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The anterior cruciate ligament (ACL) is the key stabilizer of the knee joint, which prevents the anterior displacement
of the tibia relative the femur and rotational instability of the knee joint. Proper understanding of its complex anatomy,
function and biomechanics, mechanism and the type of ACL injury is of great importance in choosing a treatment
strategy. Findings of clinical tests and imaging methods have a significant value in the diagnosis of anterior knee joint
instability. Considering all the variety of currently existing techniques and implants for operative treatment of anterior
knee instability, the clinical practitioner should make the right choice of a method or combination of methods for surgical
ACL reconstruction in a specific patient, taking into account individual risks of gonarthrosis. The goal is to ensure knee
joint stability with the least invasiveness to allow the patient to return to the preoperative level of physical activity as soon
as possible.
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INTRODUCTION

The anterior cruciate ligament (PCL) was first
described in 170 AD by the Roman physician and
philosopher Galen. Subsequently, for more than 1,500
years, no importance was paid to its cure. Only at the
beginning of the 20th century, its injuries evoke special
interest. With an increase in the number of road traffic
injuries and the popularization of professional sports,
injuries of the anterior cruciate ligament have come to
the forefront of orthopedic problems [1]. To date, the
challenge of modern traumatology remains the choice
of an adequate method for surgical treatment of knee
joint instability.

The whole history of surgery is the desire of doctors
to offer the most effective surgical treatment methods
that cause minimal trauma and provide a proper
esthetic effect. Arthroscopic or minimally invasive
(arthroscopically controlled) operations are capable to
restore the primary anatomy of a damaged joint. They
combine anatomical validity and minimal trauma,
pathogenetic justification and high functional efficiency
[1, 2]. In the United States alone, the annual need for
surgery to reconstruct ACL due to knee joint injury
ranges from 100,000 to 200,000 interventions per year
[3]. It is known, female athletes have a much greater
chance of sustaining an ACL injury. So, one of 60 to

100 female athletes has or had damage to the anterior
cruciate ligament in the past [4, 5]. There are exercise
programs for athletes with proven evidence of reducing
the risk of anterior cruciate ligament ruptures [4, 6].

Anatomy and biomechanics of the anterior
cruciate ligament

The anterior cruciate ligament is the key stabilizer
of the knee join and prevents the anterior displacement
of the tibia relative to the thigh, as well as rotational
instability of the knee joint [2]. Knowledge of the
complex anatomy, function, and biomechanics of the
anterior cruciate ligament is critical to identification
of the mechanisms of injury, understanding chronic
anterior instability of the knee joint, and improving
surgical technique.

The anterior cruciate ligament is a wide
connective-tissue band attached with its posterior end
to the internal posteromedial surface of the lateral
condyle of the femur (Fig. 1) [2, 5, 7]. The attachment
site of the anterior cruciate ligament on the femur
has the shape of a semicircle, with a straight front
edge and a convex posterior one along the edge of
the femoral condyle. From the attachment site on the
femoral condyle, the anterior cruciate ligament runs

in the medial and distal direction to the tibial plateau.
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ACL is attached with its distal end to the fossa of the
intercondylar eminence of the tibia along the front
and inner edges of the lateral tubercle, its front edge
passes under the transverse ligament of the meniscus
(part of the bundles can be connected to the anterior
horn of the lateral meniscus). The length of the
anterior cruciate ligament is from 22 to 41 mm, and
the width is from 7 to 12 mm [7, 8].

The ACL cross-sectional area increases from the
femur to the tibia, measuring 34 mm? proximally,
33 mm? in the middle of the proximal layer, 35 mm?
in the center, 38 mm? in the middle of the distal part
and 42 mm? distally [7, 8]. Moreover, the area of the
attachment on the tibia is 120 % relative to the area
of attachment on the femur [7, 8].

Fig. 1 Location of
the anterior cruciate

ligament (left
knee joint), frontal
projection

Girgis and co-authors suggest to distinguish two
ACL parts, anteromedial and posterolateral bundles
that pass spirally [8]. Other authors distinguish three
ACL functional bundles (anteromedial, intermediate
and posterolateral [9]. At present, the two-part ACL
model is commonly accepte for better presentation and
understanding of the knee joint functioning [8, 9].

