonferroni correction
was applied. A significance level of p<0.05 was
considered. The statistical analysis was performed
using the SPSS 25 software package.

The movement characteristics of hearing-
impaired futsal players total PLtotaL, PL-min™ !,
PLreak, and PLuicH showed significant differences
between groups. The distinctions were observed
mainly between defender and winger positions,
except for the PLpeak and PLvhicn (Table 1).
Significant differences were observed only in the
PLvHicH Variable between winger and pivot
positions (p<0.05). There were no significant
differences in PLpeak across playing positions
(p>0.05). Specific PL variables show varying
responses among playing positions, with notable
distinctions between defenders and wingers.
Additionally, the PLvnicH variable stands out as the
only significant difference when comparing
wingers and pivots. The consistency in PLpeak
across positions implies uniformity in this aspect of
PL.

Differences in external load across playing
positions were observed. ACCrow, ACCwep,
ACChicy, DECLow, COD-Liow, and COD-Lmep
showed significant variances between wingers and
defenders, favoring wingers. Additionally, COD-
Luien differed significantly between pivots and
defenders, and COD-Row differed between pivots
and wingers (p<0.05). DECwmep, DECHigH, COD-
Rmep, COD-RuigH did not differ between playing
positions (p< 0.05).



Movement Characteristics and Heart Rate Profile of Hearing-Impaired Futsal Players

Table 1. PL variables measures during the match and comparison for the playing positions.

Variables Mean + SD Position Mean Significant Adjuste U
Rank Comparisons d
p
479.73 +£.00 Pivot 5 Defender-Winger 0.009 7.5
PLtoTAL 672.58 £48.09 Winger 9.5
(a.u) 355.14 £50.21 Defender 2
545.00 + 146.22 Total
4.27+.00 Pivot 3 - 0142 9.5
PLpeak 5.50+.78 Winger 7.8
(a.u) 5.44+1.30 Defender 7.3
5.18+ .94 Total
4.53+.00 Pivot 5 Defender-Winger 0.009 7.5
PL-min™ ! 6.34 + .45 Winger 9.5
(a.u) 335+ .47 Defender 2
5.14+1.37 Total
30,00 + .00 Pivot 7 Defender-Winger 0.030 6.5
EXPerr 32.83+£6.52 Winger 8.5
(no) 23.00 £ 1.73 Defender 2
29.66 £6.12 Total
278.00 = .00 Pivot 7 Defender-Winger 0.030 6.5
PLLow 317.16 £46.04 Winger 8.5
(a.u) 176.66 £+ 40.99 Defender 2
272.25+69.78 Total
173.00 £+ .00 Pivots 5 Defender-Winger 0.009 7.5
PLmep 271.50 +£24.60 Winger 9.5
(a.u) 151.00 = 10.39 Defender 2
216.75 £ 60.25 Total
24.00 + .00 Pivots 5 Defender-Winger 0.009 7.5
PLuigH 68.33 £ 16.63 Winger 9.0
(a.u) 20.66 +1.15 Defender 2
45.33 £26.55 Total
3.00+.00 Pivots 2.5 Winger-Pivots 0.015 7
PLvhicH 11.50+3.44 Winger 9.5
(a.u) 3,66 + .57 Defender 4.5
7.41 £4.87 Total

The analysis indicated that wingers generally
exhibit different external load respones, including
accelerations and left-sided changes of direction,
compared to defenders. Additionally, differences
were observed in left-sided changes of direction
between pivotss and defenders, as well as in right-
sided changes of direction between pivots and
wingers. The absence of significant differences in
certain  variables suggests similarities in
deceleration and right-sided changes of direction
between specific playing positions (Table 2).

