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Introduction

Results A total of 5 studies including 797 patients were evaluated. The ACLR + LET
group presented a lower risk of failure and lower rate of rerupture than the ACLR group
(risk ratio [RR]=0.44; 95% confidence interval [95%Cl]: 0.26 to 0.75; 1>=9%;
p=0.003). The ACLR +LET group presented higher scores on the Knee Injury and
Osteoarthritis Outcome Score (KOOS) regarding the following outcomes: pain, activi-
ties of daily living (ADL), sports, and quality of life (QOL), with mean differences of 0.20
(95%Cl: 0.10 to 0.30; 1°=0%; p<0.0001), -0.20 (95%Cl: -0.26 to -0.13; 1>°=0%;
p < 0.00001), 0.20 (95%Cl: 0.02 to 0.38; 2= 0%: p=0.03), and 0.50 (95%Cl: 0.29 to
0.71; 7= 0%; p < 0.00001) respectively when compared with the ACLR group.
Conclusion Adding LET through the modified Lemaire technique to ACLR may
improve knee stability because of the lower rate of graft rerupture and the superiority
in terms of clinical outcomes.

Level of Evidence |I.

Objetivo A tenodese extra-articular lateral (TEL) foi proposta para resolver a instabi-
lidade rotatéria apods a reconstrucdo do ligamento cruzado anterior (RLCA). Esta
metanalise teve como objetivo comparar os resultados clinicos da RLCA e da RLCA
com TEL por meio da técnica de Lemaire modificada.

Materiais e Métodos Esta metanalise foi feita de acordo com a declaracao dos Itens
Principais para Relatar Revisoes Sistematicas e Metanalises (Preferred Reporting ltems
for Systematic Reviews and Meta-Analysis, PRISMA, eminglés). A pesquisa bibliografica
foi realizada nos bancos de dados PubMed, EBSCOHost, Scopus, ScienceDirect e
WileyOnline. Dos estudos incluidos foram extraidas informagoes sobre as caracteristi-
cas do estudo, a taxa de falha (falha clinica ou do enxerto) como resultado primario, e o
escore funcional como resultado secundario. Foram feitas comparacdes entre os
pacientes submetidos apenas a RLCA (grupo RLCA) e a RLCA e TEL pela técnica de
Lemaire modificada (grupo RLCA +TEL).

Resultados Foram avaliados 5 estudos que incluiam 797 pacientes. O grupo RLCA +TEL
apresentou um risco menor de falha e menor taxa de rerruptura do que o grupo RLCA
(razdo de risco [RR] = 0,44; intervalo de confianca de 95% [IC95%] 0,26 a 0,75; I = 9%;
p=0,003). O grupo RLCA +TEL obteve pontuagdes maiores no Escore de Desfechos de
Osteoartrite e Lesdo no Joelho (Knee Injury and Osteoarthritis Outcome Score, KOOS,
em inglés) com relacao aos sequintes desfechos: dor, atividades cotidianas (AC),
esportes, e qualidade de vida (QV), com diferencas médias de 0,20 (IC95%:0,10a 0,30;
12=0%; p < 0,0001),-0.20 (IC95%:-0,26 a-0,13; 1> =0%; p < 0,00001), 0,20 (IC95%: 0,02
a0,38:;12=0%; p=0,03) e 0,50 (IC95%: 0,29 a 0,71; 12=0%: p < 0,00001), respectiva-
mente, quando comparado com o grupo RLCA.

Conclusdao O acréscimo de TEL pela técnica de Lemaire modificada a RLCA pode
melhorar a estabilidade do joelho devido a menor taxa de rerruptura do enxerto e a
superioridade dos resultados clinicos.

