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Abstract

Purpose To evaluate the results of combined anterior cruciate ligament (ACL) and anterolateral ligament (ALL) recon-
struction in patients with chronic ACL injury. It was hypothesized that patients who underwent combined ACL and ALL
reconstruction would exhibit less residual laxity and better clinical outcomes.

Methods Two groups of patients were evaluated and compared retrospectively. Both groups consisted only of patients with
chronic (more than 12 months) ACL injuries. Patients in group 1 underwent anatomical intra-articular reconstruction of
the ACL and patients in group 2 underwent anatomic intra-articular ACL reconstruction combined with ALL reconstruc-
tion. The presence of associated meniscal injury, the subjective International Knee Documentation Committee (IKDC) and
Lysholm functional outcome scores in the postoperative period, KT-1000 evaluation, the presence of residual pivot shift
and graft rupture rate were evaluated.

Results One hundred and one patients who underwent reconstruction of chronic ACL injuries were evaluated. The median
follow-up was 26 (24-29) months for group 1 and 25 (24-28) months for group 2. There were no significant differences
between groups regarding gender, age, duration of injury until reconstruction, follow-up time or presence of associated
meniscal injuries in the preoperative period. Regarding functional outcome scores, patients in group 2 presented better
results on both the IKDC (p =0.0013) and the Lysholm (p <0.0001) evaluations. In addition, patients in group 2 had better
KT-1000 evaluation (p =0.048) and a lower pivot shift rate at physical examination, presenting only 9.1% positivity versus
35.3% in the isolated ACL reconstruction (p=0.011). Regarding re-ruptures, group 1 presented 5 (7.3%) cases, and group
2 presented no cases.

Conclusion The combined ACL and ALL reconstruction in patients with chronic ACL injury is an effective and safety solu-
tion and leads to good functional outcomes with no increase in complication rate. The clinical relevance of this finding is
the possibility to indicate this type of procedure when patients present with more than 12 months after injury for surgery.
Level of evidence Level III.

Keywords Anterior cruciate ligament - Anterior cruciate ligament reconstruction - Anterolateral ligament - Anterolateral
ligament reconstruction - Pivot shift

Abbreviations ITB Iliotibial band

ACL  Anterior cruciate ligament MRI  Magnetic resonance imaging
ALL  Anterolateral ligament

IKDC International Knee Documentation Committee

Introduction
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although more recent studies are describing it posterior
and proximal to the lateral epicondyle. Furthermore, some
authors are referring to the ALL as an extra-capsular struc-
ture, whereas others are referring to it as a structure in layer
3 according to Seebacher et al. [5, 12, 14, 15, 18, 34, 36,
38, 41]. Despite some controversy as well, biomechanical
studies have shown that when there is a combined lesion of
the anterior cruciate ligament (ACL) and the anterolateral
structures, the ACL reconstruction alone does not restore
normal knee biomechanics [1, 10, 23].

Following anatomical and biomechanical studies of the
ALL, some research groups developed surgical techniques
and started series of reconstructions of this structure com-
bined with reconstruction of the ACL to obtain improve-
ments in the clinical outcomes of treatment of anterior and
anterolateral rotational instability of the knee [11, 21, 40].
To date, despite controversies in biomechanical studies,
in vivo results have had a tendency to favor this type of com-
bined ACL and ALL reconstruction [21, 39, 46]. One series
of combined ACL and ALL reconstructions in a high-risk
population found a lower graft rupture rate than the isolated
ACL reconstructions that used a bone-patellar tendon-bone
graft or a quadrupled hamstring tendon graft. Another rand-
omized study showed an improvement in knee laxity meas-
ured using a KT-1000 arthrometer in patients with combined
ACL and ALL reconstruction versus patients with isolated
ACL reconstructions, although the other measured param-
eters were not significantly different [21, 39]. Rezende et al.
[35] in a recent metanalysis showed that combined intra-
and extra-articular ACL reconstruction provided marginally
improved knee stability and comparable failure rates, but
no difference in patient-reported functional outcomes scores
when compared to isolated intra-articular reconstruction.

