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Despite having similar requirements to regular football, amputee football may also require different
dynamics due to using crutches. This study investigated the relationship between upper extremity
strength and performance in amputee players.

Twenty amputee players participated in this study. Running performance of amputee players was
measured with sprint tests; aerobic performance with a shuttle run test; jumping performance with a
one-leg hop test and upper extremity strength with a digital dynamometer. The relationship between
the types of performance was evaluated by multiple regression analysis.

The 10 (p = 0.009) and 20 meters sprint performance (p = 0.035) was associated with latissimus dorsi
muscle and the 30 meters (p=0.030) with shoulder extension strength. In addition, 10 (p = 0.018),
20 (p = 0.020) and 30 meters sprint performance (p=0.036) was associated with one-leg hop performance.
However, there were no related data with the max VO, (p = 0.339), and the aerobic performance test
duration (p = 0.348).

The results indicated that the sprinting performance of amputee players was not only related with lower
extremity strength but also with upper extremity strength. It may be beneficial to include shoulder
extension and particularly latissimus dorsi strengthening exercises in training programs of amputee
football players to provide an increase in anaerobic performance.
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INTRODUCTION

Amputation is defined as a permanent loss of all or part of the extremity [1],
and it poses a major health problem worldwide despite the technological
advancements [2]. In one study, authors stated that 1.9 million people had
losses of extremities in the United States as of 2006, and estimated that this
number would increase more than twice by 2050 [3].

Individuals commonly experience physical and psychological problems as a
result of amputation [4, 5]. However, participation in sports activities contributes
to the development of lower extremity amputees in physical and psychosocial
terms and helps with neutralizing the negative effects of amputation [5-7].
Therefore, participation in sports activities by individuals with disabilities is
encouraged [6], and many amateur and professional sports branches were
created for this purpose. Amputee football, which was originally created for
rehabilitation and continued its development with professional investments over
time, now emerges as one of these athletic branches [8, 9].

Amputee football is played by two teams of seven people (six players, one goal
keeper) and in two periods, 25 minutes each [10]. The pitch in amputee football
is approximately 40x60 meters and it can be synthetic or natural grass [1,
10]. Goalkeepers have two intact lower extremities, but one upper extremity
amputation. Outfield players have a lower extremity amputation and they use
crutches in the game. Due to the nature of the game, players cannot use their
prostheses in the field and cannot get support from their amputated extremities
[10, 11].

In amputee football, similarly to regular football, optimal flexibility, strength,
endurance, speed and agility are required to perform sufficient performance
[12, 13]. However, it is important to remember that amputee football may also
have different requirements, especially due to the use of crutches [14]. In
scientific literature, studies have revealed a significant relationship between
lower extremity strength and performance in regular football players [15, 16].
Similarly, the idea of a relationship between lower extremity strength and
performance in amputee football players would be a natural outcome [17].
However, as stated, amputee athletes play with a pair of crutches, in addition
to the lower extremity strength, the upper extremity strength may also be
necessary for performance in amputee football players [14]. Multiple studies
have been constructed upon this idea [18-20]. However, none of these studies
in the literature has specifically questioned the relationship between upper
extremity strength and performance in amputee football players. Therefore,
the purpose of this study is to investigate the relationship between upper
extremity strength and performance in elite amputee football players. This study
may contribute to the literature on ever-developing amputee football, and the
potential results of the study contribute to the regulation of training programs
as well as development of the performance skills of amputee football players.

MATERIAL AND METHODS

This scientific research retrospectively used the strength and performance data
obtained from amputee football players in the Turkish National Amputee Football
team between August 2019 and September 2019. For this study, permission
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(No. 92340882-050.04.04; protocol 2019/085) was obtained from the Clinical
Research Ethics Committee of the Faculty of Health Sciences in Aydin Adnan
Menderes University dated 25.12.2019. For the study, the data obtained from
25 players, who participated in the National Team camp between the specified
dates and had complete strength and performance data, were used. Since the
goalkeepers had upper extremity amputation, they were excluded from the
study and the data of 20 football players were used for statistical analysis.
One-leg hop, sprint at 10, 20, 30 meters and shuttle run tests were used
to measure players’ performances. To measure strength, shoulder flexion,
shoulder abduction, shoulder extension and elbow extension strengths were
evaluated along with the strength of the serratus anterior, latissimus dorsi
and upper trapezius muscles.

