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Abstract

Background Rupture of the anterior cruciate ligament (ACL) is one of the most common sports injuries of the knee joint. Today,
we have a large number of approaches to arthroscopic reconstruction of the anterior cruciate ligament that lead to successful
outcomes and allow the patients to return to a significant level of activity post-operatively. Nevertheless, the return to compe-
titions rate stays relatively low. The functional state is thought to be dependent on rotational and anteroposterior stability of the
knee. These data encourage search for methods of additional stabilization of the knee joint, one of them being extra-articular
tenodesis, or reconstruction of anterolateral ligament of the knee.

The aim of the study To evaluate medium-term results of combined simultaneous arthroscopic reconstruction of anterior cruciate
ligament and anterolateral ligament of the knee joint in sportsmen and to access the probability of return to competitions.
Materials and methods The surgeries were performed in 2014-2015 in 50 patients who fulfilled the entry criteria: 20 patients
(including 10 professional sportsmen) underwent arthroscopic ACL reconstruction together with reconstruction of anterolateral
ligament—group 1 (main group), and 30 patients (including 10 professional sportsmen) underwent arthroscopic ACL
reconstruction—group 2 (control group).

Results Group 1: All patients of group 1 were able to return to the pre-operative sports level in two years after the surgery. The mean
Tegner Lysholm score was 72.6 + 6.45 (hereinafter, SE—standard error) before the surgery and 97.4 & 1.18 after the surgery. The
mean IKDC score was 63.1 =+ 4.8% before the surgery and 96.3 + 1.8% after the surgery. Group 2: 20 of 30 patients (66.7%)
returned to the pre-operative level of activity and returned to competitions (if they were professional sportsmen) in a year after the
surgery. Five of ten patients (50%) (professional sportsmen) returned to competitions. Fifteen of 20 patients (75%) (amateur
sportsmen) also returned to competitions. The mean pre-operative Tegner Lysholm score was 69.6 + 3.5, and the mean post-
operative score was 92.1 £ 3.9. The mean pre-operative IKDC score was 73.4 = 3.2%, and the mean post-operative score was 90.3 +
3.7%.

Conclusion The results of the study show that more patients with higher functional demands and more professional sportsmen
returned to sports. Despite the results of our and other foreign studies, a need remains for studies that will compare outcomes of
ALL reconstruction with the same surgical technique in homogenous groups of patients.
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Introduction

Rupture of the anterior cruciate ligament (ACL) is one of the
most common sports injuries of the knee joint and is seen in
68.6/100,000 people annually [1]. Some authors report that
the number of patients with isolated and combined injuries
of ACL makes up to 0.3—1% of the Russian population [2,
3]. The techniques of arthroscopic ACL reconstruction have
been improving continuously since the 1980s; new surgical
techniques, equipment, and materials appear [4]. Today, we
have a large number of approaches to arthroscopic reconstruc-
tion of the anterior cruciate ligament that lead to successful
outcomes and allow the patients to return to a significant level
of activity post-operatively [5, 6]. Nevertheless, the return to
competitions rate stays relatively low and equal about 55%
(44-72%) [7-9]. These low numbers depend on multiple fac-
tors. One of the causes is the residual rotational laxity, which is
seen in 25-30% cases of ACL reconstruction [10, 11]. The
functional state is thought to be dependent on rotational and
anteroposterior stability of the knee joint [12, 13]. These data
encourage search for methods of additional stabilization of the
knee joint, one of them being extra-articular tenodesis, or re-
construction of anterolateral ligament of the knee.

The anterolateral ligament contributes to the rotational
stability of the knee joint, which has been proven in many
anatomical and biomechanical studies [14—16]. Tear to the
anterior cruciate ligament is known to often come with
injury of the anterolateral ligament [17]. Today, we have
various techniques of the anterolateral ligament recon-
struction [18-20].

The aim of the study The aims of the study are to evaluate
medium-term results of combined simultaneous arthroscopic
reconstruction of the anterior cruciate ligament and anterolat-
eral ligament of the knee joint in sportsmen and to access the
probability of return to competitions.

Materials and methods

The design of this study is a single-center prospective longi-
tudinal comparative controlled study.

