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Background: Muscular tightness is frequently postulated as an intrinsic risk factor for the development of a muscle injury.
However, very little prospective data exist to prove this.
Hypothesis: Increased muscle tightness identifies a soccer player at risk for a subsequent musculoskeletal lesion.
Study Design: Prospective cohort study.
Methods: We examined 146 male professional soccer players before the 1999—-2000 Belgian soccer competition. None of the
players had a history of muscle injury in the lower extremities in the previous 2 years. The flexibility of the hamstring, quadriceps,
adductor, and calf muscles of these players was measured goniometrically before the start of the season. All of the examined
players were monitored throughout the season to register subsequent injuries.
Results: Players with a hamstring (N = 31) or quadriceps (N = 13) muscle injury were found to have significantly lower flexibility
in these muscles before their injury compared with the uninjured group. No significant differences in muscle flexibility were found
between players who sustained an adductor muscle injury (N = 13) or a calf muscle injury (N = 10) and the uninjured group.
Conclusions: These results indicate that soccer players with an increased tightness of the hamstring or quadriceps muscles
have a statistically higher risk for a subsequent musculoskeletal lesion.
Clinical Significance: Preseason hamstring and quadriceps muscle flexibility testing can identify male soccer players at risk of
developing hamstring and quadriceps muscle injuries.

© 2003 American Orthopaedic Society for Sports Medicine

Soccer is considered by many to be the most popular incidence of injury is estimated to be approximately 10 to
sport in the world and is played by at least 200 million 15 injuries per 1000 playing hours.?

licensed players.?” Physiologically, soccer is character- It has been found that as many as 68% to 88% of all
ized as a high-intensity, intermittent, noncontinuous soccer injuries occur in the lower extremities.':5-%12
exercise.'*16:22 A large percentage of the game is per- About one-fourth of soccer injuries are musculoskeletal
formed at maximum speed, and the functional activities lesions mainly located in the thigh (17%) and the groin
include accelerations, decelerations, jumping, cutting, piv- (8%).7"2%29 Attempts have been undertaken to decrease
oting, turning, and kicking of the ball.'®22 Because of its the number of these injuries.'? However, prevention of
popularity and the characteristics of the game, a vast injuries in soccer can only be successful after determina-
number of soccer injuries may be expected. Overall, the tion of the risk factors for soccer injuries. In general, a

distinction in risk factors has been made between so-
called intrinsic (person-related) and extrinsic (environ-
ment-related) risk factors.'®283° In 1983, Ekstrand and

* Address correspondence and reprint requests to Erik Witvrouw, PT, PhD, Gillquist* showed the importance of extrinsic risk factors
Ghent University, Faculty of Medicine, Ghent University Hospital (6K3) in the occurrence of soccer injuries. Other studies have
(REVAKI), De Pintelaan 185, 9000 Ghent, Belgium. . . 2,3,24 . ..

No author or related institution has received any financial benefit from confirmed their ﬁndlngs. In terms of the intrinsic
research in this study. risk factors, lack of muscle flexibility is one of the most
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commonly postulated risk factors for the development of
muscle injuries.”® 3% 32 Degpite this, a review of the liter-
ature shows that information concerning muscle flexibil-
ity as an intrinsic risk factor for musculoskeletal injuries
in soccer players is incomplete, and prospective studies
are scarce. Dvorak et al.? recently stated that more re-
search is needed to identify high-risk groups and variables
that may predict injuries in soccer players.

The purpose of this study was to determine whether
muscle tightness is a predisposing factor for muscle-ten-
don injuries of the lower extremities in elite soccer play-
ers. This study was designed to determine whether a
decreased muscle flexibility before the athletic season
would identify a professional soccer player at risk for a
musculoskeletal lesion of the lower extremities.

MATERIALS AND METHODS

Before the 1999-2000 Belgian soccer competition season,
lower extremity flexibility measurements were made in
249 male professional soccer players from 14 different
teams. During the 1999-2000 season, team physicians for
the 14 teams documented all muscle injuries of the lower
extremities. Injury was defined as any tissue damage
caused by soccer participation that kept a player out of
practice or a game.>2° The teams’ physical therapists also
documented the amount of time spent in training and
games for each player. The amount of time played in
games was also verified on the official game forms of the
Royal Belgian Soccer Federation. In this study, we were
primarily interested in studying first-incidence muscle
injuries. Because previous muscle injury is an important
and well-established intrinsic risk factor for muscle inju-
ries,>!® we excluded all players who had sustained a
muscle injury to the lower extremities in the previous 2
years, and we did not record recurrent injuries in the same
player during the season. All participants gave informed
consent and knew the goals of the study.