The anteromedial bundle is oriented more
vertically in the frontal plane (approximately 70°
to the base line of the knee) while the posterolateral
bundle is more horizontal (approximately 55° to the
base line of the knee) [8, 9].

When the extended, the
posterolateral bundle has maximum tension while
the anteromedial is relaxed. It is a reverse dynamics
in knee flexion; the anteromedial bundle is tensed
while posterolateral one is somewhat relaxed. One
should realize that it is a simplified presentation of
the knee joint kinematics [10].

In addition, Markolf and co-authors reported

knee joint is

that the anterior cruciate ligament acts as a

secondary limitation to varus-valgus and rotational
displacement [11].

Based on the analyzed literature data, the
following main points can be outlined:

e the anterior cruciate ligament develops and is
composed of two bundles initially, each of them not
only supplements the function of the other but has an
extremely important role in stabilizing the knee joint;

ethe anterior cruciate ligament has a complex
multilayer histological structure, which allows it to
indirectly increase elasticity depending on the tensile load;

the hormonal level of estrogens plays a role in the
strength of the anterior cruciate ligament;

» the complex “femur - anterior cruciate ligament -
tibia” plays a role in the kinematics of the knee joint.
Therefore, it is necessary to take into account not
only the strength of the graft, but also to carefully
choose the method of its fixation to the bone;

e the balance of the quadriceps and the complex
of the popliteal muscles is of great importance in the
biomechanics and stability of the knee joint;

e any reconstruction of the anterior cruciate
ligament only partially recovers the biomechanical
and morphological component of the normal anatomy
and function of the knee joint.

Mechanism, risk factors and programs for
prevention of anterior cruciate ligament injury

Identification of the factors associated with an
increased risk of anterior cruciate ligament injury
during sports and physical activity is a central topic
of numerous studies [12-15].

According to the mechanism, most authors
distinguish between “contact” (associated with direct
exposure to traumatic forces) and “non-contact” (not
related to direct impact during motion) mechanisms of
anterior cruciate ligament injuries [12, 13]. Moreover,
the non-contact mechanism accounts for about 70 to
75 % of all anterior cruciate ligament lesions [13].
Most athletes and young people who lead an active
lifestyle and participate in sports events that include
running, turning and jumping, have a high risk of
anterior cruciate ligament injuries precisely due to
the indirect or non-contact mechanism of damage to
the anterior cruciate ligament [12, 13]:

e internal rotation of the tibia with wvalgus
deformity in the knee joint and the foot fixed is a
typical mechanism leading to the rupture of the
anterior cruciate ligament;
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e instances of rapid braking, including those
involving sharp foot stops to change the direction as
well as jumping, turns, twisting and landing and a
direct impact on the forefoot [13].

Three of the four sport events having high rates of
injuries are female sports. Moreover, ACL injuries in
females are 8- to 10-fold more frequents in all sports
activities [14-16]. And this is not a casualty. All
the studies report that females are more suscepable
to injuries of the anterior cruciate ligaments than
males. The reasons are not yet clear. However, the
investigators revealed the following factors of this
regularity:

e a relatively larger frontal angle between the
femur and tibia than in males [17];

e the width of the
narrower [18];

intercondylar notch is

e lower strength of the femoral muscles that
stabilize the knee joint by its loading [19];

« coordination in the work of muscles-antagonists
of the femur - a weaker response of the muscles of
the popliteal tendons in the conditions of a stronger
contraction of the quadriceps [20];

« hormonal profile [ 21, 22].

