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Abstract

Introduction: Anterior cruciate ligament (ACL) tears are a common sports injury, the incidence of which is increasing due to the population's
increased participation in sports activities. ACL tears can lead to serious knee complications, including cartilage damage, meniscus tears, and
osteoarthritis. This systematic review aimed to examine the pathogenesis and treatment of ACL injuris in athletes. Materials and Methods: Five
electronic databases, Medline, Scopus, PubMed, Embase, and Cochrane, were comprehensively searched to identify published articles from January
1994 to October 2024 related to treatments of ACL rupture. According to the PICOS, the eligibility criteria were: 1) The samples were athletes who
experienced ACL injury and 2) Studies were published in English language. The modified version of the Downs and Black checklist was used to
assess the methodological quality of the included articles. Results: Findings demonstrated that the rate of ACL injury for basketball and handball
players ranged from 4.1 to 5. Furthermore, the rates for soccer players are slightly lower, ranging from 2.3 to 2.5. Alpine skiing in high school has
an injury rate of 3.1. In contrast, lacrosse, ice hockey, and Military training have rates of 1.4, 2.0, and 2.7 respectively. Conclusions: Based on findings
it can be conclude that basketball and handball players have higher rates of ACL injuries, especially at the collegiate level.
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Introduction

Anterior cruciate ligament (ACL) is a key structure inside the
knee joint connecting the femur and tibia. Statistics show that
ACL injury reaches 200,000 people in the United States annually,
with this number increasing each year (1). Among the factors that
contribute to the stability of the knee joint during activities that
involve rapid changes in direction, jumping, and rotation, the
ACL plays a critical role (2). Moreover, the ACL contributes to
knee rotational stability in both frontal and transverse planes due
to its specific orientation (3). The ACL has been the focus of many
biomechanical/anatomical studies and is among the most
frequently studied structures of the human musculoskeletal
system over the past decades (4). Injuries related to the ACL are
one of the most common and devastating sports related knee
injuries participation (5). These injuries can cause joint effusion,
altered motion, muscle weakness, and decreased functional
performance, potentially resulting in a missed season for athletes,
especially young athletes (5). ACL injuries are also associated with

long-term clinical squeal that include meniscal tears, choral
lesions, and an increased risk of early onset post-traumatic
osteoarthritis (OA) (6). For a long time, the ACL was thought to
have a poor healing capacity and a very high failure rate (40% to
100%) even after surgical repair using sutures. (7). The
unsatisfactory outcomes of the ACL primary repair have led to the
unanimous abandonment of suture repair and widespread
adoption of ACL reconstruction. ACL reconstruction has
remained the gold standard of care for ACL injuries, especially for
young athletes who aim to return to high-level sporting activities
(8). However, current surgical treatment of ACL injury is costly,
with different outcomes, and is associated with a high risk of post-
traumatic OA within two decades of injury (9). While few athletes
are able to resume sports at the same level without surgery (5),
surgical reconstruction is also not always successful at returning
patients to their pre injury activity level (10). Furthermore, those
athletes who successfully return to their professional sport are at
high risk of a second knee injury (11), with notably less favorable
outcomes (11).
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Studies have consistently shown that female athletes are at
a higher risk of ACL injury than male athletes, with a 1.5 times
increased incidence and a 1.7times increased incidence of ACL
injury compared to male athletes (12). Many external and
internal factors may lead to ACL injuries. At present, ACL
injury treatments are mainly divided into surgical treatments
and non-surgical treatments. Non-surgical treatments, on the
other hand, focus on rehabilitation through physical therapy,
bracing, and neuromuscular training. These methods aim to
strengthen the surrounding muscles, improve proprioception,
and enhance joint stability, which can help athletes return to
activity ~ without invasive  procedures. Non-surgical
interventions are often recommended for individuals with
partial tears, minimal instability, or those who do not engage
in high-impact sports. Surgical treatment offers several
advantages, including rapid postoperative recovery, reduced
trauma, and fewer complications. However, it can only restore
the anatomical structure, leaving some deficiencies (13), This
systematic review aimed to examine the treatment of ACL

injury in athletes.

Materials and Methods

The present study is a systematic review study that used
PRISMA (Preferred Reporting Items for Systematic Reviews)
guidelines in its writing process(14).

Eligibility criteria

According to the PICOS approach, the eligibility criteria were:
(1) the samples of respondents consisted of were athletes; (2)
athletes who experienced anterior cruciate ligament ACL injury
and; (32) studies were written published in the English
language.(15) (Table 1).

