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Abstract

Background: While both lateral extra-articular tenodesis (LET) and anterolateral
ligament reconstruction (ALLR) address rotational knee instability, their techniques
and targeted anatomy differ, potentially leading to variations in effectiveness and
stability.

Purpose: To conduct a systematic review and meta-analysis of basic science
laboratory cadaver studies comparing anterior tibial translation and resistance to
internal tibial rotation between ALLR and LET, both in combination with ACL
reconstruction (ACLR).

Study Design: Systematic review and meta-analysis

Methods: Systematic review of Medline, Embase, Scopus, and Google Scholar,
including all biomechanical studies comparing ALLR with LET in conjunction with
ACLR. between 2000 and 2024. Study quality was evaluated using the CASP
checklist for qualitative research and the BOBQAT scale. The I* statistic was used to
assess heterogeneity within and between studies. The mean effect size was calculated,
and a prediction interval was established to determine whether 95% of comparable
populations would fall within the true effect size range. Publication bias was analysed
through funnel plots and Egger's test.

Results: CASP assessment determined that all seven studies were valuable. Based on
the BOBQAT scoring system, five studies were classified as moderate quality, while
two were rated as fair quality. Egger’s regression intercept was -0.681 (p-value of

0.81), and the funnel plot displayed symmetry, indicating no publication bias.



Comparisons of anterior tibial translation (ATT) between ALLR and LET across all
flexion angles revealed no significant differences. Comparisons of internal rotation
resistance (IRR) demonstrated significant differences at all flexion angles, favouring
LET. When compared to the ACL-intact state, ALLR effectively restored knee
stability for both ATT and IRR, closely to its native state. In contrast, LET also
restored knee stability for ATT and IRR but resulted in significant over-constraint of
IRR at 30° and 60° of knee flexion.

Conclusion: This meta-analysis demonstrated that lateral extra-articular tenodesis
provided superior resistance to internal rotation but was also associated with a degree
of over-constraint. No significant biomechanical differences in anterior tibial
translation were observed between LET and anterolateral ligament reconstruction
when combined with anterior cruciate ligament reconstruction. Anterolateral ligament
reconstruction effectively restored both ATT and internal rotation resistance to near-
native knee levels.

Clinical Relevance: When combined with ACLR, both ALLR and LET demonstrate
comparable improvements in anterior tibial translation and internal rotation resistance.
However, LET is generally recommended when the primary surgical goal is to
maximize internal rotational stability.

Key Terms: ALL; anterolateral ligament; anterolateral ligament complex; ALL

biomechanics; ALL reconstruction; Lateral Tenodesis; Lemaire tenodesis

What is known about the subject
LET and ALLR are both surgical techniques utilized to address anterolateral knee
instability, particularly in conjunction with ACL reconstruction. LET is known to

enhance stability, particularly in the rotational plane, by providing additional support



to the knee. However, potential drawbacks include the risk of irritation or over-
tightening of the graft, which could restrict knee motion. Furthermore, LET does not
directly address the structural deficiency of the anterolateral ligament (ALL) itself. In
contrast, ALLR involves the reconstruction of the ALL using a graft—often taken
from the hamstring or other autografts—and is placed in a way that closely mimics
the original anatomy and function of the ligament. By directly restoring the ALL,
ALLR potentially offers stability specific to the anterolateral aspect of the knee, with
the goal of reinstating normal anatomic biomechanics and improving overall knee
function. However, the procedure requires precise graft placement, and there is a risk

of graft failure, particularly if the ligament is not positioned correctly.

What this study adds to existing knowledge

Only a limited number of biomechanical studies with small sample sizes have directly
compared lateral extra-articular tenodesis (LET) and anterolateral ligament
reconstruction (ALLR) at baseline, and these studies have reported conflicting results.
Using meta-analysis tools, this study found no significant biomechanical differences
in anterior tibial translation (ATT) between lateral extra-articular tenodesis (LET) and
anterolateral ligament reconstruction (ALLR) when both were combined with anterior
cruciate ligament reconstruction (ACLR). While ALLR effectively restored both ATT
and internal rotation resistance (IRR) to near-native knee levels, LET demonstrated
superior internal rotation resistance. However, LET was associated with some degree
of over-constraint, potentially limiting knee motion. This finding supports the notion
that LET introduces some over-constraint to internal rotation resistance, and the

clinical relevance of this effect warrants further investigation.



Introduction

Despite advancements in surgical techniques, modern implant design, and fixation methods,
anterior cruciate ligament (ACL) reconstruction continues to exhibit a failure rate of up to 20%. 4
While new trauma, technical failures, and biological factors are potential contributors to the high
failure rate, persistent rotatory knee instability and unaddressed injuries to extra-articular structures
have been identified as significant factors implicated in these outcomes. 26 As a result, ACL
reconstruction (ACLR) alone may be insufficient to fully restore tibial rotational stability during

high-demand activities. 3%

The anterolateral ligament complex (ALLC) has been recently
rediscovered 43 and demonstrated to play a significant role in maintaining rotational knee stability.
In contrast, other studies have suggested that the anterolateral ligament (ALL) may not be the
primary contributor to persistent rotational instability. Instead, the iliotibial band and Kaplan fibers

have been identified as the principal restraints to internal tibial rotation, 11-22:44

Clinical studies have demonstrated that combined ACL and ALLC reconstructions result in
significantly improved long-term ACL graft survivorship, reduced reoperation rates, and enhanced
rotational knee stability compared to ACLR alone. 324042

However, there are concerns that alterations in knee biomechanics, particularly due to over

constraint and restricted internal rotation, may lead to increased contact pressures in the lateral

compartment, potentially accelerating the development of early lateral compartment osteoarthritis.

8,16,19

In general, anatomic reconstruction of the ALL can be performed using autograft or allograft
tendons, or by utilizing a harvested strip of fascia lata. 34! Lateral extra-articular tenodesis (LET)
has also gained popularity as an augmentation procedure to enhance stability of the anterior
cruciate ligament (ACL) and address persistent rotatory knee instability. 27 In this technique, a strip
of the iliotibial band, with its origin still attached to Gerdy's tubercle, is passed deep to the lateral

collateral ligament and secured to the proximal lateral femoral epicondyle. 2 Both techniques
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appear to yield similar clinical outcomes and contribute to a reduction in ACL reconstruction
failure rates. ** Biomechanical studies have shown little to no significant differences between the

two procedures, with only subtle variations observed. %12:16,19:21,39,42,46

Despite growing interest in the biomechanical differences between LET and ALLR the current
body of evidence remains fragmented. While individual studies support the use of various surgical
techniques, they are often limited by small sample sizes and considerable methodological
heterogeneity—including variations in loading protocols, knee flexion angles, graft types, and
fixation techniques—which increases the risk of bias and limits comparability. These
methodological inconsistencies and reporting gaps highlight the need for a meta-analysis to
synthesize existing biomechanical data. The purpose of this study was to conduct a systematic
review and meta-analysis of basic science laboratory cadaver studies comparing anterior tibial
translation and resistance to internal tibial rotation between anterolateral ligament reconstruction
(ALLR) and lateral extra-articular tenodesis (LET), both in combination with ACL reconstruction.
It was hypothesized that both surgical techniques would yield similar outcomes, but favours LET in

enhancing internal rotation stability.

