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Abstract

Objectives: This study aimed to clarify the debate on anterior cruciate ligament (ACL) injury
management and the selection of patients for surgical or nonsurgical treatment.

Methods: A retrospective, citation-based approach was employed to search for English literature that assessed
management options and mechanisms for ACL injuries.

Results: A variety of mechanical and neurocognitive mechanisms are involved in ACL injuries that could be used
to develop practical prevention strategies. More precise preoperative clinical, and paraclinical assessments, as well
as clarification of available treatment options for patients, would lead to individualized decisions on injury
management, and thus to objective and subjective satisfaction. Prioritization of attentive physical therapy
rehabilitation plans will also improve treatment outcomes.

Conclusion: A better understanding of the ACL injury/patient characteristics will help to achieve optimal treatment

outcomes for each individual and develop targeted and practical prevention strategies.

Level of evidence: Il

Keywords: Anterior cruciate ligament, Anterior cruciate ligament reconstruction, Injury management, Injury

mechanism, Rehabilitation

Introduction

I he most common type of injured ligament in the
knee is the anterior cruciate ligament (ACL) as it
accounts for 50% or more of all knee injuries.! In the
United States, 250,000 people sustain ACL injuries each
year.2 The ACL tear is a common injury in sports, and it is
the only one of the two cruciate ligaments that is composed
of tough fibers that support its repetitive motion. Tearing
of these fibers can lead to instability of the knee,
particularly anterolateral rotational instability, which can
be manifested by giving way during heavy exercises,
involving jumping, tackling, or twisting movements (e.g.,
soccer, field field hockey, and basketball).

Chronic instability is a term used for individuals with old,
untreated knee problems who have experienced knee
instability during everyday activities. On the other hand,
there are individuals with injured ACLs who have minor
instability with occasional laxity of the knee.25 these
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individuals are referred to as adapters, but those who suffer
from chronic difficulties are non-adapters. Non-adapters
include individuals with inconsistencies in neuromuscular
synchronization and other anatomical structures, such as a
severely tilted posterior tibia and a narrow intercondylar
notch.5

Female gender also plays a role, as the literature indicated
that the incidence of ACL tears is 2-10 times higher in
female sports players, compared to males. Previous studies
on passive instability are poor predictors of outcomes after
rehabilitation. Given that no specific measurement can
define the performance status of an ACL-deficient knee,%5
there is a large gray area in the management of individuals
with ACL injuries regarding surgical or nonsurgical
management. This indicates that there are a number of
patients who have undergone ACL reconstruction (ACLR),
although a rehabilitation-only plan may have been
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sufficient; this could lead to bias in the studies that report
the outcomes of ACLR in amateur players. Therefore, it is
necessary to closely examine the patients before deciding
on surgical or non-surgical treatment.>¢ This review aimed
to describe different mechanisms and treatment strategies
for ACL injuries to help clinicians select the right treatment
for their patients and make shared treatment decisions with
the central goal of optimizing the functions of patients.

Materials and Methods

A retrospective, citation-based approach was employed to
search for English-language literature that assessed or used
different management options and also proposed
mechanisms for ACL injuries. The main sources were peer-
reviewed published articles searched in PubMed, Web of
Science, Science Direct, and Google Scholar databases using
the following keywords: “Anterior cruciate ligament injuries,
Conservative treatment, Patient selection, Treatment
outcome, Anterior cruciate ligament reconstruction, Bias,
Injury management, Injury mechanism, Rehabilitation”. No
systematic search strategy was applied, and the authors
independently reviewed and reflected on the literature.