One leg hop test

Firstly, amputee football players stood on the starting line with their hands on
their waist and on their support leg without prostheses and crutches. While
standing in this position, they jumped without losing their balance and lowering
their hands. The distance from the starting line to the heel of the player was
recorded in centimeters [21, 22]. Players performed the test twice and the
best value was taken as the result.

Sprint performance

In order to measure the amputee players’ running performance, a starting
line was created and every 10-meter distance was marked. The test started
with a beep and sprint times of the participants at 10, 20 and 30 meters were
recorded. The players did not use their prostheses during the sprint, and they
ran with crutches [17]. Athletes performed the sprint test twice and the best
values were taken as the result.

Shuttle run test

For the shuttle run test, two distances of 20 meters were determined and marked
with cones. The test with accelerating speed started with a beep command
(started with a speed of 8.5 km/h-1, and speed was accelerated by 0.5 km/h-
1 every minute) [23, 24]. In the test, players should pass 20 meters until the
other beep. The test was terminated if the participant dropped the test or could
not reach the finish line before the beeps two times [23]. In this test, both the
estimated maximum VO, values of the players and their test times were calculated
[24]. Before all performance tests, the details of which were explained above, the
measurements were verbally and visually explained to the participants.

Strength tests

Lafayette-Manual Muscle Tester (Lafayette Instrument Company, Lafayette,
USA, Model: 01165) digital dynamometer was used to measure all strength
values. Before the measurement of strength, a tester explained the test content
to the participants verbally and practically. The same tester repeated the
strength measurements three times, and the highest values was recorded
for analysis [25, 26]. For this retrospective study, previously measured upper
extremity strength parameters recorded in the data form were included. These
parameters were shoulder flexion, abduction, extension and elbow extension
strength as well as latissimus dorsi, serratus anterior and upper trapezius
muscle strengths. For shoulder flexion and abduction strength, the arm was
placed in 90 degree flexion and abduction respectively while the athlete was
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in a sitting position. Resistance was given downward from the distal of the
humerus. For the shoulder extension strength, the athlete was asked to lift his
arm back while in the prone position. Resistance was given downward from the
distal of the humerus. While the athlete was in the supine position to determine
the elbow extension strength, the shoulder and elbow were brought to the 90
degree flexion position. Resistance was given downwards over the wrist. For
the latissimus dorsi strength, while the participant was in a sitting position,
the elbow was brought to 90 degrees of flexion, the shoulder internal rotation
and 30 degrees extension. The resistance was applied to the posterior aspect
of the upper arm over the elbow. While the athlete was in the supine position
for the strength of the serratus anterior, the elbow was placed full and the
shoulder at 90 degrees flexion. Resistance was applied over olecranon while
the athlete was performing shoulder protraction. Finally, the participant was
placed in a sitting position to determine the strength of the upper trapezius
muscle. While the athlete tried to elevate the shoulder against resistance, the
dynamometer was applied to the head that laterally flexed. For each strength
test maximum resistance was applied for 3-5 seconds with dynamometer, and
the values were recorded as Newton [25, 27, 28].

STATISTICAL ANALYSIS

The normality analyses of the data obtained for the study were evaluated using
visual (histograms, probability plots) and analytical methods (Shapiro Wilk’s
test). As a result of the analysis, it was seen that all data had normal distribution.
Multiple regression analysis was used to determine the performance and
upper extremity strength association level in amputee players, and statistical
significance value was determined as p < 0.05 for all data.

RESULTS

The average age of the Turkish National Amputee Football Players that
participated in the study was 25.55 + 5.17 years, and their average weights were
64.93 * 8.11 kg. Other demographic information and detailed performance/
strength results of the players were summarized in Table 1.

As a result of multiple regression analysis performed to determine the association
between upper extremity strength and performance in elite amputee players, a
significant interaction was found between sprint performances at 10 meters (p =
0.009, p =0.018), 20 meters (p = 0.035, p = 0.020) and latissimus dorsi strength,
one leg hop performance respectively. There was a significant correlation of
shoulder extension strength (p = 0.030) and one leg hop performance (p = 0.036)
with 30 meters sprint (Table 2).

As a result of the shuttle run test, none of the upper extremity data had an
association with max VO, consumption (p = 0.339) or shuttle run test time (p
= 0.348) (Table 3). In addition, the independent variables did not have any
multicollinearity with each other (Table 2) [29].