Methods

This study followed the guidelines outlined by the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) 3! and adhered to the updated procedures specified in the

Cochrane Handbook. ®

Eligibility criteria

The published literature from 2000 to 2024 was reviewed to identify biomechanical laboratory-
based cadaver studies comparing ALLR to LET. Clinical studies, conference proceedings,
abstracts, expert opinions (level V), systematic reviews, meta-analyses, editorials, case reports,

animal studies, and review articles were excluded. However, relevant references from these sources
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were reviewed and included if they met the inclusion criteria. While excluding grey literature may
introduce publication bias, this approach reduces selection bias and ensures that only peer-reviewed

studies meeting established publication standards were considered.

Information Sources and Literature Search

A systematic literature review was conducted to identify all relevant publications by screening the
following databases: PubMed, Embase, Scopus, and Google Scholar. These databases were
screened using the following terms and Boolean operators: “anterolateral ligament” AND/OR
“anterolateral ligament complex” AND/OR “ALL” AND/OR “biomechanics”; AND/OR
“biomechanical” AND/OR “cadaver study” AND/OR “ALL reconstruction”, AND/OR
“biomechanical properties”, AND/OR “ALL tenodesis”, AND/OR ‘“augmentation”, AND/OR
“lateral tenodesis”, AND/OR “modified Lemaire”, AND/OR “lateral tenodesis”. For the Medline
search, the MeSH term "ligament, knee" was used with the qualifiers "biomechanics,"
"biomechanics & kinematics." One reviewer independently screened the titles and abstracts, and
after this, full-text articles were reviewed by two independent reviewers. Disagreements were
resolved through consensus, and if consensus could not be reached, the senior author made the final

decision regarding the inclusion or exclusion of the article.

Data extraction and quality assessment

Data were systematically extracted from each article using an electronic form, capturing details
such as author, country, sample size, and biomechanical variables. When measurements were
provided at different knee flexion angles, data from 0°, 30°, 60°, and 90° were selected for analysis.
Kittl et al. has demonstrated that resistance to internal rotation and combined internal

rotation/valgus is greatest at these flexion angles in both ACL-intact and ACL-deficient knees. 22

The quality of the included studies was evaluated using the BOBQAT scoring system, a recently

developed tool that assesses study quality across 15 variables. '* This system employs a 100-point
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scale, where scores of 90-100 indicate excellent quality, 80-89 represent good quality, 70-79 are

considered moderate, 60-69 are fair, and scores below 60 reflect poor quality. '

Unfortunately, no established tool exists to assess the risk of bias in basic science studies, so an
explicit risk of bias evaluation was not possible. However, the Critical Appraisal Skills Programme
(CASP) checklist for qualitative research was used as an additional appraisal tool. 325 This
checklist evaluates three main aspects: the validity of the study's results, the nature of the results,

nn

and their potential local impact. It includes 10 questions that can be answered with "yes," "no," or
"can't tell." While the checklist is not intended for scoring, it helps guide researchers in
systematically assessing potential issues in their own studies. For this systematic review, a study
was considered of reasonable quality and low risk of bias if it received a "yes" answer to at least 6
of the 9 applicable questions, with the ethics item [7] answered "no." Item 6 of the CASP checklist,
which addresses the researcher-participant relationship, was excluded from consideration as it was

not relevant to this project. In summary, a study was deemed of reasonable quality and low risk of

bias if it met a threshold of 78% in the CASP responses.

Statistical analysis

Heterogeneity within and between studies was evaluated using the I? statistic, funnel plot and the
Q-test for heterogeneity. Publication bias was examined using funnel plots and Egger's test. Studies
were pooled for analysis when three or more reported on the same biomechanical variables. If the
heterogeneity among the included studies exceeded 25%, a random-effects model was employed;
otherwise, a fixed-effects model was used. The standardized mean difference (SMD), standard
error, variance, and 95% confidence intervals were used to analyse the pooled data. Anterolateral
ligament reconstruction (ALLR) was compared to lateral extra-articular tenodesis (LET).
Additionally, both ALLR and LET were compared to the ACL-intact state to assess whether native
stability was restored or if either procedure resulted in ongoing instability or over-constraint. To

evaluate whether the cumulative evidence in the meta-analysis was sufficient to draw reliable
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conclusions, Trial Sequential Analysis (TSA) was conducted, including the calculation of the
Required Information Size (RIS). This approach allows for the assessment of whether the available
data provide adequate statistical power to detect a clinically meaningful effect, thereby minimizing
the risk of type I and type II errors. Based on a presumed medium effect size (Cohen’s d = 0.5), a
control event rate of 20%, a type I error rate of 5%, and 80% statistical power, and accounting for
moderate heterogeneity (I> = 50%), the calculated Required Information Size (RIS) was
approximately 63 specimens. Funnel and forest plots, and all statistical analyses, were performed
using STATA SE (Version 13.0; StataCorp, College Station, Texas, USA) for Windows, and the
comprehensive meta-analysis software package (CMA), version 4 (Biostat Inc, Englewood, NJ,

USA).

Results

Study selection and characteristics

The initial literature search identified 735 studies for review. Of these, 214 were excluded due to
duplication, and 198 were removed for other reasons (clinical studies, reviews, editorials, animal
studies, computational studies or finite element analysis). After further screening, 268 records were
excluded, leaving 55 studies for retrieval and examination. Nineteen studies were deemed eligible
for inclusion. Twelve studies were excluded: 2 were case reports, 7 were clinical in-vivo studies,
and 3 were technical notes. Ultimately, 7 studies were included in the final analysis. All included
studies were published in English between 2016 and 2022, involving a total of 84 specimens
(Figure 1). %121921,3942,64 The inclusion of 84 specimens in the meta-analysis exceeds the Required
Information Size (RIS) threshold of 63 cases, as determined by Trial Sequential Analysis (TSA).
This suggests that the cumulative evidence is sufficiently powered and supports the robustness and

reliability of the meta-analytic findings. The characteristics of the studies are presented in Table 1.
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Quality assessment and publication bias

The findings of the quality assessment are summarized in Table 2 and 3.

CASP

All seven studies were evaluated and deemed valuable. *!21921:394246 Ty gtudies achieved a
perfect score of 100%. % 3 while the remaining five studies »1%21:4246 gcored 89%. The primary
limitation preventing a 100% score was related to ethical considerations. Specifically, three studies
did not provide an ethics approval number, 1>13% one study 4* failed to mention ethics approval

entirely, and one study asserted that ethics approval was not required [Table 2]. 46
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BOBQAT
None of the included studies were classified as being of excellent or good quality. Five studies

2142 were rated as having

%12,19.3946, were assessed as having moderate quality, while two studies
fair quality [Table 3]. The primary factors contributing to the limited quality of the studies were

the absence of bone density assessments, the lack of cyclic loading evaluations, and the omission of

sample size analyses.

