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Abstract

Purpose This study aims to examine the clinical and radiological outcomes of patients who underwent ACL reconstruction
(ACLR) combined with anterior closed-wedge high tibial osteotomy (ACW-HTO) for posterior tibial slope (PTS) reduction
to investigate the efficacy of this procedure in improving anterior knee stability and preventing graft failure in primary and
revision ACLR.

Methods A literature search was conducted in six databases (PubMed, Embase, Medline, Web of Science, Cochrane, and
Scopus). The study was performed according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guideline. The initial screening identified 1246 studies. Each eligible clinical article was screened according to
the Oxford Centre for Evidence-Based Medicine 2011 levels of evidence (LoE), excluding clinical studies of LoE V. Quality
assessment of the articles was performed using the ROBINS-I methodological evaluation. This systematic review and meta-
analysis was registered on the International Prospective Register of Systematic Reviews (PROSPERO). For the outcomes
that were possible to perform a meta-analysis, a p <0.05 was considered statistically significant.

Results Five clinical studies were included in the final analysis. A total of 110 patients were examined. Pre- and post-
operative clinical and objective tests that assess anteroposterior knee stability, PTS, clinical scores, and data on surgical
characteristics, complications, return to sports activity, and graft failure after ACLR were investigated. A meta-analysis
was conducted using R software, version 4.1.3 (2022, R Core Team), for Lysholm score and PTS outcomes. A statistically
significant improvement for both these clinical and radiological outcomes (p <0.05) after the ACW-HTO surgical procedure
was found.

Conclusion ACLR combined with ACW-HTO restores knee stability and function with satisfactory clinical and radiological
outcomes in patients with an anterior cruciate ligament injury associated with a high PTS and seems to have a protective
effect from further ruptures on the reconstructed ACL.

Level of evidence Level IV.

Keywords ACL - Anterior cruciate ligament - ACLR - ACL reconstruction - Anterior closed-wedge high tibial osteotomy -
Ligament reconstruction - Posterior tibial slope - PTS - Knee stability - Graft insufficiency - Graft failure - Outcomes -
Tibial deflexion osteotomy - Revision surgery
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PRISMA Preferred Reporting Items for Systematic
Reviews and Meta-Analyses

LoE Oxford Centre for Evidence-Based Medi-
cine 2011 Levels of Evidence

ROBINS-I A Risk of Bias In Non-randomized Stud-
ies—of Interventions

PROSPERO International Prospective Register of Sys-
tematic Reviews

SMD Standardised mean differences

IKDC International Knee Documentation
Committee

VAS Visual analogue scale

KOOS Knee injury and Osteoarthritis Outcome
Score

MPTA Medial proximal tibial angle

Introduction

Anterior cruciate ligament (ACL) injuries are relatively
common, with an average incidence of 29-38 per 100,000
inhabitants [1-3]. They mainly affect the young and athletic
population, but in recent decades, ACL injuries have also
been reported in adults and paediatric patients [4]. ACL
reconstruction (ACLR) is one of the most widely performed
surgical procedures in orthopaedics, with good results in
patient satisfaction and high rates of return to previous
sports activity; nevertheless, treatment failure rates range
from 10 to 20 per cent [5].

Several risk factors potentially responsible for ACLR
failure have been analysed and classified into intrinsic and
extrinsic [6]. Historically, great emphasis has been placed on
extrinsic factors, such as graft choice, diameter, and tension-
ing or tunnel placement and reconstruction technique, with
gradual and continuous progress leading to improvements
in ACLR outcomes [7-9]. In recent years, more attention
has been directed to intrinsic factors, especially metaphyseal
coronal malalignment, and posterior tibial slope (PTS), that
had rarely been considered and corrected simultaneously
with ACLR [10, 11]. Malalignment in the coronal plane may
cause an alteration in loading between the medial and lateral
compartments, resulting in an increased risk of meniscal
and cartilage damage and faster progression of osteoarthri-
tis in the compartment with higher loading [12—14]. The
increased PTS may be responsible for reduced knee stabil-
ity after ACLR [11]. A high PTS results in greater ante-
riorly directed shear forces on the ACL with an excessive
anterior tibial subluxation in extension. In contrast, a flatter
PTS reduces the tensile forces on the ACL by increasing
the load on the posterior cruciate ligament (PCL) [11, 15,
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16]. According to these biomechanical studies, many authors
suggested that patients with ACL rupture and PTS values
greater than 12° may benefit from a combined ACLR and
anterior closed-wedge high tibial osteotomy (ACW-HTO)
[11, 14, 15]. ACLR improves knee biomechanics by correct-
ing anteroposterior instability, while ACW-HTO may have a
protective effect on ligamentous reconstruction by reducing
shear forces on the neo-ACL [17].

This systematic review and meta-analysis aims to investi-
gate the clinical and radiological outcomes of patients who
underwent ACW-HTO for slope reduction simultaneously
with ACLR to investigate the efficacy of this procedure in
improving anterior knee stability and preventing graft failure
in primary and revision ACLR.

Materials and methods
Research question

A systematic literature review was conducted to evaluate
studies that analysed clinical and radiographic outcomes of

Fig. 1 True lateral’ radiograph of a knee. The posterior tibial slope
(PTS) is the angle () between the perpendicular (yellow line) to the
tibial longitudinal axis (light blue line) and the tangent to the anterior
and posterior edges of the medial tibial plateau (red line) as described
by Dejour et al. [11] (colour figure online)
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patients who underwent an anterior closed-wedge high tib-
ial osteotomy (ACW-HTO) to reduce the high PTS (Fig. 1)
concomitantly with or before ACLR. The current study was
conducted following the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) [18]. Two
authors (FB and RGV) searched and evaluated the articles
independently to avoid possible bias. A third author (FG)
was consulted to resolve any doubts.

Search strategy and study screening
A literature search was performed in six databases (Pubmed,

Embase, Medline, Web of Science, Cochrane, and Scopus)
using the following terms: [(sagittal tibial osteotomy) OR

(deviation osteotomy) OR (slope reduction tibial osteotomy)
OR (tibial slope)] And [(anterior cruciate ligament) OR
(ACL) OR (ACLR) OR (anterior cruciate ligament recon-
struction) OR (anterior cruciate ligament revision)]. The
search included studies from January 2000 to August 2022.
A total of 1246 studies were identified. After the exclusion
of duplicates, 679 studies were included. After title and
abstract screening, eleven clinical studies were assessed for
full-text evaluation, and five clinical studies [15, 17, 19-21]
were finally included in this systematic review based on the
inclusion and exclusion criteria. A cross-check was per-
formed for additional studies to be included in the current
study. The PRISMA flowchart for study selection is shown
in Fig. 2 [18].

