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Abstract

In the practice of sports that require impact and pivot
movements such as football or skiing, knee injuries are
common and among these is important to underline the
rupture of the Anterior Cruciate Ligament (ACL). Non-
contact movements cause a 70% of ACL injuries and there
is a high incidence of ruptures in women. Therefore, the
objective of this study is to analyse what are the causes
for the difference in incidence between men and women
in terms of ACL ruptures. Through the search in the
previous literature it has been observed that the fact that
female athletes suffer ACL injuries with a higher frequency
than male athletes is mainly due to anatomical, hormonal,
biomechanical and neuromuscular control factors. Due to
this occurrence, it is important to promote mainly treatments
and prevention plans in order to reduce neuromuscular
imbalances, that is predominant in women, to decrease the
risk of ACL injuries in female athletes.

Introduction

The rupture of the anterior cruciate ligament is one
of the most common injuries among athletes. According
to the Clinica Centro de Madrid, football, baseball,
basketball and skiing account for 78% of the anterior
cruciate ligament injuries. Most of these injuries are
caused by efforts made during the practice of exercises
that involves pivoting, braking or impact movements

[1].

The rupture of knee ligaments represents the 12%
of the most common injuries in football, preceded
by muscle tears (14%) and followed by meniscus and
cartilage injuries (6.3%) [2].

The ACL lesion is usually produced by non-contact
movements [3,4], which means that is caused by
biomechanical errors and a poor neuromuscular
control. It has been demonstrated that the incidence
of this type of injury is greater in women than in men.
Female athletes have a 4 to 6 times higher risk than
men to suffer this kind of injury [5].

Several factors, anatomical as well as hormonal,
biomechanical or related to neuromuscular control, are
the cause of the predominance of the lesion in women

[6].

Due to this striking occurrence we have decided to
make a comparison between the different articles that
treat the ACL injury in both male and female athletes.
In this way we seek to be able to answer and put
together the different hypotheses about the causes and
factors that determine the singular circumstance of the
aforementioned injury.

Material and Methods

In June 2018 a search of articles related to ACL inju-
ries was made, it has been done in different databases
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such as PubMed, SAGE journals, Journal of Orthopedic
& Sport Physical Therapy (JOSPT) or DiVA. In the search,
the sentence “comparison of ACL injury between wom-
en and men” was used. From this search emerged a
large set of articles related to injuries in women and
men, especially associated to football (Figure 1).

From this search we obtained 24 articles, which
were interesting for considering the differences be-

tween men and women in ACL injuries. Once all the ar-
ticles were read, eight of them were discarded. In those
selected it was possible to verify that much of the infor-
mation they contained coincided.

The coincidences between the different articles
confirmed the possible causes of the greater female
incidence in the ACL lesion. Finally, we focused our
investigation in those articles that gave a better

Initi PubMed “comparison SAGE journals JOSPT “comparison of
al of ACL injury between “comparison of ACL ACL injury between
sear women and men” injury between women women and men” search
ch search results and men” search results results
(n=165) (n=144) (n=104)
Re \ l /
vie
w Results after reading the title of the papers and discarding the
repeated articles (n = 24)
Discarded articles
after the reading of
> the abstracts
(n=4)
Results after the reading of the abstracts (n = 20)
Discarded papers after
reading the full article
Fea > (n=4)
ture
d v
arti
cles Results after reading the full article (n = 16)
Eli
gibl
a:ti Articles related to the Articles related to the Articles related to the
cles male ACL rupture female ACL rupture comparison between male and
n=1) (n=206) female ALC rupture
(n=9)
Featured articles among the
selected for being more
relevant to the treated topic
(n=3)
Figure 1: Summary of the article’s selection.
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Table 1: Characteristics of the studies and common points between these.

Author Year n Gender |Average Age Fragments of interest
(M/W) (M/W and total)
Harmon KG, et al. [] 2000 Compilation of articles Female increased predisposition to ACL ruptures

Intrinsic factors:
Ligamentous laxity

Hormonal influences (more ACL laxity at progesterone
and estrogen peaks, increased laxity in pregnancy and in
ovulatory phase)

Biomechanical alignment (more femoral anteversion,
larger Q-Angle, increased external tibial torsion, more
overpronation, an increased thigh-foot angle)

Extrinsic factors:

Conditioning, experience, skill, muscle strength and
recruitment and hamstring activation.
Dugan SA [7] 2005 Compilation of articles Female higher risk than men

Sex hormones and menstrual cycle (higher risk follicular
and ovulatory phase)

Anatomic consideration (Q-Angle, joint laxity, ...)