Results
Mechanisms

The ACL can be injured or torn in different mechanisms,
namely non-contact, contact-direct, and contact-indirect
mechanisms. Reports indicate that 88% of ACL injuries
followed non-contact knee injuries.” Nevertheless, contact
trauma is as important as non-contact mechanisms,
emphasizing the mechanical disruption. Non-contact
injuries occur when an extreme internal body force is
generated without external forces acting to cause the tear.
The most common risk situations for an ACL tear are
landings, presses, an uncooperative dynamic body and
regaining balance after a kick,3? pivot,1%11 cut-and-plant
maneuver,!2 tackle8? deceleration,1%11 and also vehicle
accidents.13 However, the most common mechanism is the
sudden pivoting of the knee in athletic situations, such as
soccer, field hockey, and basketball.”.14-16

The same injury mechanisms seen in sports also occur in
the military, where the activities are very intense.l7-19
Video analysis has revealed that most ACL injuries are due
to prior contact, slight hip and knee flexion, and heel strike
leading to valgus failure with neutral rotation of the
knee.2021 Axial constriction and agitation just prior to the
injury, as well as unexpected disruption of the body, also
play a rolel*. Perturbation and excitement can disrupt the
normal neuromuscular status, resulting in an unsteady
position of the leg on the ground.??

Sudden eccentric contraction of the quadriceps muscle
during abduction of the knee (such as occurs during
pivoting) can increase the constricting force at the jointand
actually depress the axial injury limit.142223 Studies on
cadavers also support the idea that axial constricting force
is the key factor in non-contact ACL injuries.2223 [t should
be noted that female sports players have remarkable
similarities with male sports players in terms of ACL injury
patterns,”24 but are at higher risk of ACL injury, compared
to male sports players due to dissimilarities in physical
preparation, muscle strength, and neuromuscular action.2

Reduced hamstring strength relative to quadriceps has
been implicated as a potential mechanism for increased
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lower limb injuries.26 Research has shown that female
athletes, who sustained an ACL injury following a strength
test, had a combination of reduced strength in the
hamstring, but not in the quadriceps, compared to male
athletes. In contrast, female athletes, who did not sustain
an ACLinjury, had reduced quadriceps strength and similar
hamstring strength, compared to matched male
athletes.2627 This understanding of the factors and
mechanisms associated with ACL injuries could reduce the
incidence of ACL injuries and help to develop targeted
injury prevention protocols.1821.23

Surgical treatment

There is widespread agreement that ACL surgery in
professional athletes of both genders can pave the way to
return to previous athletic levels. Moreover, prepubertal and
adolescent knees do not appear to heal perfectly after ACL
rupture,?8 if not operated; therefore, these young people and
people with a coexisting repairable meniscal injury may
benefit from ACLR.52829

In general, the most commonly performed procedure is the
arthroscopic reconstruction of a torn ACL by anatomical
placement of grafts. However, various autologous
replacement grafts are available, including grafts of the
patellar tendon (BPTB), quadriceps tendon and hamstring
tendon (semitendinosus and/or gracilis), as well as allografts
and synthetic grafts. The debate about which graft is the best
choice is still ongoing. However, a higher rate of revision
surgery has been reported after hamstring grafts for primary
ACLR, compared to BPTB grafts, especially in young sports
players. Ideally, graft selection for ACLR should be based on
the age, anatomy, requirements, and expectations of the
patient. The physicians should be familiar with all the
existing ACLR graft options and clinical outcomes in order to
achieve an optimal treatment outcome.30-32

In recreational athletes, it is not clear whether an interval in
performing surgery is a disadvantage. There is limited
evidence on whether surgical or non-surgical treatment
leads to better outcomes in this population. It should be
noted that many people do well despite a damaged ACL.
However, top performers are immediate candidates for
surgical intervention. Clearly, restoration of normal knee
performance after an ACL rupture requires surgery to
accurately reproduce the normal ligament.>33

