
Tibial Slope



What is the Slope??

Hinge breaking
+
Breaking of 
2 screws distally
+ 
Slope increased

Ø Revision by 
reducing slope 



Slope History



CW HTO Results 2001

Slope
- preoperative ø 6,2° (0°-12°)
- 6w postoperative ø 1,5° (10°- (+6°)

Valgus change
- effective ø 4,9° (2-12)
- planned ø 7,6° (5°-14°)

Unexpected change of slope

Agneskirchner JD et al., Arch Orthop Trauma Surg, 2004
Imhoff AB et al., Orthopäde, 2004
Giffin et al., Am J Sports Med, 2004



CW HTO Results 2001

Unexpected change of slope
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Ow vs cw HTO: change of slope
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El-Azab H, Imhoff AB, Hinterwimmer S. JBJS Br 2008

Unexpected change of +/- slope



“When weight-bearing, every 10° in tibial slope is associated with
6mm in anterior tibial translation, both in normal knees and those
with a ruptured ACL, but the magnitude of displacement is greater in
the latter!“

JBJS 1994



Univ.-Prof. Dr. med. A. ImhoffHigh Posterior Tibial Slope (PTS)

Clinical Observations

§ Primary ACL injuries
§ Single and multiple ACL graft failures
§ Medial meniscus tears
§ Postero-medial and postero-lateral meniscal root tears

What is the cause for these observations?

Liu et al. KSSTA. 2022.
Jiang et al. Arthroscopy. 2022.
Winkler et al. KSSTA 2021.
Moon et al. AJSM. 2020.
Hiranaka et al. KSSTA. 2020.
Grassi et al. AJSM. 2019.
Kolbe et al. KSSTA. 2019. 



Univ.-Prof. Dr. med. A. ImhoffSystematic Review (Liu et al. KSSTA. 2022.)

§ Association between PTS and ACL graft failure

§ Included studies: 20

§ Included patients: 5326

§ CAVE: Additional risk factors were not considered

Increased PTS = higher risk of ACL graft failure

Mean difference in medial PTS between 
failure and non-failure

Failure Non-Failure
Medial PTS, [°] 4.71 – 17.2 3.5 – 14-4
Lateral PTS, [°] 5.5 – 13.3 2.9 – 11.9
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Methods

• 3292 patients total2913 primary ACLR 379 revision ACLR

• single center

• 3 surgeons

• prospektive follow up (2001-2015) until rerupture or contralat. rupture

• annual questionaire by email

• min. follow up 4 y
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Age

Px with rerupture or contralateral rupture are signifikant younger than Px without

rerupture after ACLR



Univ.-Prof. Dr. med. A. Imhoff

Results

Significantly higher rate of rerupture if slope ≥10°.

Not contralateral and not in revision



Sportorthopädie

• 378 patients
• Medial PTS: 6.3°(range, –5.5°to 14.7°; 1% with >12°)
• lateral PTS: 6.2°(range, –4.1°to 17.2°; 3% with >12°)

OJSM 2020



Sportorthopädie

• 330 patients, retrospective cohort study

• Medial: 7.5°vs 6.3°[p = .01]; lateral, 13.6° vs 11.9° [p = .001]

• “Increased posterior tibial slope,…, was associated with increased risk of 

graft rupture and contralateral ACL injury after revision ACL reconstruction.

Orth J Sports Med 2019



Univ.-Prof. Dr. med. A. ImhoffBiomechanics

Tibial slope affects knee kinematics and ACL graft forces

Song et al. AJSM. 2020.

ACL insufficiency + high PTS

§ Anterior tibial translation
§ Proximal tibial translation

Imhoff et al. AJSM. 2020.
Yamaguchi et al. AJSM. 2017.



Webb et al. (2013) Am J Sports Med

5-fold increased risk for further ACL injury in patients with tibial slope > 12°

Prospective 15 
year follow-up

of 200 ACL 
reconstructions

59%



Imhoff F. et al. (2019) Knee Surg Sports Traumatol Arthrosc



“Slope-reducing osteotomy decreased anterior tibial translation in the 
ACL-deficient and ACL-reconstructed knee under axial load”

“Especially in ACL revision surgery, the osteotomy protects the 
reconstructed ACL with significantly lower forces on the graft under axial 
load” 

KSSTA 2019



Technique
Tricks + Tipps



Control of Slope und Torsion

Slope increasing
ca. 4 degree

Internal torsion
increasing
ca. 5 degree

while 7° Varus

Control of posterior tibial slope and patellar height in open-wedge valgus high tibial osteotomy.  
Hinterwimmer S, Beitzel K, Paul J, …..Imhoff AB.                 Am J Sports Med. 2011;39:851-6



OW technique: Gap filling ?/!