Flexibility Measurements

Flexibility of the hamstring, quadriceps, adductor, and
gastrocnemius muscles was measured goniometrically on
both sides. The dominant leg was defined as the preferred
kicking leg. All measurements were made by the same two
physical therapists (PA and TD), who were experienced
with taking these measurements. Previous research has
indicated that the performed measurements in this study
are reliable.?® Gogia et al.® compared universal goniome-
ter measurements by therapists with radiographs to iden-
tify the validity of these measurements. Their results
showed a good agreement between measurement tech-
niques, suggesting a good validity.

The flexibility of the hamstring muscles was tested with
the subject in a supine position. The examiner lifted one of
the straightened limbs and measured the angle at the
hip.'® A standard goniometer was used for this meas-
urement. During this measurement the axis of the stan-
dard goniometer was placed at the major trochanter of the
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femur. The stationary arm of the goniometer was placed
horizontally, parallel to the table, and the moving arm
was placed pointing to the lateral epicondyle of the femur
(Fig. 1).

The quadriceps muscle was tested with the subject in
the prone position. The knee was maximally flexed, while
the foot on the noninvolved side was placed on the floor
with the hip in 90° of flexion. With the subject in this
position, the angle of the knee was measured.'® A stan-
dard goniometer was used for this measurement. During
this measurement the axis of the standard goniometer
was placed at the lateral epicondyle of the femur. The
stationary arm of the goniometer was placed pointing
toward the major trochanter of the femur, and the moving
arm was placed pointing to the lateral malleolus of the
tibia (Fig. 2).

The flexibility of the gastrocnemius muscle was obtained
by having the subject lean on a solid support 0.60 meters
(2 feet) away with the tested leg behind the opposite leg.
Subjects were instructed to keep the knee of the tested leg
extended and then to maximally flex their tested ankle
while keeping their heel on the floor. A standard goniom-
eter was used for this measurement; the axis of the goni-

Figure 1. Method of goniometric measurement of flexibility
in the hamstring muscles.

Figure 2. Method of goniometric measurement of flexibility
in the quadriceps muscle.
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Figure 3. Method of goniometric measurement of flexibility
in the gastrocnemius muscle.

Figure 4. Method of goniometric measurement of flexibility
in the adductor muscles.

ometer was placed just posterior of the most distal aspect
of the fibula. The stationary arm of the goniometer was
placed pointing to the proximal head of the fibula, and the
moving arm was placed parallel with the lateral border of
the foot (Fig. 3).

The flexibility of the adductor muscles was measured
with the player supine on a table. The moving arm of the
goniometer was aligned with the long axis of the femur,
and the stationary arm was parallel to a line between
the anterior superior iliac spines. The starting position
was with the legs together. The leg being tested was
passively moved away from the midline until femoral
rotation occurred, indicating the end of adductor flexi-
bility*®*2° (Fig. 4).

Statistical Analysis

All data were processed on a personal computer by using
Microsoft Office software (Microsoft Corp., Redmond,
Washington). The data were analyzed with the SPSS 10.0
computer software program (SPSS Inc., Chicago, Illinois).
For each muscle, the total group of examined soccer play-
ers was divided into a group without injuries and a group
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of players who developed an injury of this muscle during
this study. Consequently, for each examined muscle we
obtained an injured group and an uninjured group.
Means, standard deviations, and ranges of the specific
muscle flexibility measured before the 1999-2000 Belgian
soccer season were calculated for each of the groups. Be-
cause players who are injured are more likely to be rein-
jured simply due to the first injury, the endpoint of this
study for the injured players was the first injury.

To examine possible differences in muscle flexibility
between the injured and uninjured group for each specific
muscle, we used either the Student’s ¢-test (if the distri-
bution of the data were normal) or the Mann-Whitney U
test (if no normal distribution of the data was obtained).
Among the players who sustained an injury, chi-square
tests were used to examine whether differences in injury
rate could be detected between the dominant and the
nondominant leg.

To identify muscular flexibility as an intrinsic risk fac-
tor in this study, we used a multivariate analysis with
stepwise logistic regression. This logistic regression model
has become, in many fields, the standard method of anal-
ysis in this situation.'® Significance was accepted at the
0.05 level. Power analysis revealed that the statistical
power exceeded 80% for the quadriceps and hamstring
muscle injuries; however, statistical power was only 38%
for calf muscle injuries and 52% for adductor muscle
injuries.