Publication bias
Egger’s regression intercept was -0.681 with a 2-tailed p-value of 0.81 and the funnel plot exhibits
symmetry, suggesting that publication bias is unlikely. (Figure 2).

Funnel Plot of Standard Error by Std diff in means
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Figure 2. Publication bias
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ALLR versus LET: Anterior Tibial Translation

Five studies compared ALLR versus LET at full extension. !%21-3946 The mean effect size was -
0.100 with a 95% confidence interval of -0.975 to 0.774. The pooled analysis did not reveal
significant between group differences (z=-0.225; p=0.882; 1> 79%; Q-statistic=18.611). (Figure 3).
The prediction interval ranged from -3.235 to 3.035 suggesting that the true effect size in 95% of

all populations falls in this interval.

ALLR vs LET - ATT at Full Extension

Study name Statistics for each stud Std diffin means and 956% CI

Std diff Standard Lower Upper Relative

in means error Variance limit limit Z-Value p-Value weight
Inderhaug 2017 1,400 0,456 0,208 0,507 2293 3,073 0,002 20,35
Jette 2019 -0,036 0,408 0,167 -0,836 0764 -0,089 0,929 21,23
Smith 2019 -0,340 0,411 0,169 -1,146 0466 -0,827 0,408 21,18
Delaloye 2020 -1,881 0,647 0,418 -3,149 -0814 -2,910 0,004 16,74
Xu 2022 0,046 0,447 0,200 -0,830 09823 0,104 0,917 20,50
Pooled -0,100 0,446 0,199 -0975 0774 -0225 0,822
Prediction Interval -0,100 -3,235 3,035 I 1 1 1 |

4,00 2,00 0,00 2,00 4,00
Favours ALLR Favours LET

Figure 3. ALLR-LET Zero Degrees

Seven studies *13:19:21:394246 compared compared ALLR versus LET at 30 degrees of knee flexion.
The mean effect size was 0.178 with a 95% confidence interval of -0.625 to 0.981. The pooled
analysis did not reveal significant between group differences (z=0.435; p=0.663; 1> 84%; Q-
statistic= 37.095). (Figure 4). The prediction interval ranged from -2.575 to 2.931 suggesting that
the true effect size in 95% of all populations falls in this interval. Four studies *1%2146 compared
ALLR versus LET at 60 degrees of knee flexion. The mean effect size was 0.225 with a 95%
confidence interval of -0.442 to 0.893. The pooled analysis did not reveal significant between
group differences (z=0.663; p=0.508; 1> 55%; Q-statistic= 6.606). (Figure 5). The prediction
interval ranged from -2.382 to 2.833 suggesting that the true effect size in 95% of all populations

falls in this interval.
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ALLR vs LET - ATT at 30 Deg Flexion

Study name Statistics for each study Std diff in means and 96% CI

Std diff  Standard Lower Upper Relative

in means error Variance  limit limit Z-Value p-Value weight
Spencer 2018 0587 o417 0,174 0,230 1,404 1,408 0,159 14,58
Inderhaug 2017 1,048 0,435 0190 0195 1,902 2408 006 —— 14,37
Geeslin 2018 1.754 0,372 0,138 1,024 2483 4713 0,000 15,02
Jella 2019 0,100 0,409 gae7 -0/ 0,90 0,245 0,807 14,65
Smith 2019 -0,705 0421 oar -1529 0,120 -1675 0,094 14,52
Delaloye 2020 -0,388 0,545 0297 -1457 0680 -0713 0,476 13,16
Xu 2022 1,329 0,494 0,244 2,297 -0,361 2,690 0,007 13,72
Poalad 0178 0410 0168 -0625 0981 0,435 0,663
Pradiction Intarval 0178 2575 28M =t t + |

4,00 2,00 0,00 2,00 4,00
Favours ALLR Favours LET

Figure 4. ALLR-LET ATT Flexion 30

ALLR vs LET - ATT at 60 Deg Flexion

Study name Statistics for sach study Std diff in means and §5% CI

Std diff  Standard Lower Upper Relative

in means error Variance  limit limit Z-Value p-Value weight
Inderhaug 2017 0,784 0,424 0478 0046 1615 1.852 0,064 26,80
Jetle 2019 0,044 0,408 0167 -0844 0756 0,108 0914 21,10
Delloye 2020 -0,774 0,580 0313 1871 0323 -1383 0767 20572
Xu 2022 0,746 0,463 0214 -0161 1.652 1,613 0,107 24,89
Pooled 0225 0,340 0,116 -0447 0893 0663 0508
Pradichon Intarval 0,225 -2382 2833 I 1 1 i /]

-4,00 -2,00 0,00 2,00 4,00
Favours ALLR Favours LET

Figure 5. ALLR-LET ATT Flexion 60

Five studies *1921:3946 compared ALLR versus LET at 90 degrees of knee flexion. The mean effect
size was 0.538 with a 95% confidence interval of -0.049 to 1.124. The pooled analysis did not
reveal significant between group differences (z=1.796; p=0.072; I1? 54%; Q-statistic=8.647). (Figure
6). The prediction interval ranged from -1.287 to 2.363 suggesting that the true effect size in 95%

of all populations falls in this interval.

13



ALLR vs LET - ATT at 90 Deg Flexion

Study nams, Statistics for sach shidy Stul dHf In means and 957 C1

Std diff  Standard Lower Upper Relative

in means error Variance  limit limit Z-Value p-Value weight
Inderhaug 2017 0,258 0,410 0,168 -0546 1,061 0,629 0,529 22,00
Jette 2019 0,250 0,410 0,168 -1053 0,554 0,609 0,542 nm
Smith 2019 1,057 0,436 0,190 0203 1911 2425 0015 —— 20,88
Delaloye 2020 0,349 0,544 0286 -0.7117 1415 06841 0,521 16,74
Xu 2022 1,398 0,499 0,249 0421 23768 2803 0005 18,36
Pooled 0,538 0,299 0020 -0049 1124 1,796 0072
Pradiction Intervel 0,538 -1,287 2383

-4,00 -2,00 0,00 2,00 4,00
Favours ALLR Favours LET

Figure 6. ALLR-LET ATT Flexion 90

It must be noted that all of the above results have been conducted with less than 10 studies in each

comparison, and as a general rule, estimates of heterogeneity based on fewer than 10 studies are

less likely to be reliable.