The ACL has functions that play an essential role in the
maintenance of knee performance and stability. Therefore,
reconstruction of the ruptured ACL is necessary to prevent
the inexorable decline in knee function. Even after ACL
reconstruction, the normal kinematics of the knee joint are
not restored and degenerative changes can occur in the long
term, especially in young and active individuals. Hence, it is
important to identify the knees that will benefit from
reconstruction. Apart from professional sports players and
other smaller at-risk populations, there is no absolute
agreement on the patients whose knees need or do not need
reconstruction (e.g. adapter vs. non-adapter patients).
However, the formulation of strategies to differentiate
between adapters and non-adapters could answer the
question.>3334
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Another important issue is the concept of isometry. This
idea emerged after the introduction of the term "screw
home", which refers to the plane of movement of the knee
during flexion and extension. The cooperation between the
posterior cruciate ligament (PCL) and the ACL during knee
movement was associated with a fixed, four-link joint
structure in which the PCL and ACL act as isometric
constructs. This theory clarified the isometric replacement of
the graft during ACLR. However, dynamic magnetic
resonance imaging (MRI) studies have clearly demonstrated
that the PCL and ACL wrap around each other in the knee
screw home mechanism, resulting in the ACL/PCL constructs
shortening the least during terminal knee extension.
Accordingly, the ACL is not an isometric construct. The
theory of isometric positioning has been replaced by the so-
called anatomical positioning.>3536

Furthermore, it has been assumed that the autologous graft
transforms into the biological nature of the ligament over
time through the process of ligamentization after
implantation. The graft has been shown to undergo an early
phase of vascularization with rapid attenuation, followed by
cellular development and maturation, which is completed
approximately six months after graft placement. Evidence for
this progression comes primarily from human
histopathologic specimens and animal studies.

Most reports of ligamentization of implants in humans
indicate that complete restoration of the mechanical and
biological properties of the original ACL does not appear to
be successful373% an important study using contrast-
enhanced MRI after ACLR in military personnel clearly
showed that the avascularity of the graft was preserved for
up to two years postoperatively.4041

Furthermore, electron microscopy has shown that the fine
structures of the graft do not match the natural ligament after
maturation. However, there is a new technique called bridge-
enhanced ACL restoration implant (BEAR), in which an
autologous blood-inoculated implant is used to form a bridge
between the torn ends of an ACL. The collagen implant helps
strengthen the ligament and increases the strength of the
ligament,*2 which can help surgeons create a more natural
ligament.

In addition, the concept of anatomic positioning of the ACL
suggests that the tunnels be placed at the anatomic femoral
and tibial origin of the ACL. For the reconstruction of a single
ligament, the optional position is in the center of the femoral
and tibial origin. The tibial origin naturally extends anteriorly
and is larger than the femoral origin. Therefore, special care
must be taken when planning the tibial tunnel to ensure that
itis not too far anterior, as the implant could become trapped
in the intercondylar notch during knee extension.#3-45

In addition, tunnels placed at the center of the anatomic
origin of the femoral ACL insertion have been shown to be
more prone to failure, compared to the tunnels placed off-
center. Recent morphology studies of the ACL have shown
that the ACL is a ribbon-like construct and not a conical
cylinder as described in the classic literature. Therefore, it
may be necessary to reconsider the localization techniques
used in ACLR.#6
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It is evident that current anatomic placement techniques in
ACLR would not restore the original kinematics of the knee.
Point-to-point fixation of the fiber bundles extending from
their proper anatomic origins at the femoral and tibial
portions and allowing consecutive stretching of the ACL
through flexion and extension is not achieved. Since the
ligament is inherently complex, current ACLR methods,
whether isometric or anatomic, are unlikely to accurately
reflect its true nature and thus its function.547

However, surgeons are now increasingly performing ACL
reconstructions with additional anterolateral tenodesis.
Reinforcement of the lateral structures of the knee provides
further rotational stability and protection for the graft. This
is particularly beneficial in high-risk patients, e.g. patients
with excessive laxity or malpositioning, younger patients, or
when the surgery is a revision of the ACLR.48

Nevertheless, there are some studies that may be
underpowered and have weak study designs that suggest
better outcomes with ACLR+anterolateral tenodesis. A
recent review reported that ACLR+anterolateral tenodesis
significantly improved the rate of graft failure and return to
sport, compared to ACLR in isolation.#84° Another problem is
that ACLR is not always reproducible. Even among
experienced surgeons, outcome analyses and postoperative
radiographs show different positions for the tunnels,
especially the femoral tunnels.*7.50