388

20

Kapitel  20  ·  Osteotomien 

 .  Abb. 20.7a, b Postoperative Röntgen-
aufnahmen nach medial öffnender HTO 
mit proximaler Ausleitung der frontalen 
Osteotomie und Fixation mit einer Peek-
Power HTO-Platte (Firma Arthrex). a Auf-
nahme a.-p., b seitlich 

 .  Abb. 20.8a, b Postoperative Röntgen-
aufnahmen nach medial öffnender HTO 
mit distaler Ausleitung der frontalen 
 Osteotomie und Fixation mit einer Peek-
Power HTO-Platte (Firma Arthrex). a Auf-
nahme a.-p., b seitlich 

OW technique: X-ray control
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The patellofemoral joint is a key factor in determining the surgical 
approach

Transtuberositary Infratuberositary Supratuberositary
Vadhera et al. Curr Rev Musculoskelet Med. 2021.



Diermeier, Imhoff, Beitzel (2017) Oper Orthop Traumatol

14° 7°

Slope modifying Osteotomy –
anterior cw + medial ow + tuberosity OT



Univ.-Prof. Dr. med. A. ImhoffMy Technique – Posterior Cortical Hinge

Intact hinge is a key element

© Winkler PW

Demonstration 
(laboratory study)

§ Tibial insertion of PCL

§ CAVE: Popliteal artery

§ Guided by K-wires

§ Confirmed by fluoroscopy



Univ.-Prof. Dr. med. A. ImhoffMy Technique – Fixation

Tibial bone block needs to be adjusted to maintain patellofemoral 
alignment

Diermeier, Imhoff, Beitzel. OOT. 2017.

§ Locking compression plate

§ Tuberosity fixed with bicortical
screws
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15° 4°

© Musahl, Winkler



Univ.-Prof. Dr. med. A. ImhoffCase II

Purely ligamentous stabilization insufficient

“Explosive” pivot-shift
+

High tibial slope
KSSTA. 2016.



Case – Male, 46 y

5° 0°

HTO (55%) with 5° slope reduction without ACL-R

In contrast, Hudek et al. [46] did not find any significant
differences in the medial or lateral tibial slope between 55

subjects with non-contact ACL injuries and 55 matched

controls with patellofemoral pain syndrome. Remarkably,
ACL-injured subjects in this study showed a significantly

steeper lateral meniscal slope compared to the control group.

This study is the only one to investigate the impact of the
meniscal slope on non-contact ACL injuries so far. This

parameter might be of particular interest for future studies

because the menisci are important contributors to sagittal
and rotational stability [61, 62, 75]. Another interesting

finding observed in the case–control study by Hashemi et al.

[37] was that ACL-injured subjects showed a significantly
lower depth of the concavity of the medial tibial plateau

compared to uninjured controls, regardless of sex. Khan et al.

[55] confirmed this finding in female patients. A shallow
medial plateau may be associated with decreased resistance

to displacement of the tibia relative to the femur because of

less joint congruity, thereby reinforcing the impact of the
bony tibial slope or meniscal slope.

Influence of the tibial slope on the outcome
after ACL reconstruction

To date, only one study has examined the relationship

between the tibial slope and outcome after ACL reconstruc-
tion. Hohmann et al. [44] looked at 24 patients between 18 and

24 months after ACL reconstruction with bone-patellar-

tendon-bone grafts. They investigated the effects of the tibial
slope as measured on lateral radiographs using the posterior

tibial cortex on knee functionality as measured by using the

Cincinnati Knee Rating System. The tibial slope averaged
7.2! and showed no significant correlation with postoperative

knee functionality. However, when the authors divided the

tibial slope into intervals (0–4!, 5–9! and[10!), a significant
correlation was seen: Patients with a steeper tibial slope

showed better functional values. The authors postulated that

an increase in tibial slope might lengthen the hamstring
muscles and enable them to operate over a more efficient

portion of their length-tension relationship, thus enabling

greater control of ATT. Furthermore, the authors argued that
tighter hamstring muscles may enable afferent receptors in the

muscles, tendons and capsule to initiate a more effective

compensatory reflex response. However, the extent to which
hamstring muscle function is influenced by the tibial slope is

not yet completely understood, as further discussed in the

following section. In addition, the authors did not distinguish
between the medial and lateral tibial slope.

Influence of the tibial slope on hamstring muscle
function

As previously mentioned, the tibial slope is believed to

influence the function of the hamstring muscles [44, 57, 64].
Because of the resulting anterior shift of the tibia, a steep

tibial slope might lead to increased passive muscle tension

Fig. 4 Mechanism between a steep lateral tibial slope (green plate)
and increased external rotation of the femur. a Before axial loading
(resting position). b Under axial loading, the lateral femoral condyle

slides posteriorly along the lateral tibial plateau, resulting in an
external rotation of the femur (red arrow)

Knee Surg Sports Traumatol Arthrosc
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Slope and tibiofemoral rotation
has to be considered!

ARTICLE IN PRESS

of the uninjured group, putting them at an increased risk of
rupturing their ACL.

The ultimate goal of this line of research is to determine if one
or more risk factors could predict the chances of a person injuring
their ACL and apply it to practical use. Since all of these anatomic
risk factors were examined using the same dataset we were able
to examine relative predictive value, and we found that the
intercondylar notch width at the inlet was the best predictor of
ACL injury, with a sensitivity of 74% and a specificity of 67%. This
result, combined with the positive predictive value of 69%, means
that measurement of the intercondylar notch width at the inlet
potentially could be used as a screening tool to determine
whether a patient requires special training and exercises to
reduce the chances of an ACL rupture. If so, this would offer the
obvious advantage of using a single measurement (notch width)
to predict potential for ACL rupture. A larger, prospective study
will be required to test this observation.