ALLR versus LET: Internal Tibial Rotation Resistance

Six studies *1%:21:3942:46 compared ALLR versus LET at full extension. The mean effect size was
0.439 with a 95% confidence interval of 0.042 to 0.836 The pooled analysis revealed significant
between group differences in favour of LET (z=2.169; p=0.030; 1> 28%; Q-statistic=6.929). (Figure
7). The prediction interval ranged from -0.478 to 1.357 suggesting that the true effect size in 95%

of all populations falls in this interval.

ALLR vs LET - IR Full Extension

Study name Statistics for each study Std diff in means and 95% CI

Std diff  Standard Lower Upper Relative

in means error Variance  limit limit Z-Value p-Value weight
Inderhaug 2017 0,905 0,429 0184 0065 1745 2112 0035 16,28
Geashn 2018 -0,133 onr 0,100 -0,/54 0487 0,420 0,674 24,36
Jotte 2019 0416 0,413 0170 -0392 1225 1,009 0313 17,20
Smith 2019 0,832 0,426 0,181 -0,002 1,666 1,955 0,051 16,45
Delaloye 2020 0,059 0,540 0292 -1,118 0999 -0110 0912 11,39
Hu 2022 0,857 0,467 0218 -0059 1773 1,833 0,067 14,31
Poolad 0,439 0,203 0,041 0,042 D838 2,169 0,030
Predichion Intenal 0,439 -0.478 1357

4,00 -2,00 0,00 2,00 4,00
Favours ALLR Favours LET

Figure 7. ALLR-LET IR Zero Degrees
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Seven studies 121921394246 compared ALLR versus LET at 30 degrees of knee flexion. The mean
effect size was 0.650 with a 95% confidence interval of 0.315 to 0.984. The pooled analysis
revealed significant between group differences in favour of LET (z=3.806; p=0.000; 1> 12%; Q-
statistic=6.816). (Figure 8). The prediction interval ranged from 0.054 to 1.245 suggesting that the

true effect size in 95% of all populations falls in this interval.

ALLR vs LET - IR 30 Flexion

STHYY e Statiatice fon sadly st Std diff b misana'and 6% Gl

Std diff Standard Lower Upper Relative

in means arror Variance  limit limit Z-Value p-Value weight
Spencer 2016 0,898 0428 0,183 0059 1738 2,007 0,036 14,01
Inderhaug 2017 0,729 0422 0,178 -0,097 1,555 1,729 0,084 1441
Geeslin 2018 0,578 0,323 0,104 -0055 1210 1,790 0,073 22,64
Jette 2019 0,372 0412 0170 -0435 11479 0,903 0,366 15,04
Smith 2019 0,853 0,426 0,182 0018 1689 2,001 0,045 14,12
Delaloye 2020 -0,388 0,545 0297 -1457 0680 -0713 0476 9,06
Xu 2022 1,387 0,497 0247 0393 2340 2,751 0,008 10,74
Pooled 0,650 01n 0029 0315 0984 3,806 0,000 ‘
Pradicton Inferval 0,650 0,054 1245

-4,00 -2,00 0,00 2,00 4,00
Favours ALLR Favours LET

Figure 8. ALLR-LET IR Flexion 30

Five studies %:12:19:21.46

compared ALLR versus LET at 60 degrees of knee flexion. The mean effect
size was 0.657 with a 95% confidence interval of 0.132 to 1.183 The pooled analysis revealed
significant between group differences in favour of LET (z=2.451; p=0.014; 1> 48%,; Q-
statistic=7.741). (Figure 9). The prediction interval ranged from -0.915 to 2.230 suggesting that the

true effect size in 95% of all populations falls in this interval.

ALLR vs LET - IR 60 Flexion

Study name Statistics for each atud Std diif in means and 96% CI.

5td diff Standard Lower Upper Relative

in means error Varianece  limit limit Z-Value p-Value weight
Inderhaug 2017 0,486 0,414 0172 -0326 1,298 1,473 0,241 20,93
Geeslin 2018 1,418 0,354 0125 0725 2111 4,009 0,000 2419
Jette 2019 0,558 0,416 0,173 -0,258 1,374 1,341 0,180 20,83
Delaloye 2020 0,276 0,543 0,294 -1,340 0,787 0,510 0,610 15,42
Hu 2022 0,746 0,463 0,214 -0,161 1,652 1,613 0,107 18,63
Pooled 0,657 0,268 0072 0132 1183 2451 0,014 ’
Pradiction Interval 0657 0815 2230

-4,00 -2,00 0,00 2,00 4,00
Favours ALLR Favours LET

Figure 9. ALLR-LET IR Flexion 60
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Six studies %12:19:21,39,46

compared ALLR versus LET at 90 degrees of knee flexion. The mean effect
size was 0.729 with a 95% confidence interval of 0.226 to 1.231. The pooled analysis revealed
significant between group differences in favour of LET (z=2.843; p=0.004; 1> 52%,; Q-
statistic=10.458). (Figure 10). The prediction interval ranged from -0.711 to 2.169 suggesting that

the true effect size in 95% of all populations falls in this interval.

ALLR vs LET - IR 90 Flexion

Study name Statistics for each study Std diff in means and 95% CI

Std diff Standard Lower Upper Relative

in means error Variance limit limit Z-Value p-Value weight
Inderhaug 2017 0,331 0,411 0,169 -0474 1137 0806 0,420 —E— 17,64
Geeslin 2018 1,414 0,354 0,125 0721 2106 3998 0,000 e 20,01
Jette 2019 0,454 0,413 0,171 -0,356 1,264 1,098 0,272 ——.— 17,55
Smith 2019 0,836 0,426 0,181 0,002 1,671 1,964 0,049 + 17,08
Delaloye 2020 -0,290 0,543 0295 -1354 0774 -0534 0,594 e 13,19
Xu 2022 1,398 0,499 0249 0421 2376 2803 0,005 e 14,53
Pooled 0,729 0,256 0,066 0,226 1,231 2,843 0,004 -
Prediction Interval 0,729 -0,711 2,169 I |

-4,00 -2,00 0,00 2,00 4,00
Favours ALLR Favours LET

Figure10. ALLR-LET IR Flexion 90

It must be noted that all of the above results have been conducted with less than 10 studies in each
comparison, and as a general rule, estimates of heterogeneity based on fewer than 10 studies are
less likely to be reliable.

ACL Intact versus ALLR

Anterior tibial translation

Four studies 19-21:39:46

compared ACLI versus ALLR at full extension. The mean effect size was
0.731 with a 95% confidence interval of -0.594 to 2.056 The pooled analysis did not reveal
significant between group differences (z=1.081; p=0.280; I?> 88%; Q-statistic=25.220). (Figure 11).
The prediction interval ranged from -5.404 to 6.866 suggesting that the true effect size in 95% of

all populations falls in this interval.
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ACLI vs ALLR - ATT Full Extension

Stisdy name, Statiatics yor éach sttid ek CHF T trwsand. dd 363 Cl.

