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Background: Residual rotational instability after isolated anterior cruciate ligament reconstruction (ACLR) has been a challenge for
many years. Anterolateral extra-articular procedures (AEAPs), including anterolateral ligament reconstruction (ALLR) or lateral
extra-articular tenodesis (LET), are performed as a surgical option for additional rotational stability, but clear evidence for their
usefulness is lacking.

Purpose: To conduct a systematic review and meta-analysis of the literature regarding the efficacy of AEAP in primary ACLR.
Study Design: Systematic review; Level of evidence, 3.

Methods: A literature search, data extraction, and quality assessment were conducted by 2 independent reviewers. MEDLINE,
EMBASE, and the Cochrane Library were searched in April 2020, following the PRISMA (Preferred Reporting ltems for Systematic
Reviews and Meta-Analyses) guidelines. A total of 3444 studies were screened, and 20 studies (11 randomized controlled trials and
9 nonrandomized studies) were evaluated. Functional outcomes, stability, and complications were compared between patients
who underwent primary ACLR with AEAP and those who underwent isolated primary ACLR. For subgroup analysis, outcomes were
compared according to AEAP technique (ALLR vs LET) and time from injury to surgery (<12 vs >12 months). The methodological
quality of the included studies was assessed using the Cochrane risk-of-bias tool, Jadad scale, and Newcastle-Ottawa Scale.

Results: Compared with isolated ACLR, combined ACLR with AEAP led to improved pivot-shift grades and graft failure rates,
regardless of the AEAP technique or of time from injury to surgery. A limited, marginal improvement in subjective function score
was observed in patients who underwent AEAP combined with ACLR. In contrast to ALLR, patients who underwent LET combined
with ACLR had an increased risk of knee stiffness and adverse events.

Conclusion: Our review suggests that when there is a need to improve rotational stability and subjective function, AEAP combined
with primary ACLR can be considered regardless of time from injury. ALLR appeared to be a better option for improving rotational
stability compared with LET.

Keywords: primary anterior cruciate ligament reconstruction; lateral extra-articular tenodesis; anterolateral ligament recon-
struction; pivot shift; graft failure

Anterior cruciate ligament (ACL) rupture is one of the most
common sports injuries of the knee joint, affecting 68.6 per
100,000 individuals annually in the United States.?* Since
the 1980s, arthroscopic ACL reconstruction (ACLR) techni-
ques have continuously improved with the introduction of
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new surgical techniques, equipment, and materials.'?
Although the long-term outcomes of ACLR have become sat-
isfactory and reliable over time, the normal rotational sta-
bility of the knee is not fully restored.?":%%¢! Furthermore,
the rate of graft failure is high although it varies (17.1%-
18%),3446:%% the rate of return to preinjury sporting activity
is low (44%-72%),”*3 and postoperative residual rotational
instability is persistent in up to 25% to 30% of patients.®
Rotational instability increases the risk of meniscal and
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cartilaginous lesions and early secondary arthritic
changes.?3 To resolve these problems and improve knee sta-
bility, several strategies have been proposed, including more
lateral positioning of the femoral tunnel,*”%7 double-bundle
reconstructions with an additional posterolateral bundle to
control the rotation,?3? and different types of autografts
used.®?® However, although there have been several ran-
domized controlled trials (RCTs) and meta-analyses analyz-
ing different strategies for treating rotational instability, no
obvious differences in outcomes have been noted.2%4%52

Currently, since the “rediscovery” of the anterolateral
ligament (ALL) of the knee in 2013, there is great interest
in the role of the anterolateral structures of the knee in
controlling rotational instability.'%?%% Historically, sev-
eral anterolateral extra-articular procedures (AEAPs) have
been developed to reduce anterolateral rotational instabil-
ity, including lateral extra-articular tenodesis (LET).%83°
However, according to previous studies, there are concerns
over LET being nonanatomic and potentially overcon-
straining the joint because of altered biomechanics.!” In
addition, overconstraint can potentially lead to graft over-
tensioning and elongation and, ultimately, to increased
degenerative changes in the lateral tibiofemoral compart-
ment.'®** The recent renewed interest in the anterolateral
structures of the knee has led to significant progress in
understanding anatomy and biomechanics, which in turn
has enabled the development of a relatively new procedure,
ALL reconstruction (ALLR).?"

The aims of this literature review were as follows: (1) to
demonstrate the clinical efficacy of primary ACLR com-
bined with LET or ALLR (ACLR+AEAP) compared with
isolated ACLR, according to functional outcomes, stability,
and complications; and (2) to compare ACLR+AEAP with
isolated ACLR according to AEAP type (LET vs ALLR) and
time from injury to surgery (<12 vs >12 months).

METHODS

This study was performed following the guidelines of the
PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) statement.*®

Search Strategy

In April 2020, two independent reviewers (B.-R.N. and
J.-K.S.) searched the following databases: PubMed (MED-
LINE), EMBASE, and the Cochrane Library. No restrictions
were placed on language or year of publication. The data-
bases were searched using the following keywords: (extra-
articular or extra-articular or anterolateral or antero-lateral
or ALL or anterior oblique band or iliotibial or IT band or IT
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tract or segond) and (tenodesis or plasty or augmentation or
procedure or reconstruction or reconstructive or surgical or
surgery or technique) and (ACL or anterior cruciate liga-
ment). To supplement the electronic database search, the
reference list of relevant articles was cross-checked to iden-
tify any additional references of interest. After removing the
duplicates and excluding the articles by title, the full texts of
the remaining articles were assessed.

