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Match characteristics of professional outfield amputee soccer players during official amputee
soccer matches

Ampute futbolcularin resmi ampute futbol maclarina verdikleri yanitlar
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Department of Exercise and Sport Sciences, Faculty of Sport Sciences, Hacettepe University, Ankara, Turkiye

ABSTRACT

Objective: The objective of this study was to investigate physiological responses and movement profiles of amputee soccer players during official
matches.

Material and Methods: Five outfield amputee soccer players with a 9.20+0.81 years of amputee soccer experience (age 28.60+5.32 years; height
1.71£0.05 m; body mass 71.54+9.39 kg) volunteered for this study. Physiological responses [blood lactate (BLa), heart rate (HR) and ratings of perce-
ived exertion (RPE)] and activity profiles [peak speed, total distance covered (TD), TD at five speed categories (SC), percentages of TD at five SC and
time spent in four maximal heart rate (HR,,4) zones] were analyzed during seven official amputee soccer matches.

Results: Mean game Bla, RPE, HR and HR,,, Were 5.58+1.63 mmol.L™?, 9.43+2.62, and 151.77+16.05 bpm and 180.74+9.23 bmp, respectively.
HRmax Was higher in the first half than in the second half (p=0.02). Players covered 102.62+7.24 m.min™ and this did not change between the halves

during amputee soccer matches (p=0.40). TD at very low SC was 73.86+0.57 m.mint whereas TD at very high SC accounted only for 0.24+0.04 m.-

min. Similarly, the percentage of the TD at very low SC was 70.18+10.30% and the percentage of the TD at very high SC was 0.24+0.04%. Ampu-
tee soccer players spent ~31 min and ~15 min at high intensity and moderate HR,,, zones, respectively. These accounted only about ~5 min at very

low and low intensity HR,,ax Zones during whole matches.

Conclusion: These results showed that amputee soccer played at the professional level is a high-intensity exercise, which could be used to prescribe
amputee soccer specific training regimes.
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Amag: Bu galisma ampute futbolcularin resmi maglara verdigi fizyolojik yanitlar ve hareket profillerini incelemek amaciyla yapilmistir.

Gerec ve Yontemler: Calismaya ampute futbol spor yas ortalamasi 9.20+0.81 yil olan bes ampute futbol oyuncusu goénullti olarak katimistir (yas:
28.60+5.32 yil; boy: 1.71+£0.05 m; vicut agiri@i: 71.54+9.39 kg). Ampute futbol magina verilen fizyolojik yanitlar [kan laktat (LA), kalp atim hizi (KAH)
ve algilanan zorluk derecesi (AZD)] ve hareket profilleri [ulasilan maksimal hiz, kat edilen toplam mesafe (Mesafemp), bes farkl kosu hizlarinda kat edilen

Mesafetop, bes farkll kosu hizinda kat edilen Mesafetop ylUzdesi ve dort maksimal kalp atm hizi (KAHmaks) ylzdesine gore gegcirilen slreler] toplam 7
resmi mag ile belirlenmistir.

Bulgular: Ortalama mag LA, AZD, KAH ve KAH_,..,. yanitlar sirasiyla 5.58+1.63 mmol.L™?, 9.43+2.62, ve 151.77+16.05 atim.dk™ ve 180.74+9.23 ati-
m.dk* olarak bulunmustur. Birinci yari KAHaks Yanitlan ikinci yarya gére daha yiksektir (p=0.02). Ampute futbolcularin magta kat ettikleri mesafe
102.62+7.24 m.dk™ olarak bulunmustur ve Mesafetop devrelere gore farkll degildir (p=0.40). Cok dustk siddetli kosu hizinda Mesafetop 73.86+0.57

m.dk® iken gok ylksek siddetli kosu hizinda 0.24+0.04 m.dk® olarak bulunmustur. Benzer sekilde, gok diistik siddetli kogu hizinda Mesafetop yUzdesi
70.18+10.30 ve ¢ok yuksek siddetli kosu hizinda Mesafetop ylzdesi 0.24+0.04’t0r. Ampute futbolcular mag sirasinda ~31 dakikayl yUksek ve ~15 da-
kikay! orta siddetli KAH.rsdlgelerinde gegirmiglerdir. Tim maglarda gok dustk ve distk siddetli KAH,,.xs DOIgelerinde gegirilen streler ~5 dakika
olarak bulunmustur.