Databases and Search strategy

The following five databases were systematically searched from
January 1994 to October 2024: MEDLINE, Scopus, PubMed,
EMBASE, as well as the Cochrane Central Register of Controlled
Trials (CENTRAL). The reference lists of published reviews and
the identified studies were screened to find further potentially
relevant papers.

The search syntax was created using the PICOS scheme and
free-text keywords as well as medical subject headings (MeSH
terms). Searched keywords were included in Table 2.

Searches were repeated using the keywords as MeSH terms as
well. The search algorithm was intentionally general to
maximize return. In addition to the online searches, the
bibliographies of the included studies were reviewed to identify

additional publications too. However, Articles related to injury
epidemiology, mechanism, and surgical reconstruction were
included as primary published works, as well as articles
published after 1994. Duplicate articles were excluded. All in
vivo and in vitro studies that focused on ACL repair following
injury, not reconstruction, were considered. All titles resulting
from the search criteria were reviewed and those that clearly
referred to a topics other than the focus of the current review
were excluded. All case reports and expert opinions were
excluded too. Abstracts were also reviewed to confirm eligibility
of the study. Finally, the full texts of eligible seven studies were
included for final review.

Study selection

All titles and abstracts were reviewed by all authors of this study
to identify potentially eligible studies according to the priori-
defined inclusion and exclusion criteria. In case titles and
abstracts did not provide sufficient information, full texts were
examined. Any difference in the rating of the authors was
resolved through discussion with a reviewer (SHM).

Quality Assessment of Included Articles

The methodological quality of the included studies was
evaluated by the same author suing a modified version of the
Downs and Black checklist for non-randomized controlled
trials (16) (Table 3). The modified checklist includes 19
questions with eight reporting items (items 1, 2, 3, 4, 5, 6, 7,
10), two items for external validity (items 11 and 12), five items
for internal validity (Bias) (items 14, 15, 16, 18, 20), three items
for internal validity-confounding (items 21, 22, 25), and one
item for power (item 27). The items were scored as 0 (“no” and
“unable to determine”), and 1 (“yes”), except for item 5 for the
scored 0 (“no”), 1

(“partially”), 2 (“yes”). The overall quality score of each study

principal confounders which was

was calculated based on a percentage of the maximum score
(20). In cases where there were discrepancies in the authors’
rating of the quality scores, consensus was reached through
discussion. Studies with quality scores of 75% or higher were
considered as high quality studies, those with scores between
60% and 74% were considered as moderate quality, and those
with scores of 60% or lower were categorized as low quality
studies (17).

Data collection

One author (E.P.) extracted all relevant data according to the
PICOS approach (population, study protocol, intervention,
study design, and outcomes related) from the included articles.
To reduce any errors in the extraction of data, all data were
checked by the author (A.].).
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Table 1. Participants, intervention, comparators, outcomes, and study design (PICOS) framework for study inclusion and exclusion criteria

Category Inclusion Exclusion
Participants  Individuals aged 220 years with ACL injuries Individuals aged <20 years
Intervention Not applicable Not applicable
Comparator Healthy adults Healthy children or older adults
Outcome Lower limbs kinematics and kinetics during Measures of lower limbs kinematics and kinetics during activities other
transitional movements than transitional movements (e.g., pedaling)
Study Case-control studies, case series, cohort studies, All types of review studies (e.g., systematic reviews)
design cross-sectional studies

ACL, Anterior Cruciate Ligament

Table 2. Keywords used for the search (all databases).
Search terms with Boolean operators AND, OR

1 Anterior Cruciate Ligament or Injury, ACL or Injury, Anterior Cruciate Ligament or Healing, ACL or Healing, Anterior Cruciate
Ligament or Repair, ACL or Repair
AND

2 Military training, Ice hockey, Lacrosse Handball, Alpine skiing, Soccer, Basketball

Table 3. Evaluation of the quality of the included articles by Downs and Black checklist.