Recently, the literature focuses on neuromuscular
imbalance of the lower limb, a leading issue in
assessing the risks of ruptures of the anterior cruciate
ligament in athletes [23, 24]. Several predisposing
factors are seen in the neuromuscular imbalance:

1) ligament dominance - an imbalance between
the neuromuscular and ligamentous control of knee
joint stability [25];

2)the quadriceps muscle dominance - the prevalence
of the quadriceps muscle tone over the muscles of the
posterior group of the thigh when performing jumps,
sudden stops and acceleration in running, that lead to
the anterior and rotational displacement of the lower
leg relative to the thigh [25];

3) limb dominance — more developed muscles of
the leading leg in athletes [26];

4) dominance of the body - inability of the athlete
to control his center of gravity [27].

The combination of these factors and even
the presence of one of them increases the risk of
anterior cruciate ligament injury. Most programs
for the prevention of injuries of the anterior cruciate
ligament, used, in particular, for training of young
professional athletes are aimed specifically at reducing

Literature review

Genij Origpedii Vol. 26, no 1, 2020

or preventing such neuromuscular imbalance. These
programs use a multifaceted approach and include
components for the preparation of proprioreception,
plyometric training, and the
neuromuscular associations [28].

Currently, medical professionals in sports prefer
programs composed of different types of exercises
aimed at reducing all four factors of neuromuscular
Sugimoto et al. (2014) showed the
effectiveness of such programs, including a variety of

strengthening of

imbalance.

exercises for neuromuscular training of athletes [28].
The work of Swart and co-authors is also interesting,
showing not only the medical, but also the financial
effectiveness of such programs [29].

In addition to the anatomical, functional, and
gender factors of damage to the anterior cruciate
ligament discussed above, there is a hereditary
predisposition [30, 31] and such a factor as a history
of anterior cruciate ligament reconstruction in the
medical records [27].

The genetically determined features of collagen
synthesis have an effect both on the strength of protein
bonds in collagen and on the diameter of fibrils [32].
Again, it was proved that genetic characteristics are
inherited and more expressed in the female line [33].

A prior history of anterior cruciate ligament
reconstruction is a risk factor for both the contralateral
knee joint injury and repeated trauma to the knee joint
already operated [27, 34]. Patients with damage to
the anterior cruciate ligament were 4.4 to 11.3 times,
according to some studies up to 30-40 times [35], more
susceptible to the damage of the graft or contralateral
anterior cruciate ligament over the next year after
surgery compared to others athletes [27, 34, 35].

There are also a number of external factors that
increase the risk of anterior cruciate ligament injury:
weather, athlete’s footwear, condition and type of
surface for sports activities [36].

To assess the risk of anterior cruciate ligament
injury in each case and the associated preventive
measures, it is necessary to consider all these factors
separately, and a combination of these that may
mutually enhance risks [36].

Diagnosis of the anterior cruciate ligament
injuries

Clinical examination is an important diagnostic
cruciate

procedure for detection of anterior

ligament injury to establish the correct diagnosis
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and subsequent decision making on the choice
of a particular treatment protocol. The accuracy
of the examination findings is usually evaluated
by comparing the positive and negative results
of clinical tests, which with a certain degree of
probability correspond to one or another type of
damage to the anterior cruciate ligament [37-39].

Three main clinical tests are currently used
worldwide to diagnose anterior cruciate ligament
injuries (Fig. 2):

1) anterior drawer test;

2) Lachman’s test;

3) pivot shift test.

The “anterior drawer” test is performed by
bending the affected limb to 45 degrees in the hip
joint and to 90 degrees in the knee joint. At the same
time, the doctor moves the shin forward relative the
thigh with two hands while the foot is fixed. In this
case, not only the magnitude of the shift is important,
but, mostly, the absence of a clear end point of the
forward translation.

Test shortcomings that can bring false negative
results [38]:

« in acute injury due to effusion, pain and muscle
tension during flexion in the knee joint, flexor muscles
may act as stabilizers, preventing anterior translation
of the tibia;

« second, the anatomy of the knee joint is such that
in knee joint flexion, the convex posterior surface of
the femoral condyles corresponds to the concave
surface of the tibia plateau and posterior horn of the
medial meniscus, which also prevents the anterior
translation of the tibia relative to the femur;

« false-positive results occur when there is damage
to the posterior cruciate ligament [40].

