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Muscle and tendon tissue
properties of competitive soccer
goalkeepers and midfielders
A pilot study

Introduction

In addition to the technical and tactical
training, superior physical development,
including strength, endurance (stamina),
and agility, is of great importance in
soccer (Hoff, 2005). Thus, the proper-
ties of the muscle–tendon unit (MTU)
play a central role in the performance
of a player. Adaptations in the MTU
due to training have been reported to
be specific in different types of sports.
In a study of track and field athletics,
Arampatzis, Karamanidis, Morey-Klaps-
ing, DeMonte, and Stafilidis (2007) com-
pared endurance athletes with sprinters
and found that the sprinters had signifi-
cantly higher maximum voluntary con-
traction (MVC) torques and (active) ten-
don stiffness than the endurance athletes.
Additionally, specific adaptations of the
MTU have also been reported in en-
durance athletes: Several studies found
structural adaptations due to endurance
training habits in the muscle cross sec-
tional area (Stenroth et al., 2015), fascicle
length (Oda et al., 2013), tendon length
(Sano et al., 2013), and tendon stiffness
(Oda et al., 2013; Kunimasa et al., 2015).

Even within a specific type of sport,
e.g., soccer, the requirements for athletes
in different playing positions may differ
substantially, which might lead to dif-
ferent MTU adaptations. Faria, Gabriel,
Abrantes, Wood, and Moreira (2013)
investigated MVC torque and muscle–
tendon stiffness in soccer players and
non-active persons. Moreover, the au-
thors divided the soccer players into four
groups, depending on their playing po-

sitions (defenders, midfielders, wingers,
forwards). No difference in MVC torque
and muscle–tendon stiffness between
all five groups (four athlete groups and
one group with non-active persons) was
found. However, in their study, Faria
et al. (2013) did not include goalkeep-
ers, who have very specific requirements
in their playing position. Goalkeep-
ers, however, are an essential part of
a soccer team and should therefore be
considered. Compared to field players,
the movement of a goalkeeper during
defending situations is explosive and
requires capacity to jump (Knoop, Fer-
nandez-Fernandez, & Ferrauti, 2013).
Field players (especially midfielders),
however, have a requirement for en-
durance. During a soccer game, the
average heart rate of a field player is at
80–90% of its maximum (Hoff, 2005),
while one could assume that goalkeepers
have lower heart rate values during both
training and competition. Midfielders
run the most (up to 11.9–12km) com-
pared to all other players (forwards up to
11.2km; defenders up to 10.6–11.4km;
Di Salvo et al., 2007), whereas goalkeep-
ers run the shortest distance in a soccer
game (4km, Gil, Gil, Ruiz, Irazusta, &
Irazusta, 2007). Moreover, midfielders
have significantly higher VO2max values
compared to all other playing positions,
while the goalkeepers have the lowest
(Najafi, Shakerian, Habibi, Shabani, &
Fatemi, 2015).

To the best of our knowledge, no stud-
ies so far have compared the functional
(range of motion (RoM), passive resis-
tive torque (PRT), MVC torque, muscle–

tendon stiffness) and structural (muscle
stiffness, tendon stiffness, muscle thick-
ness, fascicle length, pennation angle)
parameters of the lower leg muscles of
soccer goalkeepers and midfielders and
their less-active peers.

Therefore, the main objective of this
study was to determine and compare the
functional and structural parameters of
the lower legmuscles in soccer goalkeep-
ers, midfielders, and less-active persons
(controls).

Due to the findings in the literature,
we hypothesized that goalkeepers would
demonstrate higher MVC torque values
and higher tendon and/or muscle stiff-
ness compared to midfielders and non-
active controls.

Methods

Experimental design

A total of 21 participants volunteered in
the study. They were assigned to a goal-
keeper group (n= 7), a midfielder group
(n= 7), and a control group (n= 7). The
RoM, PRT, MVC torque, and several pa-
rameters of the MTU (muscle thickness,
fascicle length, pennation angle, muscle
stiffness, passive tendon stiffness) of the
gastrocnemius medialis (GM) were de-
termined.