Conservative management

Physicians agree that rehabilitation after an ACL injury is
essential both before and after surgery, as well as for
individuals who prefer non-surgical treatment. The details of
rehabilitation may differ, but the overall approach is similar.
The use of blood flow restriction, neuromuscular electrical
stimulation, early lower limb training, neuromuscular and
proprioceptive exercises, and psychosocial support have
recently become popular modalities in  ACLR
rehabilitation.5152

In the category of adapters, where rehabilitation may
preclude the need for surgery, the challenge is the
appropriate intensity of rehabilitation and patient adherence
to the plan. The psychosocial status and expectations of the
patient should be carefully considered. The role of the sports
physiotherapist in the management of knees with ACL tears
should be given more importance than is currently the
case.535* The role of non-surgical and surgical management
in the treatment of injured ACLs was recognized in the United
States several years ago by the major developers of ACL
injury treatment.

Noyes et al. defined that the “rule of thirds” is applied;
accordingly, after an ACL injury, one-third of cases will
require surgery, one-third of cases will require rehabilitation
without ACLR, and the remaining one third will be
asymptomatic and not require surgery.>> There is no doubt
that each of these groups exists; however, the challenge is to
distinguish between adapters and non-adapters and to
categorize the cases into actual groups.556

Many studies have reported acceptable to excellent
outcomes after ACLR, but even the best studies have shown
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that outcomes are not favorable in 10-15% of the cases. A
recent study found that 86% of hamstring grafts used in
ACLR generally survived 20 years. However, in adolescents,
this survival rate was 61%, dropping to 22% in those with a
posterior tibial slope of 12° or more.>57.58

Previous reports have noted that return to sport is a
measure of effective treatment; however, they have not
specified the level of sport. Published studies have also
shown a growing opposition between authors who are
generally optimistic about the efficacy of ACLR and those
who question this positive view based on recentaccurate and
well-organized data.’>5° A recent review also questioned
whether ACLR has superior efficacy, compared to
rehabilitation.®0

Previously, one of the rationales for early ACLR was the
belief that the ACL works synergistically with the other
stabilizing components of the knee joint, such as the
meniscus and other ligaments. If the ACL is torn, this could
compromise its crucial role in interacting with other
components of the knee. Constant stress on knees with ACL
defects leads to joint incompetence and osteoarthritis.
Although this is possible, it may not always be the case,
especially if the tear is diagnosed acutely.

Early diagnosis allows patients to undergo rehabilitation
and adapt their physical activities. Accordingly, even if
patients have joint laxity, they will not feel instability as the
ACL is only loaded up to 20% of its maximum during daily
activities.t! Therefore, it is important to diagnose the injury
quickly. An ACLR should only be considered if the affected
person needs to return to high levels of sporting
performance.>

Recently, studies on the outcomes and principles of ACL
injury have gained prominence in the literature. Despite this
extensive literature base, it is unexpected that no logical
consensus has been reached on the treatment of the cruciate
ligament-injured knee, except in athletes.>62

Previous studies addressing evidence in sports medicine
have reported a need for large-scale, high-level evidence-
based, multiply randomized trials. The authors discuss that
the evidence base for the performance of orthopedic surgery
is insufficient, compared to other medical fields, with only
one-fifth of procedures having at least one randomized trial
with low bias, indicating that surgery is preferable to
conservative interventions.>63

