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Increased Radiographic Posterior Tibial
Slope Is Associated With Subsequent Injury
Following Revision Anterior Cruciate
Ligament Reconstruction
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Background: Increased posterior tibial slope has been identified as a possible risk factor for injury to the anterior cruciate ligament
(ACL) and has also been shown to be associated with ACL reconstruction graft failure. It is currently unknown whether increased
posterior tibial slope is an additional risk factor for further injury in the context of revision ACL reconstruction.

Purpose: To determine the relationship between posterior tibial slope and further ACL injury in patients who have already
undergone revision ACL reconstruction.

Study Design: Cohort study; Level of evidence, 3.

Methods: A total of 330 eligible patients who had undergone revision ACL reconstruction between January 2007 and December
2015 were identified from a clinical database. The slope of the medial and lateral tibial plateaus was measured on perioperative
lateral radiographs by 2 fellowship-trained orthopaedic surgeons using a digital software application. The number of subsequent
ACL injuries (graft rupture or a contralateral injury to the native ACL) was determined at a minimum follow-up of 2 years (range,
2-8 years). Tibial slope measurements were compared between patients who sustained further ACL injury to either knee and those
who did not.

Results: There were 50 patients who sustained a third ACL injury: 24 of these injuries were to the knee that underwent revision ACL
reconstruction, and 26 were to the contralateral knee. Medial and lateral slope values were significantly greater for the third-injury
group compared with the no-third injury group (medial, 7.5° vs 6.3° [P = .01]; lateral, 13.6° vs 11.9° [P = .001]).

Conclusion: Increased posterior tibial slope, as measured from lateral knee radiographs, was associated with increased risk of
graft rupture and contralateral ACL injury after revision ACL reconstruction. This is consistent with the concept that increased
posterior slope, particularly of the lateral tibial plateau, is an important risk factor for recurrent ACL injury.
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(ACL) reconstructions being performed globally each year,
the number of revision ACL reconstructions also continues
to rise.19:2223:35:38 A gionificant volume of literature exists
evaluating ACL reconstruction outcomes following primary
surgery, 292641 hut fewer studies have focused on out-
comes following revision surgery. Reports from the Multi-
center ACL Revision Study and the Kaiser Permanente
registry have demonstrated an incidence of 3.3% and
4.3%, respectively, for a third ACL injury in all age groups
at 2 years.*3° However, these rates are even higher in
patients younger than 18 years: 15% for revision ACL
reconstruction graft rupture and 12% for contralateral ACL
1rupture.4’39

Risk factors associated with ACL injury are broadly clas-
sified as either extrinsic or intrinsic. Extrinsic factors are
considered modifiable. However, a greater challenge exists

This open-access article is published and distributed under the Creative Commons Attribution - NonCommercial - No Derivatives License (http:/creativecommons.org/
licenses/by-nc-nd/4.0/), which permits the noncommercial use, distribution, and reproduction of the article in any medium, provided the original author and source are
credited. You may not alter, transform, or build upon this article without the permission of the Author(s). For article reuse guidelines, please visit SAGE’s website at
http://www.sagepub.com/journals-permissions.


mailto:k.webster@latrobe.edu.au
https://twitter.com/drkatewebster
https://doi.org/10.1177/2325967119879373

2 Napier et al

in dealing with the intrinsic factors, which relate to genetic
makeup and are often much more difficult to correct, such
as hypermobility, bony morphology (eg, femoral notch size),
and lower limb alignment.

The role of the bony morphology of the tibia has also been
studied to determine whether any association exists between
an increased tibial slope and ACL injury.”'® Biomechani-
cally, an increased tibial slope in the presence of a compres-
sive axial load has been shown to generate a greater anterior
shear force in the tibiofemoral joint.'>® As the ACL is the
primary restraint against anterior tibial translation, an
increase in posterior tibial slope will increase the load within
the ACL and potentially increase the risk of ACL rupture.'®
Dejour and Bonnin'? showed that in both ACL-intact and
ACL-deficient knees, there was an increase of 6 mm in ante-
rior tibial translation for every 10° of increased tibial slope.2*

Despite several reports associating an increased medial or
lateral posterior tibial slope with ACL injury and graft fail-
ure,”16:3932 the level of risk posed by this intrinsic factor in
the setting of revision ACL reconstruction remains unclear.
Therefore, the aim of this study was to build on previous
research to determine whether there is a relationship
between posterior tibial slope and further ACL injury in
patients who had already undergone revision ACL recon-
struction, with the hypothesis that an increased tibial slope
would be associated with a greater risk of further ACL injury.