Selection Criteria

The following inclusion criteria were applied to the selected
studies:

e Published peer-reviewed study: RCTs, nonrandomized
comparative studies, and prospective or retrospective
cohort studies
Outcome data of primary ACLR+AEAP
Skeletally mature patients of both sexes with ACL rup-
ture who had undergone primary ACLR regardless of
the graft type or reconstruction technique

Exclusion criteria were as follows:

e Reports on guidelines, technical notes, reviews, and sys-
tematic reviews

e Any biomechanical or radiological studies, ex vivo anal-
ysis (cadaveric, histological, or anatomical), case
reports, and noncomparative studies

e Patients with >2 surgically treated knee ligaments (pos-
terior cruciate ligament, medial or lateral ligament, or
posterolateral ligament surgery)
Extra-articular procedures performed in isolation
Patients who had undergone revision surgery after pri-
mary ACLR

Initially, we reviewed the title and abstract of each arti-
cle when applying the selection criteria. On reviewing the
title and abstract, if it was unclear whether the article was
appropriate for inclusion, the full text of the article was
assessed. Two reviewers (B.-R.N. and J.-K.S.) applied the
selection criteria independently. Any differences of opinion
between them on the importance and relevance of any iden-
tified article were resolved through discussion until consen-
sus was reached. A third reviewer (H.-Y.S.) resolved any
residual differences of opinion. For multiple reports with
the same patient cohort and increasing duration of follow-
up, only the latest publication (ie, the article with the lon-
gest follow-up) was included. There were 2 separate groups
of authors with more than 1 study (Helito group®”?® and
Zaffagnini group®®%%), but they were included because
there was no overlap of patients in the data analysis.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) flow diagram of the identification
and selection of the studies included in the meta-analysis.

Data Extraction

Two reviewers (B.-R.N. and J.-K.S.) independently
extracted data and entered them into a specifically
designed spreadsheet containing headings of the selected
outcomes. The following demographic data were extracted
from the articles: study type, number of patients, sex, age,
time from injury to surgery, type of extra-articular proce-
dure (LET or ALLR), and follow-up time. Functional out-
comes and stability were assessed using the mean values of
subjective clinical scores (Lysholm, Tegner activity scale,
and subjective International Knee Documentation Commit-
tee [IKDC]) and objective clinical examinations (Lachman
test, pivot-shift test, and objective IKDC). Complications
were assessed according to graft failure rate, adverse
events (recurrent meniscal injury, infection, cyclops syn-
drome, screw loosening, and harvest-site pain), and knee
stiffness (loss of full extension or flexion).

Quality Appraisal and Methodological Assessment

The methodological quality of the RCTs was assessed using
the Cochrane risk-of-bias tool and the Jadad scale, which
have been found to be reliable for quality assessment of
RCTs.2%3! The nonrandomized studies were assessed using
the Newcastle-Ottawa Scale,?%¢ which is reliable for qual-
ity assessment of nonrandomized cohort studies and case-
control studies. The methodological quality of each article
was stratified. Any disagreements in the initial ratings of
methodological quality between the 2 reviewers (B.-R.N.
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Figure 2. Risk-of-bias assessment of the included random-
ized controlled trials (Cochrane risk-of-bias tool). +, low risk
of bias; —, high risk of bias; ?, unclear risk of bias.

and J.-K.S.) were resolved through discussion until consen-
sus was reached.

Statistical Analysis

All statistical analyses were performed using Review Man-
ager (RevMan 5.3; The Nordic Cochrane Centre). Treatment
effects were expressed as odds ratios (ORs) for binary out-
comes and mean differences for continuous outcomes, with
95% Cls. A fixed-effects or random-effects model was used to
combine the data according to the Mantel-Haenszel
method.*® Both models provide similar results when inter-
study heterogeneity is absent, but when the heterogeneity is
high, the random-effects model is more appropriate. The
heterogeneity of treatment effects was appraised visually
by observing the overlapping confidence intervals on forest
plots. In addition, I? statistics were calculated for objective
assessment of heterogeneity. High heterogeneity was indi-
cated by the absence of overlapping confidence intervals on
forest plots and I? > 50%, and the reasons for heterogeneity
were assessed. Subgroup analysis was performed when
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feasible. Publication bias was assessed by visual inspection
of funnel plots of the primary outcomes.

RESULTS
Search Results

The literature search across all databases yielded a total of
3441 articles, and an additional 3 articles were found on
reviewing the reference lists. After the removal of dupli-
cates, 2690 articles remained. This was reduced to 64 arti-
cles after screening titles and abstracts. After full-text
review, 20 articles (2376 patients) met the eligibility crite-
ria; 11 were RCTs (1294 patients) and 9 were nonrando-
mized studies (1082 patients). The literature search
process is summarized in Figure 1.

TABLE 1
Risk-of-Bias Assessment of Included Randomized
Controlled Trials (Jadad Scale)

Double Total
Lead Author (Year) Randomization Blind Withdrawals (of 5)*

Acquitter (2003)!
Anderson (2001)®
Getgood (2020)%2
Giraud (2006)**
Goncharov (2019)%¢
Ibrahim (2017)%°
Trichine (2014)53
Vadala (2013)%*
Zaffagnini (2006)%°
Zaffagnini (2008)%8
Zhang (2016)"°

H N NN =N NN
H DN O
e e e
O U1 UT Lo I WO WO R W

“A score of <2 indicates a low-quality report and a score of >3
indicates a high-quality report.
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Demographic and Methodological Results

Of the 2376 patients, there were 1135 who had undergone
ACLR+AEAP and 1241 patients who had undergone isolated
ACLR (Appendix Table Al). The male-to-female ratio was
1.5:1 (1026:676); however, 8 articles did not provide patient
sex. The mean age of patients at surgery was 25.1 years (range,
14-57 years), the mean time from injury to surgery was 13.5
months (range, 2 weeks—16 years), and the mean follow-up
period was 42.0 months (range, 6 months—19.8 years).

The methodological quality of all the included studies
was assessed. Most of the RCTs had an unclear to high risk
of bias according to the Cochrane risk-of-bias tool (Figure 2),
and all RCTs were of good quality (score range, 3-5 points)
according to the Jadad scale (Table 1). All nonrandomized
studies were of good quality according to the Newcastle-
Ottawa Scale (score range, 7-9 stars) (Table 2).

Functional Outcomes and Stability

Subjective Clinical Scores (Lysholm Score, Tegner
Activity Scale, and Subjective IKDC). Of the 20 included
studies, 9 reported the Lysholm score (1018 patients),
5 reported the Tegner score (645 patients), and 11 reported
the subjective IKDC score (1644 patients). All 3 scores were
higher in the ACLR+AEAP group than in the isolated
ACLR group (mean difference: Lysholm score, 3.02 [95%
CI, 1.31-4.74]; P = .0006; I?> = 88%; Tegner score, 0.80
[95% CI, 0.08-1.52]; P = .03; I? = 94%; and subjective IKDC,
2.65 [95% CI, 0.91-4.49]; P = 0.005; I = 96%).