Fig.2 Preferred reporting items
for systematic reviews and
meta-analyses (PRISMA). Flow Records identified through Additional records identified
diagram of articles included § database searching through other sources
in this systematic review and § (n=1246) Reference list of included articles
meta-analysis E (n=13)
c
3
A4 \4
) Records after duplicates removed
() (n=679)
Records excluded by Title
v and Abstract with reasons
.aEv Reasons for exclusion:
o Records screened - Editorials
A (n=679) - Review articles
- Case reports
- Biomechanical studies
(n=567)
—
— \4
Full-text articles assessed Full-text articles
for eligibility » excluded, with reasons
> (n=11) Reasons for exclusion:
% - One paper was the
) previous version of one of
o v the included studies
- Three papers reported
Studies included in methodological bias and a
qualitative synthesis low level of evidence
— (n=5) - Three papers analyzed
heterogeneous patient
groups
(n=6)
°
= Studies included in
E’ quantitative synthesis
- (meta-analysis)
(n=3)
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Inclusion and exclusion criteria

The inclusion criteria were studies that included patients
who underwent ACW-HTO as a complement to anterior
cruciate ligament reconstruction, written in English, study-
ing human subjects, published between January 2000 and
July 2022 with a minimum follow-up of six months, RCTs,
prospective and retrospective studies with Oxford Centre for
Evidence-Based Medicine 2011 Levels of Evidence (LoE)
1-4 [22]. Biochemical and in vitro studies, case reports, pre-
clinical studies, editorials, book chapters, technical reports,
and review articles were excluded from the search. We also
excluded studies that analysed patients treated with both
coronal and sagittal tibial osteotomy and studies with LoE
5 for better quality studies.

Quality assessment

Each article included in this systematic review was exam-
ined following the LoE [22]. A Risk of Bias In Non-rand-
omized Studies—of Interventions (ROBINS-I) [23, 24] was
used to analyse the included studies (Fig. 3). This tool was
used by two authors (RGV and FB), and a third author (FG)
was employed to support resolving any additional uncer-
tainties. Statistical analysis was performed by a professional
statistician (LDA). Study design, manuscript writing, and
final editing were equally distributed among the authors.

This systematic review was registered in the International
Prospective Register of Systematic Reviews (PROSPERO),
CDR CRD42022333255, in May 2022 [25-27].

Data extraction

Data extracted from included articles were reported on a
template: authors and publication; study design; LoE; sam-
ple size of patients; sample size of mean age; sample size of
sex; study follow-up; patients lost to follow-up; pivot-shift
test; objective side-to-side differential anterior laxity; type
of tendon graft used for anterior cruciate ligament revision;
stage procedure/primary-revision ACLR; surgical technique
used to perform the ACW-HTO; additional surgical menis-
cal treatments; complications and graft failure after ACLR,;
PTS; subjective and objective pre and post-operative clinical
scores, and sample size of patients that return to sport.

Data analysis

Lysholm score and PTS have been considered for a meta-
analysis since they were present in two and three studies
analysed [17, 19, 21] allowing for a valid statistical com-
parison. The analysis has combined the data as standardised
mean differences (SMD), using random-effect analysis and
inverse weighting for pooling. The average effect size and a
95% confidence interval have been computed via the Jackson

Risk of bias domains
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D1: Bias due to confounding.

D2: Bias due to selection of participants.
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D6: Bias in measurement of outcomes.

D7: Bias in selection of the reported result.
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Fig.3 Risk of bias in non-randomized studies—of interventions (ROBINS-I) tool assessment. Risk of bias conformed by the Cochrane Hand-
book for Systematic Reviews of Interventions. The quality and risk of bias of individual retrospective studies included in the systematic review

@ Springer



European Journal of Orthopaedic Surgery & Traumatology (2023) 33:2201-2214 2205

Table 1 Main demographic characteristics of patients collected in studies included in this systematic review and meta-analysis

Author and publica- Study design LoE Sample size Age M F Follow-up Patient lost
tion year patients, initial to follow-
cohort/final cohort up
N Mean + SD/(range), N (%) N (%) Mean + SD/(range) N
y.o
Sonnery-Cottet RS v 5/5 24 (16-40) 4 (80%) 1 (20%) 31.6 (23-45) 0
et al. 2014 [20] months
Song et al. 2020 RS IV 18/18 29.4 (20-41) 16 89%) 2 (11%) 33.2 (25-44) 0
[15] months
Akoto et al. 2020 RS IV 22/20 27.8+8.6 14 (70%) 6 (30%) 30.5+9.3 (24-56) 2
[19] months
Rozinthe et al. 2021 RS IV 918 30.3+4.4(21-49) 5(66.67) 3(33.3) 9.9+3(7-15) years 1
[17]
Weiler et al. 2022~ RS IV 58/58 32.2% 47 (62%)* 29 (38%)* Minimum: 0
[21] 6 months**

LoE: Oxford Centre for Evidence-Based Medicine 2011 Levels of Evidence; M—male; F—female; N—number of evaluation cases; y.0o.—years
old; SD— standard deviation; %—percentage; RS—retrospective study; *: Demographic data of entire study patients are reported, including
patients who underwent sagittal correction (ACW-HTO) or a combined procedure with an additional coronal realignment (medial open-wedge
high tibial osteotomy (MOW-HTO)); **: Weiler A et al. 2022 [21] reported only the minimum follow-up

Table 2 Pre- and post-operative clinical and objective tests to assess anteroposterior knee stability

Author and publication year Pivot-shift test Side-to-side differential anterior laxity
Pre-op Post-op Pre-op Post-op
0 I+ 24+ 3+ O 1+ 2+ 3+  Mean=+SD/(range), mm Mean + SD/(range), mm
Sonnery-Cottet et al. 2014 [20] 0 1 3 1 4 1 0 0 10.4 (8-14)* 2.8 (2-4)*
Song et al. 2020 [15] 0 0 15 3 18 0 0 0 13 (10-15)** 1.6 (—4 to 3)**
Akoto et al. 2020 [19] 0 0 0 20 20 0 0 0 724 1.3%%% INES N o
Rozinthe et al. 2021 [17] N/A N/A NA NA NA NA NA NA NA N/A
Weiler et al. 2022 [21] N/A N/A NA NA NA NA NA NA NA N/A