Participants

Twenty-one healthy male participants
(mean± SD; 22.5± 2.4 years, 179.0
± 6.1cm, 75.4± 10.0kg) volunteered in
this study. The goalkeepers, midfielders,
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and controls performed a training vol-
ume of (mean± SD, range) 10.7± 1.3h,
9–12h; 11.7± 0.8h, 10–12h; and 2.3
± 1.9h, 0–4h, per week, respectively.
The goalkeepers (GK) and the midfield-
ers (MF) were competitive soccer players
who played in the Austrian second (GK:
2; MF: 5), third (GK: 4; MF: 1), and
fourth (GK: 1; MF: 1) leagues. Each
subject was informed about the testing
procedure, but not about our hypotheses,
and they each gave written consent to
participate in the study. Written hand-
outs and personal interviews were used
to inform participants about all involved
procedures. Participants with a history
of lower leg injuries were excluded. Fur-
thermore, subjects of the control group
had to be between 18 and 25 years old
and not participate in a training regime.
Only soccer players from the second
to the fourth Austrian soccer league
were included in this study. The Ethical
Committee of the University of Graz
approved the study.

Measures

To ensure a high scientific standard, all
measurements were undertaken by the
same investigator. The temperature in the
laboratory was kept constant at around
20.5 °C. Measurements were performed
without any warm-up and in the follow-
ing order: 1. RoM (1-min break); 2. PRT
(1-min break); 3. MVC.

Range of motion measurement
Todetermine the rangeofmotion (RoM),
anisokineticdynamometer(CON-TREX
MJ, CMVAG,Duebendorf, Switzerland)
wasused, andthestandardsetup forankle
jointmovement of the dynamometerwas
individually adjusted. Participants were
seated with a hip joint angle of 110° and
their knee was fully extended on the dy-
namometer. Moreover, participantswere
securedwith a strap on the upper body to
exclude any evasive movement. The foot
was fixed barefooted with a strap to the
foot plate of the dynamometer, and the
estimated ankle joint centerwas carefully
alignedwith the axis of the dynamometer
to avoid any heel displacement. More-
over, the upper leg was fixed with a strap
to avoid any movement of the knee. Par-

ticipants were first moved to the neutral
ankle joint position in the dynamometer
(90°). They were then asked to regu-
late the motor of the dynamometer with
a remote control to get into a dorsiflex-
ion (stretching) position until the point
of discomfort was reached. The differ-
ence between the maximum dorsiflexion
and the neutral position was defined as
the dorsiflexion RoM.

Passive resistive torque
measurement
During passive resistive torque (PRT)
measurement, the dynamometer moved
the ankle joint from a 10° plantar flexion
to the individual maximum dorsiflexion
RoM which was previously determined
in the RoM measurement. During pilot
measurements, we recognized a condi-
tioning effect during the first two passive
movements, similar to the active con-
ditioning reported by Maganaris (2003).
Therefore, the ankle jointwasmovedpas-
sively for three cycles and measurements
were taken during the third cycle tomin-
imize bias due to conditioning effects.
Similar to the studies by Kubo, Kane-
hisa, and Fukunaga (2002) and Mahieu,
Cools, De Wilde, Boon, and Witvrouw
(2009), the velocity of the dynamometer
was set at 5°/s to exclude any reflexive
muscle activity. Participants were asked
to relax during the measurements.

Maximum voluntary contraction
measurement
Maximumvoluntary contraction (MVC)
measurement was performed with the
dynamometer at a neutral ankle posi-
tion (90°). Participants were instructed
to perform three isometric MVCs of the
plantar flexors for 5 s, with rest periods of
at least 1min between the measurements
to avoid any fatigue. The attempt with
the highest MVC torque value was taken
for further analysis.