The Lachman test is performed with the patient
being supine and the knee joint slightly bent (from O to
15 degrees). The physician shifts the lower leg forward
relative to the thigh of the injured limb, producing an
oppositely directed force with the hands. The test is

Lachman Test

Anterior Drawer Test

120

considered positive when there is no clear end point
with significant anteroposterior shift of the lower leg
relative to the femur. Moreover, the final point of motion,
described as “soft”, is important [38]. The test has high
sensitivity and specificity for acute and chronic injuries
of the anterior cruciate ligament, but is not sensitive to
partial tear of the anterior cruciate ligament.

The pivot shift test reproduces the lower leg
displacement relative to the thigh which patients call
“bucking knees”. If the anterior cruciate ligament
function is not sufficient, there is anterior subluxation
of the tibia even by moderate flexion and rotation
what means the rotational displacement or pivot shift
test. [38]. False-negative results are possible in partial
ACL tear [41, 42].

The principle points of the main clinical tests are
the following:

1) tests for anterior shift of the lower leg (anterior
drawer and Lachman tests) are highly sensitive,
especially with chronic anterior instability of the knee
joint;

2) the pivot shift test has a very high specificity
and may indicate the presence of anterior cruciate
ligament injury;

3) sensitivity and specificity of the tests increase
after anesthesia.

Radiological research methods are of great
importance in the complex diagnosis of anterior
instability of the knee joint. Thus, MRI is of particular
significance in the presence of not only complete, but
also partial tears of the anterior cruciate ligament [43].
However, it should be understood that any test and any
radiological study cannot be considered separately.
Only the combined clinical and paraclinical data of the
patient may bring absolute confidence in the verification
of the diagnosis of anterior cruciate ligament injury.
In this regard, the "classical" radiological research
methods, such as radiography of the knee joint, remain
relevant in terms of differential diagnosis and diagnosis
of concomitant injuries [2, 16].

Pivot Test

Fig. 2 Main
clinical tests
to assess

the anterior
instability of
the knee joint
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If we consider diagnostic arthroscopy of the knee
joint as a method for diagnosing anterior cruciate
ligament injuries which undoubtedly has high
sensitivity and specificity [2] but one main drawback,
it is invasive.

Among non-invasive examination methods, a
number of devices for measuring the anterior tibia
shift relative to the femur have recently become
increasingly important. CT 1000®, CT 2000®,
Rolimeter® and Telos® systems are mostly used in
clinical practice. They are more accurate in cases of
subacute and chronic injury to the anterior cruciate
ligament. It should be borne in mind that these
devices evaluate only the anterior shift of the lower
leg without any rotational evaluation. Their use in
combination with other studies is fundamental for
diagnosis and therapy [39-42].

Main classifications and types of ACL injuries

Zantop et al. (2007) proposed classifying the
cruciate ligament tears in regard to its two bundles
(Table 1) [44].
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Table 1

Classification of ACL ruptures in regard to its bundles
(Zantop, 2007)

T .. Anteromedial | Posterolateral
ypes of injury bundle bundle
Tear off the femur 1 A
Central rupture 2 B

Tear off the tibia 3 C
Stretched, functionally 4 D
insufficient

Intact 5 E

Complete or total and partial ruptures of the anterior
cruciate ligament can happen [44]. Both bundles are
ruptured in a complete pattern, while with the partial
rupture, either the anteromedial or posterolateral
bundles of the anterior cruciate ligament are torn.
The pattern and the resulting condition, anterior
instability of the knee joint, determine the tactics
and type of surgical treatment in the future. More
than 25 years ago, Gichter proposed distinguishing
between the following types of total rupture of the
anterior cruciate ligament (Table 2) [45].