Pre-op—pre-operative; Post-op—post-operative; SD—standard deviation; mm—millimetre; N/A—not specified; *The side-to-side differential
anterior laxity was evaluated with the Telos device; **The side-to-side differential anterior laxity was evaluated with the KT-1000 arthrometer;
***The side-to-side differential anterior laxity was evaluated with the Rolimeter test

method. Cochran’s Q test and Higgins’ I statistics have been ~ summarised in Table 1. Pre- and post-operative clinical
performed to check for heterogeneity between studies. The ~ and objective tests to assess anteroposterior knee stability

SMD requires a p value of 0.05 to be considered statisti-  are recorded in Table 2. Surgical techniques, the number
cally significant. Funnel plots and Egger’s tests have been  of surgery stages and any associated meniscal procedures
performed to test for eventual publication bias. The statisti-  performed by the several authors of the included studies are
cal analysis was performed using R software, version 4.1.3  reported in Table 3. Pre-operative and post-operative values
(2022, R Core Team). of PTS, clinical scores, and return to sport are shown in

Table 4. Finally, complications and graft failure after ACLR
are reported in Table 5.
Results Therefore, 87 cases in three studies allowing for a valid
statistical comparison were analysed [17, 19, 21]. Thus,
A total of 110 patients were analysed in this study. The it was possible to perform a meta-analysis of clinical out-
main demographic characteristics such as age, mean fol-  come Lysholm score and PTS values difference pre-oper-
low-up, number and percentage of males and females are  atively and post-operatively. Both the forest and funnel

@ Springer



European Journal of Orthopaedic Surgery & Traumatology (2023) 33:2201-2214

2206

A IOV UOISIAQI Uy} pue sy pawriojrad sem Awojod)so [eiqn suronpai-adofs :sa3es om, YTV Arewr
-ud s paurquiod Awojo)so [erqn Suronpal-adors :a3e)s auQ (payroads Jou—y/N ($9SeI UOnENeAd JO Jaqunu—y A)Isoroqn) [eIqn JoLjue—] IV ‘Quoq-uopus) re[[jed-ouoq—gdgd suopu)
Summswey—[ [ ‘uopua) sdeoripenb—7.0) ‘Aw0joalso [e1qn Y31y a8pam-pasord Jouue—OLH-MIV Sd 1DV UOISIAI—Y YDV ArewLid—d {uononmsuooal JusweS1| 9Je1onio Jousjue—y 1OV

uopu9) Je[[ojed pue [ IV

JO JuawydeIop IMOYIM I (IM OLH-MOV  d/S9SeISOML,  V/N V/N VIN VIN VIN VIN VIN VIN VIN [12] 220T T8 10 Jo1tom
uopua) Iefojed
pUe LV JO JUSWYORIOp oYM OLH-MIV  ¥/2581s duQ 0 I 8 VIN L I VIN 14 9 [LT] T20T T8 10 sypuIzoy
uopu9} Jefared
PUE LV JO JUSWIYILIdp M OLH-MIV  ¥/S95eIs om], I L 11 0 VIN VIN Cl V/IN V/IN [611 020T T8 10 10V
uopuo) Ief[ored
pue LV JO JUSWYorIop noyim OLH-MIV  d/°8eIs duQ 0 8I 0 VIN 8 VIN VIN Ll VIN [$1] 020T 'Te 10 Suog
uopud) Jefjored [oz]
pue [,LV JO JUSWYDEIdp M OLH-MOV  ¥/95eis auQ I 0 14 VIN C [4 VIN 0 I #10T 'Te 19 3on0)-A1outog
N N N N N N N N N
OLH OLH OLH OLH
“MOV MOV -MDV “MOV
TV q1d9d IH 10O PPV OLH-MDV IV 0} lIold PYVY OLH-MOV IV OllIoLg
Y-d/ 2Ipad (snjejs snosIudwW [eI)RY) (snje)s snostuawW [RIpPAW)
anbruys9e) [ea131ns AW010ASO -o1d o3e1§ JJeIS YIDV  SOIMNS [BOSIUSW JO SIMWOJIIISIUSJA]  SAININS [BISIUSW JO SAMWOIIAISIUA]N  JeaA uonedrqnd pue joyiny

SoNSIISloRIRYD [BIISING € 3|qeL

pringer

Qs



2207

European Journal of Orthopaedic Surgery & Traumatology (2023) 33:2201-2214

90139p

—, ‘payroads Jou—y/N 93ejuad1ad—07, (SASED UONEN[BAD JO JOqUINU—) ‘UONRIAJP plepuels—( s anerddo-jsod—do-1sod ‘oanerado-ard—do-a1q ‘dn-mof[oJ Ise] oy} Je [9A9] AITANOR Swes )
0) pouInjar sjuaned Oy [[B 4. (90UY [BWIOUQER = (] ‘QUY [ewllouqe APYSIS=)) ‘@ouy [BULIOU A[JedU=g ‘90U [BUWIOU=Y :, (D ]) 29NIWWO)) UONHBIUIWNIO QU [BUONBUINU] IATI(QQ

l1zl zeoe
VIN VIN VIN VIN VIN VIN VIN VIN VIN 06’ TF:59 o€TFIVI ‘Te 30 Io[lom
(86-19) (SL—€0) (S6-69) (08—+7) (68=60) (o81—01) [L1]120C
VIN VIN VIN VIN VIN I'TI+67C8 9T+ 199 6TIFS18 Y9TF1'8¢ €TFNY 9 TFLCET T8I0 APUIZOY
(001-6'SL) (001-9L) (0L-0) [61]1020T
(%S9 €1 (8-960F1'9 (S0)STF6C VIN VIN 6SFYLS VIN 7'9+606 Ic¥6'6v oI'TIF66'8 o9 TIFoECT ‘[e 30 0103V
(60T=6LT) [s110c0T
xx (%001) 81 8-9¢L OmLS dv vVl asit VIN VIN  (#6-8L) 68 (85—+¢€) S'9F (66—oL) 01’8 0S'81 [e 30 Suog
loz]
(686 9 (o¥T=0ET) 10T Te 19
s (%08) ¥ 69 TL 6=9vL dv'VI dTd¢€ —€'8%) 1'6L -8'12) S'6¢  (001-09) 8'L8 6990 79  (.01-68) oT'6 o9'ET  10M0)-A1outog
(o3ueI) (3uer) (o3uer) (o3uer) (e3ueI) (o3uer) (eSuer) (o8uer)
BN /dS F U /dS F U opelH  opein /S FuesN /dS F uedN /dS FUuedN /S FuesN /dS FuedN /S FUuedN
do-1s0g do-arg  do-1s0g  do-aig do-1s04 do-a1qg do-1s04 do-a1q do-1s04 do-a1q .y
woIreuuonsanb uorneorqnd
j10ds 03 uIn)oy 91008 AJ1AT)oR 10US9], DML 2Andelqo  axreuuonsenb D] 2and9lqng 91008 WOYSAT adofs TeIqn Jo119)SOg pue Joyiny