Most studies on the mid-term outcomes of ACLR in terms of
knee function indicate that moderate functional stability was
achieved with the recurrence of partial laxity, mainly
rotational laxity. Knee range of motion and functional
recovery were also reported to be acceptable. However, it
was found that only 50% of these patients were able to
regain their pre-injury activity level. The re-injury rate with
a previously reconstructed ACL was up to six times higher
than the rate of the original ACL tear. Moreover, female
sports players with a history of ACL tear have a higher risk of
re-injury. Besides, injury to the opposite knee also has a
higher risk. General laxity of the joint, especially in
conjunction with hyperextension, is a predisposing factor for
re-injury. The ACLR would not restore the original knee
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kinematics, proprioceptive sensation, and ultra-nature of the
ACL. There are a number of medium and long-term reports
of joint degeneration in ACL-reconstructed knees, especially
when returning to high-performance sports. Therefore, long-
term maintenance of the health of the intra-articular
environment after ACL reconstruction is discussed as well as
the achievement of satisfactory criteria for patients and
surgeons in terms of surgical outcome.>64

Associated meniscal and cartilage lesions affect outcomes
after ACL injuries. As previously mentioned, human
proprioceptive adaptations and variable anatomic
morphology may partially explain the conundrum of
adapters and non-adapters. Bony contusions of the femoral
condyles, often seen on MRI after ACL injuries, may lead to
the development of cartilage lesions. This indicates that the
ACL injury is probably not an isolated case.>>*

Discussion

The ACL injuries occur mainly in the young population
usually in sports in Western societies. The data gathered
from other developed countries suggests that its incidence in
the UK results in nearly 200 new cases per year. A study
performed in the United States found that the highest
incidence of injury occurred at the age ranges of 19-25 and
14-18 years old in males and females, respectively.®s
Physicians continue to see chronic ACL defects, either since
the lesion was previously overlooked in trauma hospitals or
since it recovered from an acute initial injury in which it was
undiagnosed and individuals continued their athletic
activities; serial procedures could lead to recurrent events of
functional instability and consequent knee deterioration.
There seems to be a necessity for a well-directed referral
path through which acute knee injuries identified in the
emergency department are directed to a specialized center
where detailed evaluation and treatment are performed.66.67
Previously, the literature divided the mechanisms of ACL
injuries biomechanically into non-contact and contact
mechanisms, with a focus on mechanics. However, more
recent reports have also emphasized neurocognitive aspects
of ACL injury occurrence. Since sportspersons must meet
synchronized cognitive demands on the playing field, any
imbalance in cognitive coordination may contribute to limb
misalignment, increasing the risk of ACL injury.’* Knowledge
of the various mechanisms of ACL injuries and predisposing
factors also suggests that targeted prevention strategies
would be most successful.

Reaching a consensus on the most appropriate treatment for
cases with a torn ACL is complicated by many conflicting
reports. The satisfactory reports of ACLR in professional
sportspersons presented in a meta-analysis contrast with
other reports showing poorer outcomes in this group.®®
Other reports may have been biased due to poor methods.
Moreover, observer bias may justify up to 15% of the
satisfactory results presented by the participating team. For
this reason, these reports should be presented by
independent observers. Recognition bias may also occur
when successful treatment is reported based on different
knee assessment scales. However, some standardized scales,
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such as Tegner, Lysholm, and the Injury and Osteoarthritis
Outcome Score have recently been introduced.

Susceptibility to bias arises when results are pooled for
individuals with fundamentally different prognoses, e.g.,
adolescent sportspersons versus middle-aged recreational
skiers. Performance bias occurs when authors combine
results from populations in which different surgical methods
and rehabilitation protocols were used. Transfer bias is
possible when an undetermined number of cases are
overlooked at follow-up, giving an inaccurate impression of
failure or success in the existing population. Last but not
least, confirmation bias is triggered by the large number of
available studies on ACL, allowing authors to select reports
that support predetermined concepts. 57071

Clarification of the natural history of ACL injuries prevents
patients from mistakenly opting for surgery, as shared
decision-making is key to successful treatment; attentive
rehabilitation ensures excellent outcomes. The realization
that conservative treatment can be superior to surgery and
does not aggravate the process of knee osteoarthritis is a
guide for patients when choosing a treatment method.