One possible explanation for the apparent interdependence of
the ACL volume, tibial slope and notch dimension measurements
in our correlational analysis is that these parameters may
influence one another. Some previous studies have examined
notch width as a risk factor for ACL injury under the hypothesis
that it could be used as a surrogate for ACL size (Davis et al., 1999;
Muneta et al., 1997). Other studies have examined notch width
under the hypothesis that a smaller notch presents a larger risk of
ACL rupture due to impingement (Anderson et al., 1987; Fung
et al., 2007; Houseworth et al., 1987; Ireland et al., 2001;
Shelbourne et al., 1997; Souryal et al., 1988). Those with a
narrower notch may also have a coronal ACL orientation that lies
more vertical, which could potentially influence the loads the ACL
experiences, although this has not been investigated to our
knowledge. Given the evidence that ligaments and bone do
respond to their loading environments it is possible that a steeper
tibial slope could lead to greater ACL strain and thereby to ACL
hypertrophy (Amiel et al., 1982; Cowin, 1983; Kazarian, 1975;

Maffulli and King 1992; Newton et al., 1995; Noyes et al., 1974;
Rasch et al., 1960; Tipton et al., 1970, Yasuda and Hayashi, 1999).
Moreover, repeated impingement of the ACL against the inter-
condylar notch could potentially lead to notch stenosis (Everhart
et al., in press). It remains unknown whether these factors do
influence each other either during skeletal development or after
skeletal maturity is achieved, but the apparent interdependence
observed in this study suggests that further research in this area
may be warranted.

One of the advances in this study is the objective determina-
tion of tibial slope from MRI. In past studies, a single sagittal slice
was chosen both to determine the long axis of the tibia and the
orientation of the tibial plateau. To ensure the objectivity of our
results, the long axis of each tibia was determined by automated
calculation of the centroid of the bone from several transverse
slices, and the tibial plateau slope by automated calculation of the
principal axes of the entire subchondral surface of the plateau.
Using this approach, we avoided potential subjectivity and
inaccuracy due to choosing an inappropriate sagittal slice,
incorrectly drawing the lines for the slope or long axis, or
inability to ensure that the knee was in full extension during
scanning.

In order to make the intercondylar notch measurements
objective, reproducible and relevant, they were measured along
the oblique path of the ACL. The ACL is well demarcated in the
MRI modality (Moore, 2002), making it easy to identify a plane
perpendicular to the sagittal plane that contains the ACL. In
addition, any potential contact between the ACL and the
intercondylar notch will most likely occur along this plane. The
positive correlation between the notch volume and the ACL
volume suggests that as the ACL gets smaller, as in the injured
group, so does the intercondylar notch volume. The intercondylar
notch width at the outlet is also positively correlated with the ACL
volume, whereas the intercondylar notch width at the inlet is not
correlated at all. Since the width at the inlet and the ACL volume

Table 4
Sensitivity and specificity of predicted ACL injuries based on intercondylar notch (ICN) width at the inlet only and of the combined model (ACL volume, lateral plateau slope
and ICN inlet width). PPV¼Positive predictive value; NPV¼Negative predictive value.

Intercondylar notch width inlet only Injured (actual) Non-injured (actual)

Injured (predicted) 20 9 PPV¼69%
Non-injured (predicted) 7 18 NPV¼72%

Sensitivity¼74% Specificity¼67%

ACL vol, Lat plat, ICN inlet
Injured (predicted) 19 9 PPV¼68%
Non-injured (predicted) 8 18 NPV¼69%

Sensitivity¼70% Specificity¼67%

Axial
Compression

Femur

Medial
PlateauLateral

Plateau

Femoral
External
Rotation

Fig. 4. Diagram of axial loading force on a flat medial plateau and a posteriorly sloped lateral plateau (A: before loading B: after loading).

R.A. Simon et al. / Journal of Biomechanics 43 (2010) 1702–1707 1705



Take Home

• Posterior tibial slope should be considered in ACL-R

• Correct if ligamentous stabilization is insufficient

• Technique depends on surgeon’s preference

• “Slope-reducing osteotomy decreased anterior tibial translation in the ACL-deficient and 

ACL-reconstructed knee under axial load”

• “Especially in ACL revision surgery, the osteotomy protects the reconstructed ACL with 

significantly lower forces on the graft under axial load” 



Univ.-Prof. Dr. med. A. ImhoffSlope-Reducing Osteotomy – Indications

§ Posterior tibial slope ≥ 12°

§ Revision / multiple revision ACL-R

§ Concomitant rotatory knee instability

Contraindications

§ Preoperative knee hyperextension > 10°

§ PCL insufficiency

§ High-grade OA

Widely unknown – more evidence needed

Webb et al. AJSM. 2013.

Vadhera et al. Curr Rev Musculoskelet Med. 2021.

§ BMI > 30 kg/m2 

§ Smoker 
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