Std diff Standard Lower Upper Relative

in means error Variance  limit limit Z-Value p-Value weight
Inderhaug 2017 0,100 0,409 087 -0801 0701 -0.245 0,800 26,23
Jetle 2019 0,238 0,410 0168 -1.041 05685 -0581 0,561 26 22
Smith 2019 0,000 0,408 0,167 -0800 0,800 0,000 1,000 26,24
Xu 2022 3,846 0,755 0570 2366 5325 5,085 0,000 213
Pooled 0,731 0676 0457 0534 2056 1.081 0,280
Prediction Intorval 0,73 5,404 6,866 I 1 T 1 c |

-4,00 -2,00 0,00 2,00 4,00
Favours ACLI Favours ALLR

Figure 11. ACLI-ALLR ATT Zero

Four studies 1*21:3-46 compared ACLI versus ALLR at 30 degrees of knee flexion. The mean effect
size was 0.055 with a 95% confidence interval of -1.597 to 1.707 The pooled analysis did not
reveal significant between group differences (z=0.065; p=0.948; 1> 92%; Q-statistic=36.547).
(Figure 12). The prediction interval ranged from -7.750 to 7.860 suggesting that the true effect size

in 95% of all populations falls in this interval.

ACLI vs ALLR - ATT 30 Knee Flexion

Study.nams Statistics for each study. Std diffin' means and 85% CI

Std diff Standard Lower Upper Relative

in means error Variance limit limit Z-Value p-Value weight
Inderhaug 2017 -1,000 0,433 0,188 -1,849 -0,151 -2,309 0,021 —— 25,66
Jette 2019 -1,400 0,456 0,208 -2293 -0,507 -3,073 0,002 2547
Smith 2019 -0,496 0,414 0,172 -1,309 0316 -1,197 0,231 25,80
Xu 2022 3,451 0,705 0498 2068 4,833 4831 0,000 23,07
Pooled 0,055 0,843 0,710 -1,597 1,707 0,065 0,948
Prediction Interval 0,055 -7,750 7,860 1 T ]

4,00 -2,00 0,00 2,00 4,00
Favours ACLI Favours ALLR

Figure 12. ACLI-ALLR ATT 30

Three studies %213 compared ACLI versus ALLR at 60 degrees of knee flexion. The mean effect
size was -0.189 with a 95% confidence interval of -2.560 to 2.181 The pooled analysis did not
reveal significant between group differences (z=-0.157; p=0.876; 1> 94%; Q-statistic=34.662).
(Figure 13). The prediction interval ranged from -30.235 to 29.856 suggesting that the true effect
size in 95% of all populations falls in this interval.
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ACLI vs ALLR - ATT 30 Knee Flexion

Study name Statistics for each study Std diff in means and 95% CI

Std diff Standard Lower Upper Relative

in means error Variance  limit limit Z-Value p-Value weight
Inderhaug 2017 -1,600 0,469 0220 -2519 -0681 -3411 0,001 3364
Jette 2019 -1,395 0,455 0,207 -2,287 -0502 -3,064 0,002 3374
Xu 2022 2513 0,598 0,358 1340 3,685 4201 0,000 32 61
Pooled -0,189 1,210 1,463 -2560 2181 -0157 0,876
Prediction Interval -0,189 -30,235 29,856 I T T T A

4,00 2,00 0,00 2,00 4,00
Favours ACLI Favours ALLR

Figure 13. ACLI-ALLR ATT 60

Four studies #3946 compared ACLI versus ALLR at 90 degrees of knee flexion. The mean effect
size was 0.607 with a 95% confidence interval of -1.060 to 2.273 The pooled analysis did not
reveal significant between group differences (z=0.714; p=0.475; 1> 92%; Q-statistic=36.202).
(Figure 14). The prediction interval ranged from -7.204 to 8.418 suggesting that the true effect size

in 95% of all populations falls in this interval.

ACLI vs ALLR - ATT 90 Knee Flexion

Study name Statistics for each study Std diff in means and 95% CI
Std dif  Standard Lower Upper Relative
in means error Variance  limit limit Z-Value p-Value weight
Inderhaug 2017 0,800 0,424 0180 1,632 0032 1,886 0,059 26,26
Jette 2019 0,476 0,414 0,17 1,288 0335 1,150 0,250 26,35
Smith 2019 -0,532 0,415 0173 -1,46 0202 120 0,200 26,33
A 2022 5,141 0,928 0,861 3323 69%9 5,541 0,000 21,08
Pooled 0,60¢ 0,850 0,723 -1,060 2273 0,714 0475
Prediction Interval 0,607 7204 8418 I T T T |
-4,00 -2,00 0,00 2,00 4,00
Favours ACLI Favours ALLR

Figure 14. ACLI-ALLR ATT 90

Internal Tibial Rotation Resistance
Four studies 1213946 compared ACLI versus ALLR at full extension. The mean effect size was
0.299 with a 95% confidence interval of -0.977 to 1.575 The pooled analysis did not reveal

significant between group differences (z=0.459; p=0.646; 1> 88%; Q-statistic=24.384). (Figure 15).
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The prediction interval ranged from -5.625 to 6.222 suggesting that the true effect size in 95% of

all populations falls in this interval.

ACLI vs ALLR - IRR Full Extension

Study name Statistics for each study Std diff in means and 95% CI

Std diff Standard Lowar Uppear Ralative

In means arror Varlance  limit limit 2Z-Valus p-Valus walght
Inderhaug 2017 0,509 0,415 0,172 1322 0,304 1.227 0,220 25,80
Jelle 2019 -0,204 0,409 0168 -1.006 0598 0498 0618 25,87
Smith 2019 -0,643 0,419 0175 -1463 0178 -1535 0,125 25,15
Xu 2022 2.8r2 0,637 0,406 1622 4121 4,506 0,000 22,58
Pooled 0,299 0,651 0424 0877 1,575 0,459 0,646
Prediction Intorval 0,295 5625 6222 E T 1 T 1

4,00 2,00 0,00 2,00 4,00
Favours ACLI Favours ALLR

Figure 15. ACLI-ALLR IRR Zero

Four studies 1213946 compared ACLI versus ALLR at 30 degrees of knee flexion. The mean effect
size was 0.664 with a 95% confidence interval of -0.816 to 2.144 The pooled analysis did not
reveal significant between group differences (z=0.879; p=0.379; 1> 90%; Q-statistic=30.361).

(Figure 16). The prediction interval ranged from -6.242 to 7.569 suggesting that the true effect size

in 95% of all populations falls in this interval.