In the case of surgery, individualized graft selection is
important. Afterward, strength and function should be the
goal of rehabilitation. A rapid increase in training load and a
return to sport earlier than nine months should be avoided.
The content of rehabilitation should be the same for those
who choose the conservative route, even if they would return
to sport sooner. All patients should be educated about the
relationship between injury risk and training load and
recognize that a home exercise plan is just as important as
vigilant training under the guidance of a physical
therapist.305472

Furthermore, there is no clear link between the
interpretation of results by the surgeon and the patient. The
presence of partial laxity is not associated with lower
postoperative patient satisfaction. Conversely, physicians
may not consider the presence of any degree of laxity as an
acceptable outcome. There may be a strong correlation
between the recurrence of even minor laxity and the ability
of a person to return to exercise. Some authors have pointed
out the need to consider factors that determine patient
satisfaction and their relationship with an objective
assessment of knee laxity.5473

Although evidence-based practice is called for in medicine
in general, its implementation in the case of ACL injuries
causes difficulties. This is almost strongly related to the
above-mentioned problems. In addition, in healthcare
systems with limited resources, financial support for
subspecialty clinics may not be a priority. To create a
comprehensive evidence base, data should be collected from
different centers over a long period of time to account for the
possibility of performance bias.’4#7> Randomized controlled
trials are difficult to establish but have the potential to
answer important questions for the long-term management
of ACL injuries.57¢

Conclusion
Cognitive aspects have been added to the biomechanical
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theory of ACL injury mechanisms. Balanced, synchronized
neuromuscular coordination is required for sportspersons
who must consider multiple external stimuli and decide on
the correct action. Any delayed or faulty coordination can
lead to an wunbalanced neuromuscular process,
malalignment of the knee, and subsequent ACL injury. A
better reorganization of the mechanisms involved will lead
to targeted and, therefore, feasible prevention plans.814
Current surgical performance may not result in an
original anatomic ACLR as there are problems with the
fixation of the bone tunnel. The location of the tunnels and
the various devices used to stabilize the grafts do not
contribute to accurate anatomic positioning that simulates
the natural alignment and biomechanics of the
ligament.”778 The current performance of ACLR may have
reached an impasse, despite the ongoing debate about the
relative values of single- or double-bundle reconstruction
of the hamstring tendon.”?8% Recently, the ACL has been
reported to have a ribbon-like anatomy.3081
The existence of anterior rotational instability is not an
absolute indication of ACLR. Johnson et al. previously
stated that there are no clear indications for surgical
reconstruction. This is, to date, still true. However, the
above-mentioned relative indications suggest that young
professional athletes may benefit from ACLR.82 [t was
found that 60% of ACLRs were most likely not necessary.83
A randomized controlled trial that compared the surgical
and non-surgical management outcomes found that all
cases with ACL tears that did not undergo surgery were
successfully treated two years after injury.84 Individuals
with an ACL injury undergoing ACLR should be aware that
there is no absolute evidence about the ability of ACLR to
deliver the original proprioception or kinematics to their
knee. The natural anatomy of the ligament will not be
reestablished, and there will be a risk of long-term
degenerative changes in the reconstructed joint,
particularly in young, professional, active individuals.>8485
In this review, it was emphasized that early recognition of
the torn ACL is necessary. Moreover, a perfect
administrative clinical procedure is required to separate
adapters from non-adapters. If ACLR is the choice, a
focused preoperative evaluation is required, including
relevant radiographs and MRI, laxity test, evaluation of
neuromuscular function and knee anatomy, and
consideration of the gender of the patient. The ACLR should
be maintained in patients with a combined ACL and
meniscal/cartilage lesion or in professional sports players.
It should be kept in mind that ACLR alone cannot prevent
future risk of degenerative changes and re-injury to the
operated knee. The natural history of the injury and the
details of surgical and conservative management should be
communicated to the affected person to help them fully
engage in the treatment, leading to shared decision-
making, and therefore, optimizing treatment and
outcomes. Updated attentive and targeted rehabilitation
should be provided by sports physical therapists for
individuals with an injured knee. A better understanding of
the patient/injury-related issues will help to achieve
optimal treatment outcomes and develop targeted and
practical prevention strategies.
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