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Abstract
Purpose Only 50–65% of patients return to their previous sporting level after ACL rupture. The literature reports a reduced 
rate of graft rupture when an anterolateral ligament reconstruction (ALLR) is associated with ACL reconstruction.
ACL reconstruction combined with ALL allows a higher return to sport at pre-injury level than isolated reconstruction in 
patients playing pivot-contact sports.
Methods A retrospective, single-centre study between 2012 and 2020 comparing reconstruction by hamstring tendon tech-
nique, isolated ACLR vs ACL with ALLR. An isokinetic test was performed at 6 months post-operatively and patients were 
re-contacted at a minimum 2-year follow-up to assess their level and delay to return to sport, graft rupture rate and functional 
evaluation.
Results 83 patients were included, 42 in ACLR group and 41 in ACL + ALLR group. Four patients were lost to follow-up 
and 79 patients were analysed. No significant difference was found on the level of return to sport (28.2% vs. 42.5%; p = 0.18), 
return to competition (43% vs. 60%; p = 0.18), delay to sports return, isokinetic assessment, functional scores, but a significant 
difference was found on graft rupture rate in favour of ALLR (12.8% vs. 0%; p = 0.02).
Conclusion In our study, the addition of an ALL to ACL reconstruction did not improve pre-injury sports recovery or return 
to competition.
Study design Cohort study, level of evidence 4.

Keywords Anterior cruciate ligament · Anterolateral ligament · Lateral tenodesis · Return to sport

Introduction

Rupture of the anterior cruciate ligament (ACL) is a frequent 
injury, accounting for more than 50% of injuries following 
intra-articular knee trauma in pivot sport patients [18].

Despite good clinical and functional results after ACL 
reconstruction (ACLR), it has been reported that only 
50–65% of patients return to their pre-rupture sporting level, 
and only one in two return to competitive sport [1, 5].

Several studies have compared reconstruction techniques 
using bone-patellar tendon versus hamstring tendon, without 
demonstrating the superiority of any one technique [5, 8], 
particularly with regard to return to sport at the same level.

The work of Claes [3] in 2013, followed by numerous 
anatomical and biomechanical studies, found that the antero-
lateral ligament (ALL) is a secondary stabilizer of the knee 
joint, limiting internal rotation between 30° and 90° of flex-
ion and preventing anterolateral subluxation of the tibia on 
the femur [3, 15, 24]. Thus, ACLR associated with an ALL 
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reconstruction (ALLR) provides better pivot control and a 
lower rate of graft rupture, thanks to the protective role of 
the ALL and a reduction in the load exerted on the ACL, 
with functional results similar to an isolated reconstruction 
[7, 14, 19, 21]. However, in these studies, the level and time 
to return to sport were secondary criteria or were not sys-
tematically evaluated.

We hypothesized that ACLR combined with ALLR would 
result in a higher rate of return to pre-injury sport than iso-
lated reconstruction in pivot-contact patients.

The secondary objectives of our study were to evaluate 
the delay to return to sport, muscle recovery using isokinetic 
testing at 6 months, functional results, and the graft rupture 
rate at a minimum 2-year follow-up.

Methods

Subjects

A retrospective, single-centre, single-operator study in 
patients with ACL rupture playing pivot-contact sports such 
as team sports and martial arts, in competition or not, was 
conducted. The inclusion period was from 2012 to 2020 and 
included patients with symptomatic ACL rupture, confirmed 
by MRI, undergoing ACLR using the hamstring tendons 
technique with or without ALLR.

Exclusion criteria were iterative rupture or post-operative 
follow-up of less than 2 years.

Patients managed from 2012 to 2017 underwent isolated 
ACLR, then those managed from 2017 onwards underwent 
ACL with ALLR. The date of 2017 corresponds to the 
period when we systematically began the ALL technique 
for pivot-contact athletes. Two groups were thus formed: 

ACLR group and ACL + ALLR, regardless of associated 
lesions (meniscus or cartilage).

