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Maintaining Posterior Tibial Slope and
Patellar Height During Medial Opening
Wedge High Tibial Osteotomy

Ahmed Mabrouk,*y FRCS, Jae-Sung An,y MD, Levi Reina Fernandes,z MD, Kristian Kley,§ MD,
Christophe Jacquet,y MD, and Matthieu Ollivier,y|| MD, PhD, Prof.
Investigation performed at Aix-Marseille University, APHM, CNRS, ISM, Sainte-Marguerite
Hospital, Institute for Locomotion, Marseille, France

Background: Increased posterior tibial slope (PTS) and decreased patellar height (PH) after medial opening wedge high tibial
osteotomy (MOWHTO) have been repeatedly reported in the literature. However, this has been disputed in more recent biome-
chanical studies.

Hypothesis: No change in PTS or PH would result after MOWHTO with the freehand technique, regardless of the degree of the
coronal plane correction.

Study Design: Case series.

Methods: A total of 62 patients who underwent MOWHTO between 2018 and 2020 were included. Surgery was performed using
a dedicated step-by-step protocol to reduce the risk of unintentional slope changes. All patients were evaluated preoperatively
and at a 2-year follow-up with the Knee injury and Osteoarthritis Outcome Score and the University of California, Los Angeles
physical activity scale. Pre- and postoperative radiographic lower limb alignment parameters—including hip-knee-ankle angle
(HKA), medial proximal tibial angle (MPTA), mechanical lateral distal femoral angle, proximal posterior tibial angle (PPTA), joint
line convergence angle, and joint line obliquity—were measured on full-length lower limb radiographs. PH measurements
assessed on lateral and anteroposterior knee radiographs included the Caton-Deschamps, Insall-Salvati, and Schröter indices.

Results: A significant change was observed in the coronal plane alignment, with an increase in the MPTA from 84.38� to 90.39�
(P\ .001) and a consequent increase in the HKA from 172.19� to 180.15� (P\ .001). No significant changes were observed in the
PTS, as evidenced by a postoperative PPTA of 80.6� versus a preoperative value of 80.4� (P = .2). No significant changes were
detected in the mean PH on all 3 indices used—pre- versus postoperative Caton-Deschamps, Insall-Salvati, and Schröter indices
measured 0.95 versus 0.93 (P = .2), 1.03 versus 1.03 (P = .5), and 1.56 versus 1.54 (P = .3), respectively.

Conclusion: In this study, MOWHTO did not result in significant changes in the PTS or PH when accurate preoperative planning
and precise intraoperative freehand technique were adopted.
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Over the past 2 decades, high tibial osteotomy (HTO) has
been revived as a successful knee preservation surgery
with a high survival rate.22,26,36,47 There is a higher
preference for medial opening wedge HTO (MOWHTO)
over lateral closing wedge HTO (LCWHTO) because of
the higher complication rate and the technical difficulties
in cases of conversion to total knee replacement with
LCWHTO.8,14,21,28,42,54,56,61,62 The main reported reason

for challenging surgical exposure in total knee
replacement after HTO is decreased patellar height (PH)
secondary to patellar tendon shortening after
MOWHTO.13,29,46,56,58,63 In addition, decreased PH can
negatively alter patellofemoral joint biomechanics.

The primary objective of HTO is to correct the coronal
plane malalignment.64 However, multiple clinical and bio-
mechanical studies have reported unintentional altera-
tions in the sagittal plane7,8,15,17,33,34,37,43 as well as in
the PH.2,3,8,15,17,33,34,63 An increase in the posterior tibial
slope (PTS) after MOWHTO has been reported, which
may be related to the geometry of the proximal tibia,16,45



larger corrections, anterior plate placement,52 intraopera-
tive techniques, and plate design.49

Changes in the PTS can have significant effects on knee
stability and kinematics by affecting the tibiofemoral con-
tact pressure, tibial translation, tibial shear forces, and
other articular meniscal and ligamentous struc-
tures.4,5,19,20,31,50,51,57 Biomechanical cadaveric studies
have demonstrated that the PTS can be maintained by
optimizing intraoperative techniques.53 Nonetheless, no
clinical studies have confirmed these findings.