110ds 0} UINJAI pUE ‘sI09S [eITUId ‘(SI1d) 2dofs [eiqn Joraisod jo sonfea aanerado-jsod pue aanerado-a1d  3|qeL

pringer

a's



2208 European Journal of Orthopaedic Surgery & Traumatology (2023) 33:2201-2214

Table 5 Complications and
graft failure after ACLR

Author and publication year Complications Graft failure
after ACLR

Intra-op Post-op
N (%) N (%) N

Sonnery-Cottet et al. 2014 [20] 0 0 0

Song et al. 2020 [15] 0 0 0

Akoto et al. 2020 [19] 0 1 (5%): haematoma 0

Rozinthe et al. 2021 [17] 0 0 0

Weiler et al. 2022 [21] 0 1 (1.7%): implant infection N/A

ACLR—anterior cruciate ligament reconstruction; Intra-op—intra-operative; Post-op—post-operative; N—
number of evaluation cases; %—percentage; N/A—not specified

Pre-op Post-op
Lysholm score Obs mean SD  mean SD SMD [95% Cl]
Akoto R et al, 2020 20 49.9 21 90.9 6.4 2.59[1.75, 3.43]
Rozinthe A, 2021 * 9 384 164 845 11.9 3.06 [1.70, 4.43]
Summary » e 2.72[2.00, 3.43]
Statistics Heterogeneity: 12 = 0.00%, tau2 = 0, p<0.05 20 25 30 35 40 45
Estimate: 2.71 z = 7.454 (p-val < 0.05) SMD

Fig.4 Forest plot. Comparison of Lysholm score results between pre-operative and post-operative. Obs—Observations; SD—standard devia-
tion; SMD—standardised mean difference; CI—confidence interval; p—p value

SMD [95% Cl]

0.60 [-0.04, 1.23]

» 3.41[1.97, 4.86]

3.81[3.20, 4.43]

2.57[0.53, 4.62]

Pre-op Post-op T
Posterior tibial slope Obs mean SD mean SD !
]
Akoto R et al, 2020 20 153 116 89 111 JI—I—
I
Rozinthe A, 2021 9 13226 4423 |
I
Weiler A, 2022 58 146 23 6.5 1.9 |
|
I
|
]
Summary 87 !
|
Statistics Heterogeneity: 1"2 = 95%, tau”2 = 3.02, p< 0.05 (’) H

Estimate: 2.57, z = 2.468 (p-val < 0.05)

2 3 4 5
SMD

Fig.5 Forest plot. Comparison of posterior tibial slope degree values between pre-operative and post-operative. Obs—Observations; SD—
standard deviation; SMD—standardised mean difference; CI—confidence interval; p—p. value

plots show results in favour of no surgery on the left side
for both outcomes considered for the quantitative analysis
in this study. For the Lysholm score, as shown in Fig. 4,
the Higgins statistic of 0% means no heterogeneity among
the studies. The overall effect (2.71) is in favour of the
surgical approach and is statistically significant (p <0.05).

@ Springer

The funnel plot indicates no publication bias, as shown in
Appendix A (Egger's test). For PTS, measured in degrees,
a favourable result is a value as close to zero as possible.
As shown in Fig. 5, the Higgins statistic of 95% indicates
moderate heterogeneity among the studies. The overall
effect (2.57) is in favour of the surgical approach and is
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statistically significant (p <0.05). The funnel plot reveals
the potential presence of publication bias, as shown in
Appendix B (Egger's test).

An interesting finding from the data analysis is a gen-
eral tendency to encourage ACW-HTO and ACLR. All five
studies included in this systematic review [15, 17, 19-21]
reported an improvement in clinical performance, as dem-
onstrated by the subjective and objective International Knee
Documentation Committee (IKDC) and the Tegner activity
scores (Table 4). Combined with the results of the meta-
analysis, this evidence should suggest that in patients with
high PTS requiring ACLR, there is a clinical advantage with
the surgical approach of ACW-HTO.

Discussion

The most important findings of this systematic review and
meta-analysis were a statistically significant difference in
the Lysholm score and PTS between the pre-operative and
post-operative evaluation and the absence of ligamentous
injuries or clinical knee instability during the entire follow-
up period in patients who underwent ACW-HTO combined
with ACLR. Furthermore, clinical scores like Tegner activ-
ity, subjective and objective IKDC analysed in the studies
included in the systematic review and whose meta-analysis
could not be performed were improved after surgical treat-
ment [15, 17, 19-21]. These results demonstrate how this
surgical procedure could restore good knee function and
protect the ACLR in patients with anterior knee instability
and high PTS.

ACLR is one of the most widespread orthopaedic pro-
cedures worldwide, with excellent clinical and functional
results [3]. However, failure of primary ACLR and its sub-
sequent revision is associated with inferior clinical scores
compared to primary reconstruction [28-30]. Furthermore,
several studies have demonstrated that multiple ACLR revi-
sions could restore knee stability with good clinical and
functional results, although inferior to previous reconstruc-
tions. However, only a small percentage of patients could
return to their pre-injury activity level, with an overall
higher rate of ACL failure [31, 32].

Several recent studies have investigated potential risk
factors for ACLR failure to reduce ACL injury rates [28,
32, 33]. In line with improvements in surgical techniques,
tunnel positioning, graft choice and fixation systems, the
study of proximal tibia geometry, particularly the PTS,
and how it may influence the biomechanics of the knee has

become increasingly relevant. Agneskirchner et al., in their
biomechanical study, demonstrated how an increase in PTS
shifts the contact area of the tibial plateau anterosuperior to
the femur, resulting in higher contact pressure on the ante-
rior half of the tibial plateau in a linear relationship with
increased PTS [34]. Dejour and Bonnin estimated that for
every 10° increase in PTS, there is an anterior tibial transla-
tion relative to the femur of 6 mm in both intact and injured
ACL [35]. Furthermore, a higher PTS results in a stronger
traction force applied by the quadriceps during knee exten-
sion [1]. Biomechanical studies have demonstrated a linear
relationship between a higher traction force applied to the
ACL and an increase in PTS [33, 36]. Brandon et al. found
a higher risk of pivot-shift and ACL rupture in patients with
elevated PTS [10].