Despite the lack of evidence regarding indications for lat-
eral extra-articular procedures, authors suggest to perform
such a procedure in patients with high-demand sports activi-
ties associated with frequent rotational movements of the
knee, young patients, high-grade ligamentous laxity, revision
surgeries or cases of chronic ACL injury [9, 11, 21, 30, 31,
38-40, 44]. Subjects with chronic ACL deficiency have been
shown to have a higher anterolateral laxity [30]. Neverthe-
less, in the existing ALL reconstruction studies, only a few
patients with chronic ACL injuries were included, which
makes it difficult to extrapolate the results found for this
specific population [21, 39].

Thus, the aim of the present study is to evaluate the results
of combined ACL and ALL reconstruction in patients with
chronic ACL injury. The primary outcome will be residual
laxity and functional scales will be used as secondary out-
comes. It is clinically relevant, as no study has showed safety
and potential efficacy of the ALL reconstruction in this
specific population. It was hypothesized that patients who
underwent combined ACL and ALL reconstruction would

exhibit less residual laxity and better clinical outcomes.
Clinical studies about ALL reconstruction are needed, as
there is paucity of literature regarding its possible benefits,
especially regarding this specific chronic ACL population,
which was not studied in detail before.

Materials and methods

Between 2014 and 2015 patients with chronic ACL tears
underwent combined ACL and ALL reconstruction. This
group consisted only of patients with more than 12 months
of injury, confirmed by clinical and imaging examinations
and without associated peripheral ligament injuries apart
from the anterolateral corner. Patients who required pro-
cedures for axis correction, treatment of chondral injuries,
meniscal repair or larger meniscectomies with resection of
more than 50% of the meniscus width were excluded from
this analysis (Fig. 1). This group was compared to a control
group with the same inclusion and exclusion criteria submit-
ted to an isolated ACL reconstruction between January 2011
and June 2012 and evaluated in July 2014 (same follow-up
period). The difference between enrollment period was due
to the fact that combined ALL and ACL reconstruction as a
routine procedure in chronic ACL cases was only started in
our hospital since 2014.

The patients in group 1 (control) underwent anatomical
intra-articular reconstruction of the ACL with a quadruple-
hamstring tendon graft (double gracilis and double sem-
itendinosus). Patients in group 2 (combined ACL and ALL
reconstruction) underwent anatomic ACL reconstruction
similar to those in group 1, with quadruple grafts (triple
semitendinosus and simple gracilis). The difference between
the groups, besides the ACL graft assembly, was that in the
patients of group 2, the remaining gracilis was used for
reconstruction of the ALL [15] (Fig. 2).

ALL reconstruction was performed with a surgical access
to the lateral knee. After separation of the ITB, two 5 mm
metal anchors were inserted with use of radioscopy, one at
the posterior aspect, the lateral epicondyle and the other
one between Gerdy’s tubercle and the fibular head, around
10 mm below the joint line [13]. The remaining gracilis from
the ACL femoral tunnel was initially fixed to the femoral
anchor and posteriorly to the tibial anchor, located between
the Gerdy tubercle and the fibular head, approximately 7 mm
distal from the articular cartilage of the lateral tibial plateau.
The fixation of the graft in the tibia occurred close to full
extension and neutral rotation (Fig. 3).

The rehabilitation protocol of the two groups was per-
formed in the same way, no changes in any exercise or pro-
gression parameter was carried out due to the extra-articu-
lar reconstruction. No immobilization in the postoperative
period was used, range of motion and quadriceps activation
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225 ACL reconstructions
(jan/2011 - june 2012)

31 acute injuries

194 chronic injuries

120 ACL reconstructions
(jan/2014 - june 2015)

16 acute injuries

Associated ligament injury
17 posterolateral comer
9 medial collateral ligament
Associated osteotomy
17 high tibial osteotomy
2 femoral osteotomy
23 cartilage procedures
51 major meniscal procedures
7 lost to follow-up

104 chronic injuries

68 included subjects

Associated ligament procedure
10 posterolateral corner
3 medial collateral ligament
Associated osteotomy
9 high tibial osteotomy

13 cartilage procedures
27 major meniscal procedures
7 ALL reconstruction not performed

33 included subjects 2 lost to follow-up

Fig. 1 Flowchart of the chronic anterior cruciate ligament patients included in the present study

Fig.2 Clinical image of a left knee undergoing combined reconstruc-
tion of the anterior cruciate ligament (ACL) and anterolateral liga-
ment (ALL). The remaining portion of the gracilis tendon that will
be used for ALL reconstruction emerges from outside-in through the
femoral tunnel of the ACL reconstruction

exercises from the first postoperative day and gait train-
ing with load progression as tolerated by the patient was
stimulated.