Sonug: Bu calismanin bulgular profesyonel seviyede oynanan ampute futbolun yuksek siddetli bir egzersiz oldugunu ve ampute futbola 6zgt yUksek
siddetli antrenman yontemlerinin uygulanmasi gerektigini gdstermistir.

Anahtar Sézciikler: Ampute futbolcu, aktivite profili, gercek mag analizi, fizyolojik yanit
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INTRODUCTION

Amputee soccer is developed for athletes with a physical
impairment with unilateral lower and upper limb amputati-
on (1, 2). Two teams play amputee soccer on 60 meters long
40 meters wide pitch. Each team consists of 6 outfielders
and 1 goalkeeper. Outfielders use bilateral crutches to move
on the pitch and these players are not permitted to wear
prosthetic devices during the match. The duration of the
matches consists of two 25-minute halves with a ten minu-
tes rest in between. In the literature, the match demands of
soccer have widely been investigated during official and
training matches using metabolic, physiological measures
and global positioning systems to examine the activity pat-
terns (3-7). These results provided coaches and sport scien-
tists valuable information for the development of sport spe-
cific training strategies for players. However, despite the
popularity of amputee soccer around the world, there is pa-
ucity of data examining the physiological responses and
activity profiles during amputee soccer matches (1, 8). Mo-
reover, there is no study in the literature examining the
physiological responses and activity profiles of amputee
soccer players during official match play.

There is a wealth of research on the physical fitness charac-
teristics of amputee soccer players (9-15). It is also reported
that amputation level, amputation age and physical fitness
levels affect the performance of amputee soccer players (10,
13, 16-18). Information regarding the movement patterns
and physiological responses of amputee soccer players to
actual match play would aid coaches to prepare objective
and realistic training programs. Therefore, physiological
measurements and methods to analyze activity patterns in

Table 1. Descriptive statistics of amputee soccer players.

Variable
Age (years)
Height (m)

BM (kg)

BMI (kg/m?)
BF%
FM (kg)
FFM (kg)

Amputation age (years)
Canadian Crutch usage age (years)
Amputee soccer age (years)
Sport age (years)

amputee soccer are needed as the population is very uni-
que and the demands could be even more specific due to
the degree of lower limb amputation. Accordingly, it will be
possible to define the physiological requirements of ampu-
tee football players and develop various training approac-
hes that can be applied to improve physical and tactical
performance. Training programs specific for amputee soc-
cer can be planned by the coaches and sport scientists in
order to establish training load particular to amputee soc-
cer players. Therefore, the goal of the current study was to
investigate the physiological responses and activity pat-
terns of outfield amputee soccer players during official am-
putee soccer match.

MATERIALS and METHODS
Participants

Five elite male outfield amputee soccer players from the
same amputee soccer team volunteered for this study. Desc-
riptive statistics of amputee football players are shown in
Table 1. The reasons for disability of amputee players were
as follows; two congenital amputations, two resulted from
traffic accidents and one due to occupational accident. The-
ir amputation levels were transtibial (n=2) and transfemo-
ral (n=3). All players were free of injury, not on medication,
filled a medical screening questionnaire and signed con-
sent form before participating to this study. Ethical appro-
val was provided by the institutional university ethics com-
mittee (GO 18/106) and this study was conducted in accor-
dance with the 2013 Helsinki Declaration.

M+ SD Minimum Maximum
28.60 + 5.32 23.00 37.00
171+ 0.05 165 176
7154 +9.39 59.40 8330
24.36 £ 2.46 21.73 26.89
17.85 + 4.72 10.66 2251
1310 * 4.83 6.33 17.94
58.44 + 4.77 53.07 6536
24.00 t 2.35 22.00 27.00
14.20 + 6.57 90.00 24.00
0.20 £ 0.81 8.00 10.00
10.80 + 2.39 0.00 15.00

BM: body mass; BMI: body mass index; FFM: fat free mass; FM: fat mass; BF%:body fat percentage.