Dynamic neuromuscular imbalances (differences in
landing and other movement strategies)

Neuromuscular patterns (same incidence in dominant
and non-dominant knee, quadriceps-dominant pattern in

females)
Fayad LM, et al. [8] 2008 63 33/30 -/- Females 2 to 8 times higher risk of ACL tears
(43) Anatomic consideration: Smaller females’ cross-sectional

area, smaller femoral intercondylar notch width in women,
also females have a smaller ACL volume than males and
differences in Q-Angle.

Park SK, et al. [9] 2009 26 healthy women (unknown age) Greater laxity during ovulation
Reduction in knee stiffness during ovulation
Boguszewski DV, et 2015 47 22/25 34.6/28.4 70% ACL ruptures by non-contact situations
al- [10] (31.5) Females 2 to 8 times higher risk of ACL injuries than male

Increased joint laxity

Reduced knee stiffness
Larruskain J, et al. [11] 2017 85 50/35 25/25 Contact injuries higher for men

(25) For ACL ruptures five times more common in women

Severe injuries of knee and ankle ligament more frequent
in women

2-3 times higher risk of ACL ruptures in women than men
-> differences in biomechanics and neuromuscular control
Schilaty ND, et al. [5] 2018 39 19/20 43.1/40.0 Female higher risk than men

(41.55) Non-contact injury
Biomechanics changes
Neuromuscular control

Sex differences: kinematics, stiffness and recruitment
strategies.

comparison between men and women, in addition to specific study, but they are rather a collection of a set of
those that expose the possible causes of increased risk  previously conducted studies. These articles give a more
of ACL injuries in women. generalized and global view of the analyzed subject

Results (Table 1).

They also show the possible studied causes of why
women have a greater risk of suffering a rupture of the

Some of the selected articles do not refer to a anterior cruciate ligament. Many of them coincide in

Characteristics of the articles
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the two selected articles that have the aforementioned
characteristics [6,7].

On the other hand, we find a series of studies that
refer to a specific investigation, so they focus on a
specific area of the global issue that is the difference in
ACL rupture between men and women.

In the case of the oldest of the five individual studies,
anatomic differences between men and women are
analysed [8]. In the second one, of 2009, they treat the
laxity of the ligaments and stiffness of the knee joint
related to the menstrual cycle of 26 women [9]. The
article of 2015 deals with the same topic but in general
terms, without considering the menstrual cycle and only
comparing men and women [10].

Finally, we find the studies conducted in 2018 and
2017, the most recent articles in which there is a more
general view and the causes coincide on the types of
injuries that predominated between men and women
[5,11].

Characteristics of the samples

Only five of the selected articles give information
about the subjects chosen for the study. This happens
because the other two articles are a collection of
studies, so they do not specify the information about
the patients (Table 1).

Two of the studies used corpses to carry out the
research, in one of them the average age is 41.55
[5] while in the other one is 31.5 [10]. For the study
conducted in 2017, 85 athletes with an average age of
25 were selected [11]. In the one about the menstrual
cycle related to laxity and stiffness, 26 healthy women
were selected for the study, of which we don’t know
the age because it was not mentioned in the article [9].
Finally, the 2008 article was conducted with 63 patients
of 43 years of average age, who were undergoing
examination for knee pain [8].

Results obtained from the analysed studies

From the comparison of the different articles, we
have observed that there is an agreement in affirming
that women have a greater risk in suffering ruptures of
the anterior cruciate ligament. Being this injury mainly
produced not by contact but by the incorrect movement
of the athlete (Table 1).

Among the causes of this circumstance, the most
common are the biomechanical differences between
men and women, such as the realization of different
movements during sports, in addition to the different
neuromuscular control that also raises the injury
incidence in women.

Regarding the anatomical features in women, there
is a predominance of ligament laxity, which increases
during ovulation and stiffness of the knee joint that
decreases during the same menstrual period [9]. The
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incidence of the menstrual cycle is due to the hormonal
influence that increases estrogen and progesterone
from the ovulation period until the follicular phase [6,7].