Included articles

(o]

Score of Black and Down E E = :.:? o § e % :.:? ) E & % e E e ® o g
=% P& g¢ BZ TE rf Rs BRE RE BEZ BE

2§ 8s =2 F¢ 2 BE B Bg 5& B¢ "=

s o =B g ~— & —8 —& <TEB <8 &
1 1 1 1 1 1 1 1 1 1 1 1
2 1 1 1 1 1 1 1 1 1 1 1
3 1 1 1 1 1 1 1 1 1 1 1
4 1 1 1 1 1 1 1 1 1 1 1
5 1 1 1 1 1 0 0 0 1 0 0
6 1 1 1 1 1 1 1 1 1 1 1
7 1 0 1 0 0 0 1 1 1 1 1
8 0 0 0 0 1 1 1 1 1 0 1
9 0 0 1 0 1 0 0 0 0 0 0
10 1 1 1 1 1 1 1 1 1 1 1
11 1 1 1 1 1 1 1 1 1 1 1
12 1 1 1 1 1 1 1 1 1 1 1
13 1 1 1 1 1 1 0 0 0 0 0
14 1 1 1 1 1 1 0 0 1 0 0
15 1 1 1 1 0 1 0 1 1 0 0
16 1 1 1 1 1 1 0 1 1 1 1
17 1 1 1 1 1 1 0 1 0 0 0
18 1 1 1 1 1 1 1 1 1 1 1
19 1 1 1 1 1 1 1 1 1 1 1
20 1 1 1 1 1 1 1 1 1 1 1
21 0 0 1 1 1 0 0 0 1 1 1
22 1 1 1 1 1 1 1 0 1 1 1
23 1 1 1 1 1 1 1 1 0 0 0
24 0 0 1 0 1 0 1 1 0 0 0
25 1 0 1 1 1 0 0 0 1 0 0
26 0 0 0 0 0 0 0 0 0 0 0
27 4 3 5 4 5 4 2 3 4 2 3
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Table 4. Gender-specific rates of ACL injury based on type of sports.

Authors Sports Level of competition ~ The rate of ACL injury (female/male)
Renstrom et al(18) Basketball Collegiate 3.3
Arendt et al(19, 20) Basketball Collegiate 4.1
Messina et al(21) Basketball High school 3.0
Renstrom et al(18) Soccer Collegiate 2.5
Arendt et al(20) Soccer Collegiate 2.3
Lindenfeld et al(22) Soccer Youth 3.0
Stevenson et al (23) Alpine skiing High school 3.1
Myklebust et al(24) Handball - 5.0
Renstrom et al(18) Lacrosse Collegiate 1.4
Renstrom et al(18) Ice hockey Collegiate 2.0
Gwinn et al(25) Military training Collegiate 2.7

Identification of new studies via databases and registers

¥

Becords identified from

Registers (n=6108) ~*

Becords removed screening:
Duplicate records removed (n=536 )
Fecords marked as ineligible by automation tools {n=2183)

Records removed for other reazons (n=1788)

¥

Fecords screened (n=1579)

Fecords excluded (n= 4329)

v
Feports assessed for eligibility
(n=19)

—»

!

Final studies were eligible (n=7)

Records excluded:
Beason 1, full text: (n=9)
Feason 2, Acl injury: (n=1)

Feason 3, (n=1) etc

Figure 1. PRISMA 2020 flow diagram template for systematic reviews. The new design is adapted from flow diagrams proposed
by Boers(26), Mayo-Wilson et al(27). and Stovold et al(28).

Results

The initial search identified 6,108 studies. After removing
duplicate articles, 1,579 studies remained. Following the
screening of titles and abstracts, 19 full texts were further
considered. Finally, 7 studies were eligible to be included in this
systematic review (18-25).The results of this review are shown in
Table 4 and Figure 1.

ACL injuries based on different sports

A review of studies has shown significant differences in ACL
injuries across sports. College basketball players face injury
rates of 3.3 to 4.1, indicating significant vulnerability at the
collegiate level. Meanwhile, football is slightly lower, with rates
of 2.3 to 2.5 for college athletes and 3.0 for youth players,
indicating risk among younger athletes. . Alpine skiing at the
high school level shows a substantial injury rate of 3.1 due to
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the sport's physical demands. Handball stands out with the
highest reported injury rate at 5.0, indicating a significant risk
during play. In contrast, lacrosse and ice hockey exhibit lower
rates of 1.4 and 2.0, respectively. Notably, military training has
an injury rate of 2.7, which could be due to the intense physical
demands of personnel and the need for effective injury
prevention and management strategies in dealing with high-
risk environments (18-25).