Objective Clinical Examination (Lachman Test, Pivot-
Shift Test, and Objective IKDC). Of the 20 included studies,
7 reported the Lachman test (479 patients). A Lachman
test grade of 2 or 3 indicates poor anterior knee stability.
The proportion of patients with Lachman grade 2 or 3 was
lower in the ACLR+AEAP group than in the isolated ACLR
group (OR, 0.42 [95% CI, 0.20-0.89]; P = .02; I? = 0%). Of

TABLE 2
Risk-of-Bias Assessment of Included Nonrandomized Trials (Newcastle-Ottawa Scale for Cohort Studies)”
Selection Outcome
Comparability
Lead Author (Year) Item 1 Item 2 Item 3 Item 4 Item 5 Item 6 Item 7 Item 8 Total (of 9)°
Branch (2015)° * * * * * * * * 8
Dejour (2013)*2 * * * * * * * * 8
Ferretti (2016)'° * * * * * — * * 7
Goertzen (1993)%° * * * * * * * * 8
Helito (2018)%7 * * * * * % * * * 9
Helito (2019)%8 * * * * * * * * 8
Noyes (1991)*° * * * * * * * * )
Sonnery-Cottet (2017)%7 * * * * * * * * 8
Strum (1989)%° * * * * * * * * 8

“A dash denotes ineligibility. Items are defined as follows: 1, Representativeness of the exposed cohort; 2, Selection of the nonexposed
cohort; 3, Ascertainment of exposure; 4, Demonstration that outcome of interest was not present at start of study; 5, Comparability of cohorts
on the basis of the design or analysis controlled for confounders; 6, Assessment of outcome; 7, Was follow-up long enough for outcomes to occur;

8, Adequacy of follow-up of cohorts.

bA study can be awarded a maximum of 1 star for each numbered item within the Selection and Outcome categories. A maximum of 2 stars

can be given for the Comparability category.
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ALLR or LET with ACLR  ACLR only Odds Ratio Odds Ratio

_ Study or Subgroup Events Total Events Total Weight M-H.Fixed.95%Cl  M-H, Fixed. 95% Cl
Acquitter 2003 2 50 4 50 6.0% 0.48[0.08, 2.74] —
Anderson et al 2001 & 34 8 33 10.1% 0.81[0.26, 2.56] - 1
Dejour et al 2013 0 25 ) 25 3.8% 0.18[0.01, 4.04]
Giraud et al 2006 1 29 3 34 42% 0.37 [0.04, 3.76] —
Goertzen et al 1993 0 32 3 24 6.1% 0.09[0.00, 1.92]
Goncharov et al 2019 0 18 1 30 1.7% 0.53[0.02,13.75]
Helito et al 2018 3 33 24 B8 223% 0.18 [0.05, 0.66) —
Helito et al 2019 0 30 5 60 5.7% 0.17 [0.01, 3.09]
Ibrahim et al 2017 1 53 2 50 3.2% 0.46 [0.04, 5.25] —
Noyes et al 1991 0 40 4 64  54% 0.17 [0.01, 3.17]
Strum et al 1989 1 43 1 84 1.0% 1.98 [0.12, 32.39]
Trichine et al 2014 1 55 2 52 32% 0.46 [0.04, 5.26] —
Vadala et al 2013 0 27 4 28  6.8% 0.10 [0.01, 1.93]
Zaffaganini et al 2006 0 25 4 25  6.9% 0.09 [0.00, 1.84]
Zaffaganini et al 2008 0 35 0 37 Not estimable
Zhang et al 2016 4 20 1 20 13.7% 0.20 [0.05, 0.83] e ——
Total (95% CI) 549 684 100.0% 0.30 [0.18, 0.49] >
Total events 20 78 ; : . 2
Heterogeneity: Chi? = 8.24, df = 14 (P = 0.88); I? = 0% 6005 D.'1 1 1'{’ 20&)

Test for overall effect: Z = 4.72 (P < 0.00001)

Favours ALLR or LET Favours ACLR only

Figure 3. Comparison of pivot-shift test results. The forest plot shows that a significantly lower proportion of patients who
underwent an additional extra-articular procedure combined with ACLR had grade 2 or 3 pivot shift compared with those who
underwent isolated ACLR. ACLR, anterior cruciate ligament reconstruction; ALLR, anterolateral ligament reconstruction; LET,

lateral extra-articular tenodesis; M-H, Mantel-Haenszel.

ALLR or LET with ACLR  ACLR only Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95%¢C1
Acquitter 2003 6 50 10 50 10.1% 0.55[0.18, 1.64] —
Anderson et al 2001 0 34 1 33 1.7% 0.31[0.01, 7.99]
Ferretti et al 2016 0 60 1 71 1.6% 0.39[0.02, 9.71]
Getwood et al 2020 11 291 34 298 37.0% 0.31[0.15, 0.61] —
Goertzen et al 1993 0 32 0 24 Not estimable
Helito et al 2018 0 33 5 68 4.1% 0.17 [0.01, 3.21]
Helito et al 2019 1 30 13 60 9.6% 0.12 [0.02, 1.00]
|brahim et al 2017 0 53 0 50 Not estimable
Noyes et al 1991 1 40 10 64  8.6% 0.14[0.02, 1.13] - 7T
Sonnery -Cottet et al 2017 9 221 19 176 23.2% 0.35[0.15, 0.80] —
Strum et al 1989 1 43 2 84 1.5% 0.98 [0.09, 11.08]
Trichine et al 2014 0 55 0 52 Not estimable
Vadala et al 2013 0 27 2 28 2.8% 0.19[0.01, 4.21]
Zaffaganini et al 2008 0 35 0 37 Not estimable
Total (95% CI) 1004 1095 100.0%  0.31 [0.20, 0.48] >
Total events 29 97
Heterogeneity: Chi? = 3.52, df = 9 (P = 0.94); I = 0% D’m u? ; ; 1‘0 p Ulﬂ