As stated before, athletes performed sprint and one-leg hop tests twice and the

strength tests 3 times, and the highest values were recorded for analysis. ICC
results obtained from these data varied between 0.579-0.951 (Table 4).
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Table 1. Demographic, performance and strength data of the amputee players
|

Mean =SD
Age (year) 25.55 +5.17
Height (cm) 175.40 £5.81
Weight (kg) 64.93 £8.11
10m sprint (s) 2.20 £0.22
20m sprint (s) 3.81 +030
30m sprint (s) 5,37 £0.41
Shuttle run test duration (s) 304.60 £71.19
MaxVO, (ml/kg/mn) 32.43 £3.95
OLH (cm) 214.70 £13.50
S.Flex (N) 236.39 +36.74
S.Ext (N) 184.46 £30.50
S.Abd (N) 238.06 +32.75
E.Eks (N) 201.18 £22.30
S.Anterior (N) 186.28 £24.94
L.Dorsi (N) 183.14 +27.93
U.Trapezius (N) 173.68 £22.26

MaxVO,: Shuttle run test approximate maximal oxygen consumption, OLH: One leg hop test, S.Flex: Shoulder flexion
strength, S.Ext: Shoulder extension strength, S.Abd: Shoulder abduction strength, E.Ext: Elbow extension strength, S.An-
terior: Serratus anterior muscle strength, L.Dorsi: Latissimus dorsi muscle strength, U.Trapezius: Upper trapezius mu-
scle strength.

Table 2. Multiple regression analyses of the sprint performances
|

DV IV Adjusted R? B t p 95%Cl VIF
L.Dorsi 0492 -2.928 0009 900w 1081
s o 0013/  1.081
OLH 0440 2618 0018 OO -
L.Dorsi 0413 -2.294 0035 900 1081
szp?mt 0.430
OLH -0.463 2,571 o020 9019/ 1081
S.Ext 043 2367 o003 Q0L 1.064
s3p?mt 0.393
OLH 0420 2277 o036 90 1064

DV: Dependent variable, IV: Independent variable, B: Standardized coefficient, L.Dorsi: Latissimus dorsi muscle strength,
S.Ext: Shoulder extension strength, OLH: One leg hop test.

Table 3. Multiple regression analyses of the aerobic performance
|

DV \% Adjusted R2 F p
Test duration Strength 0.102 1.270 0.348
MaxVO, Strength 0.109 1.201 0.339

DV: Dependent variable, IV: Independent variable, Test duration: Shuttle run test duration of the players, MaxVO,: OLH:
One leg hop test, Strength*: Shoulder flexion strength, shoulder extension strength, shoulder abduction strength, elbow
extension strength, serratus anterior muscle strength, latissimus dorsi muscle strength, upper trapezius muscle strength.
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Table 4. Intraclass correlation coefficient values of the performance and strength tests
r_______________________________________________________________________________________|
95% Confidence Interval

ICC
(Lower Bound-Upper Bound)
10m sprint (s) 0.579 0.094-0.838
20m sprint (s) 0.750 0.350-0.904
30m sprint (s) 0.788 0.339-0.932
OLH (cm) 0.868 0.667-0.948
S.Flex (N) 0.949 0.893-0.978
S.Ext (N) 0.951 0.896-979
S.Abd (N) 0.875 0.737-0.947
E.Eks (N) 0.940 0.874-0.974
S.Anterior (N) 0.883 0.754-0.950
L.Dorsi (N) 0.919 0.829-0.965
U.Trapezius (N) 0.835 0.652-0.930

ICC: Intraclass correlation coefficient, OLH: One leg hop test, S.Flex: Shoulder flexion strength, S.Ext: Shoulder exten-
sion strength, S.Abd: Shoulder abduction strength, E.Ext: Elbow extension strength, S.Anterior: Serratus anterior muscle
strength, L.Dorsi: Latissimus dorsi muscle strength, U.Trapezius: Upper trapezius muscle strength.

DISCUSSION

As a result of this study, which was designed to determine the association
between upper extremity strength and performance in elite amputee players, it
was found that there could be an interaction between upper extremity strength
and anaerobic performances of amputee players.