In addition to the demographic data for similarity com-
parisons between the groups, the following were also
assessed: the presence of associated meniscal injury, the
intra-articular ACL graft diameter, the International Knee
Documentation Committee (IKDC) and Lysholm functional
outcome scores, KT-1000 arthrometer, the presence of resid-
ual pivot shift [25] and graft rupture rate.

The rupture rate was based on clinical instability and radi-
ological criteria showing a new discontinuity of the graft.
The pivot shift test is part of the regular follow-up proto-
col and was assessed by two examiners with experience in
physical examination who were not involved in the surgical
procedure. The most experienced examiner served as the
primary examiner, and the second examiner was used to the
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correlation tests. The same examiners were used for clinical
assessment in both patient groups.

IRB approval for this study was obtained at University of
Sdo Paulo (number 2.472.968) and informed consent was
obtained.

Statistical analysis

Statistical analysis was performed using the Pearson’s Chi-
Square test for categorical variables and ¢ test or Wilcoxon
rank-sum test for continuous variables. The inter-rater agree-
ment for pivot shift test by the two examiners was performed
using the kappa test. Statistical significance was considered
when the p value was less than 0.05. All normally distrib-
uted continuous variables are reported as mean =+ standard
deviation and not normally distributed variables as median
(interquartile range). No sample size calculation was per-
formed before conducting the study, as all patients who met
the inclusion criteria were included in this study. A post
hoc power calculation revealed a power of 84% for analy-
sis regarding residual pivot shift, 89% regarding subjec-
tive IKDC score and 97% regarding Lysholm score at least
2 years postoperative.

Results

One hundred and one patients who underwent reconstruc-
tion of chronic ACL injuries were evaluated according to
the established criteria. Group 1 (control) consisted of 68
patients, and group 2 (combined ACL and ALL reconstruc-
tion) consisted of 33. There were no statistically significant
differences between the groups with respect to baseline data
and demographics (Table 1). Intra-articular graft diameter
did not present any difference between groups as well.
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Fig.3 Clinical image of the anterolateral ligament (ALL) recon-
struction of one right knee. An anchor is initially inserted into the
anatomic site of the tibia, and the length of the gracilis graft of the

ALL is checked (a). Next, the graft passes under the iliotibial band
(ITB) and is fixed to the tibial anchor (b, ¢). After fixation, the ITB is
sutured (d)

Table 1 Characteristics of the

patients included in the study Group 1 (68 patients) Group 2 (33 patients) P
Mean age (years)? 339+6.1 33.1+8.8 NS
Male 59 (86.7%) 30 (90.9%) NS
Duration of injury before surgery 14 (12-30.5) 15 (13-18) NS
(months)?
Preoperative KT-1000 (mm)?* 8.25+1.1 8.39+1.1 NS
Preoperative pivot shift 15 grade 1, 34 grade 2 and 19 8 grade 1, 17 grade 2 and 8 NS
grade 3 grade 3
Presence of meniscal injuries 27 (39.7%) 13 (39.4%) NS
Follow-up time* 26 (24-29) 25 (24-28) NS

NS non-significant

4Continuous data normally distributed presented as mean + standard deviation, and not normally distributed
presented as median (interquartile range)

At final follow-up, patients in group 2 presented bet-
ter pivot shift (p =0.011) and better results on both the
IKDC (p=0.0013) and the Lysholm (p <0.0001) evalua-
tions, indicating a better postoperative functional outcome
in patients with combined ACL and ALL reconstruction.
Other comparative data is shown in Table 2. The inter-
examiner assessment of the physical examination specific
for the pivot shift test by the kappa test was 0.716, which
was considered substantial agreement.

Regarding the complications found, one patient in group
1 presented a hypertrophic scar on the thigh in the topog-
raphy of the access to create the outside-in femoral tunnel,
and one patient had a pretibial cyst in the ACL tunnel. One
patient in group 2 presented femoral anchor loosening with
irritation of the lateral soft parts of the knee that needed
to be removed. None of the surgical cases in these series
evolved with infection, and there were no cases of significant
range of motion loss in any of the groups evaluated. In both
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Table 2 Results of the intra-
articular graft diameter,

Group 1 (68 patients)

Group 2 (33 patients) P

functional tests, physical
examinations and graft rupture
rates of the patients included in
the study

Graft diameter (mm)?
Subjective IKDC?