ACW-HTO and ACLR, in all studies analysed in this
paper, proved to be surgical procedures characterised by
good clinical and radiological results and a few complica-
tions in both primary reconstructions and multiple ACLR
revisions. Sonnery-Cottet et al., in their study, reported a
statistically significant improvement in the PTS, Lysholm,
and subjective IKDC score and the reduction in mean ante-
rior laxity, measured with the Telos device. An increase in
the objective IKDC score and the pivot-shift test was also
observed in the post-operative period. At the same time, no
differences were reported in Tegner activity score. All but
one patient returned to a level of sporting activity prior to
the last ACL rupture, and no complications were observed
in the follow-up [20]. Song et al. described a statistically sig-
nificant improvement in PTS, Lysholm, Tegner activity and
objective IKDC scores. The side-to-side difference measured
with the KT1000 arthrometer and the pivot-shift test demon-
strated a statistically significant increase. No complications
occurred during the follow-up, and all patients returned to
the same pre-injury sports activity level [15]. Akoto et al.
reported statistically significant improvements in Lysholm
and Tegner activity scores in their study. The PTS, visual
analogue scale (VAS), and side-to-side differences measured
with the Rolimeter and the pivot-shift test were statistically
ameliorated significantly. Functional scores such as the Knee
injury and Osteoarthritis Outcome Score (KOOS) and the
subjective IKDC reported good results post-operatively. One
patient underwent reoperation a few days after ACLR for a
haematoma. Sixty-five per cent of the operated patients have
returned to sports activities [19]. Rozinthe et al. updated the
outcomes of patients undergoing ACW-HTO and ACLR,
considering a minimum interval of seven years after sur-
gery. The authors observed an improvement in Lysholm and
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subjective IKDC scores compared to the first evaluation.
Lachman's and pivot-shift tests were negative in all patients,
and no complications were observed during the follow-up.
No PTS correction loss was reported compared to the pre-
vious follow-up [17]. Weiler et al., in their cohort study,
analysed the change in PTS after surgery, describing a sta-
tistically significant decrease in PTS. One patient underwent
implant removal due to infection approximately five months
after surgery without any loss of reduction in the correction
achieved [21].

Elevated PTS has been demonstrated to be an independ-
ent anatomical risk factor for excessive anterior tibial trans-
lation in the case of ACL injury [37]. Lee et al. found a
significantly increased PTS in patients with ACLR failure
compared to a control group with an uninjured ACL [38].
Webb et al., in their study, reported a five-fold increased
probability of ACLR failure in patients with PTS >12° [39].
Grassi et al. suggested that an elevated PTS and an anterior
tibial translation > 10 mm combination represents the situa-
tion with the highest risk of failure in ACLR. In particular,
the authors underlined how excessive anterior tibial transla-
tion leads to an increased risk of tunnel malpositioning with
a higher risk of neo-ACL impingement [40].

Biomechanical studies have demonstrated that ACW-
HTO reduces the force on the ACL graft and decreases ante-
rior tibial translation in the knee with ACL injury [33, 34,
36]. Nevertheless, the indication for ACW-HTO and ACLR
is still debated in the literature. The main issues concern the
correct PTS angle to be obtained and the use of ACW-HTO
in primary or revision ACLR. Some authors have aimed for
a PTS of 8°-10° [19, 20], while Rozinthe et al. [17] cor-
rected the PTS to an average of 4°. While reducing PTS
may improve anterior knee instability, it could also modify
the proximal tibia geometry causing a change in the medial
proximal tibial angle (MPTA) and leading to knee hyper-
extension [19, 21]. Weiler et al., in their study, reported a
slight but significant inverse correlation between ACW-HTO
width and changes in the coronal plane. Therefore, a higher
sagittal plane correction is associated with a major risk of
MPTA change [21].

Furthermore, PTS reduction may cause symptomatic genu
recurvatum resulting in chronic pain and painful hyperexten-
sion of the knee during walking and standing [19]. In three
of the five included studies, cases of knee hyperextension
in the post-operative follow-up were reported, although all
patients were asymptomatic [15, 17, 19]. The role of ACW-
HTO and ACLR is greatly debated in primary or revision
surgery. ACW-HTO is a technically demanding procedure
associated with several complications, including popliteal
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bundle neurovascular lesions, tibial tubercle rupture and risk
of pseudoarthrosis. In addition, this procedure increases the
operative time and post-operative rehabilitation period [20].
For this reason, many authors consider ACW-HTO only in
revision ACLR [17, 19, 20]. Instead, Song et al. and Weiler
et al. performed ACW-HTO in primary ACLR in young,
active patients with gross anterior instability and higher
PTS, as they assumed that an ACLR alone could not restore
proper knee biomechanics and stability. Furthermore, the
authors emphasised that in experienced hands, ACW-HTO
is an effective procedure with a low risk of complications
[15,21].

As reported in the included studies, the clinical outcomes
of patients undergoing ACW-HTO and ACL reconstruction
were similar to those described in other works in which only
ACLRs were performed. A significant finding, also reported
in the studies analysed in this systematic review and meta-
analysis, is that ACLRs, particularly multiple revisions,
were characterised by worse clinical outcomes than primary
reconstructions [15, 17, 19-21, 28-30, 32].

This systematic review and meta-analysis is characterised
by some limitations that need to be examined. Firstly, two
included studies evaluate ACW-HTO and ACLR in primary
ACLR; the other papers consider this surgical procedure
in the ACLR revisions. A more homogeneous sample of
patients could improve the validity of the analysed data. Sec-
ondly, different surgical techniques were used. Some authors
performed ACW-HTO and ACLR in two stages [19, 21],
others in one [15, 17, 20]. Furthermore, the osteotomy tech-
niques proposed different management of the tibial tubercle
and various osteotomy synthesis techniques. The absence of
a standardised surgical procedure may lead to possible bias.
Third, studies are few, retrospective, and with a limited sam-
ple of patients; this could potentially provide less statistical
analysis. Moreover, follow-up periods are limited, except in
the study by Rozinthe et al. [17]. Longer follow-ups with
larger and more homogeneous samples may be needed to
assess whether ACW-HTO and ACLR effectively prevent
graft failure while ensuring good functional outcomes for
treated patients. Fourthly, there is no standardised method
to calculate PTS. In addition, some authors preferred short
knee radiographs, whereas whole leg radiographs were con-
sidered in other studies. PTS values are influenced by the
calculation method and the type of radiographs analysed,
with a risk of potential bias.

