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Introduction The leading method for treating patients with injuries of the anterior cruciate ligament is its reconstruction.
Although this operation is a common procedure, the issues of rehabilitation have not been fully studied. The aim of study
Collection and analysis of available published studies on current methods of rehabilitation treatment after arthroscopic
reconstruction of the anterior cruciate ligament. Materials and methods We analyzed the publications that were devoted to
current methods of rehabilitation treatment of patients after arthroscopic reconstruction of the anterior cruciate ligament. The
materials were searched for in the PubMed and Web of Science databases using the keywords “anterior cruciate ligament
reconstruction”, “anterior cruciate ligament rehabilitation”. Inclusion criteria were compliance with the general topic,
relevance, introduction of new rehabilitation treatments. Studies published earlier than the last 10 years were excluded.
Results The analysis found that the main rehabilitation treatments used in patients after reconstruction of the anterior cruciate
ligament are of protective character (wearing a functional orthosis or other immobilizing appliance, dosed walking with
crutches) and physical activity (complex of exercises, swimming). The most effective way to prevent contractures is early
activation of the limb and the maintenance of muscle tone. In turn, the main task of immobilization is prevention or relief of
pain. Our study proposes the authors’ methods of rehabilitation which can be used for restorative treatment and accelerate
the process of ligament repair. The work includes rehabilitation procedures performed at home after reconstruction of the
anterior cruciate ligament under the supervision of a rehabilitation instructor. Discussion Rehabilitation of patients after
reconstruction of the anterior cruciate ligament is a necessary complement to surgical treatment. Fast recovery of patients

and a full return to an active lifestyle depend on a proper rehabilitation program.
Keywords: anterior cruciate ligament reconstruction, rehabilitation treatment, arthroscopy

INTRODUCTION

Rupture of the anterior cruciate ligament (ACL) has
been reported as one of the most common injuries of
the knee joint [1, 2]. It occurs in 62 % of knee injuries.
The mechanism of trauma is associated with sharp
active repetitive movements in the joint (jumping,
running), more common in young people involved in
sports activities [2—6]. At the same time, this type of
injury is not typical exclusively for athletes and may
also occurs in domestic and road accidents associated
with sudden sharp twisting, hyperextension or flexion
of the knee joint, as well as due to a direct blow to the
knee joint or lower leg [7-9 ]. Thanks to the high-tech

medical assistance program, this type of reconstruction
has been developing much. After ACL reconstruction,
patients are discharged for outpatient treatment.
The phase of outpatient rehabilitation has not been
sufficiently regulated, methodically developed and
practically not controlled by the surgeon. As a result,
the effectiveness of rehabilitation and treatment
outcomes can be unpredictable.

The purpose of the study was to collect and
analyze scientific publications on current methods of
restorative treatment of patients after reconstruction
of the anterior cruciate ligament of the knee joint.

MATERIAL AND METHODS

Forty-four sources of information devoted to current
methods of rehabilitation for patients after arthroscopic
anterior cruciate ligament plasty were analyzed. The
search in the bibliographic databases PubMed and Web
of Science was conducted using the keywords "anterior
cruciate ligament reconstruction", "anterior cruciate
ligament rehabilitation", "rehabilitation treatment
after reconstruction of the anterior cruciate ligament",

"rehabilitation after plastic surgery of the anterior
cruciate ligament." Among the materials studied, there
are four Russian-language works and 40 English-
language articles, 10 reviews and 34 original articles
among them. Inclusion criteria were compliance with
the general theme, relevance, introduction of novel
rehabilitation treatments; works published earlier than
the last 10 years were excluded.
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RESULTS

The main treatment for anterior cruciate ligament
injury is surgery. The most popular method of
recovery is arthroscopic reconstructive plasty of the
anterior cruciate ligament using an autograft from the
central third of the patellar ligament, semitendinosus
tendon, or peroneus longus tendon [10—14].