ACLI vs ALLR - IRR 30 Flexion

Study name Statistics for each study Std diff in means and 95% Cl

Std diff  Standard Lower Upper Relative

in means error Variance limit limit Z-Value p-Value weight
Inderhaug 2017 -0,325 0,411 0,169 -1,130 0480 -0,791 0,429 26,23
Jette 2019 0,127 0,409 0,167 -0928 0674 -0312 0,755 26,25
Smith 2019 -0,534 0,415 0,173 -1,349 0,280 -1,286 0,198 26,18
Xu 2022 4323 0,817 0,667 2,722 5924 5292 0,000 21,34
Pooled 0,664 0,755 0,570 -0,816 2,144 0,879 0,379
Prediction Interval 0,664 -6,242 7,569 I T 1 1

-4,00 -2,00 0,00 2,00 4,00

Favours ACLI Favours ALLR

Figure 16. ACLI-ALLR IRR 30

Three studies **146 compared ACLI versus ALLR at 60 degrees of knee flexion. The mean effect
size was 4.193 with a 95% confidence interval of -0.840 to 9.225 The pooled analysis did not

reveal significant between group differences (z=1.633; p=0.102; 1> 97%; Q-statistic=63.215).
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(Figure 17). The prediction interval ranged from -59.868 to 68.253 suggesting that the true effect

size in 95% of all populations falls in this interval.

ACLIvs ALLR - IRR 60 Flexion

Study name Statistics for each study Std diff in means and 95% CI

Std diff  Standard Lower Upper Relative

in means error Variance limit limit Z-Value p-Value weight
Inderhaug 2017 -0,500 0,415 0172 -1,313 0313 -1,206 0,228 34,70
Jette 2019 4,655 0,786 0618 3,114 6195 5921 0,000 33,90
Xu 2022 8,880 1,474 2,171 5,002 11,768 6,026 0,000 31,40
Pooled 4,193 2,568 6,502 -0,840 9225 1,633 0,102
Prediction Interval 4,193 -59,868 68,253 I 1 T T |

4,00 2,00 0,00 2,00 4,00
Favours ACLI Favours ALLR

Figure 17. ACLI-ALLR IRR 60

Four studies 1213946 compared ACLI versus ALLR at 90 degrees of knee flexion. The mean effect
size was 2.102 with a 95% confidence interval of -0.611 to 4.814 The pooled analysis did not
reveal significant between group differences (z=1.519; p=0.129; 1> 96%; Q-statistic=68.949).
(Figure 18). The prediction interval ranged from -10.890 to 15.093 suggesting that the true effect

size in 95% of all populations falls in this interval.

ACLI vs ALLR - IRR 90 Flexion

Study name Statistics for each study Std diff in means and 95% CI

Std diff  Standard Lower Upper Relative

in means arror Varlance limit limit 2-Value p-Valus welght
Indarhaug 2017 0,750 0422 0178 -1578 0078 1776 0076 —E— 2596
Jette 2019 4 967 0,825 0,681 3,350 6,564 6,020 0,000 24 30
Smuth 2019 -0,508 0,415 02 1321 0305 -1.226 0,220 —.— — 25,98
Ku 2022 5,141 0,928 0.881 3323 6959 5541 0,000 23 18
Puooled 2,102 1,384 19168 -0811 4814 1.518 0,128 ey
Prediction Interval 2102 10,890 15,093 I T 1 |

-4,00 -2,00 0,00 2,00 4,00
Favours ACLI Favours ALLR

Figure 18. ACLI-ALLR IRR 90

It must be noted that all of the above results have been conducted with less than 10 studies in each
comparison, and as a general rule, estimates of heterogeneity based on fewer than 10 studies are

less likely to be reliable.
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ACL Intact versus LET
Anterior tibial translation
Four studies %*13%946 compared compared ACLI versus LET at full extension. The mean effect size
was 0.335 with a 95% confidence interval of -0.720 to 1.389 The pooled analysis did not reveal
significant between group differences (z=0.622; p=0.534; 1> 83%; Q-statistic=17.512). (Figure 19).
The prediction interval ranged from -4.458 to 5.127 suggesting that the true effect size in 95% of

all populations falls in this interval.

ACLI vs LET - ATT Full Extension

Study name Statistics for each study Std diff in means and 95% CI

Std diff Standard Lower Upper Relative

in means error Variance limit limit Z-Value p-Value weight
Inderhaug 2017 -0,100 0,409 0,167 -0,901 0,701 -0,245 0,807 25,89
Jette 2019 -0,232 0,410 0,168 -1,035 0,571 -0,566 0,572 25,87
3mith 2019 -0,420 0,413 0170 -1229 0,388 -1,013 0,308 25,81
Xu 2022 2357 0,582 0,339 1216 3499 4048 0,000 22,44
Pooled 0,335 0,538 0280 -0720 1,380 0622 0534
Prediction Interval 0,335 -4458 5127 I T 1 1 1

-4,00 2,00 0,00 2,00 4,00
Favours ACLI Favours LET

Figure 19. ACLI-LET ATT Zero

Four studies 9213946 compared ACLI versus LET at 30 degrees of knee flexion. The mean effect
size was 0.418 with a 95% confidence interval of -1.342 to 2.179 The pooled analysis did not
reveal significant between group differences (z=0.466; p=0.641; 1> 93%; Q-statistic=40.551).
(Figure 20). The prediction interval ranged from -7.914 to 8.750 suggesting that the true effect size

in 95% of all populations falls in this interval.
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ACLI vs LET - ATT 30 Flexion

Study name Statistics for each study Std diff in means and 956% CI

Std dif  Standard Lower Upper Relative

in means error Variance  limit limit 2-Value p-Value weight
Inderhaug 2017 0,300 0,411 0,168 -0505 1,105 073 0,465 25,93
Jelle 2018 -0,049 0,43 0185 -1,793 0105 2208 0027 e 2519
Smith 2019 1,330 0,451 0204 2215 0446 2,049 0,003 20,64
Au 2022 4,089 0,786 0618 2548 5630 5,202 0,000 e 2265
Pooled 0418 0,898 o80r -1.342 21/9 0,466 0,641
Prediction Interval 0418 7914 8750 T T 1

4,00 2,00 0,00 2,00 4,00
Favours ACLI Favours LET

Figure 20. ACLI-LET ATT 30

Three studies 2146 compared ACLI versus LET at 60 degrees of knee flexion. The mean effect
size was 0.571 with a 95% confidence interval of -1.564 to 2.706. The pooled analysis did not
reveal significant between group differences (z=0.524; p=0.600; 1> 93%; Q-statistic=29.395).
(Figure 21). The prediction interval ranged from -26.329 to 27.471 suggesting that the true effect

size in 95% of all populations falls in this interval.

