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Abstract

Introduction: The purpose of this pilot study was to determine match performance in AS considering playing
positions, two halves, and playing time.

Material and methods: Twelve amputee soccer players were monitored for two days during the tournament of
Polish Extra Ligue. The match performance data and heart rate (HR) response were collected from 4 matches (last-
ed 2 x 20 min) by Polar Team Pro. Gathered data included HR parameters, time in HRmax zones, speed, covered
distance, and speed zones. Differences between two halves, 6—10 min vs. above 10 min playing time, and playing
positions were assessed.

Results: There were not statistically differences between two halves in HR response, percentage of time in
HRmax zones, speed, distance, and percentage of time in speed zones (except III HRmax zone). Significantly
higher heart rate reserve and HRmax values, and total cover distance were observed in the longer playing time.
Goalkeepers had significantly lower results than other players. Midfielders and defenders were similar in terms of
HR response and percentage of time spent in HRmax zones. Strikers spent significantly more percentage of time in
high-intensity running zone than other players.

Conclusions: These results brought a new knowledge to amputee soccer coaches and players about significant
differences in match load relating to playing position as well as playing time. This knowledge can be beneficial in
planning amputee soccer training as well as preparing special physical fitness tests corresponding to real effort dur-
ing a game.

Keywords: motion analysis, Match Analysis, physically disabled, match intensity, disability
sport

Introduction 11 players soccer games with some exceptions, e.g. a
match is played in two halves for 25 min with 10 min

Amputee soccer (AS; amputee football) is a variation ~ halftime, seven players per team. The field is smaller
of 11-a-side soccer but dedicated for individuals with ~ with dimensions 60 X 40 m and goal areas measuring
limb impairments [1]. The rules are similar to regular 8 x 10 m [1]. Players have lower limb impairments and
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move in the field using forearm crutches, whereas goal-
keepers have upper limb impairments and have to keep
the impaired limb close to the body, under the jersey
(there is a special technic of bandaging impaired upper
limb to the trunk). The artificial limbs and prosthetics
must be removed before the game. Using the stump and
crutches to control or to direct a ball as well as slide
tackles are not permitted. Player substitutions are al-
lowed with returns. The offside rule does not apply, and
goalkeepers have to remain within the goal area [1].

AS match performance has not been widely studied,
but match performance is widely investigated in regular
soccer. Total distance and time spent in various speed
zones, especially in the high-intensity running zone
(HIR) and very high-intensity zone (VHIR) regarding
first and second half of the match, playing position, ball
possession and skill performance, team success, time
periods analyses, type of sprint activity were studied
[2-7]. HIR and VHIR in soccer take about 12% of the
total distance covered and it was reported that these
activities are decisive in winning the ball, rapid direc-
tion changes, accelerations [4]. Researches noted that
apart from playing position, HIR activities are impor-
tant to overall team success [5,6] and it was suggested
that elite soccer is characterized by the players’ ability
to perform high-intensity work repeatedly [2]. HIR is
consisted of moderate speed running (14.0-19.8 km/h
[4,5,7] or 15.0-18.0 km/h [2]) and/or high-speed run-
ning (19.8-25.2 [4-6] or 18.0-30.0 km/h [2]) and/or
sprinting (above 23.0 km/h [3] or above 25.1 km/h [4,5]
or above 30 km/h [2]). It was measured that most of
the activities (between 58.2-85.4 % of time) in soccer
are low-intensity activities (walking and jogging (speed
0-8 km/h [2], 0—11 km/h [3], 0—14.4 km/h [6])).