Test for overall effect: Z = 5.39 (P < 0.00001)

Favours ALLR or LET Favours ACLR only

Figure 4. Comparison of graft failure rates. The forest plot shows a significantly lower rate of graft failure in patients who underwent
an additional extra-articular procedure combined with ACLR than in those who underwent isolated ACLR. ACLR, anterior cruciate
ligament reconstruction; ALLR, anterolateral ligament reconstruction; LET, lateral extra-articular tenodesis; M-H, Mantel-Haenszel.

the 20 included studies, 16 reported the pivot-shift test
(1233 patients). A grade 2 or 3 on the pivot-shift test indi-
cates poor knee rotational stability. The proportion of
patients with grade 2 or 3 pivot shift was lower in the
ACLR+AEAP group than in the isolated ACLR group
(OR, 0.30 [95% CI, 0.18-0.49]; P < .00001; I? = 0%). Of
the 19 included studies, 10 reported the objective IKDC
results (798 patients), in which scores are reported as A
(normal), B (nearly normal), C (abnormal), or D (severely
abnormal). The proportion of patients with an IKDC score
of C or D did not differ between the 2 groups (OR, 0.76 [95%
CI, 0.50-1.16]; P = .21; I? = 7%) (Figure 3).

Complications (Graft Failure, Adverse Events,
Knee Stiffness)

Of the 20 included studies, 14 reported graft failure (2099
patients). The rate of graft failure was lower in the
ACLR+AEAP group than in the isolated ACLR group (OR,
0.31 [95% CI, 0.20-0.48]; P < .00001; I? = 0%). Of the 20
included studies, 14 reported adverse events (1972 patients).
The rates of overall adverse events did not differ between the 2
groups (OR, 1.20 [95% CI, 0.68-2.09]; P = .53; I? = 53%). Of the
20 included studies, 10 reported knee stiffness (1284 patients),
indicated as loss of full extension or flexion of >5°. The rates of
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ALLR or LET with ACLR  ACLR only Odds Ratio Odds Ratio

__Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed. 95% CI

2.5.1 ALL reconstruction

Acquitter 2003 2 50 4 50 6.0% 0.48 [0.08, 2.74] I

Goncharov et al 2019 0 18 1 30 1.7% 0.53 [0.02, 13.75)

Helito et al 2018 3 33 24 68 22.3% 0.18 [0.05, 0.66] -

Helito et al 2019 0 30 5 60 57% 0.17 [0.01, 3.09]

Ibrahim et al 2017 1 53 2 50 3.2% 0.46 [0.04, 5.25] R

Zaffaganini et al 2006 0 25 4 25 6.9% 0.09 [0.00, 1.84]

Zaffaganini et al 2008 0 35 0 37 Not estimable

Zhang et al 2016 4 20 1 20 13.7% 0.20 [0.05, 0.83] e

Subtotal (95% CI) 264 340 59.5% 0.23 [0.11, 0.47] <

Total events 10 51

Heterogeneity: Chi* = 1.79, df = 6 (P = 0.94); I* = 0%
Test for overall effect: Z=4.04 (P < 0.0001)

2.5.2 Lateral extra-articular tenodesis

Anderson et al 2001 & 34 8 33 10.1% 0.81 [0.26, 2.56] I
Dejour et al 2013 0 25 2 25 3.8% 0.18[0.01, 4.04]
Giraud et al 2006 1 29 3 34 42% 0.37 [0.04, 3.76] e
Goertzen et al 1993 0 32 3 24 6.1% 0.09[0.00, 1.92]
Noyes et al 1991 0 40 4 64 5.4% 0.17 [0.01, 3.17]
Strum et al 1989 1 43 1 84 1.0% 1.98 [0.12, 32.39]
Trichine et al 2014 1 55 i 52 3.2% 0.46 [0.04, 5.26] —— 1
Vadala et al 2013 0 27 4 28 6.8% 0.10[0.01, 1.93]
Subtotal (95% CI) 285 344 405%  0.40[0.19, 0.81] -
Total events 10 27
Heterogeneity: Chi* = 5.05, df = 7 (P = 0.65); I* = 0%
Test for overall effect: Z=2.53 (P = 0.01)
.
: : : :
0.005 0.1 1 10 200

Favours ALLR or LET Favours ACLR only

Figure 5. Comparison of pivot-shift results after ACLR according to additional procedure. The forest plot shows that compared
with isolated ACLR, a significantly lower proportion of ACLR-+ALLR and ACLR+LET patients had grade 2 or 3 pivot shift. ACLR,
anterior cruciate ligament reconstruction; ALLR, anterolateral ligament reconstruction; LET, lateral extra-articular tenodesis; M-H,
Mantel-Haenszel.

ALLR or LET with ACLR  ACLR only Odds Ratio Odds Ratio
Events Total Events Total Weight M-H.Fixed. 95%Cl M-H.Fixed. 95%Cl

3.5.1 ALL reconstruction
Goncharov et al 2019 2 18 9 30 8.3% 0.29[0.06, 1.54] B
Helito et al 2018 1 33 2 68 1.8%  1.03[0.09, 11.80]
Helito et al 2019 1 30 1 60 0.89%  2.03[0.12,33.70] |
Ibrahim et al 2017 1 53 0 50 0.7%  2.89[0.11,72.50]
Sonnery -Cottet et al 2017 20 221 20 176 28.1% 0.78 [0.40, 1.49] =
Zaffaganini et al 2006 5 25 14 25 156% 0.20 [0.06, 0.69] .
Zaffaganini et al 2008 1 35 3 37 3.9% 0.33[0.03, 3.37] - 1
Zhang et al 2016 1 20 1 20 1.3%  1.00[0.06, 17.18] ]
Subtotal (95% CI) 435 466 60.6% 0.59 [0.36, 0.95] <&
Total events 32 50
Heterogeneity: Chi? = 6.55, df =7 (P = 0.48); I =0%
Test for overall effect: Z =2.17 (P = 0.03)
3.5.2 Lateral extra-articular tenodesis
Anderson et al 2001 6 34 5 33 58% 1.20 [0.33, 4.39] - I
Ferretti et al 2016 22 68 16 71 147% 1.64 [0.77, 3.49] T
Getwood et al 2020 14 291 4 298 52% 3.71[1.21,11.42] B
Goertzen et al 1993 8 21 0 24  0.4% 30.85[1.65, 576.92]
Noyes et al 1991 3 40 5 64  49% 0.96 [0.22, 4.24] -1
Strum et al 1989 16 43 14 84  83% 2.96[1.27, 6.89] -
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Test for overall effect: Z = 3.93 (P < 0.0001)
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Figure 6. Comparison of adverse event rates after ACLR according to additional procedure. The forest plot shows that compared
with isolated ACLR, the ACLR+ALLR group had a significantly lower rate of adverse events and the ACLR+LET group had a
significantly higher rate of adverse events. ACLR, anterior cruciate ligament reconstruction; ALLR, anterolateral ligament recon-
struction; LET, lateral extra-articular tenodesis; M-H, Mantel-Haenszel.
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ALLR or LET with ACLR  ACLR only Odds Ratio Odds Ratio