Among the internal load parameters
associated with HR variables, distinctions were

Alvurdu et al., Int J Disabil Sports Health Sci, 2024;7(3);621-629

identified solely in HRmax, %HRwmax, and duration
of HRzones when comparing pivot and winger
positions (p<0.05). Conversely, HRmin, HRAvE,
duration of HRzones, HRzones exhibited uniformity
across the playing positions (p>0.05). The internal
load parameters related to HR demonstrated
distinctions only in specific aspects (HRwmax, %
HRwmax, and duration of HRzones) when comparing
pivots and wingers. The uniformity in other HR
variables across playing positions suggests
similarities in HRmin, HRave and the duration spent
in various HR zones (Table 3).
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Table 2. External load variables during the match and comparison for the playing positions

Variables Mean + SD Position Mean Significant Adjusted U
Rank Comparisons p
40.0 £.00 Pivot 5 Defender- 0.009 7.5
ACCrow 50.66 £ 11.89 Winger 9.5 Winger
19.66 + 8.08 Defender 2
40.25+15.84 Total
13.00 +.00 Pivot 7 Defender- 0.030 6.5
ACCuieo 14.66 £4.41 Winger 8.5 Winger
2,66+ 1,15 Defender 2
11.25 +6.03 Total
4.00 £ .00 Pivot 5 Defender- 0.008 7.5
8.16+ 1.194 Winger 9.5 Winger
ACCricn 3.00 £ .00 Defender 2
5.83+2.79 Total
68.00 + .00 Pivot 5 Defender- 0.009 75
DECLow 81.00 = 8.65 Winger 9.5 Winger
33.33+1.73 Defender 2
65.83 +£21.12 Total
23.00 +.00 Pivot 8 - 0.063 5.5
21.83 £8.65 Winger 7.8
DECwe 11.00+ 1.73 Defender 2.3
19.41+7.78 Total
5.00+ .00 Pivot 4 - 0.099 4.6
8.00+2.00 Winger 8.6
DEChien 3.66 £4.61 Defender 4.6
6.16 +3.09 Total
136.00 + .00 Pivot 4 Defender- 0.050 6.0
20533 +£34.71 Winger 9.3 Winger
COD-Liow 98.66 + 68.70 Defender 3.3
161.33 + 60.89 Total
34.00 £ .00 Pivot 8 Defender- 0.043 6.0
35.83+5.77 Winger 8 Winger
COD-Lueo 14.66 + 6.35 Defender 2
30.08 +10.46 Total
13.00 £+ .00 Pivot 10 Defender-Pivot 0.041 7.1
9.50+4.13 Winger 6.5
COD-Luian 5.33+£230 Defender 2.8
9.33+4.09 Total
73,0000 £ .00 Pivot 3 Winger-Pivot 0.035 6.1
184.83 + 48.67 Winger 9.1
COD-Reen 103.00 £ 51.96 Defender 4.6
136.41 £65.17 Total
17.00 + .00 Pivot 3 - 0.61 5.5
27.83 £5.56 Winger 8.6
COD-Rueo 22.00 + 8.66 Defender 5.6
23.66 = 7.07 Total
8.00 £+ .00 Pivot 9 - 0.050 5.9
7.16 £2.04 Winger 7.3
COD-Ren 433+ .57 Defender 2.3
6.66 +2.01 Total
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Table 3. HR variables during the match and comparison for the playing positions