Electromyography
Muscular activitywasmonitoredbyElec-
tromyography (EMG; myon 320, myon
AG, Zurich, Switzerland) during PRT
andMVCmeasurements. After standard
skin preparation surface electrodes (Blue
Sensor N, Ambu A/S, Ballerup, Den-
mark) were placed on the muscle bellies

of the GM and the tibialis anterior ac-
cording to SENIAM recommendations
(Hermens et al., 1999). In the PRT mea-
surements, the raw EMG (normalized
to plantar flexor MVC) was monitored
post hoc to ensure that the subject was
relaxed, i.e., did not show EMG activity
exceeding 5% of MVC (Gajdosik, Van-
der Linden, McNair, Williams, & Rig-
gin, 2005; Kato, Kanehisa, Fukunaga, &
Kawakami, 2010). The sample rate was
2000Hz. The EMG signals were high-
pass filtered (10Hz, Butterworth) and
root-mean-square (RMS, 50mswindow)
values were calculated.

Measurement of elongation of the
muscle–tendon structures
A real-time ultrasound apparatus (my-
lab 60, Esaote S.p.A., Genova, Italy) with
a 10-cm B-mode linear-array probe (LA
923, Esaote S.p.A., Genova, Italy) was
used to obtain longitudinal ultrasound
images of the GM.

During the PRT measurements, the
ultrasound probe was placed on the dis-
tal end of the GM (see Fig. 2 Konrad &
Tilp, 2014a, 2014b), where the muscle is
connected to theAchilles tendon, i.e., the
muscle tendon junction (MTJ;Kato et al.,
2010). Theultrasoundprobewas covered
by a custom-built Styrofoam block and
secured with elastic bands to prevent any
displacement of the probe. During a pre-
vious study (Stafilidis & Tilp, 2015), we
confirmed that this kind of fixation of
the ultrasound probe did not lead to any
unwanted shifts of the probe during the
measurement. To determine the muscle
displacement during PRT measurement,
the echoes of the MTJ in the ultrasound
videosweremanually tracked (Kato et al.,
2010). Similar to the approach used by
other authors (Morse, Degens, Seynnes,
Maganaris, & Jones, 2008; Kato et al.,
2010), the cadaveric regression model of
Grieve, Gavanagh, and Pheasant (1978)
was used to obtain the length changes
of the MTU of the GM during passive
movements. The difference between the
overall MTU length change and the dis-
placement of the muscle (determined by
MTJ displacement) was defined as the
tendon displacement.

Prior to the RoM measurement, the
muscle thickness and the length of the
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GM fascicle and its pennation angle with
the deep aponeurosis were determined
from the ultrasound videos at a neutral
position of the ankle joint (90°). The
ultrasoundprobewasplacedat50%ofthe
GM muscle length (Morse et al., 2008).

The ultrasound images were recorded
at 25Hz, with an image depth resolution
of 74mm (65 pixels =̂ 1cm; Konrad &
Tilp, 2014a, 2014b; Konrad, Gad, & Tilp,
2015). During PRT measurements, the
videos were synchronized with the other
data with a custom-built manual trigger.
The videos were cut and digitized in
VirtualDub open-source software (ver-
sion 1.6.19, www.virtual dub.org) and
analyzed in ImageJ open-source soft-
ware (version 1.44p, National Institutes
of Health, Bethesda, MD, USA).

Each video was measured by two in-
vestigators, and the mean values of both
measurementswereusedforfurtheranal-
ysis of the muscle–tendon structure. In
total three investigatorswere participants
of this study. Except for the principal
investigator, the two other investigators
were not informed of the hypotheses of
the studyor the group allocation andpar-
ticipants’ names. During the analysis of
the PRT measurement, every fifth frame
was measured by the investigators, cor-
responding to a time resolution of 0.2 s.

