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Slope-Reducing Proximal Tibial Osteotomy Improves
Outcomes in Anterior Cruciate Ligament

Reconstruction Patients With Elevated Posterior
Tibial Slope, Especially Revisions and Posterior

Tibial Slope �12

Luke V. Tollefson, B.S., Matthew T. Rasmussen, M.D., Grace Guerin, B.S.,

Christopher M. LaPrade, M.D., and Robert F. LaPrade, M.D., Ph.D.
Purpose: To explore the indications, outcomes, and complications related to slope-reducing osteotomies in the setting of
anterior cruciate ligament (ACL) tears or graft failure. A secondary aim was to create an algorithm on the basis of the
current literature and authors’ opinions. Methods: This study was conducted using the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses. Studies were included if they reported on outcomes related to slope-reducing
osteotomies both for primary ACL tears and revision ACL graft tears. The studies were analyzed to determine the
radiographic outcomes, patient-reported outcomes (PROs), physical examination findings, and complications. Statistical
analysis could not be performed because of the heterogeneity between studies. Results: A total of 148 studies were
screened for inclusion in this systematic review and after full-text review, a total of 16 studies were included in this
systematic review. Fourteen of the studies reported on pre- versus postoperative posterior tibial slope (PTS) and all but one
reported significant decrease in PTS. Seven studies reported on pre- versus postoperative PROs, and all studies reported
significant improvements in postoperative scores. Anterior tibial translation was measured in 8 studies, and all reported a
significant decrease in anterior tibial translation postoperatively. The most common complication was postoperative hy-
perextension and irritation from hardware. Irritation from hardware was only reported in studies that used plates to fixate
the osteotomy. Conclusions: In conclusion, slope-reducing proximal tibial osteotomies performed concurrently or as a
second-stage surgery with an anterior cruciate ligament reconstruction (ACLR) resulted in improved PROs and decreased
ACLR failure rates. Slope-reducing proximal tibial osteotomies are an important treatment consideration for those patients
with an increased PTS, especially for patients with a failed ACLR and a PTS �12�, to reduce the risk of ACLR failure. Level
of Evidence: Level IV, systematic review of Level IV studies.
n the setting of an acute anterior cruciate ligament
I(ACL) tear, the gold standard treatment is anterior
cruciate ligament reconstruction (ACLR), especially for
younger patients looking to return to high-impact and
pivoting activities. However, the failure rates of primary
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ACLRs are still relatively high, with studies reporting
failure rates from 7% to 20%.1-3 In the setting of a
failed ACLR, the patient-specific and technique-based
risk factors associated with an ACLR failure should be
assessed.4 Patient-specific risk factors include age, sex,
body mass index, hyperlaxity, and coronal and sagittal
malalignment, whereas technique-based risk factors
include suboptimal reconstruction tunnel placement,
graft choice, failure to identify or appropriately treat
concomitant injuries, and rehabilitation protocols.4-6

One of the more common and increasingly recog-
nized risk factor for ACLR failure is increased posterior
tibial slope (PTS), which is commonly described as a
PTS �12�.7 Increased PTS has been reported to be an
independent risk factor for both an ACL tear and ACLR
graft failure as the result of increased graft load.2,8-11 A
study by Salmon et al.2 reporting on 20-year outcomes
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of ACLR reported a hazard ratio of 3.0 for ACLR
hamstring graft rupture for PTS �12� compared with
PTS <12� for adults and adolescents. In another study,
Lee et al.11 reported PTS �12� as a risk factor for ACL
graft rupture and reported that for each degree increase
of PTS, the risk of ACL graft failure increased 1.37
times. Thus, for patients with increased PTS and an
ACLR failure, a slope-reducing osteotomy should be
considered to decrease the PTS and, subsequently, the
force on the ACL graft.12

Although slope-reducing osteotomies are becoming
more common, there are still several concerns and
differences in techniques. A recent study has high-
lighted that slope-reducing osteotomies should be cor-
rected to 4� to 6� for an ideal postoperative static
anterior tibial translation.13 Clinical series on slope-
reducing proximal tibial osteotomies have reported
minimal instances of ACLR graft failure postoperatively
at a minimum of 2 years of follow-up14-16; however, it
is important to recognize that these findings are deter-
mined by small case series. In addition, the location at
which the proximal tibial osteotomy is made (i.e.,
supratubercle, transtubercle, and infratubercle) has
been reported to result in clinically significantly
different outcomes.17-19 It is challenging to incorporate
slope-reducing osteotomies into a primary ACLR with a
high PTS when indications remain inconsistent and
postoperative protocols often require a more prolonged
period of non- or partial weight-bearing.20 This often
leads surgeons to primarily use slope-reducing osteot-
omies in revision settings.7 The purpose of this sys-
tematic review was to explore the indications,
outcomes, and complications related to slope-reducing
osteotomies in the setting of ACL tears or graft failure.
A secondary aim was to create an algorithm on the basis
of the current literature and authors’ opinions. We
hypothesized that slope-reducing high tibial osteotomy
would improve patient-reported outcomes (PROs) in
patients with elevated PTS who undergo ACL surgery.