bgroup nts ota

3.8.1 ALL reconstruction
Acquitter 2003 2 50 2 50 97% 1.00 [0.14, 7.39]
Helito et al 2018 0 33 0 68 Not estimable
Helito et al 2019 0 30 0 60 Not estimable
Zaffaganini et al 2006 3 25 10 25 44.3% 0.20 [0.05, 0.87] —
Zaffaganini et al 2008 0 35 0 37 Not estimable
Subtotal (95% CI) 173 240 53.9% 0.35 [0.11, 1.07] ——E—
Total events 5 12
Heterogeneity: Chi*=1.59,df=1(P=0.21); F=37%
Test for overall effect: Z = 1.84 (P = 0.07)
3.8.2 Lateral extra-articular tenodesis
Anderson et al 2001 15 34 3 33 86% 7.89[2.01,30.95] =
Getwood et al 2020 0 291 0 298 Not estimable
Goertzen et al 1993 20 32 10 24 216% 2.33[0.79, 6.88] i
Noyes et al 1991 7 40 5 64 16.0% 2.50 [0.74, 8.51] - =
Vadala et al 2013 0 27 0 28 Not estimable
Subtotal (95% CI) 424 447  46.4%  3.43 [1.74, 6.76] —EE—
Total events 42 18
Heterogeneity: Chiz=2.17,df =2 (P =0.34); I?= 8%
Test for overall effect: Z = 3.55 (P = 0.0004)
.
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Figure 7. Comparison of knee stiffness rates after ACLR according to additional procedure. The forest plot shows a significantly
higher rate of knee stiffness in the ACLR+LET group than in the isolated ACLR group. In contrast, the rate of knee stiffness was not
significantly different between the ACLR+ALLR and isolated ACLR groups. ACLR, anterior cruciate ligament reconstruction; ALLR,
anterolateral ligament reconstruction; LET, lateral extra-articular tenodesis; M-H, Mantel-Haenszel.

ALLR or LET with ACLR  ACLR only Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H. Fixed, 95% CI M-H. Fixed, 95% CI
2.6.1 < 12 months from injury
Dejour et al 2013 0 25 2 25 5.0% 0.18 [0.01, 4.04] =
Goertzen et al 1993 0 32 3 24 7.9% 0.09 [0.00, 1.92]
Ibrahim et al 2017 1 53 2 50 4.1% 0.46 [0.04, 5.25] e
Zaffaganini et al 2006 0 25 4 25 B8.9% 0.09 [0.00, 1.84]
Zaffaganini et al 2008 0 35 0 37 Not estimable
Subtgtal (95% CI) 170 161 25.9% 0.17 [0.04, 0.67] —l—
Total events 1 11
Heterogeneity: Chiz = 0.95, df = 3 (P = 0.81); 2 =0%
Test for overall effect: Z =2.54 (P =0.01)
2.6.2 > 12 months from injury
Acquitter 2003 2 50 4 50 7.8% 0.48 [0.08, 2.74] ey
Helito et al 2018 3 33 24 68 28.8% 0.18 [0.05, 0.66] I E—
Helito et al 2019 0 30 5 60 7.4% 0.17 [0.01, 3.09]
Noyes et al 1991 0 40 4 64 T7.0% 0.17 [0.01, 3.17]
Strum et al 1989 1 43 1 84 1.3%  1.98[0.12, 32.39]
Trichine et al 2014 1 55 2 52 4.1% 0.46 [0.04, 5.26] - 1
Zhang et al 2016 4 20 11 20 17.8% 0.20 [0.05, 0.83] e
Subtotal (95% CI) 27 398 T4.1% 0.26 [0.13, 0.53] -
Total events 11 51
Heterogeneity: Chi# = 3.27, df =6 (P = 0.77); I* = 0%
Test for overall effect: Z = 3.74 (P = 0.0002)
>
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Figure 8. Comparison of pivot shift after ACLR according to time from injury to surgery. The forest plot shows that regardless of
whether the procedure was early (<12 months) or delayed (>12 months), a significantly lower proportion of patients with grade 2 or 3
pivot shift was seen after additional extra-articular procedure combined with ACLR versus isolated ACLR. ACLR, anterior cruciate
ligament reconstruction; ALLR, anterolateral ligament reconstruction; LET, lateral extra-articular tenodesis; M-H, Mantel-Haenszel.
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ALLR or LET with ACLR  ACLR only Odds Ratio Odds Ratio
_Study or Subgroup Events Total Events Total Weight M-H,Fixed.95%Cl  M-H.Fixed.95%Cl
3.3.1 = 12 months from injury
Ferretti et al 2016 0 60 1 71 1.6% 0.39[0.02, 9.71]
Getwood et al 2020 11 291 34 298 38.7% 0.31[0.15, 0.61] -
Goertzen et al 1993 0 32 0 24 Not estimable
Ibrahim et al 2017 0 53 0 50 Not estimable
Sonnery -Cottet et al 2017 9 221 19 176 24.3% 0.35[0.15, 0.80] -
Zaffaganini et al 2008 0 35 0 37 Not estimable
Subtotal (95% CI) 692 656 64.6% 0.32 [0.19, 0.55] >
Total events 20 54
Heterogeneity: Chi* = 0.08, df = 2 (P =0.96); I?= 0%
Test for overall effect: Z = 4.20 (P < 0.0001)
3.3.2 > 12 months from injury
Acquitter 2003 6 50 10 50 10.5% 0.55[0.18, 1.64] I
Helito et al 2018 0 33 5 68 4.3% 0.17[0.01, 3.21]
Helito et al 2019 1 30 13 60 10.0% 0.12[0.02, 1.00] - 1
Noyes et al 1991 1 40 10 64  9.0% 0.14[0.02, 1.13] - 1
Strum et al 1989 1 43 2 84 16%  0.98[0.09, 11.08]
Trichine et al 2014 0 55 0 52 Not estimable
Subtotal (95% CI) 251 378 354%  0.30[0.14, 0.64] e
Total events 9 40
Heterogeneity: Chi* = 3.40, df =4 (P=0.48); P=0%
Test for overall effect: Z=3.12 (P = 0.002)
>
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Figure 9. Comparison of graft failure rate after ACLR according to time from injury to surgery. The forest plot shows that regardless of
whether the procedure was early (<12 months) or delayed (>12 months), a significantly lower graft failure rate was seen in patients after
additional extra-articular procedure combined with ACLR versus isolated ACLR. ACLR, anterior cruciate ligament reconstruction;
ALLR, anterolateral ligament reconstruction; LET, lateral extra-articular tenodesis; M-H, Mantel-Haenszel.