As a method of anesthesia during surgery, as a
rule, spinal or general combined anesthesia is used
[15-17]. The median time for the first patient’s
verticalization after spinal anesthesia is 24 hours, 12
hours after combined anesthesia [18, 19]. Traditionally,
to create the best arthroscopic view, anterolateral and
anteromedial approaches relative to the ligamentum
patellae are used [12, 13]. After diagnostic arthroscopy,
the surgeon proceeds to harvesting the autograft,
which is subsequently fixed in the canal of the femur
using a special suture button, endobutton, and with an
interference screw in the canal of the tibia [ 12]. Although
this operation is of minimally invasive nature, complete
ACL replacement with the graft in a position close to
the anatomical suggests specific features in further
management of patients in the postoperative period.

It is assumed that the process of ACL repair after
surgery lasts at least for six months and is directly
related to blood flow recovery in this area [20, 21].
Extreme caution should be exercised during this period.
Excessive loads on the ligament should be excluded.
In this regard, D.V. Fedulova and G.A. Yamaletdinov
distinguish four main periods of rehabilitation for
patients with ACL injury: early post-operative (1 week),
late post-operative (2—4 weeks), functional (5-8 weeks),
and recovery (9—24 weeks) [22 ]. In their publication,
they emphasize that each of the periods has its own
tasks, and the terms of the periods are conditional.

According to a number of sources, ACL finally
recovers after 12 months [20, 21, 24], although full
functional ability is achieved by 8 months [6, 23].
Consequently, the compiling of a rehabilitation program
should usually be guided by the period of 24-32 weeks,
taking into account the periods mentioned above [24].

The question of starting physical activity and the
impact of early loads on the operated limb remains being
discussed. Based on the terms above which are required
for restoration of functional abilties of the ligament [6,
23], patient's motor activity should be gradually grow
with physical exercises. However, a number of authors
argue in their studies that early weight-bearing and
the corresponding physical activity have no harmful
effects on the course of the rehabilitation period [25,
26]. Thus, N.E. Marshall et al (2018) studied the course

of the postoperative period in young athletes after ACL
plasty [25]. The authors analyzed 143 clinical cases, all
immobilized using orthoses, with complete exclusion
of early postoperative loads for up to two months. The
course of rehabilitation according to the plan had to
last for 12 months. However, about 67 % of young
athletes, having a strong desire to return to sports as
soon as possible, rejected immobilization ealier than
was schedules and started full weight-bearing by the
second week after the operation. They returned to full
sports activity after six months. The authors concluded
that early loading on the operated joint with a properly
adjusted rehabilitation program does not cause harmful
consequences.

The issue of the functional timing and its effects
on the knee joint after surgery was also discussed
a review by L.M. Kruse et al (2012), dedicated to
functional recovery in patients after ACL rupture
[26]. Based on their analysis of a number of studies,
the authors came to a conclusion that early activation
after ACL plasty has a positive effect on the course
of the rehabilitation period, accelerating it. It should
also be noted that early activation in the knee joint
after the operation does not decrease the range of
motion and functional activity of the knee joint.

As an option for early activation and maintenance of
the leg muscles tonus in the period of immobilization,
patients may use a device for movements in the ankle
joint (RF patent No. 144670) [27]. This model consists
of a base, a support for the limbs with elements for
fixing them, supports for the axis of rotation and a set
of calibrated springs. The device may be placed on the
floor or fixed to the bed footboard for training muscles
in bed. The main movements are flexion and extension
in the ankle joint. A set of calibrated springs with a
different number of turns allows for load adjustment,
thereby maintaining not only muscle tone but also
muscle strength. There are some publications on the
effectiveness and practical use of this device [28, 29].

Rehabilitation after ACL plasty is based on
physical exercises aimed at maintaining muscle
tone of the lower limb during its immobilization in
the early post-operative period and at restoring joint
motion in the subsequent periods.