The surgery was performed in 2014-2015 in 50 patients
who fulfilled the entry criteria:

Twenty patients (including 10 professional sportsmen)
underwent arthroscopic ACL reconstruction together with re-
construction of anterolateral ligament—group 1 (main group).
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Thirty patients (including 10 professional sportsmen)
underwent arthroscopic ACL reconstruction—group 2 (con-
trol group).

The surgical treatment was performed with the use of iden-
tical technique, instruments, and consumables. Group 1 was
treated by one surgeon. Group 2 was treated by three surgeons
of the unit, including the author of this publication.

This study used a technique of anatomic reconstruction of
the anterolateral ligament. Extra-articular tenodesis was not
performed at all.

The inclusion criteria are the following:

—  Workouts at least three times a week.

— Participation in competitions.

—  Professional sports activities.

—  Age from 16 to 40 years old.

— No previous surgical treatment of the study knee joint.

— Consent to MRI of the knee joint before the surgical
treatment.

— No neurological and psychological disorders.

— Consent to filling in the patient-reported outcomes
(PROs) and participation in the study.

The function of the knee joint was evaluated by the phys-
ical examination, life history and case history, results of the
functional tests, MRI results, and responses to the PROs be-
fore the surgery and two years after the surgery.

In addition, weight (weight more than 80 kg was prefera-
ble) and height (more than 180 cm was preferable) were mea-
sured in group 1. These parameters may increase the rotational
load and create a “lever” on the knee joint. These factors may
promote the joint injuries and rotational instability (evaluated
in the pivot-shift test).

Surgical technique

Our surgical technique of reconstruction of the knee joint an-
terolateral ligament is somewhat equivalent to the one de-
scribed by J. Chahla et al. [20], with the following aspects
being different.

1. Surgical access. We performed an additional cut of about
5 cm in the area of the lateral condyle of the femur. The
access that was used to take the patellar tendon graft for
reconstruction of the anterior cruciate ligament was also
used to take the graft for reconstruction of the anterolateral
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ligament and formation of the distal tunnel to lock this
graft into place.

2. We did not form the tunnels of the anterolateral ligament
with the guide which was used to form the tibial tunnel
during the ACL reconstruction. The tunnels were formed
directly along the guide pin.

3. The technique used to form proximal (femur) tunnel al-
lows us to find the centre of rotation. The center of rota-
tion is a position of the knee in which the anterolateral
ligament is stretched equally at various knee flexion/
extension angles.

4. The proximal and distal ends of the graft are sutured with
a biodegradable material.

5. We use interference screws of different diameter.

6. The femur screw is installed with the knee joint fully
extended.

We used a patellar tendon autograft with two bone blocks
for ACL reconstruction in all patients. The femoral tunnel was
formed through the anteromedial port. The bone tunnels were
10 cm in diameter. The graft was fixed by a classic procedure
with biodegradable interference screws (polylactic acid/
hydroxyapatite composite) of different length: 8 x 25 mm in
the femur tunnel and 8 x 30 mm in the tibial tunnel. The bone
blocks were positioned correctly within the tunnels in both
groups. The incorrect position might have required us to mod-
ify the surgical technique or the graft fixation.

In group 1, the first step (ACL reconstruction) was follow-
ed by the second one—reconstruction of the anterolateral lig-
ament. The gracilis or semitendinosus tendon was taken as the
ALL graft through the access that was used to take the ACL
graft. A pin was inserted in the point located on the lateral
condyle of tibia, 1 cm lower than the joint line, and in the
middle of the line from Gerdy’s tubercle to the tibial head.
An 8 x 25 mm tunnel was formed along this pin. The distal
end of the ALL graft was put in the tunnel and fixed with a
biodegradable interference screw (8 x 25 mm, polylactic
acid/hydroxyapatite) (Fig. 1).

We performed an about 5-cm cut in the area of the lateral
condyle of the femur and reached the fascia lata layer by layer.
We made a 4-5-cm longitudinal cut of the fascia lata and
reached the lateral condyle and epicondyle of the femur (Fig. 2).

The forceps were passed from the lateral condyle of the
femur below the iliotibial band so that the branches exited at
the tunnel created on the tibia. The proximal end of the graft
was drawn out with the forceps near the lateral condyle of the
femur (Fig. 3).

