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Abstract

Background: The risk of anterior cruciate ligament (ACL) injury is higher in female soccer players than in male soccer players. The
most common reason for non-contact ACL injury has been found to be a cutting or stopping maneuver combined with deceleration
and landing from a jump. In a previous study, there was no difference in the incidence of ACL injury between offensive and defensive
players and in the risk of ACL injury between goalkeepers and other players. Recently studies reported that the most frequent injury
situation was pressing in male players. However, the most common type of situation associated with ACL injury in female soccer
players has not been clarified.
Objectives: The purpose of the present study was to identify the most common type of situation associated with ACL injury in female
soccer players.
Methods: We handed out questionnaires to 80 female soccer players with a history of ACL injury (90 ACL injuries). The players were
asked about the injury characteristics, injury circumstance, maneuver being performed when the injury occurred, and playing type
associated with the injury. The players responded to the questionnaire under the guidance of the medical staff of each team.
Results: The 80 female soccer players reported a total of 90 ACL injuries during soccer. Among 55 non-contact injuries, 29 (55%)
occurred during a cutting maneuver and 22 (44%) occurred during pressing. On assessing the frequency distributions of playing
type (pressing vs. others) and body contact (contact vs. no contact), we found that non-contact injuries at pressing were significantly
more common than contact injuries at pressing (odds ratio: 3.03; 95% confidence interval, 1.11 - 8.25, P = 0.036)
Conclusions: ACL injury often occurs as non-contact injury during pressing at the time of defense, regardless of the playing area,
in female soccer players.
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1. Background

Soccer is considered the most popular sport world-
wide, with more than 265 million active players, and it has
been found that the proportion of female players is no-
tably increasing, with female players accounting for 10% of
all active players (1). Additionally, the risk of anterior cruci-
ate ligament (ACL) injury has been reported to be up to six
times higher in female players than in male players (2).

Non-contact ACL injuries have been reported to ac-
count for 70% - 84% of ACL injuries in athletes (3-5). These
injuries mainly result from a cutting or stopping maneu-
ver combined with deceleration and landing from a jump
(4, 6). The alignment associated with a non-contact ACL
injury occurs during a deceleration task with the body
weight shifted over to the injured leg and the plantar sur-
face of the foot fixed flat on the ground (6-9). The knee

alignment associated with non-contact ACL injury involves
lower flexion, valgus, and internal rotation (10).

In a previous study, there was no difference in the in-
cidence of ACL injury between offensive and defensive soc-
cer players (4). Additionally, this previous study found that
there was no difference in the risk of ACL injury between
goalkeepers and other players, although the ball contact
time was lower for goalkeepers than for other players (4).
In professional soccer players, the most frequent injury sit-
uation was pressing, which involves cutting and stopping
with one leg while trying to steal the ball with the other leg
(11).

However, the abovementioned previous studies fo-
cused on male soccer players, although the risk of ACL in-
jury has been shown to be 4 - 6 times higher in female ath-
letes than in male athletes (12). A previous study has shown
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that the relative risk of ACL injury was nine times higher in
female soccer players than in male soccer players (13). The
most common type of situation associated with ACL injury
in female soccer players has not been clarified.

2. Objectives

The purpose of the present study was to identify the
most common type of situation associated with ACL injury
in female soccer players. We hypothesized that ACL injury
often occurs as non-contact injury during a cutting or stop-
ping maneuver (pressing) at the time of defense.

3. Methods

This was a descriptive report. Among 518 female soccer
players in 15 teams (11 university teams and 4 club youth
teams under the Japan Football Association), we handed
out questionnaires to 80 female soccer players with a his-
tory of ACL injury. The 80 female soccer players reported
a total of 90 ACL injuries during soccer, which included
fresh, recurrent, and bilateral injuries. All participants
and, if necessary, their parents received an explanation of
this study, and informed consent was obtained before this
study began.

The players were asked about the injury character-
istics, injury circumstance, maneuver being performed
when the injury occurred, and playing type associated
with the injury. Additionally, they were asked about the lo-
cation on the soccer field where the injury occurred. The
players responded to the questionnaire after recalling the
injury situation under the guidance of the medical staff
of each team. The questionnaire collected data on the fol-
lowing variables: 1) age, 2) dominant leg, 3) side of the in-
jured knee, 4) type of surface, 5) type of spikes, 6) posi-
tion, 7) involvement of body contact, 8) game or practice, 9)
playing area, 10) offense or defense, 11) involvement of the
ball, 12) playing type (dribbling, passing, trapping, shoot-
ing, heading, sliding, clearing, pressing, or loose ball, and
goalkeeper or other player), 13) manoeuver, and 14) playing
intensity (Figure 1).