RESULTS

Of the 249 players who had preseason testing, 103 were
excluded from this study because they had a history of a
muscle injury in the lower extremity during the previous
2 years or were cut, traded, or sent to another team before
or during the 1999-2000 season. Injury data for the re-
maining 146 players were recorded and used for statistical
analysis. The average height of the 146 subjects was 179.5
cm (SD, 5.6), and average weight was 74.5 kg (SD, 11.1).
Statistical analysis did not show any significant differ-
ences between the injured and the uninjured players con-
cerning height or weight (P > 0.05).

Sixty-seven players sustained a clinically diagnosed
muscle injury of the lower extremities during this study.
Of the 67 injuries, 31 involved the hamstring muscles; 13,
the quadriceps muscle; 13, the adductor muscles; and 10,
the calf muscles.

Statistical analysis did not show any significant differ-
ence in the amount of time spent in training and games
between the injured and the uninjured (control) players
before the injury took place (Table 1). In the players who
sustained an injury, no significant differences were ob-
served in the number of injuries between the dominant
and the nondominant leg (P = 0.47 for the hamstring
muscle injuries; P = 0.41 for the quadriceps muscle inju-
ries; P = 0.44 for the adductor muscle injuries; P = 0.55
for the gastrocnemius muscle injuries).

Means and standard deviations for the flexibility meas-
urements of the quadriceps and hamstring muscles are
presented in Figure 5. A statistically significant difference
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TABLE 1
Statistical Differences (P values) in the Amount of Time Spent
in Training and Games Between the Uninjured Players and the
Injured Players Before the Injury Occurred

Muscle injury group

Category
Hamstring Quadriceps Adductor Gastrocnemius

Time in training  0.35 0.44 041 0.56
Time in games 0.36 0.63 0.56 0.49

. Cuninjured group

Clinjured group s * l
| |
g 1 ]- *
[ : |

B

hamstring muscles quadriceps muscle

Figure 5. Means and standard deviations of preseason
hamstring and quadriceps muscle flexibility expressed in
degrees for the injured players. ROM, range of motion in
degrees.

was found between the injured and the uninjured players
in quadriceps (P = 0.047) and hamstring (P = 0.02) mus-
cle flexibility. For both muscles, the injured group showed
a significantly lower mean flexibility.

No statistically significant differences were observed
between the injured and uninjured groups in flexibility of
the adductor (P = 0.45) and gastrocnemius (P = 0.72)
muscles (Fig. 6).

Among all of the measured and described variables in
this study, the stepwise logistic regression identified only
the flexibility of the hamstring muscles as an intrinsic risk
factor for musculoskeletal injuries in this study. With the
use of this technique, we found a significant correlation
between players with decreased flexibility of the ham-
string muscles (less than 90°) and the occurrence of a

& Ouninjured group
Cinjured group

ROM (°)

adductor muscles gastrocnemius muscle

Figure 6. Means and standard deviations of preseason ad-
ductor and gastrocnemius muscle flexibility (expressed in
degrees) for the injured players. ROM, range of motion in
degrees.
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hamstring muscle injury (P = 0.02). The logistic regres-
sion analysis identified decreased flexibility of the
quadriceps muscle as almost an intrinsic risk factor
for the development of a quadriceps muscle injury
(P = 0.063).

DISCUSSION

Ekstrand and Gillquist* stated that soccer injuries occur
as a result of multiple factors. These include both intrinsic
and extrinsic factors. When evaluating the amount of time
played in games and in training in this study, we found no
significant difference between the injured and the unin-
jured players before the injury took place. This indicates
that the groups were comparable concerning the amount
of external load and implies that the incidence of the
injuries in this study is mainly a result of intrinsic risk
factors.

Our data showed a significant association between pre-
season hamstring muscle tightness and subsequent devel-
opment of a hamstring muscle injury. A similar, but less
strong, relationship was found for quadriceps muscle
tightness and the development of quadriceps muscle inju-
ries. This finding of a close association between flexibility
and injuries in these muscles is not surprising, because
our results are consistent with the suggestion of many
experts in sports medicine who believe that muscular flex-
ibility plays a significant role in the development of inju-
ries, be they strains, sprains, or overuse injuries.” 18 20-32
However, when we reviewed the literature, we found that
relatively few prospective studies have been performed to
examine this relationship.