An eye pin was installed 1 cm lower and proximal to the
center of the lateral epicondyle. The proximal end of the graft
was turned around the pin, then the knee was flexed and ex-
tended to confirm that the graft was in the center of rotation
(i.e., position of the graft in which the latter is stretched equal-
ly at various knee flexion/extension angles) (Fig. 4).

Fig. 1 Fixation of the distal end of ALL graft

After the center of rotation was confirmed, the pin was
drawn through the middle of the medial condyle of the femur.
An 8 x 25 mm tunnel was formed over the pin. Thirty centi-
meters of the proximal graft end was sutured with a biode-
gradable material. The threads were passed through the eye of
the pin, and the pin was withdrawn on the opposite side. Thus,
the proximal graft end was immersed in the femoral channel
and the tension was applied to the graft with the treads that
were withdrawn on the opposite side. At last, the graft was
locked in place with biodegradable interference screw with the
knee fully extended. The position and tension of the graft were
assessed before suturing (Fig. 5).

Fig. 2 Planning the access to the lateral condyle of the femur
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Fig. 3 The proximal end of the ALL graft drawn out near the lateral
condyle of the femur

Post-operative management

The post-operative management protocol was identical in both
groups. The orthoses were not used in the post-operative pe-
riod. The patients were allowed to walk with full support of
the treatment limb the day after the surgery. Bed rest was
recommended for three weeks after the surgery, followed by
passive rehabilitation of the range of motion. The knee flexion
angle was at least 90° in both groups six weeks after the
surgery. Running on an even surface and gym workouts were
allowed in two months. The patients were allowed to return to
sport level of activities after at least eight months. The pa-
tients performed follow-up visits in 12 and 30 days and then in
three, six, 12, and 24 months after the surgery. The IKDC and

Fig. 4 The centre of rotation with the knee joint bent at 90°
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Fig. 5 Assessing tension of the anterolateral ligament graft

Tegner Lysholm scales were completed before the surgery and
in 24 months after the surgery.

Statistical analysis

The descriptive statistical data were collected, pooled, and
summarized.

Significance of the difference of means was evaluated with
the Student’s # test. The data were analyzed in SPSS software.

Results
Group 1

Twenty patients were included in this group. Eighteen of 20
patients were available for the follow-up in the early and later
post-operative periods. One patient was lost for follow-up
after the sutures were removed. Another patient was excluded
from the study because of a sepsis complication that was
caused by the patient not following the recommendations.
Two of 18 patients reported minor pain and discomfort (score
1-3 by pain VAS) in the anterior segment of the knee joint
during physical activity in 24 months after the surgery. Pivot-
shift test showed 0°, and Lachman test result was less than
3 mm in all patients in this group.

So, all patients of group 1 were able to return to the pre-
operative sports level intwo years after the surgery.

Tegner Lysholm and IKDC scales were completed before
and after the surgery. The mean Tegner Lysholm score was
72.6 + 6.45 (hereinafter, SE—standard error) before the sur-
gery and 97.4 + 1.18 after the surgery. The mean IKDC score
was 63.1 + 4.8% before the surgery and 96.3 + 1.8% after the

surgery.
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Group 2

All 30 that were included in group 2 were available for follow-
up in the early and late post-operative periods. Five of 30
patients reported minor pain and discomfort (score 1-3 by
pain VAS) in the anterior segment of the knee joint during
physical activity in 24 months after the surgery. Four of 30
patients reported “lack of confidence” in the joint. Pivot-shift
test showed 0° in 19 patients, 1° in ten patients, and 2° in one
patient. Lachman test result was less than 3 mm in 17 patients,
3—5 mm in 11 patients, more than 5 mm in two patients.

Twenty of 30 patients (66.7%) returned to the pre-operative
level of activity and returned to competitions (if they were
professional sportsmen) in a year after the surgery. Five of
ten patients (50%) (professional sportsmen) returned to com-
petitions. Fifteen of 20 patients (75%) (amateur sportsmen)
also returned to competitions. The “lack of confidence” of
the patients in group 2 may be caused by positive results of
the pivot-shift test and Lachman test of various degrees in
24 months after the surgical treatment. The mean pre-
operative Tegner Lysholm score was 69.6 + 3.5, and the mean
post-operative score was 92.1 + 3.9. The mean pre-operative
IKDC score was 73.4 + 3.2%, and the mean post-operative
score was 90.3 + 3.7%.