Surgical technique

The first part of ACL with ALLR consists of a conventional 
hamstring tendon reconstruction technique. However, the 
semitendinosus tendon is left pedicled, while the gracilis 
muscle tendon is used as a reinforcement on the semitendi-
nosus to obtain 3 or 4 strands intra-articularly and 1 strand 
extra-articularly, the semitendinosus also being used to per-
form the ALLR (Fig. 1).

The lateral extra-articular tenodesis involves anatomical 
reconstruction of the anterolateral ligament, with a proxi-
mal femoral tunnel opposite the lateral femoral condyle. 
The transplant is then routed deep into the bony contact and 
under the iliotibial band to its posterior insertion at Gerdy’s 
tubercle (Fig. 2). The transplant is secured by an interference 
screw in a 2nd tibial tunnel, with the knee at 30° flexion and 
in neutral rotation (Fig. 3).

Post-operative check radiographs of the knee in front and 
in profile were taken to assess correct positioning of the 
tunnels. Weight-bearing was allowed from the day after sur-
gery, with an extension splint until quadriceps locking was 
achieved. Rehabilitation began with recovery of passive joint 
mobility and quadriceps locking, followed by active mobility 
from 6 weeks and muscle strengthening.

Fig. 1  Visualisation of the transplant on a right knee in medial view: 
(1) intra-articular portion 3 strands, (2) extra-articular portion 1 
strand

Fig. 2  Lateral view of the right knee: visualization of the extra-artic-
ular portion, passed in contact with the bone, under the iliotibial band

Fig. 3  Right knee, anterolateral view, with passage of the ALL 
through the 2nd tibial tunnel, followed by fixation with an absorbable 
interference screw
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Clinical evaluations

Preoperatively, each patient’s epidemiological parameters, 
injuries associated with ACL rupture, complementary 
reconstruction procedures, level of sport (recreational or 
competitive) and sport practised were collected. The Teg-
ner activity scale was also used to determine the level of 
activity prior to injury and at assessment[22].

All patients received a consultation with radiographic 
follow-up at 6 weeks, 3 months, 6 months and 1 year. As 
part of the follow-up, a self-administered questionnaire 
was sent to them, with a minimum follow-up of 2 years 
after surgery, to collect the level of return to sport, return 
to competitive sport, delay of return to sport in training 
and competition, sprain recurrence, transplant rupture or 
new surgery, long-term complications, as well as the ACL-
rsi (Anterior Cruciate Ligament-Return to Sport after) 
score [2] and functional scores: IKDC (International Knee 
Documentation Committee) [11] and Lysholm [17].

Muscular recovery was assessed by a rehabilitation phy-
sician, who performed an isokinetic test at 6 months post-
operatively, calculating deficits for each muscle group, fol-
lowed by flexor/extensor ratios (concentric at 60°/s) and 
finally the mixed or functional ratio. A functional ratio 
between 1 and 1.2 was considered protective and was 
sought, as was a flexor/extensor ratio between 0.5 and 0.6. 
All tests were performed on the Biodex dynamometer.

Following the results, the rehabilitation physician sub-
jectively assessed the test in 4 stages: very satisfactory, 
satisfactory, moderately satisfactory or unsatisfactory.

The main purpose of these tests was to identify muscu-
lar imbalance, in order to guide rehabilitation and author-
ize or not the resumption of a pivot sport. In the event of 
an unsatisfactory result, patients were invited to undergo 
a test at 8 months post-operatively.

Statistical methods

The various variables studied were compared between the 
isolated ACLR and ACL + ALLR groups using Fisher’s 
exact test for qualitative variables and the Mann–Whitney 
test for numerical variables. A multivariate analysis was 
then performed, taking into account the various confound-
ing factors identified in the univariate analysis.

Tests were considered significant when p was less than 
0.05.

Data were collected via the Easymedstat website, and 
analyses were performed using R software version 4.1.0 
(R Foundation for Statistical Computing, Vienna, Austria, 
2021).

Results

Population

Eighty-three patients were included (67 men and 16 women, 
mean age 24 ± 7.2 years), 4 patients were lost to follow-up 
and 79 completed the questionnaire and were analysed 
at final follow-up (39 ACLR group and 40 ACL + ALLR 
group). Forty-seven patients underwent isokinetic evaluation 
at 6 months post-operatively and were analysed (21 ACLR 
group and 26 ACL + ALLR group).