R.M. Tikhilov and co-authors have published
complexes of physical exercises for each of the
periods in their manual [20]. They should have the
following sequence:

— in the early postoperative period, maintain the tone
of the muscles of the leg and thigh in the supine position;

122 Literature review



—in the late postoperative period, passive
activation in the knee and hip joints;

—in the functional period, muscle strengthening
with resistance exercises;

—1in the recovery period, exercising coordination,
training in the gym, slow running and squats.

Complexes of physical exercises after ACL plasty
include breathing exercises, general strengthening
exercises and special exercises for the
extremities, which should account for 50 % of the
total volume of exercises [24]. Special exercises
are as follows. In order to maintain the tone of the
muscles of the leg and thigh in the early postoperative
period, it is recommended to perform active flexion
and extension movements in the ankle joint, repeat 30
times every 2 hours; alternate tension and relaxation
of the muscles of the anterior and posterior thigh
groups, repeat 10—15 times every 2 hours [20]. As
passive exercises, it is recommended to perform full
extension in the knee joint while sitting on a couch
and placing the injured leg with the heel on a nearby
chair, or lying in bed; it is also allowed to passively
bend the injured leg which suspends from the edge of
the bed, controlling it with the healthy leg. This set
of passive exercises should be performed 3—4 times a
day for 10—15 minutes [24].

In the late postoperative period, active flexion and
passive extension of the knee joint, lifting a straight
leg while lying or standing, and mobilization of the
patella with the hands are added to the above exercises.
Each rxercise should be done 10-15 times and the set
of them is repeated once or three times a day [20, 24].
Full passive extension in the late rehabilitation period
is allowed to be performed with a weight (no more than
1 kg), which is placed on the extended knee. Extension
is performed at the end of the entire set of exercises for
15 minutes 1-2 times a day [20].

In the functional period, in order to improve
mobility in the knee joint and maintain muscle tone, it
is recommended to perform resistance exercises such
as rubber bandage traction, in supine and standing
positions [20]. The complex of such exercises includes
flexion in the knee, abduction and adduction of the leg,
lifting a straight leg, passive flexion and extension of
the knee joint; 10-15 repetitions 2-3 times a day [20].
It is also advised to perform exercises using the back
of a chair for doing half-squats and lifts on one leg;
10—12 repetitions three times a day [24].

In the recovery period, exercises with the use of an
inflatable balancing cushion or disc are recommended
to develop coordination and proprioception [20, 24].
Coordination exercises, each done for 3-5 minutes,

lower
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include maintaining balance, standing on two legs,
half-squats, lunges backward and sideward [20]. To
strengthen the muscles, it is proposed to use traction
block simulators from the 13th week after the operation
to do the same set of exercises as in the functional
period, but with a certain degree of weights [20].

Rehabilitation doctors advise
patients who have undergone ACL surgery [20, 24],
which is allowed from week 6 after the operation.
In the pool, patients are advised slow walking,
straight leg swings, and leg abduction. Breaststroke
swimming is forbidden [20].

Also, it is possible to use the CPM therapy
(Continuous Passive Motion) in order to prevent
contractures and develop passive movements. Recently,
however, this method has not been used much for
rehabilitation of patients with ACL injury, since a
number of studies showed that its effectiveness is similar
to early activation of movements in the knee joint but
expenditures associated with the purchase of equipment
are high [30-32]. Reduction in pain and soft tissue
edema in the knee joint area are among the positive
effects of CPM therapy. However, similar results can be
achieved with the help of other treatments [33].

As for the other types of physiotherapy used
after ACL plasty, their main purpose is to prevent
postoperative hypostatic complications and improve
muscle tone. It is rational to use them in an inpatient
or early outpatient period after the intervention, when
the risk of such complications is higher. For prevention
of thromboembolic  complications, lymphatic
drainage massage, magnetotherapy, ultrasound [34,
35] and electromyostimulation are recommended in
the studies [36]. The basis for the application of the
method is the effect of regular electrical impulses
on the gastrocnemius muscle that causes its periodic
contraction, leading to the activation of the muscle
pump, relief of venous stasis in bedridden patients and
in the process of limb immobilization. For indirect
prevention of complications,
the technique is combined with the use of direct
anticoagulants, and in some cases, contributes to
cessation in their use. Electromyostimulation is used
both in the hospital and for home rehabilitation, since
the device itself is portable and relatively cheap.