Body contact was classified as “no contact,” “indirect
contact” (contact at any body region other than the injured
leg), or “direct contact” (contact at the lower limb). Prac-
tice games were included in the assessment. As shown in
Figure 1, the field was divided into the following zones: the
attacking zone (front one-third of the field; areas 1, 2, and
3), midfield zone 2 (second half of the middle one-third of
the field; areas 4 and 5), midfield zone 1 (first half of the
middle one-third of the field; areas 6 and 7), and defensive
zone (back one-third of the field; areas 8 and 9) (14).

All data are expressed as mean ± standard deviation
(SD). To clarify the frequency distributions of playing type
(pressing vs. others) and body contact (contact vs. no con-
tact), Fisher’s exact test was used, and odds ratios (ORs)
with 95% confidence intervals (95%CIs) were calculated. All
statistical analyses were performed using SPSS version 20.0
(IBM Corp., Armonk, NY). A P-value < 0.05 was considered
significant.

The ethics committee of our institution approved this
research.

4. Results

The present study assessed a total of 90 ACL injuries
among female soccer players who responded to the ACL
questionnaire. The mean age of the players was 19.4 ± 2.3
years, and the mean age at injury was 17.4 ± 1.9 years. The
highest number of injuries occurred at the age of 18 years
(Figure 2). Among the 90 injuries, 62 (69%) occurred on
artificial turf, 57 (63%) occurred in players wearing round
spikes, 41 (46%) occurred in defenders, 54 (60%) occurred
during defense, 56 (62%) occurred during a game, and 55
(61%) were non-contact injuries (Table 1).

Table 1. Characteristics and Circumstances During Anterior Cruciate Ligament In-
juries

Characteristics and Circumstances Total (n = 90)

Dominant leg/Non-dominant leg 48/42

Natural turf/Artificial turf/Soil 16/62/12

Round-type spikes/Blade-type spikes/Unknown 57/32/1

GK/DF/MF/FW 7/41/26/16

Offense/Defense 36/54

Game/Practice 56/34

Lower contact/Upper contact/Non-contact 21/14/55

Abbreviations: DF, defender; FW, forward; GK, goalkeeper; MF, midfielder.

Among the 55 non-contact injuries, 29 (55%) occurred
during a cutting maneuver and 22 (44%) occurred during
pressing (Table 2). On assessing the frequency distribu-
tions of playing type (pressing vs. others) and body con-
tact (contact vs. no contact), we found that non-contact in-
juries at pressing were significantly more common than
contact injuries at pressing (OR: 3.03; 95%CI, 1.11 - 8.25, P =
0.036) (Figure 3). Of the 35 (63%) injuries that occurred dur-
ing defense in the game, 16 (46%) occurred in the defensive
zone. Additionally, of the 16 (46%) injuries that occurred at
pressing, 4 (25%) occurred in the defensive zone.
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Figure 1. Questionnaire on the Circumstances of Anterior Cruciate Ligament Injury

The original questionnaire was in Japanese.
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Figure 2. Age at Anterior Cruciate Ligament Injury

5. Discussion

The present study found that ACL injury often occurs as
non-contact injury during pressing at the time of defense,
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Figure 3. Playing Type at Anterior Cruciate Ligament Injury

regardless of the playing area, in female soccer players.

In the present study, the female soccer players had a
higher risk of sustaining non-contact ACL injuries than
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Table 2. Playing Type, Playing Situation, and Maneuver During Anterior Cruciate Ligament Injuries

Playing Type Playing Situation Player Contact Maneuver at Non-Contact Injury

Pressing (n = 29) Pressing to opponent (n = 29)

Defense (n = 29) Non-contact (n = 22) Cutting (n = 17)

Indirect (n = 3) Stopping (n = 5)

Direct (n = 4)

Dribbling (n = 14) Dribbling (n = 14)

Offense (n = 14) Non-contact (n = 6) Cutting (n = 5)

Indirect (n = 3) The other (n = 1)

Direct (n = 5)

Trapping (n = 11) Trapping (n = 11)

Offense (n = 10) Non-contact (n = 3) Stopping (n = 1)

Defense (n = 1) Indirect (n = 2) Landing (n = 2)

Direct (n = 6)

Loose ball (n = 6) Competing for loose ball (n =6)
Offense (n = 2) Non-contact (n = 2) Landing (n = 1)

Defense (n = 4) Direct (n = 4) The other (n = 1)

Kicking (n = 9)