Methods

Article Identification and Selection
This study was conducted using the Preferred

Reporting Items for Systematic Reviews and Meta-
Analyses statement guidelines and registered on the
PROSPERO International prospective register of sys-
tematic reviews (CRD42024579450). Searches were
performed on PubMed, Embase, Cochrane databases.
Article identification was performed in August of 2024.
The following search terms were used: slope-reducing
osteotomy, anterior closing-wedge proximal (high)
tibial osteotomy, posterior opening-wedge proximal
(high) tibial osteotomy, high posterior tibial slope, and
failure anterior cruciate ligament reconstruction. The
search strategy used was as follows:
(((slope reducing osteotomy) OR (slope correcting
osteotomy) OR (anterior closing wedge osteotomy)
OR (medial opening wedge osteotomy) OR (lateral
closing wedge)) AND (ACL) AND ((outcomes) OR
(complications) OR (changes)) AND (slope))

All studies from each database were uploaded to
EndNote Reference Manager for duplicate article dele-
tion. Two independent investigators (L.V.T. and G.G.)
reviewed all abstracts for inclusion criteria. Inclusion
criteria consisted of articles which published results on
patients.1 Two reviewers (L.V.T. and M.T.R.) examined
all full texts of abstracts meeting the inclusion criteria.
Furthermore, all systematic reviews found in the
database were examined for additional relevant studies
that may have been missed.

Data Collection
Studieswere reviewed fordataonpatientdemographics,

follow-up times, procedures, fixation methods, in-
dications, and outcomesmeasures. Themain radiographic
outcome measures included PTS, patellar height mea-
surements (Caton-Deschamps, Insall-Salvati), and medial
proximal tibial angle (MPTA). The main PROs included
were the International Knee Documentation Committee
(IKDC) scores, Lysholm scores, and Tegner scores. The
main physical examination outcomes were anterior tibial
translation (ATT) and pivot-shift examination findings.
The main complications reported in the studies were ACL
failure rates, postoperative hyperextension, and compli-
cations, including removal of painful hardware.

Data Analysis
We examined all studies that described the use of

slope-reducing, slope-correcting, closing-wedge prox-
imal tibial, or medial-opening slope-correcting or lateral
closing slope correcting osteotomies for ACL-deficient
knees. After data extraction, Excel (Microsoft Corpo-
ration) was used to compile all the data.
Studies in the analysis considered selection bias, small

sample sizes, and lack of comparative controls. In many
cases, it was not possible to provide controls because of
the heterogeneous nature of the enrolled patients
across the various studies, ranging from primary ACL
tears to multiple revision ACL tears.
Because of significant heterogeneity between the

studies and the data reported, a statistical analysis or
meta-analysis was not possible. The data were compiled
and the means between studies was compared and re-
ported as the ranges of available data. No subgroup
analysis was performed, however, comparisons were
made between different slope reducing osteotomy
techniques and indications and the outcomes.
For the forest plots in the results, the mean pre- and

postoperative values were used. The 95% confidence
intervals were calculated using the standard deviation



Fig 1. Flowchart for the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA). Sixteen studies were
included in the final systematic review. (ACL, anterior cruciate ligament; ACLR, anterior cruciate ligament reconstruction.)
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and was estimated using the range divided by 4 when
no standard deviation was reported. No pooling of data
or group calculations was performed because of the
heterogeneity of the data.

Risk of Bias Assessment
The risk of bias assessment was performed using the

Methodological Index for Non-Randomized Studies
(MINORS).21 Nonrandomized noncomparative studies
were assessed on a 16-point scale with 8 questions each
scored 0 to 2. A score <8 was considered poor quality,
9-13 was considered moderate quality, and 14-16 was
considered high quality.