Match performance was investigated in a few stud-
ies in AS [8,9]. The Global Positioning System (GPS)
accelerometers and heart rate (HR) monitors were used
to measure total distance, time in speed zones, speed,
and HR. Rating of perceived exertion (RPE) and mus-
cular fatigue pre- and post-game were investigated and
were assessed in terms of playing positions during the
first and the second half of match [8,9]. In the first study,
speed zones were calculated according to gaussian curve
and HIR was above 13.3 km/h (including high speed
such as 13.3-16.8 km/h and very high speed above 16.9
km/h) and determined VHIR as speed above 16.9 km/h.
It was found that time spent in VHIR was about 5% [8].
In the second study, speed zones were calculated based
on other studies about young able-bodied soccer and re-
searched comfort walking speed in amputees. HIR con-
sisted of high-speed running (13-18 km/h) and sprint-
ing (above 18 km/h). Authors did not consider VHIR
[9], however they noted that AS players were often
walking on crutches (0.4-5 km/h) and spent most of the

time (53%) moving in the moderate speed zone (9.6—
13.2 km/h), but in HIR (above 13 km/h) about 1.5%
of a game time [9]. Furthermore, in the literature there
were found differences in the total cover distance by AS
players in a match: 5.65 £ 1.07 km [8] or 2.98 + 0.56
km [9] vs. non amputated players cover about 11 km
per match [3,7].

Concerning HR response, players load in a match
is observed in five HR zones (Zone I-Zone V). Moder-
ate exercise intensity is between 50% to 70% of maxi-
mum heart rate (HR ) (Zone I, IT) and vigorous exer-
cise intensity is between 70% to 85% of HR __(Zone
III, IV) [10]. Studies reported that AS players are most
of the time in a match in high intensity HR _ zones
(i.e. 64.1% of a game time AS players spent in the V
HR, . zone (>95% HR ) [9]and their mean heart rate
(HR.,) was set on 176.8 bpm (it was 96.3% HR __ of
study group) [9]. In other study, authors observed that
AS players’ HR __ was 153 bpm and HR__ was 179
bpm and it corresponded to 81-96% HR __[8]. Based
on this information, AS players during a match have
more than vigorous exercise intensity. Using as a base-
line the reported differences from the gathered studies
about AS, the topic of match performance is not clear.
That is why, the purpose of this pilot study was to de-
termine match performance in AS considering playing
positions, two halves, and playing time.

Material and methods

Twelve AS players were monitored during the
first tournament of Polish Extra Ligue (2019, Poland,
Plonisk). Each participant has been informed about the
procedures of the investigation and signed a printed
consent. The study was approved by the Institutional
Review Board (the Local Ethics Committees; SKE 01-
14/2019).

This study was performed in two consecutive days.
All matches were played on the natural grass field
(60 m length x 40 m width &= 5 m) and lasted two equal
periods of 20 min with halftime lasted for 10 min and
no additional time (special polish rules, because each
team played two matches per day). Before the tourna-
ment players completed the survey containing personal
information like age, body weight, body height, train-
ing experience, playing position, type and cause of limb
impairment.

The match performance data and HR response were
collected from 4 matches by Polar Team Pro (Polar
Team Pro, Kempele, Finland). Before the first match
started, Polar HR sensor was attached to a chest strap.
The final device operation was tested during warm up.
The distance and activities data were collected using
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an integrated GPS system. HR frequency was coded
at 1-s registration intervals. The distance covered for
each speed zones and time spend in each HR _zones
were recorded. Inactive times such as 1-minute time
outs were marked in the software. Every situation such
as start and end of the match, entrance and leaving the
field, substitutions, injuries, a half-time break were
marked in the Polar Team Pro software.

After the second match each day, data was down-
loaded to the computer and synchronized with system.
Periods consisting of more than 5 min of continuous
game were chosen for analyses (records). The period be-
gan when the match or the second half started, or when
player entered the field after a substitution or 1-minute
time out or player throwed the ball. The period ended
when the match or the first half finished, or player were
substituted, or 1-minute time out started.