knee stiffness did not differ between the 2 groups (OR, 1.65
[95% CI, 0.52-5.23]; P = .39; I? = 71%) (Figure 4).

Subgroup Analysis: AEAP Technique (ALLR vs LET)

Analyses were performed to determine whether outcomes
after ACLR varied according to the AEAP technique. Use of
ALLR combined with ACLR (ALLR group) was reported in
10 of 20 included studies. The Lysholm and subjective
IKDC scores were higher in the ALLR group than in the
isolated ACLR group; however, the Tegner and objective
IKDC scores, Lachman test grade, and the rate of knee
stiffness were not different between the 2 groups. The pro-
portion of patients with grade 2 or 3 pivot shift and the
rates of graft failure and adverse events were lower in the
ALLR group than in the isolated ACLR group.

LET combined with ACLR (LET group) was reported in 10
of the 20 included studies. The Lysholm, Tegner, and sub-
jective IKDC scores were higher in the LET group than in
the isolated ACLR group; however, the Lachman test grade
and objective IKDC score were not different between the 2
groups. The proportion of patients with grade 2 or 3 pivot
shift and graft failure were lower in the LET group than in
the isolated ACLR group, however the rates of adverse
events and knee stiffness were higher in the LET group.

The Tegner scores and the rates of adverse events and
knee stiffness were statistically different between the ALLR
and LET groups (Figures 5-7). The rates of adverse events
were lower in the ALLR group, and higher in the LET group,
compared with the isolated ACLR group. The rate of knee

stiffness was higher in the LET group compared with the
isolated ACLR group, and there was no significant difference
between the ALLR group and the isolated ACLR group..

Subgroup Analysis: Time From Injury to Surgery
(<12 vs >12 Months)

Analyses were performed to determine whether outcomes
after ACLR varied according to time from injury to surgery.
In 8 of 20 included studies, ACLR was performed within
12 months of the index ACL injury. The Lysholm score was
higher in the ACLR+AEAP group than in the isolated
ACLR group. There were no differences in Tegner, subjec-
tive IKDC, and objective IKDC scores; Lachman test grade;
or adverse event and knee stiffness rates between the 2
treatment groups. The proportion of patients with grade 2
or 3 pivot shift and the rate of graft failure were lower in the
ACLR+AEAP group compared with isolated ACLR.

In 7 of the 20 included studies, ACLR was performed
>12 months after the index ACL injury. The Lysholm,
Tegner, and subjective IKDC scores were higher in the
ACLR+AEAP group versus the isolated ACLR group. The
Lachman test grades, objective IKDC, and knee stiffness
rates were not different between the 2 treatment groups. The
proportion of patients with grade 2 or 3 pivot shift and the rate
of graft failure were lower in the ACLR+AEAP group versus
the isolated ACLR group; this was true regardless of early or
delayed reconstruction (Figures 8 and 9). However, the rate of
adverse events was higher in the ACLR+AEAP group.
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DISCUSSION

This systematic literature review indicated that performing
ALLR or LET with ACLR led to a statistically significant
reduction in the pivot-shift grade and graft failure rate com-
pared with ACLR alone. No difference was observed in objec-
tive IKDC, adverse event rate, or knee stiffness rate between
isolated ACLR and ACLR+AEAP. In contrast to ALLR, the
LET procedure was associated with increased knee stiffness
and adverse events. Subjective clinical scores and Lachman
test grade were only marginally superiorin the ACLR+AEAP
group. Some advantages in knee stability were observed with
AEAP; however, it remains unclear whether these advan-
tages are justified at the cost of an additional procedure.

Subjective clinical scores (Lysholm, Tegner, and subjective
IKDC) were only marginally improved in the ACLR+AEAP
group, indicating that the added stability obtained with the
extra-articular procedure did not greatly influence the final
subjective clinical results. Previous studies have demon-
strated an association between objective clinical examina-
tions of ligament stability and subjective functional
outcomes.?® Studies have also shown that statistically signif-
icant differences may not be clinically significant. Therefore,
performing or not performing AEAP is not a major concern in
all ACLR surgery and is only an additional procedure to be
considered for improving rotational instability. The primary
aspects of ACLR surgery, such as fixation method, correct
tunnel placement, and graft type, possibly have a greater
influence on the final clinical outcome and should be
addressed before considering an additional procedure.