Results

Study Inclusion
A total of 148 studies were identified after the initial

search and duplicate removal and 19 full-text studies
were reviewed for inclusion. Ultimately, 16 studies were
included in the analysis. The flowchart for study inclu-
sion is represented in Figure 1.13,15,16,18-20,22-31 All
studies were graded out of 16 points for the MINORS
criteria, themean score was 9.9 (range, 9-12) (Appendix
Table 1, available at www.arthroscopyjournal.org). All
studies were considered moderate quality.
Demographic Data
A total of 512 patients were included, and 153 of

these were women (29.9%). The mean age range was
21.6 to 36.5 years, and the range of follow-up was 1.5-
118.8 months (mean, 29.5 months). All studies
included ACL deficiency or ACL or ACLR failure with
high PTS as an indication for surgery (Table 1). Most
studies used PTS �12� (11/16 studies) as the indication
for a slope-reducing osteotomy,13,15,16,18,19,22-27; how-
ever, 1 study reported PTS �13� as the indication,20

http://www.arthroscopyjournal.org


Table 1. Study Summary

Study Level of Evidence Patients Procedure ACLR Fixation Method Indications Outcome Measures

Akoto et al., 202016 IV 20 (6) Transtuberosity ACW-PTO No Three screws
through the
tubercle

ACLR failure, high-grade
anterolateral laxity, and
PTS �12�.

PTS, IKDC, Lysholm, Tegner,
ATT, pivot-shift

Arun et al., 201629 IV 26 (1) Medial OWPTO Yes Opening-wedge
plate

Age �40 years, ACL-
deficient and varus
(grade 2-3 OA)

IKDC, Lysholm

Cance et al., 202428 IV 68 (13) Supratubercle ACW-PTO Yes Two staples For revision: ACLR failure,
anterior laxity, PTS >9�.
For primary: �20 years,
�14� PTS, �5 mm ATT

PTS, CDI, IS, MPTA

Dan et al., 202413 IV 48 (9) Supratubercle ACW-PTO Yes Two staples For revision: PTS> 12� and
ACL deficiency. For
primary: �20 years,
�14� PTS, �5 mm ATT

PTS, ATT

Dean et al., 201730 IV 21 (7) Medial OWPTO No Opening-wedge
plate

ACLR, meniscus, or
extension deficiency.

PTS

Dejour et al., 201522 IV 9 (3) Supratubercle ACW-PTO Yes Two staples Second revision ACLR, PTS
>12�, 2-year follow-up

PTS, CDI, IKDC, Lysholm, ATT,
Pivot-Shift, ROM

Guy et al., 202423 IV 47 (15) Supratubercle ACW-PTO Yes Two staples 1þ ACLR and PTS >12� PTS, CDI, IS
Mabrouk et al., 202324 IV 64 (11) Supratubercle ACW-PTO Yes Medial locked plate

or
2 staples.

Third revision ACLR, >12�

slope
PTS, IKDC, Lysholm, ATT,

pivot-shift, ROM

Mayer et al., 202331 IV 38 (14) Infratubercle ACW-PTO Yes (18)
No (20)

Anteromedial plate
fixation

�1 previous ACLR PTS, MPTA, ROM

Onishi et al., 202425 IV 21 (14) Infratubercle ACW-PTO Yes Anteromedial plate
fixation

PTS >12�, ACL deficiency PTS, ROM

Rozinthe et al., 202226 IV 8 (3) Supratubercle ACW-PTO Yes Two staples Second revision ACLR, PTS
>12�, 2-year follow-up

IKDC, Lysholm, pivot-shift,
ROM

Song et al., 202020 IV 18 (2) Infratubercle ACW-PTO Yes Anteromedial plate
fixation

PTS > 13�, excessive static
ATT, and medial
meniscus tears.

PTS, Lysholm, Tegner, ATT,
pivot-shift, ROM

Sonnery-Cottet et al., 201419 IV 5 (1) Transtuberosity ACW-PTO Yes Screws through
tibial tubercle and
staples

2 previous ACLRs and PTS
>12�

PTS, IKDC, Lysholm, ATT,
pivot-shift

Tollefson et al., 202427 IV 20 (14) Supratubercle ACW-PTO No Three staples � 1 ACLR and PTS > 12� PTS, ATT, CDI
Vivacqua et al., 202315 IV 23 (11) Supratubercle (19) and

transtuberosity (4)
ACW-PTO

Yes Staples or plates PTS > 12� and previous
ACLR failure.