Nivel de evidéncia I.

of play.! Under certain conditions, a rerupture can occur, which
may be devastating. The reported rate of ACL rerupture ranges

Anterior cruciate ligament (ACL) ruptures are among the most
commonly studied injuries in orthopedic research, and their
incidence is estimated to range from 30 to 78 cases per 100
thousand people a year.1 After ACL reconstruction (ACLR), 61% to
89% ofathletes successfully return to sports, typically between 8
and 18 months after the reconstruction, depending on the level

from 1% to 11%, and they may be caused by traumatic reinjuries,
biological graft failure, or technical surgical errors.!2

The management of ACL injury in patients at a higher risk of
rerupture remains controversial. It has been shown that the risk
factors for graft rupture include younger patients (< 20 years of
age), those with generalized hypermobility and physiologic
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knee hyperextension, and those returning tohigh-risk (pivoting)
sports.3 Further, Saita et al* showed that knee hyperextension
and a small lateral condyle are associated with greater antero-
lateral rotatory instability, which is difficult to manage in
patients who continue to show a positive pivot shift after
isolated ACLR. In the literature>~7 the MacIntosh, Lemaire,
and anterolateral ligament (ALL) reconstruction techniques
have been shown to resolve anterolateral rotatory instability.
Reconstruction of the ALL was found to reduce the graft failure
rate in large series of patients at 2 years of follow-up.® The
modified Lemaire technique has been shown to present a low
complication rate and to cause a reduction in pivot-shift
instability.®

One of the reasons to favor lateral extra-articular tenodesis
(LET) rather than ALL reconstructionis because of the evidence
indicating that ALL reconstruction could overconstrain the
lateral joint while not being as mechanically advantageous in
resisting rotation.'? The aim of LET is to decrease the
rerupture rate by providing more stability to the knee joint.
A cohort study by Cavaignac et alM reported that ACLR with
LET showed better graft maturity on magnetic resianace
imaging (MRI) scans after one year of the procedures. Mayr
et al.'? focused on the modified Lemaire technique, which has
recently been used to perform LET, and they showed that it
may decrease the strain on the graft as well as residual
rotational laxity, thus improving the clinical outcomes. There-
fore, we conducted a meta-analysis to determine the impact of
ACLR and LET through the modified Lemaire technique com-
pared with ACLR on patients with ACL rupture in terms of the
rerupture rate and clinical outcome. The objective of the
present study was to determine the surgical outcome of
ACLR with modified Lemaire LET for ACL rupture, which is
be represented by the rerupture rate and clinical outcomes.

Materials and Methods

Search Strategy

We conducted a systematic review and meta-analysis based on
the Preferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) statement.'® The study protocol was regis-
tered in the Open Science Framework. The literature search was
conductedin June 2022 on several databases, including PubMed,
EBSCOHost, Scopus, ScienceDirect, and WileyOnline, focusing
on the Population, Intervention, Control, and Outcome (PICO)
strategy. The population consisted of patients with ACL tears,
the intervention was ACLR and LET through the modified
Lemaire technique, and isolated ACLR was the comparator.
The outcomes assessed were the rerupture rate as the primary
outcome, and the patient-reported outcome measures (PROMs)
and functional scores as secondary outcomes.

Study Selection

The exclusion criteria were animal studies, revision cases of
ACLR, concomitant posterior cruciate ligament (PCL) or me-
niscus reconstruction, underlying congenital condition or
neoplasm, ACLR with ALL reconstruction, patients treated
with pharmacologic treatment, nutrition treatment, physical
therapy or isolated rehabilitation, and ACLR with LET not
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through the modified Lemaire technique. Only studies pub-
lished in English within the last twenty years were included.

Quality Appraisal and Risk of Bias Assessment

Two authors (ED and LC) performed the identification and
selectionof studies, as well as data extraction. The quality
assessment was performed by two other authors (MS, [JA).
Differences in opinion between the two reviewers were
resolved by reassessment and discussion with another au-
thor (EK). The selected studies were assessed using the
Joanna Briggs [nstitute’s tools for critical appraisal.m

Data Extraction and Analysis

The data extracted from the included studies were character-
istics such as author and year of publication, location, design,
sample characteristics (age, gender, injury type), failure
(graft or clinical failure), and outcome (Knee Injury and
Osteoarthritis Outcome Score [KOOS], functional outcome,
and clinical outcome). The studies were assessed qualitative-
ly and quantitatively using the Review Manager (RevMan,
The Cochrane Collaboration, London, United Kingdom) soft-
ware, version 54. The random-effects model was used to
calculate pooled ratio from each study based on the hetero-
geneity. The Cochrane [-squared (I2) test was conducted to
determine the heterogeneity. The results of the studies are
presented in a forest plot with the pooled risk ratio (RR).

