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The purpose of this study was to investigate the muscle-tendon unit stiffness of the ankle
between professional soccer players and non-soccer players. Fifteen soccer players and
twenty-one non-soccer players participated in this study. The stiffness of the triceps
surae muscle-tendon unit was measured in vivo from the damped frequency of oscillation
of the shank about the ankle using a free oscillation technique. Using the t-test no
significant differences (P > 0.05) were found between the soccer and the control groups
for muscle-tendon unit stiffness of the triceps surae. The soccer group showed stiffness
values of 22059 (SD 3623) N/m, while the control group showed values of 20427 (SD
4517) N/m. These results suggest that neither the soccer training nor the games itself
affected the stiffness of the ankle of the players.
KEY WORDS: Biomechanics, Soccer, Ankle stiffness.

INTRODUCTION: Soccer players require physical, technical and tactical skills to succeed.
The role of each one of these characteristics in performance is difficult to discriminate,
nevertheless all of them are important and contribute to performance differences. According
to Jan Hoff (2005) muscular strength, power and endurance are important physical resources
enhancing basic physiological capacities for playing soccer. Bangsbo et al. (1991) reported
that acceleration and speed skills such as turning, sprinting and changing pace are critical to
soccer and may be improved by increasing the available force of muscular contractions in
the appropriate muscle groups. During soccer training, changes of the muscle-tendon units
should occur with repercussions for force production which might reflect in stiffness. Typical
soccer skills like running (Seyfarth et al., 2002), jumping (Arampatzis et al., 2001) and
sprinting (Stefanyshyn & Nigg, 1998) have been reported as being related with leg stiffness.
Furthermore ankle stiffness play an important role in leg stiffness (H. Hobara et al., 2007).
The focus of the present work is within the physical characteristics of soccer players,
specifically, in the study of the muscle–tendon unit (MTU) stiffness of the triceps surae.
Generally defined, stiffness can be described as the ratio of force change to length change
(Butler et al., 2003).The investigation of stiffness is often developed as it relates to
performance and the risk of injury. Particularly, lower and higher values of stiffness may lead
to soft tissue and bone injuries, respectively (Butler, et al., 2003). Furthermore studies
(Nielsen & Yde, 1989; Engström et al., 1991) on soccer injuries have showed that knee and
ankle injuries are the most prevalent.
In summary, soccer training may change the muscles and tendons which in turn can affect
the MTU stiffness. Both insufficient and excessive MTU stiffness can increase the risk of
injuries. MTU stiffness can be related to soccer performance and the risk of injury. To the
authors’ knowledge MTU stiffness of professional soccer players has never been assessed
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and compared with a control group. Therefore the aim of this study was to investigate the
muscle-tendon unit stiffness of the ankle between professional soccer players and nonsoccer players.
METHODS: Thirty-six men participated in this study. Of these, fifteen were professional
soccer players and twenty-one non-soccer players. The soccer players were training six
times and played an official match per week. The university students (non-soccer players)
did not perform physical activity on a regular basis. All subjects were healthy and had no
injuries. The body mass and height of each subject was measured by a conventional scale
and the stadiometer (Seca 220, Hamburg, Germany), respectively. To evaluate vertical
ground reaction force for muscle-tendon unit stiffness assessment a Kistler force plate was
used (Kistler 9281B; Kistler Instruments, Amherst, NY, USA). Kinetic data were collected
with the software BioWare 4.0 type 2812A (Kistler Instruments, Amherst, NY, USA). The
equipment illustrated in Figure 1 was used in conjunction with the force plate with a sampling
rate of 1000 Hz. The vertical ground reaction forces were used to calculate maximal
voluntary isometric contraction (MVIC) and free oscillation data in this order respectively.
With the same equipment a damped oscillation technique was applied to assess “in vivo”
MTU stiffness of plantar flexors, after having calculated the MVIC. Free oscillation data was
obtained using external pure gravitational mass equivalent to 30% of MVIC (McNair &
Stanley, 1996; Hunter et al., 2001; Blackburn et al., 2006). More details of the procedures
can be found in the literature (Thomson, 1981; Faria et al., 2009, 2010).

Figure 1: Equipment and position used to determine muscle-tendon unit (MTU) stiffness.