The studies included in this systematic review and meta-
analysis underline that high PTS is an aspect that should
be evaluated in ACLRs because of its association with
an increased risk of reconstruction failure. Furthermore,
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ACW-HTO and ACLR appear to be a surgical technique
that, in the hands of experienced surgeons, could protect
the ACL from subsequent rupture with clinical, func-
tional, and radiographic results in line with isolated ACL
reconstruction.

Conclusion

This systematic review and meta-analysis reported a sta-
tistically significant difference in PTS and Lysholm scores
associated with no ACL tears or knee instability in patients
undergoing ACW-HTO and ACLR. Since high PTS values

increased ACL anteriorly directed shear forces with a major
risk of ACLR failure, the results reported in this article
prove that ACW-HTO is a viable solution to restore knee
stability and protect the ACLR in patients with anterior knee
instability and high PTS.
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See Fig. 7.
Fig.7 Funnel plot. Comparison 00 \
of posterior tibial slope degree \
values between pre-operative
and post-operative \
\
\
\
\
0.24 \
\
\
\ o

S \

o

= \

8 041 \

5 \

1)

\
\
\
\
0.6 4 ‘
\
\
\
\
‘o
\
% : : : :

Authors’ contributions FB, FG, and RGV have contributed substan-
tially to conception and design, data acquisition, analysis, and interpre-
tation. They have been involved in drafting the manuscript and revis-
ing it critically for important intellectual content, given final approval
of the version to be published. They agree to be accountable for all
aspects of the work in ensuring that questions related to the accuracy
or integrity of any part of the work are appropriately investigated and
resolved. ADL has significantly contributed to the conception, analy-
sis, and interpretation of data and has been involved in drafting the
manuscript. MC, LS, SR, GC, and DV have contributed substantially
to the data analysis, interpretation, and manuscript drafting. AM has
made substantial contributions to revising it critically for important
intellectual content, given final approval of the version to be published.

Funding Open access funding provided by Universita degli Studi di
Torino within the CRUI-CARE Agreement.

Declarations

Conflict of interest On behalf of all authors, the corresponding author
states that there is no conflict of interest.

@ Springer

Effect

Ethical approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964 Helsinki
Declaration and its later amendments or comparable ethical standards.

Informed consent No patients were involved in the systematic review
and meta-analysis.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/

European Journal of Orthopaedic Surgery & Traumatology (2023) 33:2201-2214

2213

References

10.

11.

12.

13.

14.

Gans I, Retzky JS, Jones LC, Tanaka MJ (2018) Epidemiology
of recurrent anterior cruciate ligament injuries in national colle-
giate athletic association sports: the injury surveillance program,
2004-2014. Orthop J Sports Med. https://doi.org/10.1177/23259
67118777823

Risberg MA, Lewek M, Snyder-Mackler L (2004) A systematic
review of evidence for anterior cruciate ligament rehabilitation:
how much and what type? Phys Ther Sport 5:125-145. https://doi.
org/10.1016/j.ptsp.2004.02.003

Wittig U, Hauer G, Vielgut I, Reinbacher P, Leithner A, Sadoghi P
(2021) Application and surgical technique of ACL reconstruction
using worldwide registry datasets: what can we extract? J Funct
Morphol Kinesiol 7(1):2. https://doi.org/10.3390/jfmk7010002
Sherman SL, Calcei J, Ray T, Magnussen RA, Musahl V, Kaed-
ing CC et al (2021) ACL Study Group presents the global trends
in ACL reconstruction: biennial survey of the ACL Study
Group. J ISAKOS 6(6):322-328. https://doi.org/10.1136/jisak
0s-2020-000567

Grassi A, Kim C, Marcheggiani Muccioli GM, Zaffagnini S,
Amendola A (2017) What is the mid-term failure rate of revision
ACL reconstruction? A systematic review. Clin Orthop Relat Res
475(10):2484-2499. https://doi.org/10.1007/s11999-017-5379-5
Shen X, Qin Y, Zuo J, Liu T, Xiao J (2021) A systematic review
of risk factors for anterior cruciate ligament reconstruction
failure. Int J Sports Med 42(8):682-693. https://doi.org/10.
1055/a-1393-6282

Bhimani R, Shahriarirad R, Ranjbar K, Erfani A, Ashkani-Esfa-
hani S (2021) Transportal versus all-inside techniques of anterior
cruciate ligament reconstruction: a systematic review. J Orthop
Surg Res 16(1):734. https://doi.org/10.1186/s13018-021-02872-x
Lai CCH, Ardern CL, Feller JA, Webster KE (2018) Eighty-three
per cent of elite athletes return to preinjury sport after anterior
cruciate ligament reconstruction: a systematic review with meta-
analysis of return to sport rates, graft rupture rates and perfor-
mance outcomes. BrJ Sports Med 52(2):128-138. https://doi.org/
10.1136/bjsports-2016-096836

Samuelsen BT, Webster KE, Johnson NR, Hewett TE, Krych AJ
(2017) Hamstring autograft versus patellar tendon autograft for
ACL reconstruction: is there a difference in graft failure rate?
A meta-analysis of 47,613 patients. Clin Orthop Relat Res
475(10):2459-2468. https://doi.org/10.1007/s11999-017-5278-9
Brandon ML, Haynes PT, Bonamo JR, Flynn MI, Barrett GR,
Sherman MF (2006) The association between posterior-inferior
tibial slope and anterior cruciate ligament insufficiency. Arthros-
copy 22(8):894-899. https://doi.org/10.1016/j.arthro.2006.04.098
Dejour D, Pungitore M, Valluy J, Nover L, Saffarini M, Demey G
(2019) Tibial slope and medial meniscectomy significantly influ-
ence short-term knee laxity following ACL reconstruction. Knee
Surg Sports Traumatol Arthrosc 27(11):3481-3489. https://doi.
org/10.1007/s00167-019-05435-0

Capella M, Risitano S, Sabatini L, Faccenda C, Barberis L, Cama-
zzola D et al (2022) Tibial condylar valgus osteotomy for the
treatment of intra-articular varus deformity of the knee. Ann Joint.
https://doi.org/10.21037/a0j-22-19

Gersing AS, Schwaiger BJ, Nevitt MC, Joseph GB, Feuerriegel
G, Jungmann PM et al (2021) Anterior cruciate ligament abnor-
malities are associated with accelerated progression of knee joint
degeneration in knees with and without structural knee joint
abnormalities: 96-month data from the Osteoarthritis Initiative.
Osteoarthr Cartil 29(7):995-1005. https://doi.org/10.1016/j.joca.
2021.03.011

Li Y, Zhang H, Zhang J, Li X, Song G, Feng H (2015) Clini-
cal outcome of simultaneous high tibial osteotomy and anterior