Anthropometric measurements

Height (cm) and body mass (kg) measurements were perfor-
med with the use of standard techniques (19). Outfield am-
putee soccer players were requested not to wear prosthesis
before having their stature and body mass measured. Body
composition measurement procedures followed the proto-
col described elsewhere (20). Extremity skinfolds were me-
asured to the nearest +2 mm at the chest, triceps and subs-

capular sites with two trials at each site with a single tra-
ined researcher (20, 21). The mean of the two trials were cal-
culated for the estimation of body composition. Body den-
sity (21) was transformed to percent body fat (BF%) using
the Siri formula (22). Fat free mass (FFM) (kg) and fat mass
(FM)(kg) were calculated using the formulas below (23).

1. Body density= 1.1125025 - [0.0013125 X (sum of
chest, triceps, and subscapular skinfolds] +
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[0.0000055 x (sum of chest, triceps, and subscapular  run test starting speed was modified to determine HRy,,x of

skinfolds) 2] - (0.000244 X age in years) amputee soccer players and circular track was formed to
2. BF%-= [(495 / Body density) — 450] * 100 avoid positive and negative accelerations (Figure 1). There-
3. FFM= Body mass (kg) — fat mass (kg) fore, amputee soccer players completed continuous incre-
4. FM= (Body mass (kg) * BF%)/100 mental progressive field test to volitional exhaustion for de-

_ termination of individual HR,,x. Running pace and durati-
Design on of the test were controlled through audio signals from a
The study was performed during first period of the 2019-  signal generator (Sport Expert, Tiimer Electronic, Ankara).
2020 amputee soccer super league season. An observational
design was used to evaluate the activity profiles and physi-
ological responses during 7 official away amputee soccer
matches. The stressful conditions of official matches may
negatively affect match performance of players (24). There-
fore, some players decided not to wear chest belt and wrist
receiver and number of amputee soccer players was limited
to 5 elite professional outfield amputee soccer players. The
mean data calculated from the 7 official matches was analy-
zed as activity patterns and physiological responses during
official amputee soccer matches for each outfield amputee

soccer players. Figure 1. Modified shuttle run test: Black cones

represent central cones and white cones represent
intermediate cones

Determination of HRp 5

There is no ecologically validated field test protocol in the
literature to determine aerobic capacity of amputee football
players who have gone through an amputation. Locomotor
activity varies in individuals with a lower limb amputation
compared to healthy counterparts (13, 25). Using Lofstrand
crutches affects walking and running mechanics and cor-
respondingly, energy demands increases among individu-
als who have gone through a lower limb amputation (25-27).
It has also been reported that amputee soccer players cove-
red lower distances and performed worse compared to re-
gular soccer players in tests which incorporates change of
direction (negative and positive accelerations) such as Yo-
Yo Intermittent Test (12). In the current study, 20 m shuttle

Table 2. Physiological responses and activity patterns during field test

The speed is increased 0.5 km/hr each minute from a star-
ting speed of 6 km/hr. The test was performed on a synthe-
tic turf in a 100 m circular track. The track was divided into
10 m intermediate and 20 m central cones. Each shuttle in
20 m central cones was recorded and accepted as a shuttle
during circular running and the test ended when the parti-
cipant could no longer catch the sound signal twice by the
10 m intermediate cone. HR was continuously monitored
during the test and the highest HR was registered as the
maximal value obtained at the end of the test. Results rela-
ted to field test is shown in Table 2.

Variables M+ SD Minimum Maximum
HR ax(opm) 187.60 * 7.50 178.00 197.00
Number of shuttles 87.40 + 1514 69.00 107.00
Distance (m) 1760.00 * 470.00 1310.00 2550.00
Speedpeqx (km/hr) 11.46 + 0.80 10.50 12.50

HRmax(bpm): maximal heart rate attained during field test; Speedpeak (km/hr): peak speed attained during field test.

Physiological responses belt and wrist receiver. Resting HR (HR,est) of players was

recorded continuously for 20 minutes while they were res-
ting in a seated position and the average of the last 5 minu-
tes was calculated as HRyest. HRpear Was taken to be the

The 20 point RPE Scale described by Borg (28) was used im-
mediately after the both halves. Blood lactate (BLa) of the
amputee soccer players was analyzed through a calibrated
portable analyser (EKF Lactate Scout, Germany) at rest
([BLa-est]) and within the 3 minutes after the halves. HR
was continuously recorded during matches every 1 s using
a HR monitor (Polar M430, Kempele, Finland) with a chest

highest achieved during and both halves of amputee soccer
match, while HRyean was calculated as the average of HR

measured during and in both halves of amputee soccer
match.
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Activity patterns