Table 2

Gachter classification of ACL injuries

Type I Complete ACL tear with separation of fibres always results in instability and is
associated with hemarthrosis of the knee joint

Type II Intrasynovial rupture, when the synoval membrane remains intact, may appear with one
of the ACL bundles injured. MRI signs may seem normal while clinical signs may be one of the
symptoms of the anterior or rotational laxity without hemarthrosis

Type III ACL detachment from the tibia along with the periosteum (may be accompanied with
the Segond fracture [44]). It is a rare condition characteristic for young people and may be
cured conservatively. In knee joint radiographs, the injury is seen as an avulsion fracture of the
intercondylar eminence of the tibia and possible Segond fracture. A puncture of the knee joint in
the acute period contains drops of bone marrow along with blood

thus false-negative

Type IV ACL tear off the femoral condyles and its stump. It frequently results in blocking and
subsequent flexion contracture of the knee joint. Clinical tests for anterior instability may be

image interpretation

Type V ACL tear off the femoral condyles and its bundle scarring with the posterior cruciate
ligament bundles. Arthroscopy shows none of ACL bundle is in the site of its attachment to
the femoral condyle. Clinical tests may also be false-negative and there are difficulties of MRI

clinical tests and MRI

Type VI ACL bundles are resorbed completely or partially. Resopsion develops within several
weeks to several years after primary injury. This is the simplest injury for diagnosis but the most
difficult type for the patient type and anterior knee instability. No difficulties in diagnosing with

Literature review
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Later, another classification was proposed,
including partial ruptures of the anterior cruciate
ligament, also based on morphological features for a
better understanding (Fig. 3) [44].

This classification, although it is very complete
and detailed, is currently practically not used due
to its complexity. For practical use, the American
(AAOS)

developed a simplified classification of injuries of the

Association of Orthopedic Surgeons
anterior cruciate ligament in 1997, which turned out
to be more convenient for choosing treatment tactics
for both partial and complete ruptures of the anterior
cruciate ligament (Table 3) [44]:

Injuries of the anterior cruciate ligament are
frequently associated with damage to other structures
of the knee joint.

* In 96.5 % of cases of posterior cruciate ligament
injuries, there is damage to the anterior cruciate
ligament or other multi-plane instability [44, 46].

*In 95 % of cases of medial collateral ligament
injuries, the anterior cruciate ligament is damaged
[44, 47].

¢ In 26-60 %, one of the menisci is injured along
with the anterior cruciate ligament [44, 46].

* Segond fracture happens in 9 to 12 % of all
injuries of the anterior cruciate ligament [44, 48].

Unfortunately, at present, there is no classification
of injuries of the anterior cruciate ligament that is

—-— o . ¥ .
Type 1 Both ACL bundles, torn off the femur,

attachment is completely lost

Type 4 Rupture of the anteromedial ACL
bundle; posterolateral bundle preserves
normal attachment to the femoral condyle

Type 2 Both ACL bundles are united with the
are adhered through a scar to the PCL; normal  anterior edge of the intercondylar notch;
normal attachment is completely lost

Type 5 There are none of normal bundles; their
diameter is less than a third of the normal ACL;
the ACL tone is lost

acceptable and convenient for clinicians and considers
both the specifics of its injuries and damage to other
structures of the knee joint.

Review on the current methods of surgical
treatment of anterior cruciate injuries

The first question any surgeon is faced with is
choosing a graft for reconstruction of the anterior
cruciate ligament. Currently, the most common
are the operations of reconstruction of the anterior
cruciate ligament with autografts from the tendon
of the patellar ligament (BTB, bone-tendon-bone)
or from the tendons of the semi-tendinous and thin
muscles (ST-soft tissue) [2, 16, 44, 46, 47, 48, 49].
Most researchers do not find a significant difference;
however, in addition to significant differences in
the surgical technique, both methods still have their
advantages and disadvantages.

The disadvantages of using a BTB autograft
include, first, severe pain in the anterior knee part
(the place where the tendon of the patellar ligament is
harvested), which sometimes lasts for several years,
and secondly, a fairly frequent limitation of knee joint
extension [49].

The main disadvantages of the ST-autograft
include a tendency to more frequent, compared to
BTB, repeated ruptures and, accordingly, recurrence
of anterior knee joint instability, especially in

professional athletes [49].