The mean values were compared between the two groups
of patients (the samples were independent) that received dif-
ferent treatments (group 1—arthroscopic reconstruction of the
anterior cruciate ligament together with the reconstruction of
the anterolateral ligament and group 2—arthroscopic recon-
struction of the anterior cruciate ligament).

The data was analyzed in SPSS software. The main param-
eters are outlined in Table 1.

HO hypothesis: No statistically significant differences were
seen in TL and IKDC scores of the general population of
patients with rupture of the anterior cruciate ligament.

In summary, TL values were 92.1 & 3.935 in group 2 and
97.4 £ 1.184 in group 1. IKDC values were 90.3 + 3.739 in

group 2 and 96.3 £ 1.799 in group 1. Obviously, the confi-
dence intervals of TL and IKDC values of the two groups do
not overlap. The differences between the groups may be con-
sidered statistically significant. One hundred percent of the
patients in the main group returned to competitions. 66.7%
of the patients in the control group returned to competitions,
including 50% of the professional sportsmen.

Discussion

Results of our study show that simultaneous reconstruction of
the anterior cruciate ligament and the anterolateral ligament
increase rotational stability of the knee and allow the patients
to return to the pre-injury level of physical activity. On the one
hand, isolated arthroscopic ACL reconstruction allows the
patients to return to the prior activities of the daily living
[21, 22] and to amateur sports activities. Meta-analyses show
that 81-85% of the patients return to amateur sports after
arthroscopic ACL reconstruction. But only 53.4-65.0% of
the professional sportsmen return to pre-injury level of sports
activities, and only 44-55% return to competitions [9, 22].
Active patients and professional sportsmen are not satisfied
with these numbers. These results are shaped by a wide range
of factors, including concomitant injuries of intra- and extra-
articular structures that influence the recovery and prognosis,
in compliance with the recommendations and rehabilitation
protocols, and psychological reasons. However, the residual
instability after ACL reconstruction is not the least of these
factors [12, 13, 23], and the risk of allograft rupture in patients
of less than 20 years old is up to 16.4% [24]. Notably, the risk
of the recurrent rupture is 1.8 to 14% after isolated ACL re-
construction [25, 26]. Also, a positive pivot-shift test has a
negative impact on knee function [13, 23]. There is an issue
of a potential post-traumatic gonarthrosis after ACL recon-
struction as compared to the intact limb, which may be caused
by microinstability that leads to damage to the articular

Table 1 Mean values and confidence intervals for two independent samples (confidence level—95%)
Parameters Group 2 (n =30) Group 1 (n = 18)

Pre-operative Post-operative Pre-operative Post-operative

TL IKDC TL IKDC TL IKDC TL IKDC
Mean 69.6 73.4 92.1 90.3 72.6 63.1 97.4 96.3
Standard deviation 9.409 8.586 10.538 10.014 12.962 9.645 2.382 3.617
Dispersion 88.530 73.726 111.059 100.285 168.016 93.031 5.673 13.084
N 30 30 30 30 18 18 18 18
¢ test 2.045 2.045 2.045 2.045 2.110 2.110 2.110 2.110
Standard error of mean 0.373 0.373 0.373 0.373 0.497 0.497 0.497 0.497
Confidence interval 3.513 3.206 3.935 3.739 6.446 4.796 1.184 1.799
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cartilage with time [27]. Monaco et al. showed in their exper-
iment that the absence of ACL increases the pivot-shift test
results insignificantly, and additional sectioning of the antero-
lateral ligament increases the pivot-shift test to the 2-3° [28].
So, the results of the anterior cruciate ligament restoration may
be improved with the additional plastic repair of the anterolat-
eral ligament or with extra-articular tenodesis. Today, we have
a few methods of ALL reconstruction with gracilis or
semitendinosus tendon graft simultaneously with the arthro-
scopic ACL reconstruction [18-20, 29, 30].

The published literature shows that reconstruction of an-
terolateral ligament improves the post-operative results. One
study showed that return to sport (to the pre-injury level) rate
was 71% in two years in the group of 83 patients. The results
of the anterior drawer test decreased from 8.0 = 1.9 mm pre-
operatively to 0.7 = 0.8 mm post-operatively; the pivot-shift
test value was 0° in 76 patients and 1° in seven patients [30,
31].