ACLI vs LET - ATT 60 Flexion

Study name Statistics for each study 5td diff in means and 95% CI

Std diff  Standard Lower Upper Realative

in means error Variance limit limit Z-Value p-Value weight
Inderhaug 2017 0,000 0,408 0,167 0,800 0,800 0,000 1,000 34,28
Jette 2019 1,224 0,445 0,198 2,006 -0,352 2,751 0,006 33,97
Xu 2022 3,108 0,664 0,441 1,806 4410 4677 0,000 - 175
Pooled 0,51 1,089 118f  -15684 2708 0,524 0,600 o
Pradicticn Interval 0,571 -26328 27471 I T 1 1

4,00 2,00 0,00 2,00 4,00
Favours ACLI Favours LET

Figure 21. ACLI-LET ATT 60

Four studies 9213946 compared ACLI versus LET at 90 degrees of knee flexion. The mean effect
size was 0.580 with a 95% confidence interval of -1.372 to 2.531 The pooled analysis did not
reveal significant between group differences (z=0.582; p=0.561; 1> 93%; Q-statistic=44.735).
(Figure 22). The prediction interval ranged from -8.609 to 9.768 suggesting that the true effect size

in 95% of all populations falls in this interval.
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ACLI vs LET - ATT 90 Flexion

Study name Statistics for each study Std diff in means and 95% CI

Std diff  Standard Lower Upper Relative

in means error Variance  limit limit Z-Value p-Value weight
Inderhaug 2017 -0,400 0,412 0170 -1208 0408 -0970 0,332 26,51
Jette 2019 -0,749 0,422 0,178 -1577 0,079 -1,774 0,076 26,45
Smith 2019 -1,612 0,470 0,221 -2533 -0,691 -3,431 0,001 26,15
Xu 2022 6,250 1,085 1177 4124 8376 5762 0,000 20,89
Pooled 0,580 0,996 0,991 -1372 2,531 0,582 0,561
Prediction Interval 0,580 -8609 9,768 I 1 T T A

-4,00 -2,00 0,00 2,00 4,00
Favours ACLI Favours LET

Figure 22. ACLI-LET ATT 90

Internal Tibial Rotation Resistance

Four studies 1*21:346 compared ACLI versus LET at full extension. The mean effect size was 1.177
with a 95% confidence interval of -0.139 to 2.493 The pooled analysis did not reveal significant
between group differences (z=1.752; p=0.080; 1> 87%; Q-statistic=23.609). (Figure 23). The

prediction interval ranged from -4.870 to 7.224 suggesting that the true effect size in 95% of all

populations falls in this interval.

ACLI vs LET - IRR Full Extension

Studyinams’ Statistics foreach study: Std.diff.in means and 95 Gl

Std diff  Standard Lower Upper Relative

in means error Variance  limit limit 2Z-Value p-Value weight
Inderhaug 2017 0,549 0,416 0173 -0,266 1,364 1,320 0,187 26,58
Jette 2019 0,213 0,409 0,168 -0,590 1,015 0,520 0,603 26,67
Smith 2019 0,212 0,409 0,168 -0,590 1,015 0,519 0,604 26,67
Xu 2022 4,569 0,850 0722 2904 6,234 5,377 0,000 — 20,09
Pooled 1,177 0,672 0451 -0,139 2,493 1,752 0,080
Prediction Interval 1,177 -4870 7,224 I 1 T T

-4,00 -2,00 0,00 2,00 4,00
Favours ACLI Favours LET

Figure 23. ACLI-LET IRR Zero
Four studies %1946 compared ACLI versus LET at 30 degrees of knee flexion. The mean effect
size was 1.339 with a 95% confidence interval of -0.066 to 2.745 The pooled analysis did not

reveal significant between group differences (z=.867; p=0.062; 1> 88%; Q-statistic=25.876). (Figure
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24). The prediction interval ranged from -5.124 to 7.802 suggesting that the true effect size in 95%

of all populations falls in this interval.

ACLI vs LET - IRR 30 Flexion

Study name Statistics for each stud _Std diff in means and 95% CI_

Std diff  Standard Lowar Uppear Relative

in meana arror Variance limit limit Z-Value p-Valus waight
Indarhaug 2017 0,566 0,416 0173 -0.250 1382 1,359 0174 26,85
Joette 2019 0217 0,400 0168 0586 1019 0529 0,597 26,93
Smith 2019 0,345 0411 0168 -0461 1,151 0,838 0402 26,90
Xu 2022 5,362 0,959 0919 3483 7241 5,504 0,000 19,32
Pouled 1,339 0717 0514 -0066 2745 1,867 0,062
Frediction Interval 1,339 5,124 7802 T T 1 |

-4,00 -2,00 0,00 2,00 4,00
Favours ACLI Favours LET

Figure 24. ACLI-LET IRR 30

Three studies '**46 compared ACLI versus LET at 60 degrees of knee flexion. The mean effect
size was 2.828 with a 95% confidence interval of 0.076 to 5.580 The pooled analysis did not reveal
significant between group differences (z=2.014; p=0.044; 1> 94%; Q-statistic=34.316). (Figure 25).

The prediction interval ranged from -31.059 to 36.715 suggesting that the true effect size in 95% of

all populations falls in this interval.

ACLI vs LET - IRR 60 Flexion

Study name Statistics for each study Std diff In means and 85% CI
Std diff  Standard Lower Upper Relative
in means error Variance limit limit Z-Value p-Value weight

Inderhaug 2017 0,050 0,408 067 0,750 0850 0,122 0,903 + 3r.4
Jette 2019 0,914 0,429 0,184 0073 1754 2120 0,033 —— 37,02
Xu 2022 9,560 1,576 2,485 6470 12650 6,065 0,000 3 25,85
Poolad 2,828 1,404 1,971 0,076 5580 2014 0,044

Pradicion Interval 2828 -31,059 368715 T

-4,00 -2,00 0,00 2,00 4,00
Favours ACLI Favours LET

Figure 25. ACLI-LET IRR 60

Four studies 1%21:3%4¢ compared compared ACLI versus LET at 90 degrees of knee flexion. The
mean effect size was 0.580 with a 95% confidence interval of -1.372 to 2.531 The pooled analysis

did not reveal significant between group differences (z=0.582; p=0.561; 1> 93%; Q-
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statistic=44.735). (Figure 26). The prediction interval ranged from -8.609 to 9.768 suggesting that

the true effect size in 95% of all populations falls in this interval.

ACLI vs LET - IRR 90 Flexion

Study name Statistics for each study Std diff in means and 95% CI

Std diff Standard Lower Upper Relative

in means error Variance  limit limit Z-Value p-Value weight
Inderhaug 2017 -0,400 0,412 0,170 -1,208 0408 -0870 0,332 26,51
Jette 2019 -0,749 0,422 0,178 -1,577 0079 -1,774 0,076 26,45
Smith 2019 -1,612 0,470 0,221 -2533 -0601 -3431 0,001 26,15
Xu 2022 6,250 1,085 1,177 4,124 8,376 5,762 0,000 20,89
Pooled 0,580 0,996 0,991 -1372 2531 0582 0,561
Prediction Interval 0,580 -8,609 9,768 I 1 1 T 1

-4,00 -2,00 0,00 2,00 4,00
Favours ACLI Favours LET

Figure 26. ACLI-LET IRR 90

It must be noted that all of the above results have been conducted with less than 10 studies in each
comparison, and as a general rule, estimates of heterogeneity based on fewer than 10 studies are

less likely to be reliable.