Lysholm?

Postoperative KT-1000 (mm)?*
Residual pivot shift
Re-rupture

8.0+0.6 (95% CI 7.9-8.2)
87.1+9.0 (95% CI 84.9-89.2)
90.0+7.1 (95% CI 88.3-91.7)
2 (1-2) (95% CI 1.5-2.1)
35.3% 9.1%
5(7.4%)

8.2+0.6 (95% CI 8.0-8.4) NS
92.7+5.9 (95% C190.1-94.5) 0.0013
95.4+5.3(95% C193.6-97.1) <0.0001
1 (1-2) (95% CI 1.14-1.6) 0.048
0.011

0 (0.0%) NS

NS non-significant, CI confidence interval of mean

4Continuous data normally distributed presented as mean + standard deviation, and not normally distributed
presented as median (interquartile range)

groups, a significant number of patients presented tempo-
rary pain on the lateral side of the thigh due to incision and
opening of the ITB, with complete resolution approximately
2-3 months after surgery and without causing problems for
rehabilitation.

Discussion

The main finding of this study is that patients with chronic
ACL injury who underwent combined intra- and extra-artic-
ular reconstruction showed better pivot shift and improve-
ments in the functional outcome scores when compared to
those submitted to isolated intra-articular reconstruction. In
this way, they may benefit from this type of reconstruction.
Chronic ACL injuries present a difference in relation to
the acute injuries, because they show a higher anterolateral
laxity [28]. This instability is due to an anterior asymmetri-
cal translation of the lateral tibial plateau [24, 28]. When
there is injury or insufficiency of anterolateral structures,
either by acute injury that does not heal properly or by the
loosening resulting from an untreated ACL injury, isolated
ACL reconstruction does not reestablish normal knee kin-
ematics; thus, something more is required to treat these
patients [23]. Ferretti et al. [7], in a series of 60 patients
with acute ACL injury where the anterolateral structures
were explored, found 90% of injuries associated with these
structures. The healing potential of ALL is yet unknown,
but given the percentage of residual pivot shift in the most
diverse techniques used for ACL reconstruction, a portion
of these anterolateral injuries likely do not heal adequately
without surgery [2, 3, 8, 9, 20, 27, 31, 35, 39, 40, 44].
Studies with magnetic resonance imaging (MRI) showed
that in series in which chronic ACL injuries are consid-
ered, the rates of ALL abnormalities found are greater than
the cases of acute injuries, which may be explained by the
greater demand of anterolateral structures in this popula-
tion [4, 16, 17, 45]. MRI value in the assessment of ante-
rolateral structures in chronic ACL injuries is still limited,
because the healing potential and the cicatricial aspect of
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this structure are not known. In these situations, although
MRI may serve as a guide, the final indication of combined
reconstruction should be based on physical examination
findings and physical activity characteristics of each patient.

The residual pivot shift findings in this study are consist-
ent with findings in part of literature and favor the recon-
struction of ALL in combination with ACL [20, 21, 39, 44].
Even though Jarvela et al. [26] showed almost all patients in
their series with negative pivot shift with 10 years follow-up,
Hussein et al. [20], in a study comparing the residual pivot
shift rates after ACL reconstruction with isometric single-
bundle, anatomic single-bundle and double-bundle, found
rates of 58.3, 33.4 and 6.9%, respectively. The rate of 35.3%
found in this study is similar to that found by those authors
in a similar population of isolated intra-articular anatomi-
cal reconstruction. Finally, Sonnery-Cottet et al. [40], in
the first described series of patients submitted to anatomic
reconstruction of the ALL, and Ibrahim et al. [21], in a more
recent series, presented residual pivot shifts of 8.4 and 9.4%,
respectively, numbers close to this study for the same type of
reconstruction. These similarities are important to validate
the accuracy of this test, which is not always easy to perform
with a non-anesthetized patient, even with adequate correla-
tions between the examiners [29, 32].

In relation to the functional outcomes scales, this study
shows different results from those reported in the literature
by several authors [9, 19, 21, 35, 39]. As previously men-
tioned, all of these studies present variable populations with
regard to the duration of injury. Thus, by isolating a more
homogeneous sample of chronic injuries, such as in this
study, the extra-articular reconstruction seems to also carry
a subjective benefit, besides the objective improvement by
the pivot shift test and the KT-1000 test. Zhang et al. [46]
presented functional results of patients operated upon an
average of 1.3 years after ACL injury. These authors also
found a difference in functional outcomes scores at 6 and
12 months postoperatively, similar to the results found in
this study.