METHODS

A total of 442 patients who underwent ACL revision sur-
gery between January 2007 and December 2015 were
identified from a clinical database and their cases were
retrospectively reviewed. Patients were excluded if no peri-
operative lateral knee radiographs were available for anal-
ysis, if the available radiographs were rotated (inadequate
overlap of femoral condyles) to make an assessment of tibial
slope infeasible, or if patients had additional ligament sur-
gery at the time of revision. Patients with prior contralat-
eral ACL injury were excluded. In sum, 112 patients were
excluded (n = 97, no radiographs; n = 3, unsatisfactory
radiographs; n = 12, additional ligament surgery), leaving
330 patients available for the study.

Patients were followed up with at a minimum of 2 years
(range, 2-8 years) to identify those who had sustained a fur-
ther ACL injury to either leg. Follow-up consisted of a combi-
nation of emailed patient surveys, telephone calls, and chart
review. All further ACL injuries had been confirmed by clin-
ical examination and magnetic resonance imaging (MRI).

The perioperative lateral knee radiographs were
reviewed by 1 of 2 fellowship-trained orthopaedic surgeons.
Both surgeons were blinded to the injury status of the
patients during radiograph assessment. Analysis was per-
formed using InteleViewer software (Intelerad Medical
Systems). The medial and lateral posterior radiographic
tibial slopes were defined as 90° minus the angle between
the proximal tibial anatomic axis and a tangential line
drawn along each plateau.

The anatomic axis of the tibia was determined using
2 circles positioned at 5 and 15 c¢m distal to the tibial joint
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Figure 1. Posterior tibial slope was measured on the lateral
radiograph relative to the central axis of the tibia, which was
identified by applying 2 circles to the proximal tibia at 5 and
15 cm distal to the joint surface and drawing a line connecting
their centers. (A) The surface of the medial tibial plateau was
identified and a tangential line (orange) drawn. The angle
between the tangential line and the central axis of the tibia
was measured. (B) The lateral posterior tibial slope was iden-
tified and measured in a similar manner.

surface to the level of the outer cortex, as described in
previous studies.'®!"?® A line passing through the center
of these 2 circles represented the tibial anatomic axis
(Figure 1). The proximal tibial anatomic axis was chosen
as the reference, as it has been shown to accurately repre-
sent the mechanical axis of the tibia on short lateral knee
radiographs.??

Independent analysis was performed on a sample of the
study population (n = 40) to determine the interobserver
correlation coefficient (ICC) between the reviewers.
Intraobserver analysis for medial and lateral slope mea-
surements was also calculated.

Statistical Analysis

Data were checked for normality using the Kolmogorov-
Smirnov test, and posterior tibial slope values between the
patients who sustained a third ACL injury and those who
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TABLE 1
Patient Demographics by Group:
No Third Injury vs Third Injury

No Third Injury Third Injury

n (%) 280 (85) 50 (15)
Male, % 75 88
Age, y, mean + SD 27.7 +2.63 22.9 +£2.19

did not were compared using independent-samples ¢ tests.
Separate analyses were conducted for medial and lateral
slope data, as well as for those in the injured group who
sustained a graft rupture or contralateral ACL injury.
Effect sizes were calculated using Cohen d. Tibial slope
data were also divided into 3 groups according to whether
the values fell below, within, or above the 50% percentile .
This was done separately for the medial and lateral slope
values, and all further ACL injury rates were compared
between groups using chi-square analysis. All statistical
analyses were performed using SPSS (v 21; IBM), and a
significance level of P < .05 was set.

RESULTS

Of the eligible 330 patients, 50 (15%) had sustained a third
ACL injury to either the ACL-reconstructed knee or the
contralateral knee (third-injury group). The demographic
data of this group and the group of 280 patients who had
not sustained a further ACL injury (no third injury) are
shown in Table 1.