Calculation of muscle–tendon
force, passive muscle–tendon
stiffness, and muscle–tendon
stiffness
Themuscle forceof theGMwasestimated
by multiplying the measured torque by
the relative contribution of the physio-
logical cross-sectional area (18%) of the
GM within the plantar flexor muscles
(Kubo et al., 2002; Mahieu et al., 2009),
and dividing by the moment arm of the
triceps surae muscle, which was individ-
ually measured by tape measure as the
distance between the malleolus lateralis
and the Achilles tendon at rest at neu-
tral ankle position (90°, Konrad & Tilp,
2014a, 2014b; Konrad et al., 2015). The
mean value of the MA was 4.5 cm and
the range was 4.0–5.0 cm.

Passive tendon stiffness, muscle stiff-
ness, and muscle–tendon stiffness were
calculated as the change in the passive
force produced from the neutral ankle
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Abstract
The purpose of this pilot study was to investi-
gate the effect of playing-position-dependent
training routines in soccer on the various
muscle–tendon parameters.We hypothesized
that there would be differences in such
parameters between competitive goalkeepers
and midfielders. According to their playing
position, 21 healthy volunteers were assigned
to goalkeeper (n= 7), midfielder (n= 7), and
control (n= 7) groups. To investigate the
muscle–tendon parameters, we determined
the maximum dorsiflexion range of motion
and the corresponding muscle thickness,
fascicle length, and pennation angle of the
gastrocnemius medialis. Passive resistive
torque and maximum voluntary contraction
were measured with a dynamometer.
Observation of muscle–tendon junction
displacementwith ultrasound allowed us to
determine length changes in the tendon and
muscle, respectively, and hence to calculate

stiffness. There was no significant difference
in range of motion, passive resistive torque,
muscle–tendon stiffness, and the examined
structural parameters (e.g., tendon stiffness)
between the three groups. However, we
found a significant difference in maximum
voluntary contraction torque between the
goalkeepers and midfielders vs. the controls,
but not between the athlete groups. Habitual
training leads to higher muscle strength
in soccer players compared to less active
persons. However, soccer training does
not lead to specific muscle and tendon
architecture adaptations according to playing
position or when compared to less active
persons.

Keywords
Football · Stiffness · Ultrasound · Passive
resistive torque · Maximum voluntary
contraction

Eigenschaften vonMuskel- und Sehnengewebe bei an
Fußballwettbewerben teilnehmenden Torhütern und
Mittelfeldspielern. Eine Pilotstudie

Zusammenfassung
Ziel der vorliegenden Pilotstudie war es, die
Wirkung spielpositionsabhängiger Fußball-
trainingsprogramme auf die verschiedenen
Muskel-Sehnen-Parameter zu untersuchen.
Postuliert wurde, dass sich Torhüter und
Mittelfeldspieler, die Wettkampfsport
betreiben, in derartigen Parametern
unterscheiden. Gemäß ihrer Spielposition
wurden 21 gesunde freiwillige Teilnehmer
Gruppen zugeordnet: Torhüter (n= 7), Mittel-
feldspieler (n= 7) und einer Kontrollgruppe
(n= 7). Für die Untersuchung der Muskel-
Sehnen-Parameter wurden der maximale
Bewegungsumfang der Dorsalflexion sowie
die dazugehörige Muskeldicke, Faszikellänge
und der Fiederungswinkel des Musculus
gastrocnemius medialis bestimmt. Das
passive Drehmoment und die Maximalkraft
wurden mithilfe eines Dynamometers
gemessen. Die sonographische Beobachtung
der Verlagerung des Muskel-Sehnen-
Übergangs ermöglichte eine Bestimmung
von Längenänderungen der Sehne bzw.

des Muskels und damit die Berechnung
der Steifigkeit. Zwischen den drei Gruppen
fanden sich keine signifikantenUnterschiede
im Bewegungsumfang, dem passiven
Drehmoment, der Muskel-Sehnen-Steifigkeit
und den untersuchten Strukturparametern
(beispielsweise Sehnensteifigkeit). Ein
signifikanter Unterschied bestand jedoch
im Maximalkraftdrehmoment zwischen
Torhütern/Mittelfeldspielern und der
Kontrollgruppe, nicht aber zwischen den
beiden sportlich aktiven Gruppen. Ständiges
Training führt zu einer höheren Muskelkraft
bei Fußballspielern im Vergleich zu weniger
aktiven Personen. Fußballtraining bedingt
aber keine spezifischen Anpassungen der
Muskel- und Sehnenstruktur in Abhängigkeit
von der Spielposition oder im Vergleich zu
weniger aktiven Personen.