The average time between trauma and surgery was 
11  months in both groups, the average follow-up was 
54 months. There was a significant difference in the time 
between surgery and assessment (75.4 ± 25.5 in ACLR vs 
33.4 ± 11.3 in ACL + ALLR; p < 0,01), and in the manage-
ment of meniscal lesions (14,6% meniscus suture in ACLR 
vs 41,5% in ACL + ALLR; p < 0,005). The two groups were 
comparable in all other respects (gender, BMI, Tegner score, 
sport type and level…), in particular, in term of associated 
lesions (meniscus, ligament and cartilage lesions) detected 
on imaging and also intraoperatively.

Return to play and return to competitive sport

The return to sport at the same level (28.2% vs. 42.5%), the 
return to competitive sport (43% vs. 60%) and the postopera-
tive Tegner score were higher in the ACL + ALLR group, 
although the results were not significant (Table 1).

The multivariate analysis looked at the evaluation of the 
return to sport according to the following confounding fac-
tors, identified in the univariate analysis: ALLR, age, gender, 
time to return to sport and functional scores.

These analyses showed that the performance of a ALLR 
was not correlated with the level of return to sport, that there 
was a correlation between a return to the same level and a 
shorter time to return to sport with higher functional scores, 
and that a higher age at the time of the operation was a risk 
factor for not returning to competitive level (Table 2).

Delay to return to sport

No significant difference was found either in the time taken 
to return to training or competition, or in the time taken to 
return to work (Table 1).

Isokinetic evaluation

No significant differences were observed for: the deficits 
of each muscle group in the different modes of contraction, 
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the flexor/extensor ratios (0.6 ± 0.1 vs. 0.6 ± 0.2; p = 0.5), 
the functional ratios (1.1 ± 0.5 vs. 1.1 ± 0.3; p = 0.4) and 
the observer’s subjective analysis.

Authorisation to resume pivot-contact sport at 6 months 
was 54.2% in the ACL + ALLR group compared with 25% 
in the ACLR group (p = 0.1).

Functional evaluation

The Lysholm, IKDC and ACLrsi scores were comparable 
between the 2 groups (Table 3). However, a significant 
difference in the rate of graft rupture in favour of ALLR 
was observed (0% (0) vs. 12.8% (5); p = 0.02).

In the multivariate analysis, only the association of 
ALLR or a lower preoperative Tegner score was correlated 
with a lower rate of graft rupture (Table 2).

Finally, no major complications or septic complications 
were found in either group.

Table 1  Univariate analysis of 
the level and time to return to 
sport between ACLR group and 
ACL + ALLR group

Values are reported as mean standard deviation for quantitative variables and number/percentage for quali-
tative variables. The Tegner activity scale is reported on 10 points

ACLR (39) ACL + ALLR (40) p Value

Pre-injury recovery 0.18
 Same level, same sport 11 (28.2%) 17 (42.5%)
 Reduced level, same sport 16 (41%) 15 (37.5%)
 Change of sport 6 (15.4%) 1 (2.5%)
 Discomfort, stop 6 (15.4%) 7 (17.5%)

Return to competitive sport 12 (43%) 21 (60%) 0.21
Post-operative Tegner score 6.2 ± 1.3 6.6 ± 1,6 0.27
Return to work (months) 3 ± 2.9 3 ± 2.4 0,98
Time to return to sport, without pivot (months) 5.1 ± 2 5.3 ± 3 0.78
Time to return to pivot sport, training (months) 9.1 ± 2.9 8.6 ± 3.3 0.52
Time to return competitive pivot sport (months) 10 ± 3.1 10.4 ± 4.4 0.9

Table 2  Results of multiple linear regression models examining the 
relationship between: pre-injury recovery (A), return to competitive 
sport (B), risk of graft rupture (C) and the explanatory variables: 
ALLR, age, gender, time to return to training, IKDC score, ACLrsi 
score (A-B) and ALLR, age, gender, pre-operative Tegner score and 
pre-injury recovery (C)