Type 3 Rupture of the posterolateral ACL
bundle; anteromedial bundle preserves
normal attachment to the femoral condyle

Fig. 3 Types of partial tear of
the anterior cruciate ligament

injury

Table 3
Classification of ACL injuries (AAOS, 1997)
Injury grade Features
Grade 1 ACL is stretched slightly but the stability of the knee joint is not affected
Grade 2 ACL partial tear, stretched to the point that it becomes loose (injury to one bundle)
Grade 3 ACL is completely torn, the knee joint is no longer stable
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Noyes et al. showed in 1984 that BTB strength
reaches 168 % of the original anterior cruciate
ligament, which is the best indicator. At the same
time, the strength of the semi-tendinous muscle
tendon reaches only 70 % of the original (with other
autografts even lower) anterior cruciate ligament.
However, according to the authors, the strength does
not matter in achieving a good result if there is no
reliable fixation and strong adhesion to the bone
[50]. Another important advantage of BTB is a faster
bone-in-bone ingrowth of this autograft within six
weeks compared with ST (within 4-6 months). This
fact may be important for the high-level athletes in
choosing this method for a quick return to sport.

The next no less important point for the surgeon
is the choice between reconstruction of both bundles
of the anterior cruciate ligament and single-bundle
reconstruction. Several biomechanical studies have
been carried out, showing that the restoration of both
bundles of the anterior cruciate ligament, compared
with
eliminates not only the anterior, but also rotational
instability in the injured knee joint, and consequently
may reduce the risk of gonarthrosis after surgery.
Moreover, with regard to clinical results, there are

single-bundle reconstruction, significantly

works both confirming the benefits of restoration of
both bundles of the anterior cruciate ligament [51],
and suggesting that there is no difference between
the results after single-bundle or double-bundle
restoration of the anterior cruciate ligament [52].
Ibrahim et al. reported that, although clinically there
was no difference between these methods of restoration
of the anterior cruciate ligament, nevertheless, when
comparing the stability of the knee joint on a CT
1000 apparatus (MEDmetric, San Diego, CA), the
results after restoration of both bundles of the anterior
cruciate ligament were significantly better [53]. When
comparing the stability of the knee joint, Yasuda et al.
came to the conclusion that the rotational stability of
the knee joint was better after the restoration of both
bundles of the anterior cruciate ligament, but there
were no significant differences in IKDS scores [54].
Tiamklang et al conducted an interesting study
which showed that there was no difference in the short-
term (up to a year) clinical results and the number of
complications between double-bundle and single-
bundle ACL reconstruction. Nevertheless, they found
that the double-bundle method of reconstruction of
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the anterior cruciate ligament, first, provided return
to the preoperative level of physical activity (91 %
versus 82 %); second, there were better clinical results
in the long term (more than a year) on the IKDS scale
after a double-bundle reconstruction, (94 % versus
90 %). There were also such differences in favor of
reconstructing both bundles as a reduction in the risk of
meniscus lesions (3.75 % versus 6.7 %) and repeated
rupture of the anterior cruciate ligament (0.8 % versus
5.4 %) [53].

Most cases of recurrence of anterior knee joint
instability after reconstruction of the anterior cruciate
ligament are associated with improper positioning
and the formation of the femoral canal [2, 27, 44,
54]. Currently, there are three types of methods
for creating the femoral canal, each having its own
merits and drawbacks: a transtibial tunnel technique,
anteromedial portal, and a femoral tunnel technique
"from outside-in" with retrograde drilling.

The main drawbacks of the transtibial technique,
when the femoral tunnel is formed along the guide
from the tibial tunnel, are difficulties in proper
positioning; it is often difficult to target the place of
attachment of the original anterior cruciate ligament
to the femur [55].

When the femoral
anteriomedial or additional access from inside the

tunnel is formed from
knee, the surgeon is forced to bend the knee joint as
much as possible, which, first, sharply worsens the
visualization of the attachment point of the anterior
cruciate ligament to the femur, and second, the
posterior wall of the lateral condyle of the femur or
even the peroneal nerve may be injured if flexion is
insufficient [56].