Schlüsselwörter
Fußball · Steifigkeit · Ultraschall · Passives
Drehmoment · Maximalkraft
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Table 1 (A) Results ofmaximumdorsiflexion RoM, aswell asmuscle thickness, fascicle length,
andpennationangleduringRoMmeasurement. (B)ResultsofPRT,passivetendonstiffness,muscle
stiffness, andmuscle-tendon stiffness during passivemeasurements. (C) Results ofMVC torque

Results

Goalkeepers Midfielders Controls P

A Range of motion (°) 25.1 (9.2) 26.9 (6.3) 22.1 (5.9) 0.48

Muscle thickness (cm) 1.9 (0.2) 1.9 (0.2) 1.7 (0.3) 0.11

Fascicle length (cm) 5.1 (0.3) 4.9 (0.8) 4.8 (0.9) 0.75

Pennation angle (°) 22.8 (3.6) 23.5 (2.4) 20.3 (1.2) 0.08
B Passive resistive torque

(Nm)
34.2 (20.0) 31.7 (11.7) 18.9 (10.5) 0.18

Passive tendon stiffness
(N/mm)

23.6 (8.6) 20.6 (4.4) 23.8 (8.5) 0.68

Muscle stiffness (N/mm) 9.9 (5.2) 9.0 (3.3) 5.7 (2.7) 0.17

Muscle-tendon stiffness
(Nm/°)

1.2 (0.5) 1.2 (0.3) 0.8 (0.3) 0.11

C MVC torque (Nm) 156.6 (34.4)# 160.6 (27.5)# 103.9 (36.0) 0.01*

*Significant difference between the groups
#Significant difference to controls

position (90°) to maximum dorsiflexion
divided by the change of the related ten-
don length, muscle length, and joint an-
gle, respectively.

Statistical analyses

SPSS (version 20.0, SPSS Inc., Chicago,
IL, USA) was used for all the statisti-
cal analyses. To determine the interrater
reliability of themuscle–tendondisplace-
ment measurements, intraclass correla-
tioncoefficients (ICCs)wereused. AKol-
mogorov–Smirnov testwasused toverify
the normal distribution of all the pa-
rameters. One-way analysis of variance
(ANOVA)with post hoc Bonferroni tests
was performed to test if the mean values
of thegroupsweredifferent inanyparam-
eter. The linearity of the tendon, muscle,
andmuscle–tendon stiffness calculations
was controlled with Pearson correlation
coefficients. The effect size (d) was calcu-
lated by dividing the difference of means
by its common standard deviation (Co-
hen, 1988). Following to the suggestions
of Cohen (1988) we defined 0.2, 0.5, and
0.8 as small, medium, and large effect,
respectively. The statistical power and
power analysis was calculated with the
open source software G*Power. An al-
pha level of P= 0.05 was defined for the
statistical significance of all the tests.

Results

Anthropometrics and training
volume

The participants of all three groups
(goalkeepers, midfielders, controls)
did not show a significant difference
in body height (mean ± SD; goal-
keepers: 182.0± 3.2cm, midfielders:
178.6± 3.2cm, controls: 176.6± 6.8cm),
body mass (mean ± SD; goalkeepers:
78.5± 4.6kg, midfielders: 74.7± 4.6cm,
controls: 72.9± 15.8cm), and age (mean
± SD; goalkeepers: 23.2± 2.4 years,
midfielders: 22.8± 2.4 years, controls:
21.5± 2.9 years). However, there was
a significant difference in training vol-
ume between the goalkeepers (mean ±
SD; 10.7± 1.3h) and the controls (mean
± SD; 2.3± 1.9h), and also between the
midfielders (mean ± SD; 11.7± 0.8h)
and the controls. Moreover, there was
no significant difference in training vol-
ume between the goalkeepers and the
midfielders.