Variables Mean £ SD Position ~ Mean Rank Significant Comparisons Adjuste p U
70.0 £ .00 Pivot 11 - 0.052 6.3
HRmin 62.83 £3.92 Winger 5
(beat/min) 64.00 £ 1.73 Defender 5
6491 +4.14 Total
138.48 .00 Pivot 7 - 0.089 4.8
HRAve 144.17 +£9.79 Winger 8.1
(beat/min) 124.63 £7.47  Defender 2.6
137.86 £ 11.10 Total
213.00 +.00 Pivot 11 Winger-Pivot 0.022 4.6
HRmax 188.66 £ 4.45 Winger 4.3
(beat/min) 196.00 £8.66  Defender 6.3
196.58 £ 11.42 Total
73.27 £ .00 Pivot 2 Winger-Pivot 0.030 6.5
%HRMmAx 82.21 £2.02 Winger 7.5
79.64 £ 3.02 Defender 7
79.33 £ 4.25 Total
22.36+4.10 Pivot 5.3 - 0.651 0.8
HRzonEL 24.76 £ 7.45 Winger 6.3
(min) 25.70 £4.19 Defender 8
2439+ 5.76 Total
21.09 +£7.04 Pivot 10.3 Winger-Pivot 0.031 6.5
HRzone2 13.72+£1.71 Winger 38
(min) 17.00 £2.42 Defender 8
16.38 +4.63 Total
13.68 £2.51 Pivot 53 - 0.802 0.4
HRzones 14.62 £ 3.80 Winger 7
(min) 14.57+£3.44 Defender 6.6
14.37+3.17 Total
10.05+1.83 Pivot 2.6 - 0.058 5.6
HRzonEs 15.02+2.83 Winger 8.6
(min) 11.65+.19 Defender 6
12.93 £ 3.06 Total
6.08 +1.88 Pivot 7.6 - 0.807 0.4
HRzones 5.43+2.44 Winger 6.1
(min) 481 +1.71 Defender 6
5.44+2.02 Total
DISCUSSION wingers (6.34 £ 0.45) compared to pivots (4.53 +

The objective of this study was to investigate
the activity profile and physiological demands
incurred by elite deaf futsal players during a
competitive match. This study represents the
inaugural examination of the activity profile within
the domain of elite deaf futsal players. The findings
of the positional analysis in this study align with the
activity profiles observed in nondeaf futsal players,
where wingers typically exhibit greater player load
compared to pivots and defenders (Serrano et al.,
2020). The PLtotraL was higher among wingers
(672.58+48.09) compared to pivots (479.73+0.00)
and defenders (355.14+50.21). Similarly, the
PLpeak was greater for wingers (5.50+0.78)
compared to pivots (4.270+0.00) and defenders
(5.44+1.30). Additionally, PL-min~ ' was higher in
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0.00) and defenders (3.35+0.47). Moreover,
EXPerr were also observed to be elevated in the
winger position (32.83+6.52) compared to pivots
(30.00+£0.00) and defenders (23.00£1.73). This
occurrence is attributed to the inherent
characteristics of the winger role, which typically
involves sustained high-speed play, frequent bursts
of explosive actions like dribbling, and extensive
movement across the playing field.

In contrast to existing literature, our findings
reveal that defenders exhibit the lowest PL
variables, a phenomenon less commonly observed
in prior studies. This contrasts with research
involving nondeaf players, where defenders and
wingers typically demonstrate similar activity
levels, as documented by Serrano et al. (2020),
while pivots tend to exhibit lower values. This

.Page 626 / 629.



observation is partially attributed to the
characteristic playing style of pivots, who often
engage in short bursts of effort and maintain a
stationary position near the goal throughout the
match. Furthermore, defenders and wingers
frequently engage in positional rotation during
matches, where they assume diverse roles and
responsibilities, thereby blurring the distinction
between the positions ( )
However, positional rotation between defenders
and wingers among deaf futsal players may be less
prevalent due to communication challenges. In deaf
futsal, the reliance on visual communication may
slow down or complicate the coordination required
for positional rotation. As a result, deaf futsal
players may be less inclined to switch positions
frequently, leading to less prevalent positional
rotation compared to hearing counterparts. This
notion may be supported by a study comparing
performance-related parameters between deaf
Czech Republic national team soccer players and
hearing counterparts from the Czech Republic First
League. ( ), found no significant
differences between deaf and non-deaf soccer
players, likely because the testing procedures do not
involve communication challenges, whereas
effective communication is crucial during team
gameplay.