The correlation coefficients with the different variables (1st column) 
are presented with their confidence intervals (2nd column). IKDC: 
International Knee Documentation Committee, ACLrsi: Anterior 
Cruciate Ligament-Return to Sport after Injury

Beta 95% CI p-value

A: pre-injury recovery
 ALLR 0.9 0.2, 3.8 0.95
 Age 1 0.9, 1.1 0.92
 Gender 0.6 0.1, 3.1 0.55
 Time to return to training 0.6 0.5, 0.9  < 0.01
 ACLrsi score 1.1 1, 1.1 0.03
 IKDC score 1.1 1, 1.3 0.03

B: return to competitive sport
 ALLR 0.1 − 0.1, 0.3 0.4
 Age − 0.02 − 0.04, 0.00 0.03
 Gender − 0.1 − 0.4, 0.2 0.4
 Time to return to training − 0.05 − 0.1, 0.01 0.12
 ACLrsi score 0.01 − 0.01, 0.03 0.2
 IKDC score 0.01 0.00, 0.01 0.09

C: risk of graft rupture
 ALLR − 0.1 − 0.3, − 2.3 0.02
 Age − 0.01 − 0.03, − 0.2 0.8
 Gender − 0.02 − 0.04, − 0.3 0.74
 Pre-operative Tegner score 0.04 0.2, 2.02 0.05
 Pre-injury recovery − 0.07 − 0.1, − 1.2 0.22

Table 3  Univariate analysis of functional results and graft rupture 
rate between ACLR group and ACL + ALLR group

Values are reported as mean standard deviation for quantitative vari-
ables and number/percentage for qualitative variables. The IKDC and 
Lysholm scores are reported out of 100 points, the ACLrsi score is 
expressed as a percentage

ACLR (39) ACL + ALLR (40) p Value

Graft rupture 5 (12.8%) 0 (0%) 0.02
ACLrsi score (%) 55.6 ± 22.3 63.3 ± 23.6 0.14
IKDC score 80.5 ± 11.7 82.05 ± 14.6 0.6
Lysholm score 85.6 ± 12.3 85.8 ± 13.8 0.95
Pain (VAS) 2.8 ± 2 2.5 ± .8 0.42
Surgical revision 6 (15.4%) 4 (10%) 0.52
Type of surgical revision 0.05
 ACLR revision 5 (12.8%) 0 (0%)
 Meniscal suture failure 1 (2.6%) 3 (7.5%)
 New meniscal lesion 1 (2.5%)
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Discussion

Combining ALL with ACL reconstruction in pivot-contact 
patients does not improve the level of return to pre-injury 
sport or the return to a competitive level, compared with 
isolated reconstruction.

However, the ALLR technique has been shown to be 
effective in reducing the rate of graft rupture compared 
with isolated reconstruction [9, 12, 21]. Some of these 
studies have also evaluated the time or level of return to 
sport but, to our knowledge, our study is the first compara-
tive series to have taken this data as the main criterion.

Return to sport

Return to sport has been evaluated in several studies as a 
secondary endpoint and from these studies, a recent meta-
analysis, published by Hurley et al. in 2021, compared 
return to sport after ACLR with or without extra-articular 
augmentation (EA) [13]. This meta-analysis concluded 
that patients managed for first-line ACLR, with or without 
EA, reported similar levels of return to sport.

Although not reaching the significance threshold, return 
to sport at pre-trauma level appeared higher in the ALLR 
group (28.2% vs. 42.5%; p = 0.18), as did return to com-
petitive level (60% vs. 43%; p = 0.21).

Patients who returned to sport at the pre-trauma level 
were the quickest to return, with an average difference of 
3 months, and had better functional scores. These results 
were corroborated by the multivariate analysis, which also 
showed that younger patients were more likely to return to 
competitive sport. This suggests a profile of patients who 
are young and highly motivated to return to competition, 
which very probably influences the level and time taken to 
return to sport, as well as functional recovery.