Data exclusion and measurement
quality

One subject of the controls had to be
excluded from the passive measurement
due to the poor quality of the ultrasound
video. In this low-quality ultrasound

video, the MTJ was not identifiable with
the necessary precision.

Themean ICCs of the interrater test of
the ultrasound video analysis were 0.96,
0.98, 0.95, 0.96, and0.95 formuscle thick-
ness, pennation angle, and fascicle length
during the RoM measurement, and MTJ
displacement during PRT measurement,
respectively. Values above 0.90 are clas-
sified as high (Vincent & Weir, 2012).

Themean values of the Pearson corre-
lation coefficients at the linear regression
were0.92, 0.96, and0.97, withallP< 0.05,
for passive tendon stiffness, muscle stiff-
ness, and muscle–tendon stiffness, re-
spectively.

Range of motion and the related
structural muscle parameters

There was no significant difference be-
tween the three groups (goalkeepers,
midfielders, and controls) in RoM, mus-
cle thickness, fascicle length, and pen-
nation angle (see . Table 1, section A).

Passive resistive torque and the
related structural muscle–tendon
parameters

No significant differences could be de-
tected in PRT, passive tendon stiffness,
muscle stiffness, and muscle–tendon
stiffness between the goalkeepers, mid-
fielders, and the controls (see . Table 1,
section B).

Maximum voluntary contraction

The one-way ANOVA showed a signifi-
cant difference in MVC torque. The post
hoc Bonferroni tests revealed a difference
in MVC torque between the goalkeepers
and the controls (P= 0.02), and a dif-
ference between the midfielders and the
controls (P= 0.01). However, there was
no significant difference in MVC torque
between the goalkeepers and the mid-
fielders (see . Table 1, section C).

Discussion and conclusions

This pilot study compared the muscle
and tendon tissue properties of competi-
tive soccer goalkeepers, midfielders, and
less-active controls. No significant dif-
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Table 2 Differences, effect size (ES), andpowerof any parameter of the goalkeepers andmidfielders, of the goalkeepers and controls, andof themid-
fielders and controls

Goalkeepers–Midfielders Goalkeepers–Controls Midfielders–Controls

Difference ES Power Difference ES Power Difference ES Power

A Range of motion (°) –1.8 0.24 0.11 3 0.39 0.17 4.8 0.75 0.37

Muscle thickness (cm) 0 0.00 0.05 0.2 0.81 0.41 0.2 0.85 0.44

Fascicle length (cm) 0.2 0.34 0.15 0.3 0.47 0.21 0.1 0.12 0.08

Pennation angle (°) –0.7 0.24 0.11 2.5 0.87 0.46 3.2 1.29 0.74
B Passive resistive torque (Nm) 2.5 0.16 0.09 15.3 0.87 0.46 12.8 1.02 0.56

Passive tendon stiffness
(N/mm)

3 0.45 0.20 –0.2 0.02 0.05 –3.2 0.49 0.22

Muscle stiffness (N/mm) 0.9 0.22 0.10 4.2 0.92 0.49 3.3 0.98 0.5

Muscle-tendon stiffness
(Nm/°)

0 0.00 0.05 0.4 0.88 0.46 0.4 1.09 0.61

C MVC torque (Nm) –4 0.13 0.08 52.7 1.21 0.69 56.7 1.33 0.76

ferences were found in the functional
parameters of RoM, PRT, and muscle–
tendon stiffness, and several structural
parameters, including muscle and ten-
don stiffness, muscle thickness, fascicle
length, and pennation angle. However,
the MVC torque was significantly higher
in the goalkeeper and midfielder groups
compared to the control group. Though,
since this is a pilot study with a small
sample size further studies are necessary
to strengthen the results of the present
study.