Five speed zones (I: 3.00-6.99 km/h, II: 7.00-10.99
km/h, III: 11.00-14.99 km/h, IV: 15.00-18.99 km/h,
V: above 19.00 km/h) and five HR __zones (I: 50-59%,
I: 60-69%, I11: 70-79%, I'V: 80-89%, and V: 90—100%)
are originally set in the Polar Team Pro software and
these were used for the analysis. Time spent in each
HR zone and distance covered in each speed zone
were calculated into percentages [%], in relation to all
time spent in a field and total distance covered. Total
covered distance referred to records with time duration
of more than 5 min and speed above 3 km/h (because of
the device limitation).

HIR was determined above 15.00 km/h (sum of two
the most demanding speed zones: IV and V) based on
the literature review [8,9] and options of the Polar Team
Pro software.

Personal parameters such as age, body weight,
body height and HR __ values were put into the Polar
Team Pro system to establish a starting point to meas-
ure HR parameters. Heart rate reserve (HRR) and the
percentage heart rate reserve (%HRR) were calculated
to assess the degree of relative strain [11,12]. HRR is a
difference between HR _and HR__, where HR _ is
the highest value of HR during the analyzing game pe-
riod. %HRR is calculated: %HRR = (HR - HR )/
HRR*100%. AS players were asked to measure rest
heart rate (HR ) on the carotid artery for 15 seconds,
after waking up, in lying position in the morning for a
few days prior to the tournament began.

Statistical analysis

Statistical analyses were performed using program
IBM SPSS Statistics 25. Mean, standard deviation,
median, minimum, maximum, and relative differ-
ence (A%) were calculated for each parameter. The
Kolmogorov-Smirnov test was used to check the data
distribution.

Differences between 1) first and second half, 2) play-
ing time from 6 to 10 min and above 10 min, 3) playing
position (strikers, midfielders, defenders, goalkeepers)
in terms of % of time spent in HR _zones and % of
distance covered in speed zones were analyzed. The
U-Mann Whitney test and the T-test were used to check
differences in HR, speed, and distance data between two
halves (1) and playing time (2). The Kruskal-Wallis test
and the one-way ANOVA with the Levene’s test were
used to check differences between playing positions (3).
The U-Mann Whitney test was used to assess in which
parameters were differences between playing position
for variables. Then, post hoc tests (the Tuckey test and
the Tamhane’a test) were used. The level of statistical
significance was set at p < 0.05. Effect Size (ES) as Eta
square [u?] and Cohen d [d] were calculated [13].

Tab. 1. Effect size interpretation

Effect size [ES] Eta square [u?]"  Cohen d [d]*
Small 0.01 0.2
Medium 0.06 0.5
Large 0.14 0.8

T Effect size for the U-Mann Whitney test; ¥ Effect size for the
T-test and post hoc tests

Results

Eighty-nine records of 12 players in 4 match-
es were analyzed (age: 29.08 £+ 5.28 yrs., weight:
80.64 £ 14.67 kg, height: 178.50 = 7.74 cm, training
experience: 5.82 £ 1.94 yrs., time since impairment
occurred: 19.73 £ 9.19 yrs.). Six players had impair-
ment since birth and the other six had post-traumatic
amputation. Three out of twelve players had upper
limb impairment (goalkeepers) and nine out of twelve
had lower limb impairment (field players). Forty-four
records were excluded because of time duration less
than 5 min (15% of active time). There were two strik-
ers (13 records), two midfielders (24 records), five de-
fenders (38 records) and three goalkeepers (13 records).
Half of them (n = 6) were current or former players of
the national team.