Results

In the initial screening, 163 studies were retrieved (~Fig. 1).

Among the ten remaining studies, two did not have a primary
12,15

outcome (success rate), one included skeletally-
|dentification of studies via databases and registers |
=
| Records identified from:
Wikey niine (n =40) M"’:cm before
§ PubMed (n = 288) ) :
ScienceDirect (n = 258) Duplicate rfn%g?amm
g ProGuest {n = 1,601) (n=1077)
]
Records Records excluded
(n=1821) (n=1,759)
Reports sought for retrieval > Reports not retrieved
g {n=862) {n=52)
:
d |
Reports excluded:
Reports assessaed for edigibility - Studies do not have primary
n=10) study design (n = 2)
Study included skelatally
immature patient {n = 1)
Study was not complate {n = 1)
Study was using the same
(S samgle (n = 1)
3 Studies reviewed qualitatively
° =5)
_: Studies reviewad quantitativaly
£ (n=5
Fig. 1 PRISMA flowchart.




immature |:J;|tie11ts,16 and one did not have adequate con-
trol."” In the end, we found five studies'®22 eligible for
qualitative and quantitative analysis after the searching
strategies were applied. Two studies were randomized con-
trolled trials [RCTS)18'19 and three were cohort studies.2?-22

The appraisal of the studies using the Joanna Briggs
Institute’s critical appraisal tools showed that all of them
were considered good in terms of methodological quality
and lack of the possibility of bias in their design, conduct and
analysis (=Table 1). = Table 2 shows the characteristics of the
studies. including the intraoperative details. =Table 3 shows
the outcome parameters measured for each study.

In the present study, we found that the RR for failure was
lower in the ACLR + LET group with the modified Lemaire
rechnique than in the ACLR group, with low heterogeneity
among the studies (RR=0.44; 95% confidence interval [95%
Cl]: 0.26 to 0.75; [2=9%; p=0.003) (~Fig. 2).

The meta-analysis showed a superiority of the ACLR + LET
group with the modified Lemaire Technique regarding of the
following outcomes on the KOOS: pain, activities of daily
living (ADL), sports, and quality of life (QoL), with mean
differences of 0.20 (95%Cl: 0.10 to 0.30; p < 0.0001), -0.20
(95%Cl: -0.26 to -0.13; p<0.00001), 0.20 (95%CI: 0.02 to
0.38; p=0.03) and 0.50 (95%Cl: 0.29 to 0.71; p < 0.00001)
respectively. However, there was no significant difference
between the groups in the symptom scores on the KOOS,
with a mean difference 0of 0.10 (95%CIl: -0.03t0 0.2; p =0.13).
Neither were there were differences between the groups
regarding the scores on the Tegner Activity Scale (TAS) and
Lysholm Knee Scoring Scale (LKSS), with mean differences of
0.19(95%Cl: -0.49t0 0.87; p=0.58) and 3.45 (95%Cl: -6.22 to
13.22; p=0.48) respectively. However, there was a signifi-
cant difference regarding the scores on the International
Knee Documentation Committee (IKDC) Subjective Knee
Form, with a mean difference of 0.70 (95%Cl: 0.57 to 0.83;
p < 0.00001). Low heterogeneity was found in the scores on
the KOOS and IKDC Subjective Knee Form, but high hetero-
geneity was found in TAS and LKSS scores. ( ~Fig. 3).

Discussion

The most important findings of the current research were
that, when compared with the ACLR group, the ACLR + LET
with modified Lemaire presented a lower failure rate and
significant superiority regarding the functional outcome
based on the mean differences in pain, ADL, sports, and
QoL domains.