RESULTS: Table 1 shows the descriptive statistics of age and anthropometric parameters in
each analyzed group.
Table 1
Subject characteristics

Variables
Age (years)

Soccer players
(n = 15)
26 ± 6

Height (m)

1.80 ± 0.07

1.76 ± 0.06

Mass (kg)

75.3 ± 6.6

68.8 ± 6.7

23.4 ± 0.94

22.1 ± 1.5

2

BMI (kg/m )

Non-soccer players
(n = 21)
22 ± 3

Values are mean ± standard deviation

The mean body mass index of the professional soccer players group was greater than the
control group (Table 1). Nevertheless both groups were within the normal category as set out
by the World Health Organization (WHO) for obesity levels (between 18.5 and 24.99 kg/m 2).
After checking normality with the Shapiro-Wilk test and to examine the homogeneity of
variance, the Mann–Whitney test was performed for MTU stiffness normalized for mass. The
Student’s t-test was used to assess differences between groups for maximal voluntary
isometric contraction and MTU stiffness. No statistical significant differences were found for
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maximal voluntary isometric contraction, MTU stiffness and MTU stiffness normalized by
mass between the soccer and the control groups (Table 2).
Table 2
Maximal voluntary isometric contraction (MVIC), muscle–tendon unit (MTU) stiffness and MTU
stiffness normalized for mass, for each subject group.

Soccer
Players
(n = 15)
778 ± 93

Non-soccer
players
(n = 21)
753 ± 110

Mann–WhitneyM
& t-test
(p-value)
0.470

22059 ± 3623

20427 ± 4517

0.245

295 ± 53

299 ± 74

0.713M

Variables
MVIC (N)
MTU stiffness (N.m-1)
-1

-1

MTU stiffness/mass (N.m .kg )
Values are mean ± standard deviation

DISCUSSION: The purpose of this study was to investigate the muscle-tendon unit stiffness
of the ankle between professional soccer players and non-soccer players. Despite the mean
MTU stiffness of the soccer players (22059 N.m -1) been slightly greater than the control
group (20427 N.m-1) the results of this study were non statistically significant neither for MTU
stiffness nor for MTU stiffness when normalized by mass.
To respond effectively to the challenges and specific demands of soccer, athletic training
should be focused and contain specific characteristics of soccer game (Hoff, 2005; Emre et
al., 2008). Even if this training is not that different from the one performed in other types of
sports it should, at least, differentiate the musculoskeletal system of professional soccer
players from subjects who do not regularly train. The soccer training has a significant
endurance and strength training base (Hoff, 2005). Hobara et al. (2010) compared
endurance-trained athletes with untrained subjects and found that the endurance-trained
group showed significant higher leg stiffness than the untrained group and these differences
were attributable to differences in ankle and knee joint stiffness. This suggests that the
musculoskeletal system of the soccer players can be developed and contain specific
features, that can be reflected in the muscle–tendon unit stiffness of the triceps surae.
Additionally, running economy is an important factor in aerobic performance in soccer (Hoff,
2005) which, according to Butler et al. (2003) , is related to stiffness. Furthermore according
to Butler et al. (2003) stiffness may be changed through training, which can be reflected in
the loads experienced by the lower extremity, thereby potentially decreasing the risk of
injury. Nevertheless this study, did not found any significant differences between groups.
Some studies indicate that the physiological profile of players that play in different positions
must be distinct (Dunbar & Power, 1997). Since MTU stiffness was assessed without
discriminating the player position this could have influenced results, however other studies
(Chamari et al., 2004; Yildirim et al., 2008) showed contradictory results and indicate that
physiological capacities are independent of the playing position. Other argument that could
help explain the non significant results obtained is that training might have improved some
skills that allow soccer players to adjust stiffness in specific circumstances that were not
reproduced by the methods used in this study. Future studies are needed to address these
issues.
CONCLUSION: Soccer players showed slightly greater MTU stiffness than the non-soccer
players group. However no statistically significant differences were found between groups for
MTU stiffness and MTU stiffness normalized for mass. The study of stiffness has been
frequently developed as it relates to both injury and performance. Nevertheless the results
obtained suggest that the soccer training and the games itself does not affect the MTU
stiffness of the ankle.
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