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

cruciate ligament reconstruction for medial compartment osteoar-
thritis in young patients with anterior cruciate ligament-deficient
knees: a systematic review. Arthroscopy 31(3):507-519. https://
doi.org/10.1016/j.arthro.2014.07.026

Song GY, Ni QK, Zheng T, Zhang ZJ, Feng H, Zhang H (2020)
Slope-reducing tibial osteotomy combined with primary ante-
rior cruciate ligament reconstruction produces improved knee
stability in patients with steep posterior tibial slope, excessive
anterior tibial subluxation in extension, and chronic menis-
cal posterior horn tears. Am J Sports Med 48(14):3486-3494.
https://doi.org/10.1177/0363546520963083

Voos JE, Suero EM, Citak M, Petrigliano FP, Bosscher MR,
Citak M et al (2012) Effect of tibial slope on the stability of
the anterior cruciate ligament-deficient knee. Knee Surg Sports
Traumatol Arthrosc 20(8):1626-1631. https://doi.org/10.1007/
s00167-011-1823-3

Rozinthe A, van Rooij F, Demey G, Saffarini M, Dejour D
(2022) Tibial slope correction combined with second revision
ACLR grants good clinical outcomes and prevents graft rupture
at 7-15-year follow-up. Knee Surg Sports Traumatol Arthrosc
30(7):2336-2341. https://doi.org/10.1007/s00167-021-06750-1
Liberati A, Altman DG, Tetzlaff J, Mulrow C, Ggtzsche PC,
Ioannidis JP et al (2009) The PRISMA statement for reporting
systematic reviews and meta-analyses of studies that evaluate
health care interventions: explanation and elaboration. PLoS
Med 6(7):e1000100. https://doi.org/10.1371/journal.pmed.
1000100

Akoto R, Alm L, Drenck TC, Frings J, Krause M, Frosch KH
(2020) Slope-correction osteotomy with lateral extra-articular
tenodesis and revision anterior cruciate ligament reconstruction
is highly effective in treating high-grade anterior knee laxity. Am
J Sports Med 48(14):3478-3485. https://doi.org/10.1177/03635
46520966327

Sonnery-Cottet B, Mogos S, Thaunat M, Archbold P, Fayard JM,
Freychet B et al (2014) Proximal tibial anterior closing wedge
osteotomy in repeat revision of anterior cruciate ligament recon-
struction. Am J Sports Med 42(8):1873-1880. https://doi.org/10.
1177/0363546514534938

Weiler A, Gwinner C, Wagner M, Ferner F, Strobel MJ, Dickschas
J (2022) Significant slope reduction in ACL deficiency can be
achieved both by anterior closing-wedge and medial open-wedge
high tibial osteotomies: early experiences in 76 cases. Knee Surg
Sports Traumatol Arthrosc 30(6):1967-1975. https://doi.org/10.
1007/500167-022-06861-3

Burns PB, Rohrich RJ, Chung KC (2011) The levels of evidence
and their role in evidence-based medicine. Plast Reconstr Surg
128(1):305-310. https://doi.org/10.1097/PRS.0b013e318219¢171
Giai Via R, Bosco F, Giustra F, Lavia AD, Artiaco S, Risitano S
et al (2022) Acute Rockwood type III ACJ dislocation: conserva-
tive vs surgical approach. A systematic review and meta-analysis
of current concepts in literature. Injury. https://doi.org/10.1016/].
injury.2022.07.050

Sterne JA, Hernan MA, Reeves BC, Savovi¢ J, Berkman ND,
Viswanathan M et al (2016) ROBINS-I: a tool for assessing risk of
bias in non-randomised studies of interventions. BMJ 355:14919.
https://doi.org/10.1136/bmj.i4919

Bistolfi A, Giustra F, Bosco F, Faccenda C, Viotto M, Sabatini L
et al (2022) Comparable results between crosslinked polyethyl-
ene and conventional ultra-high molecular weight polyethylene
implanted in total knee arthroplasty: systematic review and meta-
analysis of randomised clinical trials. Knee Surg Sports Traumatol
Arthrosc. https://doi.org/10.1007/s00167-022-06879-7

Risitano S, Cacciola G, Sabatini L, Capella M, Bosco F, Giustra F
et al (2022) Restricted kinematic alignment in primary total knee
arthroplasty: a systematic review of radiographic and clinical data.
J Orthop 33:37—43. https://doi.org/10.1016/j.jor.2022.06.014

@ Springer


https://doi.org/10.1177/2325967118777823
https://doi.org/10.1177/2325967118777823
https://doi.org/10.1016/j.ptsp.2004.02.003
https://doi.org/10.1016/j.ptsp.2004.02.003
https://doi.org/10.3390/jfmk7010002
https://doi.org/10.1136/jisakos-2020-000567
https://doi.org/10.1136/jisakos-2020-000567
https://doi.org/10.1007/s11999-017-5379-5
https://doi.org/10.1055/a-1393-6282
https://doi.org/10.1055/a-1393-6282
https://doi.org/10.1186/s13018-021-02872-x
https://doi.org/10.1136/bjsports-2016-096836
https://doi.org/10.1136/bjsports-2016-096836
https://doi.org/10.1007/s11999-017-5278-9
https://doi.org/10.1016/j.arthro.2006.04.098
https://doi.org/10.1007/s00167-019-05435-0
https://doi.org/10.1007/s00167-019-05435-0
https://doi.org/10.21037/aoj-22-19
https://doi.org/10.1016/j.joca.2021.03.011
https://doi.org/10.1016/j.joca.2021.03.011
https://doi.org/10.1016/j.arthro.2014.07.026
https://doi.org/10.1016/j.arthro.2014.07.026
https://doi.org/10.1177/0363546520963083
https://doi.org/10.1007/s00167-011-1823-3
https://doi.org/10.1007/s00167-011-1823-3
https://doi.org/10.1007/s00167-021-06750-1
https://doi.org/10.1371/journal.pmed.1000100
https://doi.org/10.1371/journal.pmed.1000100
https://doi.org/10.1177/0363546520966327
https://doi.org/10.1177/0363546520966327
https://doi.org/10.1177/0363546514534938
https://doi.org/10.1177/0363546514534938
https://doi.org/10.1007/s00167-022-06861-3
https://doi.org/10.1007/s00167-022-06861-3
https://doi.org/10.1097/PRS.0b013e318219c171
https://doi.org/10.1016/j.injury.2022.07.050
https://doi.org/10.1016/j.injury.2022.07.050
https://doi.org/10.1136/bmj.i4919
https://doi.org/10.1007/s00167-022-06879-7
https://doi.org/10.1016/j.jor.2022.06.014

2214

European Journal of Orthopaedic Surgery & Traumatology (2023) 33:2201-2214

217.