When compared with the ACLR group, the ACLR + LET
with modified Lemaire group was found to present a lower
failure rate (RR=0.44; [>=9%; p=0.003). The ACLR + LET
with modified Lemaire group showed a significant superior-
ity regarding the functional outcome based on the mean
differences in the scores on the KOOS domains of pain, ADL,
sports, and QoL (p<0.00001; p<0.03; p=0.00001; and
p < 0.00001 respectively) and the scores on the IKDC Subjec-
tive Knee Form (p < 00001).

Rotational stability was not recovered with isolated ACLR
in a certain |:Jo|:}u1;|ti01'l.23 Therefore, both intra- and extra-

Table 1 Critical appraisal the results of the selected studies

13

Items on the Joanna -Briggs Institute’s tools for critical appraisal

12

11

10

NA
NA
NA

NA

NA
NA
NA

NA

Study

Getgood et al.'? (2020)
Eggeling et al 2! (2022)
Rowan et al.? (2019)

Castoldi et al.'® (2020)

Dejour et al.2? (2013)

Abbreviations: NA, not available; Y, yes.
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ACLR + LET modified ACLR Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Rand 95% Cl M-H, Rand 95% C1
Castoldi 2020 5 38 12 42 285% 0.4610.18,1.19) ——
Chiba 2021 0 0 0 0 Mot estimable
Eggeling 2020 3 23 B 55 16.0% 1.20[0.33, 4.38] —_——
Getgood 2020 1 m 34 298 523% 0.33[0.17, 0.64] ——
Rowan 2019 0 25 2 25 32% 0.20[0.01, 3.97]
Total (95% CI) 77 420 100.0% 0.44 [0.26, 0.75] L
Total events 19 54

" & . (X - - - = } } 4 i
Heterogeneity: Tau®=0.03; Chi®= 3,28, df=3 (F=0.35), "= 9% '0.01 0.1 1.'._| 100.

Test for owerall effect Z= 3.00 (P= 0.003)

Favours [;'\CLR +LET] Favours [ACLR]

Fig. 2 Risk ratio for failure in the group of ACLR +LET through the modified Lemaire technique and the ACLR group.

articular procedures were necessary to improve ACL stabili-
ty, thus improving the ability to perform sports in this
population. It is known that LET is one of the extra-articular
procedures that preserves knee stability. Na et al.Z com-
pared isolated ACLR to ACLR combined with anterolateral
extra-articular procedures, and they noticed that both tech-
niques improved pivot-shift grades and graft failure rates.
However, in the ACLR + LET group, there was an increased
risk of knee stiffness and adverse events.2® These findings
explain the significantly better KOOS and IKDC scores in the
group submitted to ACLR + LET with the modified Lemaire
technique.

Various LET procedures, namely Lemaire, MacIntosh, and
ALL reconstruction, are the choices to manage rotatory
instability. However, a in a kinematic study published by
Inderhaug et al'® in 2017, the authors found that ALL
reconstruction is underconstrained procedure. Compared
with ALL reconstruction, the modified Lemaire technique
has been shown to present a low complication rate and to
cause a reduction in pivot-shift instability. The modified
Lemaire technique also showed good graft survival and
PROMs in a high-risk population.! This may suggest that
LET is an effective technique to restore joint stability to a
knee with additional features of laxity.>:'°

In a meta-analysis, Onggo et al. 2 compared ACLR and
ACLR + LET through any method, and the inclusion of studies
with a minimum of two years of follow-up. They found
improved stability (RR=0.59; 95%Cl: 039 to 0.88) and
improved clinical outcomes in the ACLR + LET group, shown
by mean differences in the IKDC and Lysholm scores of 2.31
(95%Cl: 0.54 to 4.09) and 2.71 (95%Cl 0.68 to 4.75) respec-
tively.In addition, there was less likelihood of graft rerupture
in the ACLR + LET group, with an RR of 0.31 (95%Cl: 0.17 to
0.58).24 In a single-armed systematic review involving 851
patients who underwent ACLR + LET, Grassi et al.25 showed
favorable results in terms of KOOS scores, with 74% of the
patients returning to their previous sports activities, as well
as complication and failure rates of 8.0% and 3.6%
respectively.