Objective clinical examinations (Lachman test, pivot-shift
test, and objective IKDC) generally demonstrated improved
outcomes. The proportion of patients with grade 2 or 3 pivot
shift was significantly reduced in the ACLR+AEAP group,
suggesting that the extra-articular procedure played a role
of secondary restraint to rotational stability. Some ACL inju-
ries damage only the central structure, but sometimes in
pivot-shift injuries a combination of central and peripheral
structures is damaged. Previous studies have demonstrated
that AEAP can reduce rotational instability.'®*! Therefore,
it is thought that AEAP should be considered during ACLR
in patients diagnosed with rotational instability
on preoperative pivot-shift test, as well as in patients with
damage to the peripheral structures on magnetic resonance
imaging.®"®! The Lachman test grade was improved in the
ACLR+AEAP group; however, this appeared to be a second-
ary effect, and the interpretation requires attention. AEAP
does not directly improve anterior stability after ACLR; how-
ever, it reduces the deformation of the graft by dissipating
forces during ligamentization. The protective effect during
ligamentization may lead to a reduction in graft elongation
and eventually to a reduction in graft failure.®?° The results
of the current study confirm these findings, as the rate of
graft failure decreased in the ACLR-+AEAP group.

The finding of reduced graft failure rates in the
ACLR+AEAP group held despite different surgical techni-
ques being performed across the included studies. Because
we found similar results across the various series of studies,
it can be concluded that the general control of rotation and
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the protective effect of the graft is more important than the
specific AEAP technique itself.

The results of subgroup analyses according to ALLR ver-
sus LET techniques showed increased knee stiffness and
adverse events in the LET group. One possible explanation
for this finding could be that more nonanatomic reconstruc-
tion was performed in LET than in ALLR. These nonana-
tomic procedures were almost completely discontinued in
the United States after 1989, and additional ALLR proce-
dures were attempted to compensate for the concerns of non-
anatomic graft placement. A review of recent biomechanical
studies revealed inconsistencies depending on the anatomi-
cal attachment site of ALLR,** but several studies indicated
that there was no concern for overconstraint in ALLR.5862
These concepts are consistent with the results of our meta-
analysis—no increase in knee stiffness and adverse events
were observed with ALLR. Although the protective effect of
the graft is more important than the specific technique,
ALLR appears to be a better option for rotational stability.

The results of the subgroup analyses according to time
from injury to surgery showed that ACLR+AEAP led to
improved pivot-shift grade and graft failure compared with
isolated ACLR, regardless of the timing of reconstruction.
Similar findings were reported in a recent systematic review
on this topic.’® Devitt et al'® concluded that although LET
did not provide additional benefit in early primary ACLR, it
was effective in delayed ACLR. The findings on delayed
reconstruction are consistent with those of our meta-
analysis; however, the findings on early reconstruction are
different. This difference may be partially explained as dif-
ferently defined pivot-shift results. Devitt et al defined a
positive pivot shift as a grade of 1, 2, or 3 and a negative
pivot-shift as a grade of 0. However, we defined a high-grade
pivot shift as a grade of 2 or 3 and a low-grade pivot shift as a
grade 0 or 1. Our interpretation was based on several studies
that focused on the association between the amount of lat-
eral compartment translation and the clinical grade of the
pivot shift.*3® In a cadaveric study, isolated ACL transection
rarely produced a pivot shift of grade 2 or 3 in a laboratory
setting.* Mostly, when an ACL deficiency combined with
damage to the anterolateral structures is present, it pro-
duces a pivot shift of grade 2 or 3.

Limitations

This review has some limitations. First, a limited number of
studies with different study designs were evaluated. This
could raise serious concerns on the quality of data and pos-
sible overlap of patients. The heterogeneity of studies,
including ACLR graft selection, ALLR graft selection,
attachment points, and surgical techniques, limit direct com-
parisons when evaluating clinical outcomes. Second, an
uncertainty on the degree of preoperative rotational insta-
bility and a potential for injury to other structures that may
affect rotational instability existed. Third, although the
pivot-shift test is considered to be one of the most common
and sensitive methods for evaluating rotational instability,
it is subjective, and interexaminer variability has been
observed previously.*® However, although many attempts
have been made to objectify the pivot-shift test with
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mechanical and optical tracking devices, it is still the most
widely used method to assess rotational stability. Therefore,
despite the amount of variability present, we had to compare
these indicators in our meta-analysis. Despite these limita-
tions, this review highlights the lack of literature on the use
of the additional procedures in primary ACLR and provides
encouraging results for future studies.

CONCLUSION

Patients who underwent AEAP combined with ACLR had
improved pivot-shift grades and graft failure rates com-
pared with isolated ACLR, regardless of early or delayed
reconstruction. ALLR combined with ACLR appeared to be
a better option for treating rotational instability, as LET
combined with ACLR led to an increased risk of knee stiff-
ness and adverse events.
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APPENDIX
TABLE Al
Demographic Data of Included Studies®
Lead Author Study (1) Study Group Time From Anterolateral Procedure ACLR Technique
(Year) Type (2) Control Group N (Sex, M: F) Agely Injury,” mo Follow-up,” mo Technique (Graft) (Graft)