Shooting (n = 4) Offense (n = 8) Non-contact (n = 7) Landing (n = 2)

Passing (n = 4) Defense (n = 1) Indirect (n = 1) The other (n = 5)

Clearing (n = 1) Direct (n = 1)

Others (n = 15)

Pass cutting (n = 4) Offense (n = 2) Non-contact (n = 9) Cutting (n = 2)

GK (n = 4) Defense (n = 12) Indirect (n = 3) Stopping (n = 1)

Heading (n = 3) Direct (n = 2) Landing (n = 7)

Sliding (n = 2)

Others (n = 2)

Abbreviation: GK, goalkeeper.

contact injuries, which is consistent with the findings of
previous studies (3-5). Additionally, non-contact ACL in-
juries occurred more often during pressing (76%) than dur-
ing other playing movements (49%), such as dribbling,
trapping, and kicking. This is consistent with the finding
of a previous study that reported a high incidence of ACL
injury during pressing in professional male soccer players
(11). In addition, this study reported that the maneuver
performed in the injured players was side cutting on one
leg while extending one leg towards the ball during press-
ing. Excessive hip internal rotation and knee internal ro-
tation will be present during this cutting maneuver, and
these have been identified as risk factors for non-contact
ACL injury (15). Moreover, the greater knee abduction (val-
gus) angle in female athletes than in male athletes is associ-
ated with a higher risk of non-contact ACL injury in female
athletes (16, 17). We found that ACL injuries occurred more
frequently during defensive actions than during attacking
actions. ACL injuries during defense occurred in the de-
fensive one-third of the field. However ACL injuries dur-
ing pressing occurred throughout the playing area. A pre-
vious study reported that most incidents during defense

occurred in the defensive one-third of the field, whereas
most incidents during offense occurred in the attacking
one-third of the field (14). Whether pressing has been con-
ducted in any area depends on the tactics of the team, and
it should be confirmed that the pressing maneuver during
defensive actions is associated with a high risk of sustain-
ing non-contact ACL injuries in female soccer players.

In the present study, ACL injury was the most common
at the age of 18 years. In addition, the incidence of ACL in-
jury increased up to the age of 18 years and then reduced
from the age of 20 years. A previous study reported that
the incidence of ACL injury in female subjects was the high-
est at 15 - 19 years of age (18), which is consistent with our
finding. Another study reported that knee movement in-
creases with a rapid increase in body height and weight
(19), which is caused by exponential growth during pu-
berty. Dynamic alignment in the jump task during puberty
has been reported to change with physical growth (20).
These changes have been shown to be associated with vari-
ous factors, such as anatomical, environmental, hormonal,
neuromuscular, and biomechanical factors (21). Therefore,
training focused on correcting dynamic alignment is es-
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sential in young female soccer players, especially those
aged < 18 years.

The incidence of ACL injury was very high on artificial
turf. A previous study reported a high rate of ACL injury
on synthetic playing surfaces in football, but did not find
an increase in the risk of ACL injury on synthetic playing
surfaces in soccer (22). In Japan, young female soccer play-
ers rarely play on natural grass. Therefore, the number of
games played might have influenced the result, and it can-
not be concluded that artificial turf increases the risk of
serious ACL injury. In this study, the incidence of ACL in-
jury was high in players who used round spikes. A previ-
ous study reported that foot mechanics and possibly the
foot-shoe interaction were not related to the landing me-
chanics in female soccer players (23). In order to determine
whether the use of round spikes can significantly increase
the risk of ACL injury, it would be required to ascertain the
type of spikes used by players of all the teams.

The present study found that ACL injury in female play-
ers occurred more often during a game than during prac-
tice, and this might be because a player’s momentum and
intensity are higher during a game than during practice.
In addition, there is a high possibility of ACL injury during
a game, as the player might have difficulty controlling pos-
ture in a confrontation with an opponent.

In the future, movements, such as cutting on one leg
while extending one leg to the ball during pressing with a
high strength instantaneous reaction, should be practiced
to avoid injury during a competition in addition to basic
injury prevention methods, which have been adopted un-
til now.

The present study had some limitations. First, this was
a retrospective study. Second, the study relied on player re-
call of the injury for information. In the future, it is nec-
essary to determine the circumstances during ACL injury
using videotapes.

5.1. Conclusions

ACL injury might often occur as non-contact injury
during pressing at the time of defense, regardless of the
playing area, in female soccer players. The present findings
will aid in the identification of the causes of anterior cruci-
ate ligament injury in female soccer players and will help
in the creation of competition-specific rehabilitation and
prevention methods.
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