PTS, CDI, IKDC, ATT

Weiler et al., 202218 IV 76 (29) Infratubercle (48) and
supratubercle (10)
ACW-PTO, MOW (16)
and CW (2) PTO

No Staples or plates ACL deficiency, PTS �12� PTS, MPTA

ACL, anterior cruciate ligament; ACLR, anterior cruciate ligament reconstruction; ACW-PTO, anterior closing-wedge proximal tibial osteotomy; ATT, anterior tibial translation; CDI, Caton-
Deschamps index; IKDC, International Knee Documentation Committee; IS, Insall-Salvati ratio; MPTA, medial proximal tibial angle; PTO, proximal (high) tibial osteotomy; PTS, posterior tibial
slope; ROM, range of motion; OA, osteoarthritis; OWPTO, opening-wedge proximal tibial osteotomy.
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Fig 2. Forest plot of the mean difference in posterior tibial slope for each study that reported mean posterior tibial and the
standard deviation for pre- and postoperative values. The study by Vivacqua et al.15 was not included due to only reporting on
interquartile range. (CI, confidence interval.)
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1 study reported PTS �9� as the indication,28 and 3
studies did not report on specific PTS values.29-31 Some
studies used various osteotomy techniques; however,
supratubercle anterior closing-wedge proximal tibial
osteotomy (ACW-PTO) was the most common tech-
nique (9/16),13,15,18,22-24,26-28 followed by infratubercle
ACW-PTO (4/16),18,20,25,31 transtuberosity ACW-PTO
(3/16),15,16,19 medial OW-PTO (3/16),18,29,30 and
medial CW-PTO (1/16).18

Radiographic Outcomes
Fourteen studies reported on PTS values, with all but

one reporting a significant decrease (P < .05) in the
mean PTS from a range of 10.1� to 18.5� preoperatively
to 3.6� to 9.5� postoperatively (D range ¼ 0.6� to
11.2�).13,15,16,18-20,22-25,27,28,30,31 The one study that did
not report a significant difference used a posteromedial
opening-wedge plate and an anterior staple.30 Ten of
the 14 studies reported on using the medial tibial
plateau and the anatomic axis of the tibia for the PTS
measurements.13,16,18-20,22,25,28,30,31 Five studies re-
ported on the Caton-Deschamps Index,15,22,23,27,28 and
2 studies reported on the Insall-Salvati Index (ISI).23,28

For the mean Caton-Deschamps Index, the preopera-
tive ratio ranged from 0.93 to 1.03, and the post-
operative ratio ranged from 0.90 to 1.10 (D
range ¼ �0.07 to 0.09). Two studies reported no sig-
nificant difference between pre- and postoperative
values,23,27 2 studies reported significantly increased
patellar height after surgery,15,28 and 1 study did not
report statistical findings.22 There was no significant
difference between the mean preoperative ISI ratio
(1.71 and 1.0) and postoperative ISI ratio (1.73 and 0.9)
values for the ISI in the studies reporting these
values.23,28 Three studies reported on the mean MPTA,
with a preoperative MPTA range of 86.16� to 87.3� and
a postoperative MPTA range of 85.2� to 86.2� (D
range ¼ �1.13 to �0.9�).18,28,31 Two of those studies
reported a significantly decreased MPTA after a slope-
reducing surgery, suggesting a shift into varus of the
tibia in the coronal plane.28,31 Results are summarized
in Figure 2 and Table 2.

Patient-Reported Outcomes
Eight studies reported on PROs, with a range of mean

follow-up of 26.7 to 118.8 months (mean, 49.9
months).15,16,19,20,22,24,26 Six studies reported on the
mean IKDC with a preoperative range of 38.0 to 44.1
and a postoperative range of 52.4 to 87.4 (D range ¼
27.5 to 39.6).15,16,19,22,24,26 The 3 studies that reported
on pre- and postoperative values reported significant
increases in IKDC from pre- to postoperatively.19,22,24

Six studies reported on the mean Lysholm scores with
a preoperative range of 38.4 to 51.94 to a postoperative
range of 73.8 to 90.9 (D range ¼ 22.51 to
43).16,19,20,22,24,26 The 5 studies that reported on pre-
and postoperative values all reported significant
increases in Lysholm scores.16,19,20,22,24 Two studies
reported on the mean Tegner activity scale, and both
reported significant increases from an mean preopera-
tive value of 2.9 and 5.7 to a mean postoperative value
of 6.1 and 7.3, respectively.16,20 One study, by Arun
et al,.29 did not report on specific PTS values, but rather
compared those with PTS corrections of >5� and <5�

and reported that those with a correction of >5� re-
ported significantly greater increases in IKDC and
Lysholm (increases of 19.86 and 27.14, respectively)
scores compared with the <5� slope correction cohort