Peak speed (speedpear) (km/hr), total distance covered TD
(m), TD at five speed categories (SC) (m) and percentages of
TD at five SC in both halves of amputee soccer match were
collected by a HR monitor with 50-Hz GPS (Polar M430,
Kempele, Finland). Analysis of activity patterns was defi-
ned as described elsewhere (8). The absolute TD covered by
amputee soccer players were converted to relative analysis
of the TD per unit of time (m.min?) and TD represented the
summation of distances in all speed categories (29). Additi-
onally, calculated distances for each SC during match and
in both halves were defined as percentages of the TD. Besi-
des, activity patterns were determined with the percentages
of individual HRy,;4 obtained from the progressive field test
as HRy,,x intensity zones [0-40% (low-intensity), 40-60%
(moderate-intensity), 60-80% (high-intensity) and 80-100%
(maximal)]. Time spent as seconds at each HR;,,xzone was
calculated for each HRy,,x intensity zone.

Data analysis

The data are presented as the means and standard deviati-
ons (SD). Wilcoxon signed-ranks test was used to examine

Table 3. Results of physiological responses to amputee soccer match

differences in outcome measures between the halves.-Data
were analyzed using SPSS version 22.0 software.

RESULTS
Analysis of physiological responses
Mean HRye5 and [BLases] of amputee soccer players were

73.66+7.40 bpm and 1.73t0.40 mmol.L?, respectively.
HRpeak and HRyean reached during official amputee soccer
match were 180.74+9.23 bpm and 151.77+16.05 bpm, respec-
tively. The HRpeay in the first half was significantly higher
than in the second half (184.14+8.59 bpm vs 177.33+9.14
bpm, z=-2.32, p=0.02, respectively). Although there was a
decline in HRyeap, in the second half, there was not statisti-
cally significant difference between the halves (154.29+21.85
bpm vs 149.24+8.10 bpm,z=-1.01, p=0.31, respectively). RPE
and [BLa] responses during the amputee soccer match were
9.43+2.62 and 5.58+1.63 mmol.L™, respectively. Results reve-
aled no statistically significant differences in RPE and [BLa]
between the first and second half (10.14+2.34 vs 8.71+2.87,
Z=-1.36, P=0.17; 5.74%*2.21 mmol.L™? vs 5.41+0.90 mmol.L™,
7=-0.34, p=0.74, respectively). Results are given in Table 3.

Variable Match First half Second half z P
HRpeak(bpm) 180.74t9.23 184.14t8.59 177.33t90.14 -2.32 0.02
HRpean(bpm) 151.77+16.05 154.29+21.85 149.24%8.10 -1.01 0.31

RPE 0.43t2.62 10.14+2.34 8.71+2.87 -1.36 0.17
BLa (mmoll™) 5.58:1.63 574221 5.41£0.90 -0.34 0.74

HRpeak: Peak heart rate attained during match: HRypeqn: mean heart rate attained during match: RPE: Rate of perceived exertion: BLa: Blood
lactate concentration

Analysis of activity patterns

The relative TD during amputee soccer match was
102.62+7.24 m/min and statistical analysis showed that am-
putee soccer players covered similar distances in both hal-
ves (50.72 £ 3.55 m/min vs 51.90 * 4.64, Z=-0.85, p=0.40, 1€s-

pectively) (Table 4). TD covered in very low, low, moderate,
high and very high SC were 73.86+0.57 m/min, 16.97+1.20
m/min, 9.04+0.21 m/min, 2.46+0.23 m/min and 0.24+0.04
m/min, respectively. There were no statistically significant
differences in TD at five SC in both halves (p>0.05).