A drawback of the technique of producing the
femoral tunnel from outside inwards, when a tunnel
of the required diameter is drilled through a special
guide from inwards to outside, is that the retrograde
drill may miss the targeted point on the femur, and
often a tunnel of a larger diameter than necessary may
be drilled [56].

Regardless of the method of tunnel formation, the
main point is the correct positioning of the femoral
tunnel, and it is also important to treat the remnants
of the anterior cruciate ligament as carefully as
possible, trying to preserve as many natural fibers as
possible to preserve proprioception and better graft
revascularization [2, 16, 55].
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Another important point is the choice of the method
for graft fixation on the femur and tibia. Reliable fixation
of the graft to the bone ensures stability in the early
postoperative period and, accordingly, enables early
rehabilitation of the patient. The fixator itself should not
impede autograft ingrowth. Animal studies have shown
that the fixator is a weak link for six weeks after surgery
using a BTB graft and for 12 weeks after surgery using
a ST graft [57], what is very important to consider if
biodegradable fixators are used. There are three groups
of fixators currently used for the reconstruction of the

anterior cruciate ligament (Fig. 4).

A

€

A - intratunnel fixators
B - extracortical fixators
C - extratunnel fixators

\"

Fig. 4 Variants of fixators for reconstruction of the

anterior cruciate ligament

Given the variety of techniques and implants for
surgical treatment of anterior instability of the knee
joint that currently exist, it is very important for the
practitioner to make the right choice of the method or
combination of methods for surgical reconstruction of
the anterior cruciate ligament in a particular patient.
The task is to ensure the stability of the knee joint with
the least trauma, which will provide patient’s quickest
return to the preoperative level of physical activity.

Factors that
incidence after surgical treatment of anterior knee
joint instability

influence on gonarthrosis

Gonarthrosis may develop prematurely after
anterior cruciate ligament injuries. And given that
there is high incidence of ACL injuries in young
people and adolescents leading an active lifestyle,
it can be assumed that gonarthrosis may develop at
their most productive and socially significant age
[2, 24, 29, 58]. Thus, reducing the risk of premature
degenerative pathology of the knee joint after ACL
injury associated with intraarticular cartilage, menisci,
and subsequent recovery, is a clinical priority [58].

However, the following paradox is encountered;
according to instrumental methods, the lateral parts of the
joint are injured in acute trauma but subsequent arthritic
changes primarily are observed in the medial knee.

This suggests that the main role in the development of
gonarthrosis after reconstruction of the anterior cruciate
ligament is not caused by the consequences of acute
injury but by other factors. Changes in the kinematics of
the knee joint are significant and, unfortunately, are not
fully corrected with the intervention, and these disorders
remain significant even if the gait is normal [58].

ACL injuries distort three parameters in the
biomechanics of the knee joint. First, there is anterior
instability of the knee manifested by excessive anterior
shift of the lower leg relative to the thigh; second, the axis
of rotation of the knee joint changes and is manifested
as a “pivot-shift” symptom; third, synchronization
and congruency of the articular surfaces of the medial
condyles of the femur and tibia are lost.

In ACL reconstruction, the main emphasis is
given to eliminating anterior instability with surgical
methods. However, the main load due to the remaining
rotational instability falls on the medial meniscus and
medial parts of the joint [2, 16]. Subsequently, this
leads to the lesions of the medial meniscus and the
development of arthritic changes in the medial parts
of the knee joint. That is why the preservation of the
function of the medial meniscus is the last barrier to
the development of gonarthrosis [29, 58] (Table 4).

Table 4

Dependence of gonarthrosis incidence on the type of
surgical treatment of the injuries of the medial meniscus
and anterior cruciate ligament

Injuries of the medial meniscus Inc1depce of
and anterior cruciate ligament gonarthrosis 10 years
after surgery
Resection of the medial
meniscus and rejection of ACL 100 %
reconstruction
Resection of the medial meniscus o
and ACL reconstruction 24-45%
ACL reconstruction and intact 4-11 %
medial meniscus

Based onthis, itis obvious that surgical treatment of
anterior instability should be aimed at: 1) eliminating
the anterior and rotational instability of the knee
joint and 2) preserving and protecting menisci and
preventing the development of gonarthrosis.