Table 2. Radiographic Outcomes

Study

PTS, � CDI (Ratio) ISI (Ratio) MPTA, �

Preop Postop Measurement Technique Preop Postop Preop Postop Preop Postop

Akoto et al., 202016 15.3 8.9* Medial tibial plateau
Cance et al., 202428 12.5 3.6* Medial tibial plateau 0.93 1.01* 1.71 1.73 86.2 85.2*
Dan et al., 202413 12.5 3.6* Medial tibial plateau
Dean et al., 201730 10.1 9.5 Medial tibial plateau
Dejour et al., 201522 13.2 4.4* Medial tibial plateau 0.97 0.9*
Guy et al., 202423 14.7 6.1* Mean of both plateaus 1 1 1 0.9
Mabrouk et al., 202324 13.8 4.2* Lateral tibial plateau
Mayer et al., 202331 14.6 7.4* Medial tibial plateau 86.5 85.2*
Onishi et al., 202425 14.5 5.7* Medial tibial plateau
Song et al., 202020 18.5 8.1* Medial tibial plateau
Sonnery-Cottet et al., 201419 13.6 9.2* Medial tibial plateau
Tollefson et al., 202427 15.2 4* Lateral tibial plateau 1.03 1.07
Vivacqua et al., 202315 14 4* NA 1.01 1.1*
Weiler et al., 202218 14.5 6.8* Medial tibial plateau 87.3 86.2

NOTE. Posterior tibial slope (PTS) was recorded for preoperative (preop) and postoperative (postop) in 14 of the 16 studies. The method of
measuring posterior tibial slope was also included. Patellar height measurements including the Caton-Deschamps Index (CDI) and Insall-Salvati
Index (ISI) were also included. The medial proximal tibial angle (MPTA) was also included to report coronal plane changed.
NA, not available.
*Statistically significant difference from preoperative values (P � .05).
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(increases of 10.67 and 10.33, respectively). Results are
summarized in Figure 3 and Table 3.

Physical Examination
Eight studies reported on pre- and postoperative ATT

values using a combination of a Rolimeter,16 Telos de-
vice,19,22 GNRB arthrometer,24 KT-1000 arthrometer,20

and radiographs.13,15,27 The mean preoperative ATT
ranged from 5.38 mm to 16.6 mm and the mean post-
operative ATT ranged from �2.55 mm to 7.7 mm (D
range ¼ �11.5 mm to �4.03 mm).13,15,16,19,20,22,24,27
Fig 3. Forest plot of the mean difference in IKDC and Lysholm sco
and the standard deviation for pre- and postoperative values. W
estimated as a quarter of the range. (CI, confidence interval; IKD
All 8 studies reported significant decreases in ATT from
pre- to postoperative, regardless of whether the ACLR
was performed at the same time as the osteotomy or in a
staged fashion.13,15,16,19,20,22,24,27 Four studies reported
on the pre- and postoperative pivot-shift tests.16,19,20,24

One study reported a grade 3 pivot-shift test for all pre-
operative cases and grade 0 for all postoperative cases.16

One study reported 15 grade 2 pivot shifts and 3 grade 3
pivot-shift tests preoperatively and grade 0 pivot-shift
tests for all postoperative cases.20 One study reported 1
grade 1, 3 grade 2, and 1 grade 3 pivot-shift tests
res for each study that reported mean Lysholm or IKDC scores
hen only range was provided, the standard deviation was

C, International Knee Documentation Committee.)



Table 3. Patient-Reported Outcomes

Study

Lysholm IKDC Tegner

Preop Postop Preop Postop Preop Postop

Akoto et al., 202016 49.9 90.9* 87.4 2.9 6.1*
Dejour et al., 201522 38.4 73.8* 44.1 71.6*
Mabrouk et al., 202324 51.9 74.5* 38 69.1*
Rozinthe et al., 202226 84.5 82.9
Song et al., 202020 46.5 89.5* 5.7 7.3*
Sonnery-Cottet et al., 201419 46.2 87.8* 39.5 79.1*
Vivacqua et al., 202315 52.4

Lysholm, International Knee Documentation Committee (IKDC), and Tegner scores are included from the 7 studies that reported these patient-
reported outcomes (PROs) scores.
Preop, preoperative; postop, postoperative.
*Statistically significant difference from preoperative values (P � .05).
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preoperatively and 4 grade 0 and 1 grade 1 pivot-shift
tests postoperatively.19 The final study reported signifi-
cant heterogeneity with 15 grade 0, 17 grade 1, 22 grade
2, and 10 grade 3 pivot-shift tests preoperatively and 22
grade 0, 25 grade 1, 14 grade 2, and 3 grade 3 pivot-shift
tests postoperatively.24 Results are summarized in
Figure 4 and Table 4.