Table 4. Results of relative total distance covered at five speed categories

Variable Match
Total distance (m) 102.62+7.24
Speed categories
Very low (0-7 m/min) 73.86+0.57
Low (7.1-9.5 m/min) 16.971.20
Moderate (9.6-13.2m/min) 0.04%0.21
High (13.3-16.8 m/min) 2.46%0.23
Very high (>16.9 m/min) 0.24+0.04

First Half Second Half z P
50.72+3.55 51.90%4.64 -0.85 0.40
37.50%4.37 36.36:4.65 -0.85 0.40
7.29+2.00 0.68+3.02 -1.52 013
4.31£2.02 4.73%1.46 -0.51 0.61
1.46+1.39 1.00:0.91 -157 012
0.16+0.42 0.08+0.22 -0.45 0.65

Results revealed that speedpeqk attained during amputee
soccer match was 15.77+2.33 km/hr and there was not signi-
ficant difference in speedpeak attained between the first and
second half (15.43+2.40 vs 14.65+1.39, z=-0.68, p=0.50, res-
pectively). Current results revealed that 70.18+10.30 % of
the TD at very low speed while low, moderate, high and

very high efforts account for 16.28t5.23, 8.79t3.27 %,
2.34+2.16 % and 0.24+0.64 % of the TD, respectively. As sho-
wn in Table 5, statistical analysis did not identify a signifi-
cant difference on the percentage of TD during five SC cate-
gories in both halves (p>0.05)
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Table 5. Percentages of total distance covered at five speed categories and maxima speed attained during amputee soccer match

Speed categories Match
Very low (0-7 m.min™) 70.18+10.30
Low (71-9.5 mmin™) 16.28+5.23
Moderate (9.6-13.2 m.min™) 879¢3.27
High (13.3-16.8 mmin™) 2.34:216
Very high (>16.9 mmin™) 0.24+0.64
Maximal speed (km/hr) 15.77%2.33

When HRpeqx values were expressed as a percentage of the
HRpax» spent

1525.34%260.68 s which corresponded to 80-100% individu-
al HRjy o and time spent at the 80-100% HR,,x showed sig-

individual amputee soccer players

nificant difference in first half than in the second half
(961.14%369.80 s Vs 564.20+311.13 S, Z=-2.20, P = 0.03). Time

Table 6. Time spent at individual heart rate intensity zones.

Intensity zones Match
Low (0-40%) 00.00+00.00
Moderate (40-60%) 38.49%1.35
High (60-80%) 751.43%40.00
Maximal (80-100%) 1525.34t260.68

DISCUSSION
Analysis of physiological responses

The HRpeqi recorded during official amputee soccer match
play in the present study were similar with those recorded
in the previous studies (1, 8). The higher HR in amputee
soccer is probably a result of high load on the anaerobic
metabolism and these values indicated that amputee soccer
players are performing very vigorous activity during ampu-
tee soccer match. Moreover, the HRyea Value obtained du-
ring amputee soccer match in the current study was lower
than the previous studies (8). This discrepancy could be
correlated with the level of amputee soccer players’ physi-
cal conditioning. It was demonstrated that energy cost and
performance of lower limb amputees were worse during
walking and running activities compared to non-amputees
(27) and amputee soccer players had higher energy costs
during amputee soccer match than non-amputated soccer
players (1). It is difficult to compare with findings of other
intermittent team sports due to differences in rules, durati-
on and field of play. Comparable results have been reported
for futsal (30) and soccer (31). We observed significant diffe-
rences in HRpeax between the first and second halves and
there was a decline in the second half. The decrease in in-
tensity seemed to occur in the second half due to fatigue.

Our results in relation to RPE response to amputee soccer
match may suggest that amputee soccer players experien-
ced a higher physiological stress. The mean [BLa] response
obtained at post-amputee soccer game in the current study

was 5.81+1.63 mmol.L'? and it was similar in both halves.

First Half Second Half z P
73.04t9.72 66.42+10.13 -1.69 0.09
14.21+5.14 18.36%4.78 -1.35 018
8.37+3.67 0.21+3.05 -0.51 0.61
2.82+2.61 1.87+1.65 -157 0.12
0.32+0.84 0.16+0.41 -0.45 0.65
15.43%2.40 14.65+1.39 -0.68 0.50

spent at 60-80% and 40-60% individual HRy,x was
751.43%40.00 s and 38.49+1.34 s, respectively. As shown in
Table 6, results of the comparison between the halves sho-
wed no significant differences in time spent at the percenta-
ges of HRy, 55 intensity zones (p>0.05).

First Half Second Half z P
00.00:00.00 00.00+00.00 0.00 1.00
18.29+30.07 20.20%15.74 -0.37 0.71
347.43%146.39 404.00+124.27 -0.94 0.35

061.14+369.80 564.20+311.13 -2.20 0.03"

[BLa] comparison between the halves in a previous study
conducted with amputee soccer players revealed similar re-
sults (8). The mean match [BLa] is three times higher than
resting [BLa] suggesting that anaerobic energy provision is
taxed frequently in the amputee soccer match.