The overall health and life qualities of many people with physical disabilities
are low [30]. Many rehabilitation programs have been developed to treat
this situation. However, physical therapy and rehabilitation services cannot
continue for a long time in the form of inpatient or outpatient treatment [31].
For this reason, adapted sports are increasingly used in disabled individuals
as a support to physical therapy and rehabilitation [31], and there are many
sports branches that emerged based on this opinion. Amputee football, one
of these sportive branches, was created for recreation and rehabilitation at
the beginning like most other sports branches for the disabled. Later on, it
was transformed into a developing professional sports branch supported by
investments and incentives [6, 7, 14].

As in regular football, lower extremity strength is one of the most important
components for anaerobic performance in amputee football [15, 17, 32].
However, there may be a need for different requirements when compared to
regular football in order to provide sufficient performance in amputee football,
especially due to the use of crutches. With this in mind, many researchers
conducted studies on upper extremities performance of amputee football
players [18-20]. However, these studies did not examine the relationship
between upper extremity strength and performance in amputee players
specifically. In this respect, this is the first study in the literature. As a result
of the analysis, it was observed that sprinting performance at 10, 20 meters
associated with latissimus dorsi muscle and one leg hop performance, and
30-meter sprint with shoulder extension strength and one leg hop performance.
On the contrary, there was no relation between aerobic performance and the
relevant parameters. When these results were evaluated, the presence of a
relationship between one leg hop and sprint performance might be an expected
result. Multiple studies had already confirmed this outcome in both regular
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and amputee football players [17, 32]. However, the interesting result is to
reveal the association between the upper extremity strength and performance
in amputee players. The occurrence of this situation is probably due to the
use of crutches. The study by Requejo et al. also verifies this result [33]. In
their study, Requejo et al. examined the upper extremity kinetics in the use of
crutches and stated that at the end of the crutch swing phase, the shoulder
had approximately 10 degrees of abduction and 20 degrees of flexion angle
and these angles turned into 0 degrees of extension and adduction at the
beginning of the crutch swing phase. They also stated that 15-25 degrees of
humeral internal rotation was present during these phase transitions [33].
When the crutch swing phase was analyzed completely, it was seen that there
was a shoulder extension, abduction and internal rotation cycle indicating
latissimus dorsi function. Latissimus dorsi muscle, which plays an important
role in crutch-assisted gait and includes shoulder extension, probably plays
an important role in the anaerobic performance of amputee players along
with the lower extremity strength. Based on its results, this study brings new
suggestions to coaches for increasing performance in amputee players.

When similar studies investigating the upper extremity effectiveness in
amputee players are examined, it was observed that two studies had similar
[18, 19], and one had opposite views to this study [20]. According to the
study by Simim et al., the number of push-ups performed after the amputee
football competition were decreased [19]. Miyomoto et al. noted a significant
negative relationship between 30 meters sprint performance and the number
of push-ups [18]. Accordingly, the results of these two studies suggested
that there may be a requirement for upper extremity strength/endurance for
sufficient performance in amputee football players. In contrast, Wieczorek et
al. found that there was no relationship between 30 m sprint and hand held
dynamometer strength [20]. Although the results of the research contrast
with the results of this study, the authors attributed the probable cause of
this outcome to the assumption that the isometric strength measured by hand
dynamometer may not correspond to the nature of the sprint.

When the aerobic performance associations of amputee players were analyzed,
it was seen that the results of the study were compatible with the literature.
A study indicated that the main determinants of aerobic performance were
maximal cardiac output and total hemoglobin mass [34]. In terms of strength,
it was stated that muscle strength decreased the mitochondrial density and
may reduce the endurance capacity by reducing oxidative enzyme activity [35,
36]. Therefore, aerobic performance is believed to be based on endurance
rather than strength [37]. In order to determine whether the upper extremity
has an effect on the aerobic performances of amputee players, evaluating the
endurance instead of the strength would be a more accurate method. This
is one of the limitations of the study. The second limitation is that, since the
study was designed retrospectively, only the data of the players participating in
the relevant camps and whose performance and strength data were complete
could be analyzed. Narrow population is another limitation of the study. The
results of this study represent amputee individuals playing football. In order
to practice the results in sedentary amputated individuals, the study should
be carried out in the relevant population.
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CONCLUSIONS

With this study, it was demonstrated that the anaerobic performances of
elite amputee players may be related to the upper extremity strength. In
order to increase sprinting performance in amputee football players, it is
recommended that training programs should include shoulder extension,
particularly latissimus dorsi strengthening exercises.
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