ICC analysis between the observers showed excellent
agreement (0.88 for medial slope and 0.79 for lateral slope).
Intraobserver reliability also demonstrated excellent
agreement (medial slope, ICC = 0.85 [95% CI, 0.74-0.92];
lateral slope, ICC = 0.89 [95% CI, 0.82-0.93]).

The mean medial and lateral slopes in the no—third
injury group were 6.3° £ 2.7° and 11.9° + 3.0°, respectively.
The medial and lateral slopes in the third-injury group
were significantly greater: medial, 7.5° £ 3.0° (P = .01,
d = 0.37); lateral, 13.6° +£ 3.1 (P = .001; d = 0.52) (Table 2).
The incidence of further ACL injury increased with increas-
ing tibial slope, with the difference between groups being
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statistically significant for the lateral slope values
(P =.004) but not the medial slope values (P = .1) (Figure 2).

Of'the 50 injuries in the third injury group, 24 were to the
ACL-reconstructed knee and 26 to the contralateral knee.
When the analysis was repeated for each group, the group
with further ACL graft injuries had significantly greater
medial and lateral tibial slope values than the no-third
injury group (Table 2). Patients who sustained a subse-
quent contralateral injury had significantly greater lateral
tibial slope values than the no—third injury group.

DISCUSSION

The main finding of this large cohort study was that
patients who had a third ACL injury following previous
revision ACL reconstruction had greater mean radio-
graphic posterior tibial slope values than those who did
not sustain a further ACL injury. Patients experiencing
further ACL graft ruptures had significantly greater
medial and lateral tibial slope values, whereas patients
with a contralateral ACL injury had significantly greater
lateral tibial slope values only. The results of this study
support previous studies suggesting that increased poste-
rior tibial slope is associated with both an increased risk of
primary ACL injury and further ACL injury after ACL
reconstruction,®710:15,16,32-34,37

Previous work investigating the influence of tibial slope
on primary ACL injury utilized non-ACL injury cohorts as
the control group.”153234 Todd et al®* reported signifi-
cantly greater medial slope (9.39° + 2.58°) in 140 noncontact
ACL-injured knees as compared with controls (8.50° *
2.67°) (P = .003).2” Brandon et al” also found higher medial
tibial slopes in patients with ACL rupture and stated that
higher medial tibial slope increased the risk of ACL injury.

Fewer studies, however, have documented the role of
tibial slope on reinjury. Christensen et al'® compared ACL
reconstruction cases with a graft rupture with those with-
out graft rupture and found that regardless of graft type,
lateral tibial plateau slope was a risk factor for early graft
failure (mean slope, 8.4°). Webb et al” reported the medial
tibial slope to be a risk factor for graft rupture (9.9°) and
contralateral ACL injury (12.9°) after primary ACL recon-
struction as compared with the no—further injury group
(8.5°). The current study shows a similar association

TABLE 2
Medial and Lateral Tibial Slope Values Between Groups: Third Injury vs No Third Injury®

Further ACL Injury

No Third Injury

Ipsilateral (n = 24) Contralateral (n = 26)

Slope, deg, mean + SD

Medial 6.3+2.7 75+3.0 75+35 72126
Lateral 11.9+3.0 13.6 £3.1 13.3+£3.0 13.7+£3.2

P value (effect size)
Medial .01(d =0.37) .03 (d = 0.40) .09 (d = 0.35)
Lateral .001 (d = 0.52) .04 (d = 0.44) .005 (d = 0.57)

“ACL, anterior cruciate ligament.
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Figure 2. Incidence of further ACL injuries with increasing (A)
LTS and (B) MTS. For LTS, there was a significant difference
among the 3 groups (P = .004). ACL, anterior cruciate liga-
ment; LTS, lateral tibial slope; MTS, medial tibial slope.

following revision ACL reconstruction and suggests a
stronger association of reinjury with lateral tibial slope
than with medial tibial slope.

Stijak et al*2 measured medial and lateral tibial slopes in
ACL-deficient knees using MRI and suggested that the lat-
eral slope may be a more significant risk factor than the
medial slope. McLean et al?! suggested that in knees with a
higher lateral tibial slope, greater anterior motion of the
lateral compartment may occur, creating a net internal
rotation of the tibia with respect to the femur, potentially
increasing the ACL load.'*2%2® However, Vyas et al®®
recorded medial and lateral tibial slope on lateral radio-
graphs in a pediatric population with open physes, with and
without ACL injury, and reported a greater medial tibial
slope (P = .009) in the ACL-injured group but no difference
in lateral slope values.