The combination of ACLR and LET has also been consid-
ered safe for the patients. Feller et al.2% reported that, at the
12-month follow-up, a contact-related graft rupture oc-
curred in one patient, accounting for 4% of the total. Two
additional ACL injuries in the opposite knee were observed,
making up 9% of the cases, with 1 of them being an ACL graft

rupture at 11 months postoperatively and another occurring
at 22 months, Furthermore, a separate incident of contralat-
eral ACL graft rupture took place at the 26-month follow-
up.26 Concerns were raised about the potential for excessive
restriction of the lateral compartment of the knee and the
subsequent development of lateral compartment osteoar-
thritis in relation to LET. However, a meta-analysis by Devitt
et al.2? provided strong evidence that the addition of LET
reduces the movement of the lateral compartment. Bio-
mechanical studies support these clinical findings, showing
that both anatomic ALL reconstruction and LET procedures
can overly restrict the lateral compartment. On the contrary,
a recent systematic review indicated that adding LET to ACLR
does not increase long-term osteoarthritis rates. While there
is insufficient evidence to determine whether adding LET to
primary ACLR improves various outcomes, there is strong
evidence that LET effectively reduces laxity in the lateral
compartment, as demonstrated by stress radiography.zs'zg

In the biomechanics study, there is still a controversy
regarding ACLR + LET with the modified Lemaire technique.
A laboratory studyrm with a fresh frozen cadaver found that
this technique might have overconstrained knee kinematics.
However, a pilot study by Di Benedetto et al.3% on 16 patients
aged 21 to 37 years who underwent ACLR + LET revealed
reacquisition of sagittal knee stability and gait dynamics
to the preoperative level. These findings are also supported
by a meta-analysis by Feng et al.,>" who reported that, in
1,745 patients, ACLR + LET provided reduced pivot-shif,t
with an odds ratio of 0.48 (95% Cl: 0.31 to 0.74), and better
graft failure rate, with an odds ratio of 0.34 (95%CI: 0.20 to
0.55).

As a limitation of the present study, there is still a lack of
raw data to make a more comprehensive functional outcome
analysis. Therefore, future studies with large samples might
be needed to find better evidence regarding the effectiveness
of ACLR combined with LET through the modified Lemaire
technique.

Conclusion

The combination of LET through the modified Lemaire
technique and ACLR showed a reliable result to minimize
the rate of graft rerupture, as well as superiority in terms of
clinical outcomes compared with isolated ACLR due to its
role in improving knee stability.

Rev Bras Ortop  Vol. 59 No. 2/2024 © 2024, The Author(s).
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KOOS Pain Score

ACLR +LET ACLR Mean Difference Mean Difference
Study or Subgrou, Mean 5D Total Mean 5D Total Weight IV, Random, 95% CI IV, Random, 95% CI
Eggeling (2022) 879 146 23 879 141 35 00%  0.00)7.58,758
Getgood (2020) 921 08 291 919 06 288 1000%  0.20(0.10,0.30) ——
Total (95% CI) 34 333 100.0% 0.20 [0.10, 0.30) g
Heterageneity. Tau®= 0.00; Chi*= 0,00, df=1 (P = 0,96); P= 0% 02 01 o1 02
Testfor oversll effect Z= 4.04 (P < 0.0001) Favours ACLR +LET Favours ACLR

KOOS Symptom Score

ACLR + LET ACLR Mean Difference Mean Difference
Study or Subgrou| Mean  SD Tolal Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Eggeling (2022) 876 154 13 873 148 35 0.0%  0.30|-7.68,8.29
Getgood (2020) 847 08 201 846 08 298 100.0%  0.10}0.03,0.23) +Hi—
Total {95% Cl) 314 333 100.0%  0.10 [-0.03,0.23] ~ai—
Heterageneity Tau® = 0.00; Chi*= 0,00, df= 1 (P = 0.98); F= 0% S —+ i
Testfor overall effect Z=1.52 (P=013) E‘ainurs .lglfli +LET FMur:igLR 85
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Fig. 3 Forest Plot of the secondary outcome of the included studies.
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