In this study, we aimed to demonstrate clinically that
the PTS and PH can be maintained after MOWHTO with
accurate preoperative planning and meticulous intraopera-
tive techniques, regardless of the degree of coronal plane
correction.

METHODS

After receiving institutional review board approval for the
study protocol, we retrospectively reviewed all patients
who underwent knee osteotomy for correction of varus
malalignment by the same senior surgeon (M.O.) between
2018 and 2020 and who had at least 2 years of follow-up
data. The inclusion criteria for the study were isolated
MOWHTO, age range of 18 to 65 years, Ahlbäck osteoar-
thritis grade \4 for the medial tibiofemoral compartments,
and no previous surgery except arthroscopic meniscus

repair or meniscectomy. Excluded patients were those
who had femoral osteotomies, double-level osteotomies,
multiplanar osteotomies, MOWHTO with planned sagittal
plane correction, patients with associated intra-articular
procedures, and patients with incomplete clinical or radio-
logical information. A total of 301 patients who had knee
osteotomies were reviewed. Of these, 239 patients were
excluded, and 62 patients included in our study (Figure 1).

Preoperative Planning

On the full-length lower limb radiograph, the following
preoperative lower limb alignment parameters were mea-
sured: the hip-knee-ankle angle (HKA), the medial proxi-
mal tibial angle (MPTA), the mechanical lateral distal
femoral angle (mLDFA), the joint line convergence angle
(JLCA), and joint line obliquity (JLO). A correction to the
anatomic values of the MPTA, mLDFA, and JLCA was tar-
geted. The weightbearing line was planned to pass through
a point 50% to 55% from the medial tibial plateau. The cor-
rection angle was calculated using the method of Miniaci
et al38 for tibial osteotomies.

The proximal posterior tibial angle (PPTA)—used as an
indication of the PTS—was measured on a standard lateral
knee radiograph as the angle between the tibial longitudi-
nal axis and posterior inclination of the tibial plateau. As
previously described,32,33,44 the circle 3-point method was

301 Knee Osteotomies

62 High Tibial Osteotomies 
(MOWHTOs)

Included

Excluded

61 femoral 
osteotomies

54 double-level 
osteotomies

(49 varus, 5 valgus)

124 other knee 
osteotomies

Associated intra-ar�cular 
surgeries (eg, OATS, ACLR)
(n = 56)

Mul�planar osteotomies
(n = 13)

Sagi�al plane correc�on
(n = 34)

Incomplete file
(clinical or radiological)
(n = 21) 

Figure 1. Flowchart of patients’ exclusion and inclusion criteria. ACLR, anterior cruciate ligament; MOWHTO, medial opening
wedge high tibial osteotomy; OATS, osteoarticular transfer system.
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Ethical approval for this study was obtained from Comité de Protection des Personnes sud Méditerranée II (ref No. 2015-10-00148).



used to define the longitudinal axis of the tibia. Two circles
were digitally drawn in the center of the tibial diaphysis at
90 and 150 mm distal to the joint line. The perimeter of
both circles reaches the anterior and posterior borders of
the tibial shaft. A line connecting the centers of the 2
circles defined the longitudinal axis of the tibia (Figure 2).

The preoperative PH was measured on the lateral radio-
graphs using 2 different indices referenced to the proximal
tibia—Caton-Deschamps9 and Insall-Salvati.25 A third PH
measure was assessed on the anteroposterior knee

radiographs using the Schröter index referenced to the dis-
tal femur24 (Figure 3).