The variability within the literature for tibial slope
values is likely to be due to the complex and asymmetric
geometry of the plateau and to the variation in techni-
ques for measuring slope.!®*° Brazier et al® evaluated 6
techniques and observed differences of up to 5° among
methods. They also noted that using the anterior tibial
cortex as the reference line gave the highest values for
posterior tibial slope, while using the posterior tibial cor-
tex gave the lowest values. However, a subsequent study
measured tibial slope from 3-dimensional-reconstructed
computed tomographic models of the tibia and reported
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similar findings for anterior tibial cortex—referenced and
posterior tibial cortex—referenced measurements.*?

Lee et al'® demonstrated increased tibial slope with lat-
eral radiographs as compared with sagittal plane MRI, and
these differences were more significant on the lateral side.
Sagittal MRI measurements present difficulties in consis-
tently determining the long axis of the tibia.® Results vary
in the literature for tibial slope based on MRI, even among
studies using the same methodology (as originally
described by Hashemi et al'%).52%33 Ag yet, there is no con-
sensus regarding the best method for measuring tibial
slope. The technique in the current study used the proximal
tibial anatomic axis as the reference axis, as it has been
shown to accurately represent the mechanical axis of the
tibia when short lateral knee radiographs are used.*? The
high interobserver correlation for medial and lateral mea-
surements in this study supported the choice of this
method.

The absolute difference in tibial slope values between the
injured and uninjured groups in the current study was
small, despite the statistical significance and with consid-
erable overlap between the groups. As such, using the tibial
slope to identify individual patients as being at risk would
be a challenge. Furthermore, and from a practical point of
view, how to use information about tibial slope remains to
be determined. Proximal tibial slope—altering osteotomies
are not without risk. A French study of 5 patients under-
going combined tibial deflexion osteotomy with re-revision
ACL reconstruction reported a mean tibial slope of 9.2°
postoperatively versus 13.6° preoperatively.?! The authors
reported good outcomes in all patients, with no reinjuries at
a minimum 2-year follow-up, but noted that the functional
results remained less favorable than primary ACL recon-
struction and with greater potential morbidity. Dejour
et al'! reported satisfactory results (mean, 4-year follow-
up) of 9 retrospectively reviewed patients who underwent
revision ACL reconstruction combined with a tibial deflex-
ion osteotomy distal to the patellar tendon insertion.

Limitations of this study include its being a retrospective
analysis, even though data were collected prospectively,
and the recognized difficulties of measuring tibial slope
from radiographs.?>!® Although challenges exist with all
imaging modalities, lateral radiographs are readily avail-
able in clinical practice and without the expense of MRI or
the radiation exposure of computed tomography scanning.
Data regarding previous meniscal injury or debridement
were unavailable, but the posterior horn of the medial
meniscus is recognized as an important secondary stabi-
lizer against anterior tibial translation and ACL recon-
struction failure.?>*® An assumption was also made that
tibial slope is comparable in both knees. Assessment of
knee hyperextension was beyond the scope of this study but
may play a significant biomechanical role, as it could accen-
tuate the influence of the tibial slope.?® Patients within the
third-injury group were younger than those in the no—third
injury group. Age is a recognized risk factor for ACL rein-
jury,®38 but it is unclear whether this age risk represents
a surrogate for other risk factors, such as returning to
higher activity levels or high-risk sports.3%8
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CONCLUSION

An increased posterior tibial slope was associated with fur-
ther ACL injuries in patients who had already undergone
revision ACL reconstruction. The reasons for recurrent
injury are multifactorial, but the data presented here sup-
port the concept that there may be an intrinsic predisposi-
tion related to increased posterior tibial slope. Measuring
the medial and lateral posterior tibial slope on lateral radio-
graphs of the knee is a simple and inexpensive screening
tool that can be used as an additional source of information
when assessing a patient’s overall risk profile for reinjury.
Identifying “at-risk” patients may allow for better counsel-
ing and management of expectations regarding contralat-
eral injury. However, whether there is a role for correction
of increased tibial slope remains to be determined.
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