Ten comparative studies evaluating isolated ACLR 
versus ACLR with EA as first-line treatment were found 
in the literature, 8 of which evaluated the level of return 
to sport at the same level as a secondary endpoint [6, 9, 
10, 20, 21, 23, 25, 26]. Of these studies, only 2 showed a 
difference in favour of ALLR, with Sonnery-Cottet et al. 
[21] finding a better pre-injury sport recovery in the com-
bined hamstring + ALL reconstruction group compared 
with the isolated hamstring reconstruction group, with an 
odds ratio of 1.9, which contrasts with the results of our 
study. However, no difference was found between isolated 
patellar tendon reconstruction and combined reconstruc-
tion (hamstring graft + ALL).

Delay to return to sport

There was no difference between the two groups in terms 
of time to return to training or competition. However, the 
authorisation to return to sport by the rehabilitation phy-
sician at 6 months was higher in the ACL + ALLR group 
(54% vs. 25%; p = 0.07), although in the end this had to 
be confirmed by the surgeon based on clinical results and 
isokinetic tests, giving us a standardised return to sport for 
most patients in both groups.

The data in the literature, in particular the study by Hur-
ley et al. [13], seems to be more in favour of EA. In fact, 
according to this meta-analysis, 3 studies evaluated the delay 
to return to sport, 2 of which showed a faster return after 
ALLR with a difference of 1 month.

Graft rupture and functional results

With regard to the reconstruction failure rate, our results 
are in line with those found in recent years, with a clear 
reduction in the graft rupture rate at 2 years, with 12.8% 
of ruptures in the ACLR group compared with 0% in the 
ACL + ALLR group (p = 0.02). The reduction in the failure 
rate after ALLR has already been demonstrated, notably in 
the Stability study by Getgood et al. [9] in 2020, and then 
confirmed by various meta-analyses [7, 16].

However, we did not observe any difference in the re-
intervention rate, as the majority of patients in the ACLR 
group were re-intervened for a graft rupture, whereas 
patients in the ALLR group were re-intervened for menis-
cal surgery, which is linked to changes in practice that now 
clearly favour suturing.

There was no difference in the various functional scores, 
nor in the ACLrsi score, which assesses the psychological 
impact of returning to sport. Here again, our results are in 
line with various published series, with comparable func-
tional results between isolated and combined plasty [9, 20].

The comparable results found in the isokinetic tests at 
6 months lead us to conclude that the combined recon-
struction does not cause greater muscle imbalance than an 
isolated reconstruction. This result was expected, because 
although differences have been observed between bone-
patellar tendon autograft and hamstring tendon autograft, 
with a greater flexion deficit in the latter [4], all patients 
in our study benefited from the same hamstring transplant.

Limits

Our study has several limitations. ALLR combined with 
ACLR began in 2017, so the two groups underwent surgery 
at two different times. Thus, due to the retrospective nature 
of this study, the time between surgery and assessment was 
significantly longer in the ACLR group (75.4 months vs 
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33.4 months; p < 0.01). This delay may lead to memory bias 
and imprecision in their response. However, some patients 
stated that they had not resumed sporting activity because 
of lifestyle changes or lack of time, rather than because of 
a functional deficit caused by ACL rupture and reconstruc-
tion. For these patients, the trauma and the surgery mark a 
turning point in their sporting activities, and their decision 
not to return to activity will be based on personal rather than 
functional choices, regardless of the type of reconstruction 
we are able to offer them.

In addition, the experience of the surgeon was greater in 
the ACL + ALLR group, which could lead to better results 
in this group, although no significant difference was found 
between the two groups. The two groups were also not 
totally homogeneous in terms of sport level (athlete or not) 
because the design of our study made it difficult to further 
select patients with limited sample sizes. Finally, the rela-
tively small size of our samples and the retrospective nature 
of our analysis limit the significance of our results.

Conclusion

ACL reconstruction combined with ALL reconstruction 
does not provide a better return to pre-injury sport than 
isolated reconstruction. However, it does reduce the graft 
rupture rate, while producing clinical and functional results 
comparable to isolated reconstruction, with no specific 
complications.

As a result, it seems entirely appropriate to systematically 
offer ALLR to pivot-contact athletes at risk of re-rupture.
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