Surgical Technique

The senior surgeon performs .50 osteotomies per year.
Most of the patients underwent diagnostic knee arthros-
copy before osteotomy to assess the condition of the articu-
lar surface and meniscus, followed by debridement or
repair if needed. The surgical technique followed the dou-
ble window step-by-step strategy described by Kley
et al30 A: medial approach to the proximal tibia was per-
formed. Exposure for biplane supra-tubercle osteotomy
was planned. A double soft tissue window was created
sparing the posterior oblique ligament (POL)—1 window
to allow posterior retraction of the pes anserinus and the
second for insertion of the periosteal elevator to dissect
the soft tissues of the posterior tibial cortex, which was
later replaced by the posterior tissue retractor. Under fluo-
roscopic control, the osteotomy (biplanar) cuts were per-
formed, making sure that the horizontal cut was superior
to the tibiofibular joint level and the sagittal cut was
directed cranially. Then, a metal ruler or chisel confirmed
the complete osteotomy of the posterior tibial cortex by pal-
pating it against the posterior tissue retractor.

The following intraoperative measures were adopted to
maintain the tibial slope55:

1. Intraoperative imaging was performed with the knee in
slight flexion to align the x-ray beam with the PTS or by
angling the x-ray beam to be aligned with the PTS. The
view was considered satisfactory once the tibial plateau
appeared as a single line on the fluoroscopy view. The
osteotomy plane was defined by 2 perfectly superim-
posed K-wires, which indicated that the wires were par-
allel to the PTS (Figure 4).

2. An anterolateral hinge was created using a K-wire to
avoid saw progression to the lateral part of the knee.
This anterolateral hinge allowed posterior opening

Figure 2. Measurement of the PPTA with the circle 3-point
method. (A) Preoperative planning and PPTA measured at
82�. (B) Postoperative MOWHTO and PPTA measured at
81.7�. MOWHTO, medial opening wedge high tibial osteot-
omy; PPTA, proximal posterior tibial angle.

Figure 3. Indices for patellar height measurement. (A) Caton-Deschamps index = A/B, where A is the distance from the anterior
angle of the tibial plateau to the most inferior point of the patellar articular surface, and B is the length of the patellar articular
surface. (B) Insall-Salvati index = A/B, where A is patellar tendon length, which is the distance from the inferior pole of the patella
to its insertion on the tibia, and B is the patellar length, which is the greatest pole-to-pole length. (C) Schröter index = A/B, where A
is the distance between 2 vertical lines tangent to the femoral epicondyles, and B is the distance between the 2 horizontally ori-
entated lines—1 at the base of the patella and the tangent at the femoral condyles.



while stabilizing the anterior part of the tibia, thus pre-
venting a high anterior-to-posterior opening that could
result in increased PTS (Figure 5).

3. The saw blade was held parallel to the 2 wires and the
PTS. The saw blade was defined as perfectly parallel to
the K-wires and the PTS when it appeared by the thin-
nest appearance on the fluoroscopy images. Sawing
was distal to the wires to avoid drifting of the cutting
plane.

4. A complete posterolateral cortical osteotomy was per-
formed to create a sagittally oriented hinge. This is
checked after the cut with a metal ruler or a chisel, pal-
pating the posterior tissue retractor throughout the
osteotomy gap to confirm that the posterior tibial cortex
has been completely osteotomized.

5. Using an osteotomy spreader, the osteotomy gap was
opened posteriorly to avoid a high anterior-to-posterior
gap ratio with the consequent increase in the PTS and
decreased the PH (Figure 6).

6. The allograft wedge was fashioned in a triangular shape
with the apex to be positioned anterior. This was to
maintain lower anterior gap opening compared with
posterior gap opening (Figure 6).

7. The wedge was inserted as posterior as possible, if pos-
sible, even posterior to the POL in the posterior protec-
tive window.

8. An anterior-to-posterior gap check was performed; the
anterior gap should be equal or less than the posterior
gap (Figure 6).

9. The medial collateral ligament (MCL) fibers were pal-
pated during the opening process. If the MCL fibers
were tight, pie crusting of the superficial MCL was
performed.

Figure 4. Fluoroscopy views of a right knee. (A) Lateral view showing that the x-ray beam is not parallel to the PTS. (B) Correspond-
ing anteroposterior images showing that the tibial plateau appears as double lines and the 2 K-wires are parallel. (C) Lateral view
showing the x-ray beam is parallel to the PTS. (D) Corresponding anteroposterior view showing the tibial plateau appears as a single
line and 2 perfectly superimposed K-wires as an indication of being parallel to the proximal PTS. PTS, posterior tibial slope.