Total covered distance was 1804.58 + 386.55 m per
match that is 45.1 m/min. Table 2 presents compari-
sons in HR response, speed, and distance parameters
between two halves. There were not statistically differ-
ences in HR response, % of time in HR  zones, speed,
distance, and % of time in speed zones (except % of
time spent in [Il HR __zone).
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Tab. 3. Comparison in HR response, speed, and distance parameters between periods of time in AS
Variables 6-10 min periods (n = 53) >10 min periods (n = 36)
Heart rate response x+SD Med.  Min—Max. x +SD Med.  Min-Max. p A%  ES*
HR .. [bpm] 16226 £17.78  166.00  115-200 161.19+19.24 164.00  115-189 n.s. -1% -
HR_ [bpm] 181.53£12.86 184.00  136-208 186.11 +15.53  188.00  137-211  0.013* 3% 0.0/
HRR [bpm] 117.81+ 1597  121.00 52-148 121.92+£19.41  126.50 53-151 0.042* 3%  0.05%
%HRR [%] 82.77+9.18 85.83 54-95 78.73 £10.03 79.11 57-93 n.s. 5% -
50-59 % HR  (ZoneI) [%] 4.09+12.94 0.00 0-68 442 +13.80 0.00 0-62 n.s. 8% -
60-69 % HR _(Zone II) [%)] 7.26 +16.73 0.16 0-90 10.94 +16.05 2.42 0-65 n.s. 51% -
70-79 % HR , (Zone III) [%] 14.63 £12.38 12.28 0-53 15.47 £16.56 11.58 0-69 n.s. 6% -
80-89 % HR (Zone V) [%] 35.97+20.19 36.14 0-72 26.65 £ 19.46 20.97 0-70 0.033*  -26% 0.05%
90-100 % HR_ (Zone V) [%] 38.05£25.47 37.40 0-95 42.52+31.59  39.96 0-97 n.s. 12% -
Distance covered x +SD Med. Min-Max. x +SD Med. Min—Max. p A%  ES*
Total distance [m] 544.62 £238.37 617.00 25-945  781.58+416.90 788.00  80-1639  0.003*  44%  0.16"
Relative distance [m/min] 63.92 £20.38 70.00 16-93 56.53+22.29 55.50 15-94 n.s. -12% -
Vo [km/h] 17.90 £ 3.62 17.90 8-26 18.06 +2.86 18.35 12-24 n.s. 1% -
V. [kn/h] 398£126 430 1-6 354£136 350 1-6 ns. 1% -
i;%%‘iizg’g“im ) [%] 53.00+1251 4835 3896 53421315 4766 3687  ns. 1% -
gsé’gffozggim ) %] 2958+7.95 3050 442 2916+973 3202 343 ns. 1% -
IIT speed zone 1284640 1383 0-32 1343£692 1517 132 ns. 5% -
(11.00-14.99 knv/h) [%]
IV speed zone 3754305 307 01 346290 299 012 ns. 8% -
(15.00-18.99 km/h) [%]
V speed zone (>19 kivh) [%)] 073167 0.0 0-9 053£092 0.0 0-4 ns.  28%
HIR [%] 448 £4.21 3.19 0-19.67 3.99+3.49 3.59 0-15.91 ns. -11% -

n — number of records; HRmin — minimum heart rate; HRmean — mean heart rate; HRmax — maximum heart rate; HRR - heart rate

reserve; %HRR — percentage of heart rate reserve; bpm — beats per minute; V.

— maximum speed; V__—mean speed; [ speed zone

max mean

—walking and jogging; II speed zone — low-speed running; Il speed zone — moderate-speed running; IV speed zone — high-speed run-
ning; V speed zone — sprinting; HIR — high-intensity running; A% - relative differences; ES — Effect Size; * Cohen d [d] or Eta square
[u?]; S— ES small, M — ES medium, " — ES large n.s. — not statistically significant; * — p < 0.05.

Table 3 presents a comparison in HR response,
speed, and distance parameters between periods of time
in AS (6—10 min vs. above 10 min). In 4 out 19 vari-
ables there were significant differences. Significantly
higher HRR and HR _ values were observed in the
longer playing time. Total covered distance was signifi-
cantly higher in the longer playing time (Tab. 3).