Higher MVC torque values in ath-
letes (sprinters and endurance athletes)
compared to non-active persons have
also been reported by Arampatzis et al.
(2007). In their study, it was found that
the sprinters also had significantly higher
MVC torque values (154.6Nm) than the
endurance athletes (126.3Nm). Stenroth
et al. (2015) found a tendency for higher
MVC torque in older sprinters (153Nm)
compared to older endurance athletes
(age of both groups around 74 years;
116Nm). In the present study, both the
goalkeepers(156.6Nm)andthemidfield-
ers (160.6Nm) had similar torque values
to the sprinters in the study of Aram-
patzis et al. (2007). One could there-
fore assume that training for midfield-
ers and goalkeepers leads to a similar
development of strength in the plantar
flexormuscles. Inourfirst hypothesis, we
expected higher MVC torque values in
the more sprinter-like goalkeeper group
compared to the more endurance-like
midfielder group. Surprisingly, this was

not confirmed by our results. One could
therefore assume that training for mid-
fielders and goalkeepers leads to similar
development of strength in the plantar
flexor muscles. However, the higher vol-
umes of activity lead to highermaximum
isometric torque values. This was con-
firmed by the significant positive cor-
relation (r= 0.58; P= 0.01) between the
training volume and MVC torque val-
ues in our data. Similar to the present
study, Faria et al. (2013) found no dif-
ferences in MVC torque between several
playing positions (defenders, midfield-
ers, wingers, forwards, non-players) in
their soccer study. Due to the results of
the study of Faria et al. (2013) and our
study, one could deduce that the specific
training loads of the playing positions in
soccer seem to affect the adaptation of
the MTU in a similar way.

Regarding further parameters of the
MTU,Arampatzis et al. (2007), in a study
of active track and field athletes, but
not Stenroth et al. (2015), in a study
of older athletes, found stiffer tendons
in the sprinter group than in the en-
durance and non-active groups. Due to
the explosive characteristic of goalkeeper
movements (similar to the sprinters in
the study of Arampatzis et al. (2007)),
we expected that goalkeepers would have
stiffer tendons and/or muscles than mid-
fielders and the controls. However, we
did not find any difference in passive
tendon stiffness, muscle stiffness, mus-
cle thickness, pennation angle, or fascicle
length between the three groups (goal-

keepers, midfielders, controls). This is
in contrast to some results from the lit-
erature which showed that training and
other chronic processes led to specific
adaptations of the MTU. Several stud-
ies found structural adaptations due to
endurance training habits in the mus-
cle cross sectional area (Stenroth et al.,
2015), fascicle length (Oda et al., 2015),
tendon length (Sano et al., 2013), and
tendon stiffness (Oda et al., 2013; Ku-
nimasa et al., 2015). Moreover, Reeves,
Narici, andMaganaris(2003)determined
that repeated strength training increased
patella tendon stiffness. It was also found
that repeated isometric strength training
increased MVC torque and muscle vol-
ume in a study by Kubo et al. (2009).
Furthermore, Foure, Nordez, and Cornu
(2012) found higher muscle stiffness and
a tendency for increased muscle–tendon
stiffness (P= 0.09) following aplyometric
training program over 14 weeks. Csapo,
Maganaris, Seynnes, and Narici (2010)
showedhigherAchilles tendoncross-sec-
tional area and stiffness and shorter fas-
cicle lengths following the chronic use
of high heels. Soccer training, espe-
cially in the preparation phase, also con-
sists of strength training and plyometric
training. With regard to the findings
in the literature, one could therefore as-
sume that these training regimes lead to
higher tendon and muscle stiffness. In
general, training regimen of goalkeepers
and midfielders are different. Therefore,
one could assume that these groups will
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have different muscle and tendon func-
tion and structure.