Figure 5. (A) Anterolateral oblique view of a left knee with the
hinge wire inserted. (B) Anteroposterior fluoroscopy view of
the knee showing the hinge wire and the 2 K-wires in the
osteotomy plane.



Postoperatively, patients were allowed a full range of
motion and full weightbearing as tolerated, supported by
crutches. Thromboprophylaxis by low molecular weight-
bearing was prescribed for 3 weeks.

Postoperative Radiographic and Clinical Assessment

Patient characteristics, operative side, Ahlbäck grade, and
degree of patellofemoral degeneration were extracted
from the patient database. Osteotomy precision, PTS,
and PH modifications were assessed 1 year postopera-
tively using long-leg weightbearing radiographs with
the patella centered. Preoperative and final follow-up
functional scores—including Knee Injury and Osteoar-
thritis Outcome (KOOS) subscores (Pain, Symptoms,
Activities of Daily Living, Sports and Recreation, and
Quality of Living) and the University of California, Los
Angeles (UCLA) physical activity score—were extracted
from the patient database.

Statistical Analysis

Descriptive statistics are presented as means 6 standard
deviations or absolute values. Statistical analysis
was performed using SPSS 12.0 (IBM). The paired Stu-
dent t tests were used for all pre- and postoperative
comparisons.

The mean difference (D) between preoperative and 1-
year follow-up morphological parameters was calculated.
Variables included lower limb alignment parameters
(HKA, mLDFA, MPTA, JLCA, JLO, and PPTA) and PH
measurement parameters (Caton Deschamps, Insall-Sal-
vati, and Schröter indices). The absolute difference was
assessed to avoid bias related to standard mean calculation
(Dabsolute). Pearson correlation analysis assessed the rela-
tionship between PH measurements and the degree of cor-
onal correction. In addition, the mean difference between
preoperative and final follow-up (minimum 2-year follow-
up) KOOS scores was calculated. Statistical significance
for all comparisons was set at P \ .05.

Figure 6. Side view of the medial aspect of a left knee and upper tibia. (A) A small metallic wedge (4 mm) is used to maintain the
osteotomy gap opened anteriorly. (B) An osteotomy spreader is opening the gap posteriorly, while the gap is maintained with the
metallic wedge anteriorly. (C) Side view of the medial knee and upper tibia showing the allograft wedge is positioned to create
a smaller gap anterior than posterior. (D and E) Osteotomy gap with the allograft wedge inserted. (D) The planned osteotomy
opening at the posterior tibia (10 mm). (E) Smaller retrotubercular anterior gap (5 mm).



managed with medical treatment with no need for surgical
intervention.

DISCUSSION

The most important finding in our study was that there
were no significant changes in the PTS and PH after
MOWHTO with the meticulous freehand technique within
the range of correction applied to this cohort. The corrected
Mikulicz line was projected to a point of 50% to 55% from
the medial tibial plateau. A more valgus target with a cor-
rection through the Fujisawa point of 62.5% may have an
impact on the outcome measures and is an important
caveat to be noted.

TABLE 1
Background Characteristics and Radiographic
Osteoarthritis Grades of the Patients (N = 62)a

Variable Value

Age, y 42.06 6 12.26
BMI, kg/m2 24.66 6 3.44
Sex, male/female 50/12
Side affected, right/left 30/32
Femorotibial Ahlbäck OA grade

Grade 0 2
Grade 1 17
Grade 2 24
Grade 3 19
Grade 4 0

Patellofemoral degeneration
No degeneration 20
Medial facet 4
Lateral facet 4
Both facets 4
Not assessedb 30

aData are reported as mean 6 SD or No. of patients. BMI, body
mass index; OA, osteoarthritis.

bNo skyline view radiograph available.