Discussion

The results of this meta-analysis demonstrated significant between-group differences in internal
rotation resistance favoring lateral extra-articular tenodesis across all flexion angles but did not
show any significant differences between anterolateral ligament reconstruction and lateral extra-

articular tenodesis in anterior tibial translation at any flexion angle.

When using the ACL-intact knee as a benchmark, ALLR demonstrated no significant differences
compared to the intact knee. This suggests that a combined ACLR and ALLR may restore knee
stability to a level close to its native state for both ATT and IRR. However, the meta-analysis
indicated that, with regard to IRR, the ACL-intact knee appears to be more stable across all flexion
angles. Although the p-values did not reach statistical significance, 75% of the included studies

reported greater stability in the ACL-intact knee. These findings imply that the addition of ALLR
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may not provide a significant clinical benefit. It is important to note that the small sample sizes of
the included studies likely contributed to a type II error. Therefore, increasing the sample size,
either through the inclusion of additional studies or by expanding the sample sizes within individual
studies, could potentially yield significant findings favouring the stability of the ACL-intact knee.
The Trial Sequential Analysis (TSA), based on the estimated Required Information Size (RIS),
indicates that this meta-analysis is adequately powered. This supports the robustness and reliability
of the observed findings and reduces the likelihood that the results are due to random error.
However, despite meeting the RIS threshold, the overall sample size remains relatively modest,
which may limit the generalizability of the findings. As such, while the results are statistically

robust, they should be interpreted with some caution.

Similar to ALLR, LET did not show any significant between-group differences in ATT when using
the ACL-intact knee as a benchmark. However, in contrast to ALLR, LET demonstrated significant
between-group differences favouring LET at 30° and 60° of knee flexion. Additionally, LET nearly
reached significance at full extension and 90° of knee flexion. These findings suggest that LET may
overly constrain the knee in terms of IRR. Previously, Slette et al. reported that LET procedures
over-constrain the knee and restrict internal tibial rotation. 3® However, their findings were based on
comparisons between ACL-deficient and ACL-intact knees, which limits the direct comparability
to the results of this meta-analysis. Schon et al. demonstrated that ALLR results in over-constraint
of the knee across all flexion angles. 37 In contrast, the systematic review by Van der Wal et al.
concluded that both LET and ALLR effectively restore native knee kinematics during pivot shift. 44

This finding underscores the current controversies and lack of consensus in the field.

The potential over-constraint observed may be attributed to factors related to the surgical technique,
including the position of the femoral tunnel, the location of fixation, and the fixation angle, all of
which may play a critical role. Saithna et al. demonstrated that selecting a femoral attachment site

at the level of the lateral epicondyle restricts internal rotation during knee flexion. 3¢ Given that the
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ALL is an anisometric structure, the anatomical femoral attachment or tunnel position should be
located proximal and posterior to the lateral epicondyle to optimize function and avoid over-
constraint. 218 Since the ligament is tight in extension and lax in flexion, allowing for physiological

internal rotation, fixation performed in flexion may contribute to over-constraint. '3

Interestingly, these considerations are not supported by clinical findings from a recent meta-
analysis. 23 Kolin et al. reviewed the effects of high and low knee flexion fixation angles and
reported good to excellent patient-reported outcomes, along with low graft failure rates, regardless

of whether ALLR/LET fixation was performed at low or high knee flexion angles. 23

One contributing factor to the ongoing confusion is the unclear role of the ALL, iliotibial band
(ITB), and Kaplan fibers in providing anterolateral knee stability. While several studies emphasize

the significant role of the ALL in rotational knee stability, 71112

other research suggests that the
ITB and Kaplan fibers serve as the primary stabilizers against internal rotation. %3 Furthermore,
other studies have shown that even complete sectioning of both the ALL and ITB resulted in only
minor, clinically insignificant changes in rotational knee stability. 17-?%3% Finally, the ALL is not

always present, with a recent systematic review reporting its prevalence as 82% in North

Americans, 65% in Europeans, and 46% in Asians, highlighting notable regional differences. 3

Even when the ALL is present, its contribution to rotational knee stability may not be significant. '
Parsons et al. reported that the ALL contributed 30%, 37%, and 44% to internal rotation (IR) at
30°, 45°, and 60° of knee flexion, respectively. 33 In contrast, Kittl et al. found that its contribution
ranged from only 2% to 5% between 15° and 45° of knee flexion in ACL-deficient knees. 22

Additionally, Huser et al. demonstrated that transecting the ALL in ACL-deficient knees resulted in

only marginal increases in ATT and internal rotation resistance. 7
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The authors employed the Critical Appraisal Skills Programme (CASP) ® to perform a subjective
and qualitative assessment of the seven studies included in this analysis. This evaluation classified
all studies as valuable, with good study quality and low risk of bias. However, these assessments
were not supported when using a more comprehensive and validated tool for biomechanical studies,
the Biomechanical Outcome Bias and Quality Assessment Tool (BOBQAT). ¥ None of the
included studies were rated as excellent or good quality, with the majority classified as moderate or

fair, suggesting that the results of this meta-analysis should be interpreted with some caution.

Despite these limitations, it can be tentatively concluded that LET may be superior to ALLR but
potentially over-constrains internal rotation across all knee flexion angles. The medium- and long-
term consequences of over-constraint remain unclear at this stage. Neri et al. conducted a small
pilot study that demonstrated an increase in lateral compartment pressure when LET was performed
in conjunction with ACL reconstruction. 28 Theoretically, the increase in compartment pressure
may predispose the cartilage and lateral meniscus to damage, potentially leading to meniscus tears
and degenerative changes over time. 22 However, the current available evidence indicates that the
rate of knee osteoarthritis (OA) remains low for up to 11 years, with the presence of a meniscus

injury at the time of the initial surgery being the most significant predictor of OA development. 1

Limitations

This systematic review has several limitations. Many of the cadavers used in the included studies
were sourced from older donors, and several studies involved small sample sizes. Furthermore,
variations in testing conditions and the quality of the cadavers may have influenced the results. It is
important to note, however, that although statistical differences were not detected in some
comparisons, small between-group differences may still be clinically meaningful. Additionally, the
inclusion of more studies could lead to different outcomes. The search engines used are primarily
optimized for English-language queries, which may result in the exclusion of studies published in

other languages. Biomechanical cadaveric studies represent immediate, time-zero findings under
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artificial conditions, which may not accurately replicate the complex biological and functional

environment seen in vivo.

Conclusions

This meta-analysis demonstrated that lateral extra-articular tenodesis provided superior resistance
to internal rotation but was also associated with a degree of over-constraint. No significant
biomechanical differences in anterior tibial translation were observed between LET and
anterolateral ligament reconstruction when combined with anterior cruciate ligament
reconstruction. Anterolateral ligament reconstruction effectively restored both ATT and internal

rotation resistance to near-native knee levels.
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