The lack of significant differences
in structural parameters between the
goalkeepers and the midfielders but also
between the athletes groups and the
non-active controls could possibly be
explained by the small sample size of the
pilot study. Therefore, we determined
the effect size and statistical power of
all the parameters between the three
groups (see . Table 2). While effect sizes
were quite high between athletes and
controls (mean 0.77, range 0.02–1.33)
they were rather small between goal-
keepers and midfielders (mean 0.19,
range 0.00–0.45). Statistical power was
rather low (<0.8) in all our results, indi-
cating that possible differences between
the groups might be overlooked. At
one hand, it appears that the amount of
subjects was too small to detect signif-
icant differences between athletes and
controls. An a priori power analysis
for two independent means (d= 0.8;
power= 0.8; α= 0.05) has shown that
21 subjects for each group would have
been appropriate. On the other hand
small effect sizes indicate that there is
no physiological meaningful difference
between the athletes group. This is un-
derlined by a respective power analysis
with the observed difference between
the athlete groups (d= 0.19, power= 0.8,
α= 0.05) which produced a necessary
sample size of 344 for each group which
cannot be realized. Hence, we are con-
fident about the main conclusion (no
differences between the athlete groups)
of the present study.

Concerning the lack in significant dif-
ferences (except MVC torque) between
the athletes and the non-active controls,
one possible explanation could be in the
higher (but not significantly so) RoMs in
the goalkeepers (25.1°) and midfielders
(26.9°) compared to the controls (22.1°).
It was reported in some studies (Mahieu
et al., 2007; Konrad et al., 2015) that
alongside with increased RoM tendon
stiffness decreased following a stretching
regime. It is possible that the frequent
stretching by the goalkeepers and mid-
fielders led to a similar stiffness to the
controls. Furthermore, some of the ‘non-
active’ persons actually undertook up to

4h of activity a week, which might have
already led to adaptations of the MTU.

There are some limitations to this
study. First, the sample size of the groups
was small, and this may have influenced
the results. However, power analysis
(results not presented) has shown that
the main outcome of the study would
have been the same with a larger number
of participants. Thus, we believe that
this pilot study could provide important
information for future studies on this
topic. Second, the persons taking the
measurements were not all blind to the
intervention. Therefore, a bias in the
results cannot be completely excluded,
although the interrater reliability was
excellent (mean ICC: 0.95–0.98). Third,
the method of measuring the moment
arm of the ankle joint in vivo was quite
simple. However, the values obtained
in this study were very similar to oth-
ers obtained using magnetic resonance
imaging data (Rugg, Gregor, Mandel-
baum, & Chiu, 1990) or ultrasound (Lee
& Piazza, 2009). Fourth, according to
Kubo et al. (2002) and Mahieu et al.
(2007, 2009), the GM muscle force was
estimated assuming that it comprises
18% of the whole plantar flexors muscle
group. This might be a rough estimation
in some subjects. Fifth, although we
monitored the measurements carefully,
we cannot rule out small changes in
the axis of the ankle joint in relation
to the dynamometer axis due to heel
displacement. This would have led to
differences between the measured ankle
joint angles/moments and real ankle
joint angles/moments during measure-
ments (Arampatzis et al., 2005a). An
implication of this limitation would be
erroneous assessments of the MTJ dis-
placement (Arampatzis et al., 2005b)
during the passive measurements and
hence to incorrect estimations of muscle
and passive tendon stiffness. However,
there is no indication that errors due
to both limitations four and five are
systematically different in the different
subject groups and, therefore, would not
significantly affect the general outcome
of the study.

In conclusion, this pilot study found
no difference in the functional and struc-
tural parameters of the MTU between

soccer goalkeepers and midfielders.
However, there was a significant differ-
ence in MVC torque between the athlete
groups (goalkeepers and midfielders)
and the less-active persons. Further
studies should explore possible changes
of theMTU over an entire soccer season.
Moreover, other types of sports (hand-
ball, basketball, volleyball, tennis, etc.)
with different requirements should also
be investigated in this regard.
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