Finally, another anatomical difference to highlight
between men and women is the Q angle, which increases
the women predominance in this type of injury [6,7].
This angle is formed by two lines, one that goes from
the Anterior Superior lliac Spine (ASIS) to the mid-point
of the patella and the other one that goes from the mid-
point of the patella to the tibial tubercle. Due to the
wider pelvis in women, the Q angle is bigger, and the
chances of an ACL rupture are greater [12].

Discussion

The rupture of the anterior cruciate ligament is not
one of the most prevalent injuries in the population, but
it has a high incidence in that part of the population that
practice sports such as football or skiing, and especially
in the case of professional athletes.

For example, football is one of the most practiced
sports in the world and 10% of professionals are women
[13]. As the ACL injury is one of the most prevalent in
this sport, it has been studied in its complexity and it has
been determined why it affects mainly female players.
By carrying out different studies on this occurrence, it
can be demonstrated that the differences between gen-
ders as the anatomical one along with neuromuscular
control, epidemiological, training and conditions of the
athletes are the reason why women have a higher risk of
suffering this injury.

Having women, a 4 to 6 times higher risk than men to
suffer an ACL injury [5], there is a wide range of articles
that discuss the possible causes of this fact. The objective
of this article is to choose a set of articles dealing with
this topic and by making a comparison between them,
get to the conclusion of why this injury occurs with
greater incidence in women.

One of the most useful ways we have found to
classify the causes of the injury is to separate them into
extrinsic and intrinsic factors. The extrinsic factors are
related with the type of sport, the environment and
the conditions of the athlete. None of them shows the
possible difference between men and women regarding
this injury. It does accentuate the fact that fatigue is
responsible for a greater range of injuries between
players and that the different use of the muscles is also
a possible cause of the differences [6].

For example, in the case of male players, during the
exercise they tend to activate with more frequency
the hamstrings, whose contraction protects the ACL.
In contrast, in the female exercise, the activation of
the quadriceps and gastrocnemius predominates. One
of the possible ways to prevent the injury would be to
promote the activation of the hamstrings against the
predominance of quadriceps and gastrocnemius in
female athletes [6,7,14].
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On the other hand, intrinsic factors seem to have
more importance in justifying the possible causes of why
women suffer more ACL ruptures. These factors could
be classified into anatomical differences, hormonal
influence, biomechanical differences and distinguished
neuromuscular control between men and women.

To begin with the anatomical differences, we found
a crossing area of ligaments between femur and tibia
that is smaller in women than in men, in addition to a
lower ACL volume in women [8]. These characteristics
are supposed to increase the ligament laxity that is
also accentuated by the hormonal influence during the
menstrual cycle of the women. During the ovulation
and follicular phases, the increase of progesterone and
estrogen could suppose an increase of the laxity and a
reduction of the stiffness of the joint increasing this way
the risk of ACL rupture [6,7,15].

Another of the anatomical differences between
women and men, which goes hand to hand with the
biomechanical causes is the Q angle, that is greater in
women for having a larger pelvis, as previously described
at the end of the results section. This characteristic
tends to increase medial stress on the knee ligaments
[12]. Therefore, those athletes who have an increased Q
angle are more likely to suffer an ACL rupture.

Finally, according to some studies made by McLean,
it is possible to verify that as a biomechanical factor re-
lated to neuromuscular control, in female subjects stop-
ping quickly after running, there is a delay in the activa-
tion of the hamstrings compared to the quadriceps, as
previously explained. This event involves a greater ante-
rior displacement of the tibia and a pronounced valgus
in the knees, which increases the stress on the ACL [12].

After this evaluation, being able to verify that women
have a greater risk in this type of injury, it would be
necessary to increase the prevention, especially in
sports, and decrease the neuromuscular imbalances
[16], such as the predominant use of the dominant
leg or quadriceps, increasing the conditioning of the
hamstrings [15]. In addition, it is important to improve
the techniques of turns and pivots that cause torsional
damage, as well as deceleration techniques, such as
landing after a jump or a sudden stop.

In conclusion, the anatomical, biomechanical and
neuromuscular control aspects that differentiate
women and men are the ones that demonstrate the
best, that female athletes have a greater risk of suffering
an anterior cruciate ligament injury.
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