In the assessment of external load variables,
wingers demonstrated elevated levels of
acceleration and deceleration activities, exhibiting
significant disparities compared to defenders but
not pivots. Concerning change of direction
activities, wingers exhibited differences in COD-
Liow and COD-Lmep compared to defenders,
whereas COD-LnicH varied between defenders and
pivots, and COD-Row differed between wingers
and pivots. Similar to our results,

( ) observed a difference in the proportion of
high intensity running without ball possession
between the defender and winger positions, with
wingers exhibiting higher values. ( )
demonstrated that wingers exhibit greater high
deceleration distance (m/min) compared to
defenders and pivots (wingers = 69+13; defenders
= 66+12; and pivots = 63+13). According to

( ), wingers demonstrated a
greater dlstance covered in high-speed running
(17.03 £ 4.86) compared to pivots (12.99 + 4.37)
and defenders (15.44 + 5.10). ( )
utilized a video automatic tracking system to
investigate sprint  frequency during futsal

competitions, revealing that players typically
engage in an average of 26+13.3 sprints per match.
Regarding playing position, they found no
variations in sprint distance covered, peak velocity,
initial velocity, recovery time between consecutive
sprints, or the number of sprints per minute in
normally hearing players. This may be attributed to
the sport’s tactical and technical features, which
promote player flexibility in changing positions, as
well as the unlimited substitutions or the option of
utilizing a “flying goalkeeper” during matches

). However, this scenario differs
in deaf players, which may account for the variance
observed between playing positions.

Regarding the HR variables, significant
differences were only observed between pivots and
wingers for the following parameters: HRmax,
%HRwmax, and duration of HRzones. This discovery
is notably intriguing, as we observed significant
differences in mechanical load type variables (e.g.,
ACC, DEC, COD, and PL) between playing
positions. However, for internal load parameters,
specifically HR variables, there were no meaningful
differences. For instance, wingers exhibited the
highest values for several variables, including
PLtotaL, EXPerr, PL-min~ !, ACC, DEC, and
COD. Therefore, it would be reasonable to
anticipate higher HR values among wingers in
comparison to pivots and defenders. Conversely,
one might expect lower HR values for defenders
and pivots, given their comparatively lower
mechanical loads. However, this scenario did not
align with the findings of our study. Therefore, it
can be inferred that deaf futsal players experienced
difficulty in regulating their HR values, suggesting
that factors other than the mechanical load of the
games contributed to the increased HR observed in
hearing-impaired players.

In team sports involving deaf individuals,
communication challenges can significantly impact
gameplay and team dynamics. Unlike hearing
athletes who rely on verbal cues and auditory
signals to communicate with teammates and
coaches during matches, deaf athletes often rely on
alternative methods of communication, such as sign
language, gestures, or visual cues. The heightened
physiological demands in deaf team sports may
arise from the need for increased vigilance,
coordination, and spatial awareness. Deaf athletes
must rely more heavily on visual cues to interpret
the movements of teammates, opponents, and the
ball, requiring heightened focus and attention



throughout the game. This heightened vigilance can
lead to increased physiological stress and energy
expenditure compared to hearing athletes who may
rely more on auditory cues.
Conclusion

In conclusion, mechanical demands of the
simulated game differ based on the players’ positions,
underscoring the necessity for coaches to factor this
variation into their preparation strategies. Moreover,
players must manage their external and internal load
effectively. Consequently, practitioners should
prioritize implementing strategies for athletes’ self-
reconciliation and recovery to optimize performance
and minimize the risk of fatigue-related issues. This
emphasizes the crucial role of both coaching and
athlete  monitoring in  maximizing athletic
performance in hearing-impaired futsal players.
Practical Implication

The results of this study will contribute to a
better understanding of the physical demands and
physiological responses of hearing-impaired athletes
in Futsal, which can inform the development of
training programs, and strategies to optimize their
performance and minimize the risk of injury. The
findings will also provide valuable insights into the
unique challenges faced by hearing-impaired athletes
in team sports, highlighting the importance of
inclusive sports and adaptive strategies to promote the
participation and success of athletes with disabilities.
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