Electrical stimulation can be used in a variety of
ways, including for recovery of muscle tone in the
thigh and lower leg [20]. So, in the early postoperative
period, electromyostimulation with sinusoidally
modulated currents may be effective (RF patent
No. 2154506) [37]. The main advantage of using
this technique is the stimulation of smooth muscle
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contraction and relaxation. Conduction of sinusoidally
modulated impulses along muscle fibers is similar to
a normal physiological contraction. Thus, the risk of
neurogenic and myogenic components of contractures
1s decreased, and muscle tone is maintained. This
method is performed using a 12-channel electrical
myostimulator. To create a pulse, two lead electrodes
with a hydrophilic pad moistened with water are
used. One electrode is applied to the motor points
according to the Erb’s table, the second is in the
projection of the tendon of this muscle. Electrical
stimulation is performed with high-frequency
(2000-5000 Hz) currents. The period of stimulation
alternates with stimulus pauses. The applied current is
2—-10 mA, depending on the individual characteristics
of the patient (skin, sweating, etc.). Initially, the
exposure is 10—12 minutes (23 sessions), then it is
gradually increased to 20—-30 minutes. This method
of maintaining muscle tone can be used in the early
postoperative period by low physical activity.

An important part of the rehabilitation of patients
after ACL plasty is immobilization of the knee joint
with a plaster cast or a functional orthosis. Its purpose
is to relieve pain and reduce the risk of damage to the
transplanted ligament. The use of a functional orthosis
with hinges in this case is much more convenient. It
enables to regulate the range of motion in the knee
joint, thereby gradually adapting the joint to physical
activity [20].

It should be noted that a number of authors believe
that refusal from immobilization after ACL plasty
does not pose a potential threat [38, 39]. S. Brandsson
et al. (2001) studied the use of immobilizing means in
patients after ACL plasty. They conducted a two-year
comparative study observing the treatment outcomes
in 50 patients. The first group included patients who
had to wear a brace for three weeks after surgery, and
the second group included patients who did not have
bracing. The authors concluded that patients who
wore immobilization had fewer complaints of pain
and fewer complications in the early postoperative
period than the patients who were rehabilitated
without bracing. However, there were no differences
in terms of knee function or instability throughout the
follow-up period. Thus, the authors showed that there
is no need to use immobilization after ACL plasty.
However, it was suggested that immobilization is
important way to reduce pain after surgery and thus
improves patient's quality of life [38].

It should also be noted that one of the reasons of pain
in the early postoperative period is soft tissue edema
caused by impaired lymphatic drainage in the area of
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the intervention [40]. it is traditionally recommended
to use local cooling (an ice pack or frozen gel) for 20
minutes every 2 hours and an elevated position of the
limb on the first day after surgery to reduce edema [20].
A number of researchers have successful experience
of using lymphatic kinesio taping metrhod in patients
who have undergone ACL reconstruction [41, 42].
S. Balki et al. (2016) studied the effect of kinesio taping
in males in the early postoperative period after ACL
repair [41]. In the experimental group, kinesio taping
was with lymphotapes which distal section of the
tape was divided into a number of “legs”, 0.5-1.0 cm
wide. The duration of the application was no more
than 5-7 days. Control assessment performed in the
experimental and control groups on the 5th and 10th
day after the operation showed that the use of kinesio
tapes accelerates the regression of edema around
the patella. They perform an immobilizing role by
stabilizing the knee joint, reducing the pain syndrome
and assist in muscle tone the posterior thigh group
[41]. Studies have also shown that soft tissue edema in
patients persists for 7-10 days without kinesio tapes,
[41]. It should also be noted that the use of ultrasound,
magnetotherapy, lymphatic drainage massage,
cryotherapy and thermal procedures is relevant to
combat edema [20, 42, 43]. A number of foreign
authors published studies proving the effectiveness of
cryotherapy in comparison with thermal exposure in
the rehabilitation of patients after ACL reconstruction
[42, 43]. M. Jawad et al reported in their review (2017)
that patients experience a decrease in the severity of
pain and soft tissue edema when cryotherapy was used,
regardless of the method and devices [42].