In 1991, Knapik et al.’® reported that strength and
flexibility imbalances in female collegiate athletes were
associated with lower extremity injuries in general, but
not specifically with the muscle group in which the imbal-
ance was found. Ekstrand and Gillquist® also found that
soccer players with muscle tightness showed a higher,
though not statistically significant, incidence of muscle
strains. The results of our study are also in agreement
with the findings of Krivickas and Feinberg,?' who found
a statistically significant correlation between flexibility
and the development of injuries in college athletes. Re-
cently, Witvrouw et al.?! found in their prospective study
that decreased flexibility of the hamstring and quadriceps
muscles significantly contributes to the development of
patellar tendinitis in an athletic population.

In contrast to these studies, the study of Orchard et al.2®
did not show any correlation between flexibility and ham-
string muscle injuries in Australian Footballers. In this
prospective study, the sit-and-reach test was used to eval-
uate hamstring muscle flexibility. The authors stated
themselves that this test is nonspecific and that future
research should be done with superior measures of flexi-
bility. Therefore, the use of inadequate examination meth-
ods can explain the difference between the findings of
Orchard et al. and those of the earlier mentioned research.

The results of our study suggest that hamstring muscle
flexibility of less than 90° could be considered as “tight”
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because these players had a significantly higher risk for
an injury. Hence, on the basis of our results, soccer players
with hamstring muscle flexibility of less than 90° should
be encouraged to stretch intensively to decrease their risk
for a muscle injury.

In contrast to our findings for the hamstring and quad-
riceps muscles, the findings regarding flexibility of the
adductor and calf muscles were not significantly associ-
ated with the incidence of injuries in these muscles. These
results are consistent with the findings of Tyler et al.?®
They prospectively examined 47 professional ice hockey
players and reported no significant difference in pre-
season flexibility of the adductor muscles between players
who sustained adductor muscle injuries and those who did
not. However, Ekstrand and Gillquist,* in their prospec-
tive study, did find a correlation between tightness of the
adductor muscles and the presence of adductor muscle
strains in soccer players. The relative small number of
injuries in the adductor (V = 13) and calf (N = 10) muscles
in the present study might be responsible for our not
finding any significant correlation between flexibility and
injury for these muscles; this may explain the observed
difference between the study of Ekstrand and Gillquist
and our result. This hypothesis is supported by the low-
to-moderate power we observed (38% and 52%) in study-
ing the calf and adductor muscles. Because of this low
power, one must be very careful in concluding that
the flexibility of the adductor and calf muscles is not
important in the development of injuries in these
muscles. Consequently, more prospective data on a
larger number of calf and adductor injuries is neces-
sary before definite conclusions can be drawn on the
association between flexibility and injury risk in these
muscles.

On the basis of the results of this study, emphasis
should be placed on the importance of a preseason flexi-
bility screening of the hamstring and quadriceps muscles
to identify players at risk of hamstring or quadriceps
muscle injuries. Logically, stretching should be stressed
as an important part of a prevention program for muscle
injuries. Hartig and Henderson'! showed in their con-
trolled intervention study that a stretching program sta-
tistically reduced the number of hamstring muscle inju-
ries in a military population. Their study confirms our
assumption that increasing muscle flexibility will lead to a
decrease in injuries.

A weakness of this study is that we failed to note the
circumstances surrounding the injury event. Further-
more, we are aware that the development of any injury is
caused by many intrinsic and extrinsic risk factors. The
fact that we examined only muscle flexibility must be
considered as a limitation of this study. Presumably, other
factors are equally or more important in the development
of these musculoskeletal injuries. Therefore, the results of
this study identify muscle flexibility as an intrinsic risk
factor; however, other parameters should not be over-
looked. Future research should emphasize examining
more variables in a prospective study design.

Muscle Flexibility and Muscle Injury in Professional Soccer Players 45

SUMMARY

Our results indicate that flexibility of the hamstring and
quadriceps muscles can be considered an important factor
for the development of muscle injuries in professional
male soccer players. These findings suggest that pre-
season testing of the flexibility of these muscles can iden-
tify soccer players at risk of developing muscle injuries. In
concrete terms, it can be concluded from our results that
soccer players with hamstring muscle flexibility of less
than 90° have a significantly higher risk for injuries and
should be advised to perform a thorough stretching pro-
gram to decrease their injury risk. Future prospective
research is needed to identify other risk factors for the
development of soccer injuries.
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