28.

29.

30.

31.

32.

33.

34.

Sideri S, Papageorgiou SN, Eliades T (2018) Registration in the
international prospective register of systematic reviews (PROS-
PERO) of systematic review protocols was associated with
increased review quality. J Clin Epidemiol 100:103-110. https://
doi.org/10.1016/j.jclinepi.2018.01.003

Cristiani R, Engstrom B, Edman G, Forssblad M, Stdlman
A (2019) Revision anterior cruciate ligament reconstruction
restores knee laxity but shows inferior functional knee out-
come compared with primary reconstruction. Knee Surg Sports
Traumatol Arthrosc 27(1):137-145. https://doi.org/10.1007/
s00167-018-5059-3

Grassi A, Ardern CL, Marcheggiani Muccioli GM, Neri MP,
Marcacci M, Zaffagnini S (2016) Does revision ACL reconstruc-
tion measure up to primary surgery? A meta-analysis compar-
ing patient-reported and clinician-reported outcomes, and radio-
graphic results. BrJ Sports Med 50(12):716-724. https://doi.org/
10.1136/bjsports-2015-094948

Yan X, Yang XG, Feng JT, Liu B, Hu YC (2020) Does revision
anterior cruciate ligament (ACL) reconstruction provide similar
clinical outcomes to primary ACL reconstruction? A systematic
review and meta-analysis. Orthop Surg 12(6):1534-1546. https://
doi.org/10.1111/0s.12638

Dini F, Tecame A, Ampollini A, Adravanti P (2021) Multiple
ACL revision: failure analysis and clinical outcomes. ] Knee Surg
34(8):801-809. https://doi.org/10.1055/s-0039-340074 1

Engler ID, Salzler MJ, Wall AJ, Johnson WR, Makani A, Shields
MYV et al (2020) Patient-reported outcomes after multiple-revision
ACL reconstruction: good but not great. Arthrosc Sports Med
Rehabil 2(5):539-546. https://doi.org/10.1016/j.asmr.2020.06.013
Bernhardson AS, Aman ZS, Dornan GJ, Kemler BR, Storaci
HW, Brady AW et al (2019) Tibial slope and its effect on force in
anterior cruciate ligament grafts: anterior cruciate ligament force
increases linearly as posterior tibial slope increases. Am J Sports
Med 47(2):296-302. https://doi.org/10.1177/0363546518820302
Agneskirchner JD, Hurschler C, Stukenborg-Colsman C, Imhoff
AB, Lobenhoffer P (2004) Effect of high tibial flexion osteotomy
on cartilage pressure and joint kinematics: a biomechanical study

@ Springer

35.

36.

37.

38.

39.

40.

in human cadaveric knees. Winner of the AGA-DonJoy Award
2004. Arch Orthop Trauma Surg 124(9):575-584. https://doi.org/
10.1007/s00402-004-0728-8

Dejour H, Bonnin M (1994) Tibial translation after anterior cru-
ciate ligament rupture. Two radiological tests compared. J Bone
Joint Surg Br 76(5):745-749

Imhoft FB, Mehl J, Comer BJ, Obopilwe E, Cote MP, Feucht MJ
et al (2019) Slope-reducing tibial osteotomy decreases ACL-graft
forces and anterior tibial translation under axial load. Knee Surg
Sports Traumatol Arthrosc 27(10):3381-3389. https://doi.org/10.
1007/300167-019-05360-2

Song GY, Zhang H, Zhang J, Liu X, Xue Z, Qian Y et al (2018)
Greater static anterior tibial subluxation of the lateral compart-
ment after an acute anterior cruciate ligament injury is associ-
ated with an increased posterior tibial slope. Am J Sports Med
46(7):1617-1623. https://doi.org/10.1177/0363546518760580
Lee CC, Youm YS, Cho SD, Jung SH, Bae MH, Park SJ et al
(2018) Does posterior tibial slope affect graft rupture follow-
ing anterior cruciate ligament reconstruction? Arthroscopy
34(7):2152-2155. https://doi.org/10.1016/j.arthro.2018.01.058
Webb JM, Salmon LJ, Leclerc E, Pinczewski LA, Roe JP (2013)
Posterior tibial slope and further anterior cruciate ligament inju-
ries in the anterior cruciate ligament-reconstructed patient. Am
J Sports Med 41(12):2800-2804. https://doi.org/10.1177/03635
46513503288

Grassi A, Macchiarola L, Urrizola Barrientos F, Zicaro JP, Costa
Paz M, Adravanti P et al (2019) Steep posterior tibial slope, ante-
rior tibial subluxation, deep posterior lateral femoral condyle, and
meniscal deficiency are common findings in multiple anterior cru-
ciate ligament failures: an MRI case—control study. Am J Sports
Med 47(2):285-295. https://doi.org/10.1177/0363546518823544

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1016/j.jclinepi.2018.01.003
https://doi.org/10.1016/j.jclinepi.2018.01.003
https://doi.org/10.1007/s00167-018-5059-3
https://doi.org/10.1007/s00167-018-5059-3
https://doi.org/10.1136/bjsports-2015-094948
https://doi.org/10.1136/bjsports-2015-094948
https://doi.org/10.1111/os.12638
https://doi.org/10.1111/os.12638
https://doi.org/10.1055/s-0039-3400741
https://doi.org/10.1016/j.asmr.2020.06.013
https://doi.org/10.1177/0363546518820302
https://doi.org/10.1007/s00402-004-0728-8
https://doi.org/10.1007/s00402-004-0728-8
https://doi.org/10.1007/s00167-019-05360-2
https://doi.org/10.1007/s00167-019-05360-2
https://doi.org/10.1177/0363546518760580
https://doi.org/10.1016/j.arthro.2018.01.058
https://doi.org/10.1177/0363546513503288
https://doi.org/10.1177/0363546513503288
https://doi.org/10.1177/0363546518823544

	Could anterior closed-wedge high tibial osteotomy be a viable option in patients with high posterior tibial slope who undergo anterior cruciate ligament reconstruction? A systematic review and meta-analysis
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 
	Level of evidence 

	Introduction
	Materials and methods
	Research question
	Search strategy and study screening
	Inclusion and exclusion criteria
	Quality assessment
	Data extraction
	Data analysis

	Results
	Discussion
	Conclusion
	Appendix A
	Appendix B
	References