TABLE 2
Comparison of Preoperative and 1-Year Postoperative Radiographic Measurementsa

Measurement Preoperative 1-Year Postoperative Dabsolute P

HKA, deg 172.19 6 3.6 180.15 6 2.2 7.96 6 1.5 \.0001
mLDFA, deg 89.1 6 2.7 89.3 6 2.6 0.2 6 0.47
MPTA, deg 84.38 6 4.5 90.39 6 3.1 6.04 6 0.6 \.0001
JLCA 1.79 6 1.5 1.19 6 1.1 0.5 6 0.2 .0156
JLO 2.93 6 2 3.63 6 4.4 1 6 0.7 .2
PPTA 80.4 6 3.4 80.6 6 3.20 1.4 6 1.5 .2
Patellar height
Caton Deschamps index 0.95 6 0.2 0.93 6 0.2 0.2 6 0.2 .2
Insall Salvati index 1.03 6 0.1 1.03 6 0.1 0.1 6 0.2 .5
Schröter Index 1.56 6 0.2 1.54 6 0.2 0.2 6 0.3 .3

aData are reported as mean 6 SD. Bold P values indicate a statistically significant difference between preoperative and final postoperative
values (P\ .05). HKA, hip-knee-ankle angle; JLCA, joint line convergence angle; JLO, joint line obliquity; mLDFA, mechanical lateral distal
femoral angle; MPTA, medial proximal tibial angle; PPTA, proximal posterior tibial angle.

All radiological measurements were performed twice by 
2 independent readers (M.O., C.J.) with a minimum 15-day 
interval between measurements. The intraclass correla-
tion coefficient demonstrated good intraobserver (0.78) 
and interobserver (0.74) reproducibility.

A post hoc sample size analysis exhibited that our series 
allowed the comparison of lower-limb morphological 
parameters and PH measurements with a statistical power 
.90%.

RESULTS

A total of 62 patients (n = 62 knees) were included in the 
study (50 men and 12 women; mean age at surgery, 
42.06 6 12.26 years). The mean follow-up time was 3 6 2 
years. The patellofemoral status was not assessed in 30 
(48.39%) patients because of the unavailability of skyline 
view radiographs. The background characteristics of the 
study patients are reported in Table 1.

Pre- and postoperative radiographic measurements, 
along with the D and Dabsolute values, are reported in Table 
2. There were significant changes in the coronal plane 
alignment, with the MPTA changing from preoperative 
84.38� 6 4.5� to postoperative 90.39 �6 3.1� and the HKA 
changing from preoperative 172.19� 6 3.6� to postoperative 
180.15� 6 2.2�(P \ .0001 for both measures). Pearson cor-
relation analysis demonstrated no association between 
changes in PH parameters measurements and the degree 
of coronal correction; hence, no subgroup analysis was per-
formed for larger corrections.

At the final follow-up of 24 months, significant improve-
ments were found in all KOOS subscale values and UCLA
scores (P \ .0001 for all). All pre- and postoperative scores 
for KOOS subscales are reported in Table 3. All pre- and 
postoperative UCLA scores are reported in Table 4.

Throughout the follow-up period, there was no reported 
osteotomy revision or total knee replacement conversion. 
There were 2 cases of deep venous thrombosis that were 
managed and 1 case of superficial infection, and all were



The included patients had the purest forms of
MOWHTO, which were isolated procedures in which ana-
tomic correction was planned. We believe that the effect
of MOWHTO on changes in the PTS and PH would be bet-
ter depicted in these pure forms of MOWHTO than in cases
requiring complex concomitant procedures and intra-
articular exposure. Among the excluded patients were
those who had double-level knee osteotomies, which were
indicated for a substantial deformity on the femoral side
(mLDFA .90� as per the 2022 consensus statement of
the European Society for Sports Traumatology, Knee Sur-
gery, and Arthroscopy11). In these cases, there was no con-
sideration of the PH.