Analysis of activity patterns

During the 50 min amputee soccer match, amputee soccer
player covered 102.60+7.24 m per minute at various speeds.

Extrapolating the amputee soccer playing time to the 9o
min conventional soccer duration, both amputee and con-
ventional soccer players cover ~110-120 m/min during ga-
mes (29, 32). Amputee soccer players covered 113 m/min in
a similar study (8). These results are higher than the pre-
sent sudy. This discrepancy could be due to a myriad of ot-
her factors such as differences in methods of analysis as
well as the features of participants who took part in studies
(1). It has been reported that 80-90% activities are perfor-
med in low to moderate intensities in soccer (4). Three fo-
urth of amputee soccer match activities in the current study
are performed in very low to low intensities and amputee
soccer players covered 90.83 m per minute. We found that
TD covered at various SC did not change between the hal-
ves during official amputee soccer match. This is in line
with the previous study that amputee soccer players cove-
red similar distances in both halves and amputee soccer
players do not experience a drop in physical match perfor-
mance (32). The speed,e, attained in the current study du-

ring amputee soccer match was 15.77+2.33 km/hr and a dec-
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line in speedpeaWas not statistically evident in the second
half. These results are in agreement with a study conducted
with amputee soccer players (8).

In soccer, a player’s HR during a 9o-minute soccer game is
rarely below 65% of maximal values and ranges between
80-90% HR,x, suggesting that blood flow to the exercising
leg muscle is continuously higher than at rest, which me-
ans oxygen delivery is high, as well (31, 33). Correspon-
dingly, we found that the average exercise intensity, measu-
red as percentage of individual HRy,,x, during 50-minute
amputee soccer match was close to anaerobic threshold
and amputee soccer players spent ~15 min at 60-80%
HRpyax and ~31 min at 80-100% HR,x. In amputee soccer,
the limiting factor of oxidative capacity of contracting
muscles is not only dependent on to the unilateral lower
limb but also to upper limbs due to usage of bilateral crutch
for locomotion. We observed important differences in
%HRax between the first and second halves. There was no
change time spent at low (0-40%), moderate (40-60%) and
high (60-80%) individual HR zones whereas there was a re-
duction in time spent at 80-100% HR;x in the second
half. Previous research also reported that time spent at
95% HRy,x Was statistically lower in the second half (1).
Our results confirm that exercise intensity in amputee soc-
cer is high and amputee soccer players are under high phy-
siological loads and they play amputee soccer at higher
percentages of individual HRy5x.

Limitation of the present study is that the activity patterns
and physiological responses were collected only from five
amputee soccer players. It will be relevant in the future stu-
dies to include amputee soccer teams from various perfor-
mance levels in order to capture various results related to
activity profiles and physiological responses in amputee
soccer matches.

CONCLUSION

This study demonstrated that amputee soccer players spent
the first half at higher HR 55 than in the second half during
amputee soccer match. Additionally, time spent at maximal
(80-100%) individual HR intensity zone was higher in the
first half than in the second half. On the contrary,
speedpeak, TD, percentage of the TD at five SC and time
spent at three HRy,5x zones during amputee soccer match
were similar in both halves.

Practical applications

Various training strategies can be implemented in amputee
soccer to solicit the tactical, physical and technical aspects
comparable to match conditions (34). For instance, tactical
5 vs 5 small sided drills of 3 to 5 min can be performed

nonstop to develop sport specific endurance (35) and 2 vs 2
small sided drills of 5 to 9 min can be performed nonstop to
develop sport specific technical skill as well as agility (36).
In soccer, various speed categories were developed to deter-
mine the TD (37, 38). From this point of view, new speed ca-
tegories can be identified in amputee soccer. It is reported
that TD at high intensity running and above is crucial in
soccer, it determines the game result (39) and soccer pla-
yers who have high lactate thresholds cover more distances
in a game (40). Therefore, small sided games of 8 vs 8, 6 vs
6 and 5 vs 5 can be incorporated to amputee soccer tra-
inings to develop lactate threshold at 85-90% of HR 5 (41).
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