Approaches to rehabilitation and recovery
therapy after surgical management of the anterior
knee joint instability

A success in recovery of the preoperative level of
physical activity after reconstruction of the anterior
cruciate ligament is based on a staged individual
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rehabilitation of the patient [59]. The tasks of
rehabilitation treatment are to restore muscle balance
and muscle strength of the limb, proprioception and
reduce the risk of re-injury of the anterior cruciate
ligament [2, 16, 59].

An adequate strength of the quadriceps femoris is
a critical component of recovery after reconstruction
of the anterior cruciate ligament. Moreover, deficient
quadriceps muscle strength may be a key factor for
repeated trauma to the anterior cruciate ligament and
relapse of the anterior instability of the knee joint [59].

Immediate postoperative rehabilitation begins
on days 2 to 7 after the intervention. The goals of
the stage are to restore the range of motion, activate
the quadriceps muscle, reduce swelling and pain (an
inflammatory process in the knee joint), and ensure
safety and efficiency of everyday-life ambulation.
Moreover, the function of the quadriceps muscle is of
paramount importance [59]. Isokinetic exercises and
exercises aimed at restoring movements in the knee
joint from 0 to 90 degrees are allowed. In the future,
after restoration of the range of motion and quadriceps
muscle tone and if inflammation signs in the joint are
absent for 3-4 months after the operation, the treadmill
and the gym are allowed. No earlier than 4-6 months
after surgery, flexion in the knee joint of more than 90
degrees and jumping are allowed, while the tone of the
quadriceps muscle should be fully restored, and there
should be no signs of inflammation in the joint. Only
at the very end of rehabilitation treatment, not earlier
than after 6-8 months, exercises, including rotation in
the knee joint on a fixed foot and running on rough
terrain are allowed. At this stage, exercises specific to
the sport that is a priority for the patient are permitted.

The criteria for returning to the preoperative level of
physical activity are functional tests, the contralateral
limb being a reference [60]. Four standard tests were
proposed for determining the patient’s readiness to
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return to sport: a single hop for distance, a triple hop
for distance, a triple hop on the run alternately with the
right and left leg, and hops for 6 meters (Fig. 5). All
hops should be made at the same distance by both lower
limbs, while balance should be maintained without
involving the movements of the body and arms. The
patient is allowed to start training with the main group
of athletes, provided that these tests have been passed.
FUNCTIOMNAL TESTS

Single Mop For Distance  Thaid Hep
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Triphe Hap For Distance  Cress-aver Hap Fer Distance
-

Total distance
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Fig. 5 Functional tests to assess knee function recovery

after reconstruction of the anterior cruciate ligament

In addition to functional factors, there are also
psychological factors that can distort the results
of these tests and delay patients' return to an active
lifestyle. Thus, an increased fear to move and a fear
of repeated injury were recognized as these factors by
many authors [60].

These principles of rehabilitation are the basis of
recovery treatment, which allows athletes to return to
the preoperative level of physical activity. Moreover,
there is no definite program adopted for any specific
surgical treatment technique, but only general
recommendations.

No doubt, the success of the entire treatment of
the anterior instability of the knee joint depends not
only on the operation, but also on the efficiency of
rehabilitation, including physiotherapy, kinesiotherapy,
exercise therapy and psychologist’s work.

CONCLUSION

The operation to reconstruct the anterior cruciate
ligament is one of the most common procedures in
world orthopedic practice. Over the past decades,
both indications for this operation and all clinical
aspects have significantly expanded and changed,
from diagnostic and surgical techniques to the
principles of rehabilitation treatment. Despite the
relevance and high incidence of the condition, there
are controversies to date in the world literature that

Literature review

point to a number of unresolved problems.

Evidence-based medicine is, in particular, an
option for a surgeon to use the best available literature
to make a decision about treating patients. Although
there is not always an ideal answer for each clinical
case, we have attempted to present a relevant and
unbiased information on this issue in order to assist
practitioners to make the best choice of the method to
use, based on current literature.
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