Failures and Complications
Only 2 studies reported failures, which were classified

as graft failures and/or clinical insufficiency. One study
had 3 of 64 failures (4.7%) of which were all ACL graft
failures.24 Another study had 3 of 23 failures (13.0%)
citing ACLR graft failure for 2 patients and persistent
graft instability for 1 patient.15 A postoperative increase
in hyperextension was reported in 5 studies, with 2
studies reporting an mean increase of 2.58� and 2.9� of
Fig 4. Forest plot of the mean difference in anterior tibial translati
and the standard deviation for pre- and postoperative values. W
estimated as a quarter of the range. The study by Vivacqua et al.15

range. (CI, confidence interval.)
recurvatum postoperatively.24,25 One study was a
continuation of another study, which reported
increased hyperextension of >5� in 2 of 9 patients at
the initial 2-8 years follow-up and increased hyperex-
tension of >5� in 2 of 8 patients at 7-15 years follow-
up.22,26 One other study reported an increase in
hyperextension of >5� in 8 of 18 patients.20 Compli-
cations varied between studies. Symptomatic hardware
was reported in 4 studies,15,24,30,31 changes in patellar
height were reported in 2 studies,23,25 progression of
osteoarthritis was reported in 3 studies,19,22,26 and
other complications (infection/hematoma/embolism)
was reported in 3 studies.16,30,31 For the 4 studies that
reported hardware irritation, the percent of patients
who had hardware removal ranged from 17.2% to
26.1%.15,24,30,31 Two of the studies used posteromedial
plates and 2 of the studies included both plate fixation
on for each study that reported mean anterior tibial translation
hen only range was provided, the standard deviation was

was not included because they only included the interquartile
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and staple fixation,15,24 but did not differentiate which
patients had their hardware removed. No studies with
just staple fixation reported any hardware irritation. It
is important to note that Song et al.20 used ante-
romedial plate fixation and did not specifically report
hardware irritation, but they removed the hardware in
all patients. All studies that reported on exclusively
staple fixation did not report hardware irritation or
specifically report on hardware removal.

Discussion
The most important finding from this systematic re-

view was that nearly all studies that used a slope-
reducing osteotomy technique reported a significant
decrease in PTS and ATT from pre- to postoperative
values. In addition, PROs, including IKDC, Lysholm,
and Tegner scores, were significantly increased from
pre- to postoperative values for an ACLR performed
concurrently or in a second stage after a slope-reducing
proximal tibial osteotomy. Furthermore, although
ACLR failure rates after slope-reducing PTO were low
across studies, complications including symptomatic
hardware and increased recurvatum postoperatively
after a slope-reducing osteotomy were reported.
Symptomatic hardware removal was only reported in
studies that used plate fixation rather than just staple
fixation.
This study reported that in most cases, a slope-

reducing osteotomy led to significantly decreased PTS
and ATT compared with preoperative values. Slope-
reducing osteotomies performed in the setting of an
ACL tear or ACL graft failure with high PTS are used to
decrease the force on the ACLR graft by minimizing the
amount of ATT. Previous biomechanical and clinical
studies have both highlighted the important correlation
between PTS, ATT, and ACL graft forces and failure
rates. In their biomechanical study, Bernhardson
et al.12 reported that the mean force on the ACL graft
increased linearly as slope increased. This increased
force has been postulated to lead to fatigue failure of
ACLR grafts. Clinical studies by Salmon et al.2 and Lee
et al.11 both reported that patients with a PTS �12�

have a significantly increased risk of ACL graft failure,
and failure rates continued to increase as slope
increased. Studies by Cance et al.32 and Dejour and
Bonnin33 have reported significant increases in ATT of
the ACL injured knee compared with the normal knee
with tibial slopes �12� when measured via lateral
weight-bearing radiographs. The study by Cance et al.28