Table 4 and 5 present comparisons between playing
positions and HR response, speed, and distance param-
eters. Goalkeepers spent the most % of time in [ HR
zone and the least % of time in IV and V HR _ zones

in comparison to other players (p < 0.05). Midfielders
and defenders were similar in terms of HR response and
% of time spent in HR _ zones (p > 0.05) (Tab. 4). In
terms of playing positions, % of time spent in I speed
zone statistically differed all playing positions. Goal-
keepers spent in this zone most of the playing time and
strikers the least of the time. Maximum speed and % of
time spent in IV speed zone did not differ midfielders
and defenders. Strikers spent significantly more % of
time in IV (about 7%) and V (about 3%) speed zones
(HIR) than other players (Tab. 5).
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Discussion

The purpose of this pilot study was to determine
match performance in AS considering playing posi-
tions, two halves, and playing time. Eighty-nine records
of 12 players were chosen according to inclusion crite-
ria such as playing time above 5 min, in terms of HR
response, speed, and distance parameters.

Based on our results players spent in IV and V HR-
max ZONES average 72% of playing time. HR _ — corre-
sponded to players’ 88% HR . Moreover, comparing
HR response in the duration of playing time (6—10 min
vs. above 10 min) players’ HR __and HRR were higher
by 3% in the longer playing time (p < 0.05, small ES).
It corresponds to activity in [V and V HR__zones that
match performance in IV HR __zone was significantly
higher by 26% in the shorter time (p < 0.05, small ES)
and activity in VHR __zone was higher by 12% in the
longer time with no significant difference. Referring to
The American Heart Association [10], vigorous inten-
sity consists of 70% to 85% of HR __ (Zone III, IV).
The observation from this study indicates that match
performance in AS qualifies as more than vigorous. A
similar observation was also found in other AS studies
[8,9]. This study results presented the shorter playing
time linked to higher HR  values and it indicated on
higher intensity in match.

Mean total covered distance was higher by 44%
in playing time more than 10 min (p < 0.05, large ES)
compare to 6-10 min playing time. It was not surprising
that the longer time allowed to cover longer distance.
However, it would be not correct to refer this distance
to players, because mean total covered distance present-
ed in this study is a distance per analyzed records (one
player might have more than one record depending on
his entries to the field). In this study, mean total covered
distance per player was 1.80 + 0.39 km in a match that
is 45 m/min. In the literature, meaningfully higher mean
total covered distance was noticed: 5.65 £ 1.07 km [8]
or 2.98 £ 0.56 km [9]. Relative distance was calculated
on average 113 m/min [8] and 60 m/min [9], respective-
ly. Noted differences between results from other studies
and the current study, do not give clear conclusions. All
currently observed matches lasted 2 x 20 min and in
other studies matches lasted 2 x 25 min (according to the
international AS rules) [1,8,9]. In this study all players
(strikers, midfielders, defenders, and goalkeepers) were
observed, in another, only outfield players [8] were ana-
lyzed or intra-positions analyze was not performed [9].
Our results of distance can be influenced by the shorter
playing time and by an inclusion of goalkeepers. Goal-
keepers have limited area for movement (goal area) and
different game requirements. They should be analysed
separately in future studies.

Another difference noted in methods between com-
pared studies was analysed time periods. In this study
short time periods (below 5 min), halftime and time-
outs were excluded. In other studies, all matches were
analysed with additional game time if it occurred, with
no information if analyses included halftime [8,9].
Above mentioned information may explain differences
in the total covered distance. Covered distance at HIR
has been identified as key performance indicators of
match performance in able-bodied soccer [2] and based
on our analyses we agree with other authors [9] that
HIR might be also important indicator in amputee soc-
cer. HIR (in this study >15 km/h) occupied about 4% of
match time (for comparison 5% for VHIR > 16.9 km/h
[8], and 1.5% for HIR >13 km/h [9]). We think that this
result, together with high-intensity HR response, and
with relatively small mean covered distance per players,
indicates for AS game as extremely highly intensive. To
have more complete image of AS match performance,
it is recommend expanding this match performance
analyses to win/lose match and actions with/without
ball possession.