Ibrahim et al. conducted a study in two groups of patients.
Group 1 (study group) included 53 patients who underwent
simultaneous reconstruction of the anterior cruciate ligament
together with the reconstruction of anterolateral ligament.
Group 2 (control group) included 50 patients who underwent
isolated reconstruction of the anterior cruciate ligament. The
study showed that the anterior drawer test results decreased to
1.3+ 0.2 mm in group 1 post-operatively in comparison to 1.8
+ 0.8 mm in group 2 [32].

Mogos et al. described results of surgical treatment of
32 patients who underwent single-step reconstruction of
anterior cruciate ligament together with the reconstruction
of anterolateral ligament. The post-operative period
(12 weeks) showed improvement of IKDC, Tegner, and
Lysholm scores, and pivot-shift test, Lachman test, and
results of the anterior drawer test decreased from 7.19 +
1.96 mm (pre-operatively) to 0.13 + 0.34 mm (12 weeks
after the surgery) [33].

Other authors compare the results of arthroscopic ACL
reconstruction with the use of patellar tendon graft (group
1), gracilis or semitendinosus tendon graft (group 2), and
gracilis or semitendinosus tendon graft for ACL reconstruc-
tion together with ALL reconstruction (group 3). This study
involved 502 patients with the mean follow-up length of
38.4 months. The study included 39 professional sportsmen.
The study showed no statistically significant differences be-
tween the groups in IKDC and Tegner Lysholm scores.
Ninety-three percent of the patients were able to return to
sports, and 64.6% returned to the pre-injury sports activities
level. The authors report that five of the 39 professional
sportsmen had a recurrent joint injury with the graft tear (3
patients from group 1, 1 patient from group 2, 1 patient from
group 3). Also, six patients had injuries that led to a rupture of
anterior cruciate ligament of the contralateral limb. The other
28 patients returned to competitions. The rate of the recurrent
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graft rupture was 16.77% in group 1, 10.77% in group 2, and
4.13% in group 3. So, the presented data show that ALL
reconstruction reduced the risk of ACL graft rupture [31].

Getting back to our study, nine of ten professional sports-
men in group | returned to competitions. Ten of ten amateur
sportsmen returned to pre-injury sports activity level. Five of
ten professional sportsmen in group 2 returned to competi-
tions, and 15 of 20 amateur sportsmen returned to the pre-
injury level. The “lack of confidence” of the patients in group
2 may be caused by positive results of the pivot-shift test and
Lachman test of various degrees in 24 months after the surgi-
cal treatment.

Study limitations The study groups were not homogenous.
The difference in the patient’s age, number of patients, male
to female ratio, and types of sports activities were observed.
Concomitant injuries of the knee structures were not consid-
ered. The patients with meniscus suture repair were not in-
cluded in the study. Patients in group 1 were treated by one
surgeon, while patients in group 2 (control) were treated by
three surgeons of the unit (including the author) with compa-
rable experience and qualification. This publication did not
include the evaluation of control MRI of the treated knee
joints and the correlation of the surgical treatment outcomes
with concomitant defects of the treated knee joint. All these
aspects influence the post-operative period, the rehabilitation
protocol and terms, and the prognosis, so we cannot provide a
straightforward estimate of the results.

But the above results suggest that simultaneous reconstruc-
tion of ACL and ALL increases rotational stability of the knee
joint, which is of high importance in sports with high torque
load. Surgical treatment soon after the injury, in compliance
with the recommendations and post-operative rehabilitation,
and belief in recovery are thought to allow for complete res-
toration of the joint function and to decrease psychological
discomfort of the patient and risk of the graft rupture [34].
Moreover, the treated joint should be subjected to the same
loads as the intact joint, because it leads to equal distribution
of the load and decreases the risk of ACL rupture in the con-
tralateral limb.

Conclusion

The results of the study show that more patients with higher
functional demands and more professional sportsmen returned
to sports. The medium-term results suggest that reconstruction
of'the anterior cruciate ligament together with the anterolateral
ligament is a promising treatment method for patients with
higher functional demands. Despite the results of our and oth-
er foreign studies, a need remains for studies that will compare
outcomes of ALL reconstruction with the same surgical tech-
nique in homogenous groups of patients.
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