also correlated increases in posterior tibial slope to in-
creases in ATT. As slope increased, the force experi-
enced by the ACL or ACL graft increased, and this
increased force also caused an increase in ATT. The
studies included in this systematic review follow much
of the current literature reporting that a posterior tibial
slope �12� as the indication for a slope-reducing
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osteotomy in 11 of 16 (68.8%) studies. These findings,
together with previous studies, suggest that patients in
the revision ACLR setting with a PTS �12� should be
evaluated to undergo a slope-reducing osteotomy to
reduce the risk of ACLR graft failure.
In this systematic review, every study which analyzed

pre- and postoperative values for the IKDC, Lysholm,
and Tegner scores, reported significant increases from
pre- to postoperative values. Across the studies that re-
ported on these outcomes, significant and minimally
clinically important differences (MCID) were reported
across all outcomes from preoperative to postoperative
values. The MCID for IDKC is 16.7, the MCID for
Lysholm is 8.9, and the MCID for Tegner is 1.34 The
study with the longest follow-up was by Rozinthe
et al.,26 which reported on 8 patients with a slope-
reducing proximal tibial osteotomy and concomitant
re-revision ACLR with an mean follow-up of 9.9 years.
This series was a longer-term follow-up on the original
series by Dejour et al.22 in 2015. They reported an
increased IKDC score of 82.9 compared with an IKDC
score of 71.6 at 4.0 years postoperatively (the preoper-
ative IKDC score from the original study by Dejour
et al.22 was 44.1), minimal progression of osteoarthritis,
and no meniscal or re-revision ACLR graft tears. The
study by Akoto et al.16 reported on 20 patients who
underwent a 2-stage surgery for both primary and
revision ACLR patients with a mean 30.5-month follow-
up, and reported a final IKDC score of 87.4, a Lysholm
score improvement from 49.9 to 90.9, Tegner score
improvement from 2.9 to 6.1, and no ACLR failures.
Overall, these studies, along with the others presented in
this systematic review, report improved postoperative
outcomes for both primary and revision ACLR for pa-
tients undergoing slope-reducing osteotomies.
Complications and failures were relatively low across

the studies in this systematic review, but a few trends
could be observed. In the 2 studies that performed
ACLR and slope-reducing osteotomies and reported
failures, ACLR failure rates were 4.7%24 and 13.0%.15

The rest of the studies did not report ACLR failure at
their respective follow-up periods. These findings sug-
gest that slope-reducing osteotomies with ACLR are
effective in reducing ACLR graft failure. A few of the
complications associated with a slope-reducing osteot-
omy are a risk of postoperative hyperextension and
irritation from hardware. Because of the requirement
for a decreased tibial slope, there is a risk of iatrogenic
genu recurvatum postoperatively as the tibial slope is
flattened.35,36 Although it has not been well defined as
to when genu recurvatum becomes symptomatic and
reduces function, it was noted in the study by Song
et al.20 that 8 of 18 patients had “mild hyperextension”
of 5�. Akoto et al.16 reported that 3/20 patients had
genu recurvatum postoperatively and all were reported
to be asymptomatic. Rozinthe et al.26 reported
hyperextension of 5� and 10� in 2 of their 8 patients. To
address painful hardware, a hardware removal
occurred in 29 of 512 (5.7%) of patients in this sys-
tematic review. Only studies reporting the use of plate
fixation reporting symptomatic hardware. In addition,
Song et al.20 reported fixation with a plate and screws
(TomoFix; Synthes) and all osteotomy hardware was
removed postoperatively; however, they did not report
specifically whether there was hardware irritation.
These complications suggest that staple fixation may be
optimal to avoid hardware irritation and that post-
operative hyperextension in the rehabilitation phase
after a slope correcting osteotomy should be avoided in
the initial 2 to 3 months to limit potential postoperative
recurvatum.

Authors’ Preferred Treatment Algorithm
The initial workup for a patient with a suspected ACL

tear should include a thorough history, physical ex-
amination, and imaging. Radiographs and MRI should
be obtained to assess coronal and sagittal plane align-
ment and confirm the presence of an ACL tear. It is well
recognized that the measurement of PTS has not been
standardized across studies, with slope measurements
being reported off MRI scans, short lateral radiographs,
and long tibial lateral alignment radiographs. In addi-
tion, measurements of the medial tibial slope, lateral
tibial slope, and the mean slope have been reported
among studies, which makes comparisons among
studies problematic. On the basis of biomechanical,
clinical, and radiographic data, the present authors’
preferred technique is to report on PTS measurement
using a long lateral tibial alignment radiograph and
measuring the anatomic axis off the lateral tibial
plateau.37 In addition, optimal radiographs should have
the posterior margins of the medial and lateral femoral
condyles overlapping and the fibula overlapping the
tibia by one-third because it has been reported that
axial rotation of the tibia by 15� tends to decrease PTS
by 1� to 2�.38 The flowchart in Figure 5 shows the au-
thors’ preferred treatment algorithm.
Because of the convincing evidence of an increased