In absolute numbers, the observed graft rupture rate
was lower in group 2. Due to the low number of events,
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this result had no statistical significance. Sonnery-Cottet
et al. [39], in a cohort of 502 patients, concluded that com-
bined ACL and ALL reconstruction had 2.5-fold lower
odds of failure than reconstruction of the patellar tendon
and 3.1-fold lower odds than with hamstrings tendons.
Trojani et al. [43] showed that adding the extra-articular
reconstruction decreases the failure rate by more than
50%. Considering that, according to Inderhaug et al., the
extra-articular reconstruction restores normal knee bio-
mechanics in combined injuries of the ACL and the ante-
rolateral structures, and, according to Engbretsen et al.,
decreases the forces in the ACL graft by approximately
43%, these results seem consistent [6, 23]. In the near
future, increased follow-up time and larger sample size
may lead to more accurate data on the rate of graft failure.

In this series, even with one more incision in the lateral
region of the knee, the complication rate was very low,
with only minor events, except for the cases of graft rup-
ture, what proves the safety of this associated procedure.
Extra-articular reconstruction did not cause any cases of
loss of range of motion. The most significant complication
was the release of an anchor that needed to be removed,
without major consequences for the patient. In a recent
series, Thaunat et al. [42]. showed that the rate of re-
operations in the combined ACL and ALL reconstruction
procedure was very low and was not different in relation
to the isolated ACL reconstructions.

Even though this study showed possible benefits of extra-
articular reconstruction in a clinical scenario of chronic ACL
lesions, study performed by Noyes et al. [33] found no ben-
efit of an ALL reconstruction. Furthermore, Schon et al.
[37] found overconstraint of tibial rotation with this kind of
reconstruction. Inderhaug et al. [22] also found increased
contact pressure in the lateral compartment depending on the
surgical technique used and the angle of the extra-articular
graft fixation.

This study has limitations. The retrospective design, com-
paring patients treated on different time periods could be a
source of bias due to differences of care, and the groups were
neither randomized or matched, which could be a source
of selection bias. Nevertheless, the groups were similar in
regard to all recorded characteristics, all surgeries were
performed in the same hospital by the same surgeons. The
option of a historical control was due to the change in stand-
ard care in the hospital where this study was performed,
as after 2013, combined extra-articular reconstruction was
adopted for chronic ACL injuries. This study allowed empir-
ical evaluation of this change of conduct, as there are no
prior series demonstrating results on combined reconstruc-
tions in chronic injuries. In light of the current results, a
randomized controlled trial is warranted to confirm these
results, and this observational study will be useful in moti-
vating, justifying and planning future trials.

The groups had considerably different sizes in this study,
although similar proportions of chronic ACL tears included
in this research in relation to total ACL surgeries were main-
tained, as all patients who met the inclusion and exclusion
criteria were selected. There was a remarkably higher pro-
portion of males in both groups, and this reflects the preva-
lence of ACL injuries in the studied population. Because
of the small number of women in the study, there is a pos-
sibility that these results cannot be extrapolated for female
patients, and future studies should address this topic.

Another limitation is the quantification of the pivot shift
test performed manually and without anesthesia. It is known
that the test is more accurate when performed with a com-
pletely relaxed patient, but this relaxation is not always pos-
sible in daily clinical practice. Because the correlation of the
test was substantial between the examiners and similar to
several studies in the literature, this design does not invali-
date or interfere with the results obtained.

The main strength and clinical relevance of this study is
the fact that it is the first series on combined ACL and ALL
reconstruction on chronic ACL injuries, whereas previous
studies had a small number of chronic lesions. The inclusion
of the historical control group from before the introduction
of extra-articular reconstruction, in the same setting and by
the same surgeons, provide an adequate comparison for the
technique outcomes. Sample size was adequate according to
our estimation and to provide statistical significance to most
of the observed differences. Furthermore, clinical studies
regarding ALL reconstruction in combination to ACL recon-
struction are important to show safety and efficacy of this
kind of procedure compared to current literature regarding
isolated ACL procedures.

Conclusion

The combined ACL and ALL reconstruction in patients with
chronic ACL injury is an effective and safety solution and
leads to good functional outcomes with no increase in com-
plication rate.
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