In order to relieve pain in the postoperative period,
in addition to relieving edema, medication therapy
is administered with non-steroid anti-inflammatory
drugs (ketorolac), local anesthetics (ropivacaine,
lidocaine) or opioids (tramadol). Many authors
publish different variants of blockade in patients who
have undergone ACL reconstruction, each of which
has a positive result [44—46]. M.D. Ivanov et al (2014)
compared the effectiveness of iliofascial blockade
and prolonged blockade of the femoral nerve in the
postoperative period in patients after ACL plasty
[44]. A 0.2 % ropivacaine solution was chosen as
the anesthetic and was injected slowly, 3—4 ml per
hour. As a result, patients' assessment of pain with
a visual analogue scale showed that it is much more
effective to perform iliofascial blocks. They allow
simultaneous blockade of the femoral, obturator,
and lateral cutaneous nerves [44]. In turn, Danish
anesthesiologists led by K. Lanz (2018) and Italian
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anesthesiologists headed by A.L. Ambrosoli (2019)
proved the effectiveness of separate blockades of the
obturator and lateral cutaneous nerve of the thigh in
patients after ACL reconstruction [45, 46].

The average inpatient stay after ACL reconstruction
is four to five days. Having a program of further
rehabilitative measures in hand, the patient is able to
independently undergo rehabilitation at home and visit
a specialist to adjust the treatment on an outpatient
basis. In 2013 B.W. Brewer et al (2013) published
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an article in which they proved high effectiveness of
rehabilitation programs after ACL surgery at home
[48]. The authors reported the highest level (100 %) of
adherence to the prescribed regimen by the participants.
It was concluded that there was no difference between
the implementation of rehabilitation at home or at
hospital. A number of other authors also concluded that
the programs they had developed for training at home
turned to be understandable, convenient and reliable
for patients [23, 49-51].

DISCUSSION

Our study summarizes a number of relevant
components required to develop an effective
rehabilitation program. The main issues of the
rehabilitation of patients after ACL reconstruction
in outpatient settings are a protective regime
(wearing a functional orthosis or other immobilizing
means, dosed walking with crutches) and physical
activity (a set of physical exercises and swimming)
[20, 24-26, 31]. Correct tasks according to each
rehabilitation period should be fulfilled by the
rehabilitation treatment program and stage-by-stage
implementation of a complex of physical exercises.
It should be noted that early activation of the limb

and maintenance of muscle tone are important for fast
recovery after ACL plasty. They prevent iatrogenic,
myogenic, neurogenic and desmogenic components
of contractures [26]. It should also be noted that
immobilization should not cause stasis in lower limb
blood and lymphatic systems. Therefore, it is desirable
that the immobilizing devices allow for a certain
range of motion in the knee joint. For this purpose,
it is better to use a functional orthosis. This review
shows the main current issues of the rehabilitation
treatment of patients after ACL reconstruction which
enable to develop an effective rehabilitation program
[20, 24-26, 31].

CONCLUSION

Thus, insufficient attention has been paid to the
rehabilitation of patients after arthroscopic plasty of
the anterior cruciate ligament. The patient leaves the
hospital by the end of the early postoperative period and
his rehabilitation treatment is performed on an outpatient

No conflict of interest has been declared.

basis and, as a rule, is not supervised. The emphasis
on the use of a certain set of physical exercises, early
activation of the limb, dosed walking and effective
physiotherapy, including the use of author's devices,
accelerate the patient's rehabilitation process.

9.
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