Discussion

The differences in rates of ACL injury across various sports can
be attributed to several factors, including the nature of the
involved movements, the level of competition, the physical
characteristics of the athletes, and the specific demands of each
sports. The high rates of injury was related to basketball and
handball with the rates of 3.3 to 4.1 and 5.0 respectively. These
rates can be attributed to explosive movements and the need
for agility, which increase the risk of ACL injuries during
sudden stops or pivots natures of these sports (18, 24).The rates
of injury for collegiate soccer players was 2.3 to 2.5 and for
youth players was 3.0 which indicating a moderate risk level of
ACL injury (18, 20, 22).The injury rate of 3.1 in high school
alpine skiing is notable due to the high speeds and the need for
precise control while navigating downhill. The combination of
speed and the potential for falls contributes to the risk of ACL
injuries (23). Lacrosse and ice hockey these sports have lower
rates of injuris (1.4 and 2.0, respectively) likely because they
involve less frequent rapid changes in direction and jumping
compared to basketball and handball sports (18).

Due to increased intensity in training and competition at
the collegiate level compared to youth or high school levels the
rates of ACL injury tend to be higher. For instance, the rate of
collegiate basketball injury reflects the higher stakes and more
physical placed on athletes(29).The
inherent characteristics of each sport play a crucial role in the

rigorous demands
risk of injury. For example, military training has the highest
rate of reported injury at 2.7, reflecting the extreme physical
demands and rigorous training regimens that participants
endure. The intensity and variety of physical challenges faced
during military training can lead to a higher incidence of ACL
injuries(30).

Rick of the ACL Injury

Anatomical factors and ACL injury epidemiology

As one of the two main types of ligaments within the knee joint,
the ACL can provide rotational and translational stability to

the knee (31, 32). The high risk of injury along with the high
rate of sports participation among women over the last three
decades has led to a rapid rise in ACL injuries in females. ACL
injuries are commonly associated with other joint injuries,
especially meniscus injuries, and may lead to an 80% increased
risk of early onset osteoarthritis after ten to fifteen years (33).
In addition to pain, instability, and associated long-term
squeal, ACL injury may affect the athletes’ quality of life
economically as well as socially (33). Moreover, patients who
have suffered an ACL injury face long-term consequences that
include lowered activity levels, high risk of injury, and long-
term disability due to post-traumatic OA (33).

Q angle

The Quadriceps or Q-angle is an index of the vector for the
combined pull of the extensor mechanisms and the patellar
tendon (34). Athletes that suffer or have suffered from ACL
injuries always have a quite larger Q angle than the athletes
who do not have ACL injuries(35).The Q-angle measurement
is widely used as an indicator of patella femoral dysfunction,
including patella femoral pain syndrome (PFPS) and patella
instability (36).

High Posterior Tibial inclination (PTS)

PTS is also a risk factor. In knees with ACL loss, tibial anterior
displacement increased by 6 mm when PTS increased a 10°.
Retrospective analysis shows that compared with the ACL-
intact group, in the ACL-deficient group, the medial posterior
tibial slope(MPTS) and lateral posterior tibial slope(LPTS)
were significantly higher at 25%,50%, and75% (37). A
systematic review study confirmed that increasing the PTS was
related to the increased the risk of ACL transplant failure after
reconstruction (38).The increase of PTSA is sometimes
associated with the ACL degradation too.

The treatment of ACL injury

With the development of the arthroscopic surgery techniques,
most of the patients would be likely to choose the surgical
treatment, especially the people who are young and active. The
surgical treatment has several advantages the post-operative
recovery is fast, less traumatic, and has fewer complications
(39).The most prevailing operative method of ACL injury is
reconstructive surgery. The American Academy of Orthopedic
Surgeons' 2016 guidelines for ACL injury management suggest
arthroscopic reconstructive surgery for the vast majority of
patients with ACL injuries (40). Reconstruction involves using
grafts to create a new ligament. The success of the
reconstruction can be influenced by factors such as ;timing of
the surgery, ROM before surgery, the amount of swelling, and
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the strength of the quadriceps(41). Although the reconstructed
ACL cannot be completely restored to the original anatomical
structure of the ACL, the grafts used for reconstruction must
have characteristics that closely resemble the original ligament
and also have minimal antigenic and biological properties
(42).The limitation of this study is that it only examines the
ACL injury of athletes and limited types of sports.

Conclusion

Based on the findings it can be suggested that basketball and
handball have may higher rates of ACL injuries, especially at the
collegiate level. It seems the differences in rates of ACL injury
across various sports can be attributed to several factors,
including the nature of the involved movements, the level of
competition, the physical characteristics of the athletes, and the
specific demands of each sports.
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