Anterolateral Ligament Reconstruction

Acquitter (2003)) RCT (1) BPTB+ALLR 50 27.2 (16-59) 23 +29 (3-156) 58 SB (ST+gracilis) BPTB (patellar)
(2) BPTB 50 27 (16-59) 35+43(3-156) 58 — BPTB (patellar)
Branch (2015)°  Prosp (1) BPTB+ALLR 6 40 (26-48) NR 108 (99-237) SB (gracilis) BPTB (patellar)
(2) BPTB 12 40 (26-48) NR 108 (99-237) — BPTB (patellar)
Goncharov RCT (1) BPTB+ALLR 18 NR (16-40) NR 24 SB (ST-+gracilis) BPTB (patellar)
(2019)% (2) BPTB 30 NR (16-40) NR 24 — BPTB (patellar)
Helito (2018)>”  Retrosp (1) SB+ALLR 33 (30:3) 33.1+8.8 15 (13-18) 25 (24-28) SB (ST+gracilis) SB (ST+gracilis)
(2) SB 68 (59:9) 33.9+6.1 14 (12-30.5) 26 (24-29) — SB (ST-+gracilis)
Helito (2019)*®  Retrosp (1) SB+ALLR 30 (13:17) 27.0+9.1 13.1+12.8 28.1+4.2 SB (ST+gracilis) SB (ST-+gracilis)
(2) SB 60 (28:32) 29.9+8.1 12.4 +14.2 29.6 + 6.2 — SB (ST+gracilis)
Ibrahim (2017)*° RCT (1) SB+ALLR 53 26 + 2.5 (20-30) 3(2.0-4.6) 27 (25-30) SB (gracilis) SB (ST+gracilis)
(2) SB 50 26 (21-32) 3(2.0-4.6) 27 (25-30) — SB (ST+gracilis)
Sonnery-Cottet ~ Prosp (1) SB+ALLR 221 (152:59) 21.8+4.0(16-30) 5.3+9.0 35.4+84 SB (gracilis) SB (ST)
(2017)°7 (2) SB 176 (116:60) 23.5+4.0(16-30) 4.5+6.2 41.6+7.0 — SB (ST)
Zaffagnini RCT (1) SB+ALLR 25 (18:7) 26.7 +7.25 (15-49) 11 (1-14) 60 SB (ST+gracilis) SB (ST+gracilis)
(2006)%° (2) SB 25 (15:10) 31.3 (26-49) 9 (2-12) 60 — SB (ST+gracilis)
Zaffagnini RCT (1) SB+ALLR 35 (20:15) 26 +10.2 (19-45) 8.2+ 10.4 (1-48)  46.8 (36-60) SB (ST+gracilis) SB (ST+gracilis)
(2008)%® (2) DB 37 (20:17) 27 + 9.0 (21-46) 6.9+10.4 (1-48) 46.8 (36-60) — DB (ST+gracilis)
Zhang (2016)° RCT (1) SB+ALLR 20 (12:8) 26.3 6.8 16.3+ 3.6 12 SB (ST+gracilis) SB (ST+gracilis)
(2) SB 20 (13:7) 22.3+5.3 12.3+4.3 12 — SB (ST+gracilis)

Lateral Extra-articular Tenodesis

Anderson (2001)° RCT (1) SB+Losee 34 22 (14-40) -<2wk(n=13) 35.7+12.1 Losee (ITB) SB (ST-+gracilis)
- 2-12 wk (n = 10)
->12wk (n = 12)

(2) SB 33 20.1 (14-38) -<2wk(n=9) 359+117 — SB (ST+gracilis)
-2-12 wk (n = 18)
- >12 wk (n = 8)
Dejour (2013)**  Prosp (1) BPTB+Lemaire 25 (20:5) 21.4 +5(14-34) 10.78 (3-30) 25.6 (14-33) Modified Lemaire BPTB (patellar)
(gracilis)
(2) BPTB 25 (17:8) 27.5 (14-42) 12.96 (1-84) 25.4 (18-30) — BPTB (patellar)
Ferretti (2016)"° Retrosp (1) SB-+MacIntosh 68 (56:12) 25.7 + 7 (18-46) 3.4 126 + 2.4 (122-130) Maclntosh (ITB) SB (ST-+gracilis)
(2) SB 71 (51:20) 27.3 (18-50) 4.4 125 (121-128) — SB (ST+gracilis)
Getgood (2020)*2 RCT (1) SB + Lemaire 291 (151:140) 18.8+3.2 8.1+189 24 Modified Lemaire (ITB) SB (ST+gracilis)
(2) SB 298 (151:147) 19.1+£3.3 9.3+16.7 24 — SB (ST+gracilis)
Giraud (2006)** RCT (1) BPTB+Mac-In 29 (22:7) 28.8 +£12.4 NR 93 Mac-In Jones (ITB) BPTB (patellar)
Jones
(2) BPTB 34 (25:9) 264+7.3 NR 102 — BPTB (patellar)
Goertzen Retrosp (1) SB+dJager-Wirth 32 (21:11) 28.4 (17-46) 9.6 (3-25) 14.2 Jager-Wirth (ITB) SB (ST+gracilis)
(1993)* (2) SB 24 (16:8) 26.7 (19-43) 9.6 (3-25) 14.2 — SB (ST-+gracilis)
Noyes (1991)*° Retrosp (1) BPTB+Losee 40 23 (14-40) 41 (4-223) 36 (23-54) Losee (ITB) BPTB (allograft)
(2) BPTB 64 24 (14-40) 54 (3-282) 34 (23-53) — BPTB (allograft)
Strum (1989)°C  Retrosp (1) Various-+tenodesis 43 27.8 (17-57) 31.5(2.0-122.0)  53.3 (28-90) 25 Ellison or modified 9 BPTB; 3 Marshall
Ellison; 11 MacIntosh; (patellar);
7 Lemaire; 15 pes 31 meniscal
anserinus transplant (patellar or
(various) meniscal)
(2) Various 84 25.2 (16-42) 25.3(0.5-192.0)  41.3 (24-85) — 7 BPTB; 2 Marshall
(patellar);

75 meniscal
(patellar or

meniscal)
Trichine (2014)®* RCT (1) Kenneth 55 28.6 +4.69 35.4 23.4 (6-45) ITB tenodesis (ITB) BPTB - Kenneth
Jones+ITB Jones (patellar)
tenodesis
(2) Kenneth Jones 52 27.7+4.75 37.8 24.5 (6-63) — Kenneth Jones
(patellar)
Vadala (2013)**  RCT (1) SB+Maclntosh 27 (0:27) 26 (15-40) 2-mo minimum  45.2 (38-50) MacIntosh, modified SB (ST+gracilis)
Cocker-Arnold (ITB)
(2) SB 28 (0:28) 28 (15-40) 2-mo minimum  43.1 (36-50) — SB (ST+gracilis)

“Dashes indicate not applicable. ACLR, anterior cruciate ligament reconstruction; ALLR, anterolateral ligament reconstruction; BPTB,
bone—patellar tendon—bone; DB, double bundle; F, female; ITB, iliotibial band; M, male; NR, not reported; Prosp, prospective study; RCT,
randomized controlled trial; Retrosp, retrospective study; SB, single bundle; ST, semitendinosus tendon.

®Data are reported as mean (range).
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