PTS on ACLR success rates, the PTS should be calcu-
lated for all patients with a primary or revision ACL
tear. For a primary ACLR with a PTS <12�, an ACLR
with a patellar tendon autograft is our preferred treat-
ment. For primary ACLR with a PTS between 12� and
18�, a patellar tendon autograft concurrent with an
anterolateral complex surgery (either an anterolateral
ligament reconstruction or a lateral extra-articular
tenodesis), is recommended. For a primary ACLR
with a PTS �18�, consideration for solely an ACLR with
a lateral extra-articular tenodesis (LET) or a combined
slope-reducing proximal tibial osteotomy and an ALCR
and LET can be considered in patients with closed
physes. For patients with significantly increased ATT



Fig 5. Flowchart depicting the authors preferred treatment algorithm for a patient with an anterior cruciate ligament (ACL) tear
or ACL graft tear. Posterior tibial slope (PTS) should be assessed in both the primary and revision setting. In the revision setting,
tunnel osteolysis via a computed tomography scan should be performed and tunnel diameter should be measured. Typical
treatment algorithms should favor the use of a bone�patellar tendon�bone (BTB) or quadriceps tendon autograft with a (LET)
or anterolateral ligament reconstruction (ALLR) in high slope settings. In revision cases, a slope correcting osteotomy should be
considered for PTS �14�. Bone grafting should be considered when tunnel diameter is �12 mm. (ACLR, anterior cruciate lig-
ament reconstruction.)
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(>10 mm) and a PTS �18�, a slope-reducing osteotomy
in the primary phase may be indicated.
It is important for the workup of revision ACLRs to

carefully assess for the etiology of the original ACLR
failure. For patients with a failed ACLR, it is important
to first verify the sizes and positions of the failed ACLR
tunnels via computed tomography scans. If the PTS is
<14� and the ACLR tunnels are <14 mm in diameter
and are in anatomic position, a single-stage revision
ACLR with LET or ALL can be performed, preferable
with boneepatellar tendonebone or quadriceps tendon
with bone plug grafts. If the PTS is <14� and the ACLR
tunnels are �14 mm or are malpositioned, a planned 2-
stage tunnel bone grafting, followed by a revision ACLR
with LET or anterolateral ligament reconstruction at
approximately 6 months postoperatively once the bone
grafted tunnels have healed, is recommended. If the
PTS is �14� and the ACLR tunnels are �14 mm or are
malpositioned, a planned 2-stage slope-reducing
osteotomy with tunnel bone grafting, followed by a
revision ACLR with LET or anterolateral ligament
reconstruction at approximately 6 months post-
operatively once the bone grafted tunnels and slope-
reducing osteotomy have healed, is recommended.
For patients with a failed ACLR and a PTS �14� and
previous ACL tunnels that are not dilated or non-
anatomically positioned, a one-stage revision ACLR and
LET procedure concurrent with a slope-reducing
osteotomy is recommended.

Limitations
The authors recognize some limitations with this

systematic review. First, many of the studies were Level
IV studies with low numbers of patients. Second, PROs
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were reportedly differently among the studies, so direct
comparisons were difficult. In addition, because of sig-
nificant heterogeneity between the studies and the re-
ported outcomes, a statistical analysis or pooling
between the studies was not possible. For example, the
measurements for ATT used 5 different techniques
across the 8 studies. Furthermore, all studies included
in this systematic review were of moderate quality ac-
cording to the MINORS criteria. More high-quality
studies related to slope-reducing osteotomies are
required in the future for better analysis and potential
meta-analysis in the future. Finally, the complications
among the various studies were not well defined, with
many studies not specifically reporting whether they
had complication or ACL failures.

Conclusions
In conclusion, slope-reducing proximal tibial osteot-

omies performed concurrently or as a second-stage
surgery with an ACLR resulted in improved PROs and
decreased ACLR failure rates. Slope-reducing proximal
tibial osteotomies are an important treatment consid-
eration for those patients with an increased PTS, espe-
cially for patients with a failed ACLR and a PTS �12� to
reduce the risk of ACLR failure.
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