Considering playing positions, many significant dif-
ferences between players were observed in this study.
In general, all players were significantly different in
HR response (HR__ ., HR ., HRR, %HRR) except
midfielders vs. defenders. The highest HR response pa-
rameters were for strikers and the lowest for goalkeep-
ers (by 82% difference). Outfield players spent similar
% of time in I, IV, V HR _ zones, only goalkeepers
were significantly different than others (spending 26%
of time in [ HR _ zone in comparison other players
spent less than 1% in I HR _ zone, strikers 0%, and
only about 8% of time in IV and V HR  zones (large
ES) in comparison to others that spent more than 80%
of time in these zones). In other AS studies, HR  and
only values above 80% HR __were assessed (Zone IV
and V) [8,9]. No differences have been found in HR
response between playing positions because that infor-
mation was not taken into account. Therefore, a com-
parison is not possible between studies.

In the current study, % time spent in I speed zone
statistically differed between positions with the most
time spent by goalkeepers and least time spent by
strikers. In general players spent about 53% of play-
ing time in I speed zone by walking and jogging
(3.00-6.99 km/h) that is similar to results of other
AS study (45% of time by walking in 0.4-5.0 km/h
such as II speed zone) [9] and in opposition to find-
ings from another AS study (53% of time in moder-
ate speed zone (III) such as 9.6—13.2 km/h and only
3% of time by 0—7 km/h) [8]. Based on these results,
it may be suggested that AS is not very demand-
ing game, but it is important to connect all results
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together, speed and HR response. It can be indicated
that HR response and speed may show total players’
involvement in the game according to their roles. Ad-
ditionally, referring to the covered distance, strikers
covered the biggest relative distance and it was con-
firmed in other findings [8]. V___differed players, but
the most noticeable difference was between strikers
and goalkeepers (A% = —-38%, large ES). Mean V
varied from 14.1 km/h (goalkeepers) to 22.9 km/h
(strikers) with no differences in speed between mid-
fielders and defenders. In other study, mean V___was
16.1 km/h (midfielders) [8] and was lower than this
observed in our results. Because of scarce studies of
AS match performance, it might be not reasonable to
use the same speed zones to assess AS players from
different countries or sports levels, because of their
different match performance which is not only con-
sisted of speed and covered distance but also with
parameters like: ball possession, skill performance,
team success, tactical aspects.

In conclusion, the current study results show many
differences across playing positions and suggest that
someone playing on fitting position should not be ran-
dom. In future research, more variables and wider per-
spective should be taken into consideration to assess
AS match performance.

Limitations and recommendation for future studies

One of the limitations of this study is assessment to-
gether all players despite that they have different play-
ing roles and goalkeepers have limited place for mobil-
ity. We included goalkeepers in this study because they
are usually overlooked in game performance analyses.
Goalkeepers had significantly lower HR response, cov-
ered distance, and speed. We suggest not to exclude
goalkeepers in future studies.

In this study result, high standard deviations in HR
zones results were observed and there were no signifi-
cant differences in these variables. This big relative dif-
ferences in results might be confusing for reader.

The distance parameters were analysed according to
records chosen from the Polar Team Pro and did not
include speed below 3 km/h. Moreover, in connection
with the selection of periods above 5 min, 15% of data
were not analysed. For future studies we recommend
performing more detailed analyses which can better re-
flect players’ performance and to have clearer picture of
AS match performance.

As last point, we recommend in the future studies
to conduct a fuller match analysis as it is implemented
in able-bodied soccer adding i.e. ball possession situa-
tions, win, or lose a match, comparing win/lose team
between them, include tactical aspects.

Conclusions

In conclusion, the current study’s results brought a
new knowledge to AS coaches and AS players about
significant differences in match load relating to players’
playing position as well as playing time. This knowl-
edge can be beneficial in planning AS training as well
as preparing special physical fitness tests corresponding
to real AS players’ effort like HR, distance, speed dur-
ing AS game.
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