A maintained PTS after MOWHTO was demonstrated
by Ruzbarsky et al53 in a cadaveric study through execut-
ing a proper posterolateral cortical osteotomy, creating
a sagittally oriented hinge and using a trapezoidal sloped
plate, posterior plate positioning, and plate fixation in
knee extension to compress the anterior osteotomy
gap. Similarly, Blackman et al6 in 2015 demonstrated
maintained PTS and PH after MOWHTO using a newly
developed instrumentation. However, they reported coro-
nal plane undercorrection of 10.6% of the target weight-
bearing line ratio. Nevertheless, maintaining the PTS
and PH should not be at the expense of the planned coronal
correction, which is the prime target of the HTO. The neg-
ligible correlation between the coronal correction degree
and changes in the PTS or the PH was further highlighted
by Ozalay et al48 in 2008, who reported significant alter-
ation of the mechanical axis deviation by a mean of 25.5
6 10.9 (P \ .05), with varying changes of the PTS that
increased in 50% of patients, decreased in 21%, and
remained unchanged in 29%. The PH was maintained,
with no significant correlation between the differences
(P = .368).

In 2018, Akamatsu et al1 demonstrated that the sagittal
osteotomy plane does not correlate with changes in the
PTS. Whereas the ratio of the anterior to the posterior
opening gap and anterior posterior hinge position ratio
were significantly correlated with the change in the PTS,
they concluded that the PTS should be maintained as
long as surgeons achieve a trapezoidal osteotomy gap and
central hinge position in the sagittal view, regardless of
the sagittal osteotomy plane. However, we propose that
this inclination be within a reasonable range to maintain
the osteotomy plane as parallel to the PTS. More recently,
Chung et al10 in 2022 demonstrated that the osteotomy
inclination angle in the sagittal plane significantly affected
the PTS. They reported significant changes in the PTS
after osteotomies with anteriorly and posteriorly inclined
osteotomy planes (P \ .001), except for the cases where
the sagittal osteotomy inclination angles were 5�, 0�, and
25�. We believe that an ideal osteotomy plane typically
matches the proximal tibial surface, which can be facili-
tated by ideal wire positioning.

The craniocaudal hinge position seems to influence the
PTS as well. In a cadaveric study conducted in 2018, Jo
et al27 highlighted the significant effect of the low hinge
position on increasing the PTS. With a hinge positioned 1

TABLE 3
Changes in KOOS Subscale Scores From Preoperative to 2 Years Postoperativea

KOOS Subscale Preoperative 2-Year Postoperative D [95% CI] P

Pain 54.79 6 12.70 87.93 6 13.7 33.14 [29.06- 37.22] \.0001
Symptoms 47.23 6 14.50 83.02 6 15.90 35.79 [31.05- 40.53] \.0001
Activities of Daily Living 54.29 6 15.20 81.30 6 18.07 27.01 [21.34- 32.68] \.0001
Sports and Recreation 38.39 6 17.78 81.85 6 18.33 42.63 [37.48- 47.78] \.0001
Quality of Life 39.25 6 14.70 81.69 6 18.90 43.39 [36.77-50.02] \.0001

aKOOS, Knee injury and Osteoarthritis Outcome Score. Bold P values indicate a statistically significant difference between pre- and final
postoperative values (P \ .05).

TABLE 4
Changes in UCLA Scores From Preoperative

to 2 Years Postoperativea

Preoperative Scores 2-Year Postoperative Scores

Activity Levelb No. of Patients Activity Levelb No. of Patients

2 5 2 2
3 4 3 0
4 13 4 2
5 33 5 8
6 6 6 14
7 3 7 19
8 3 8 16
9 0 9 7
10 1 10 0

aThe pre- to postoperative improvements in UCLA scores were
statistically significant. UCLA, University of California–Los
Angeles.

bActivity levels as first published by Mørup-Petersen et al41: 1 =
Wholly inactive—dependent on others; unable to leave residence.
2 = Mostly inactive—restricted to minimum activities of daily liv-
ing. 3 = Sometimes participates in mild activities—eg, walking,
limited housework, and limited shopping. 4 = Regularly partici-
pates in mild activities. 5 = Sometimes participates in moderate
activities—such as swimming—and can do unlimited housework
or shopping. 6 = Regularly participates in moderate activities. 7
= Regularly participates in active events—eg, bicycling. 8 = Regu-
larly participates in very active events—eg, bowling or golf. 9 =
Sometimes participates in impact sports—eg, jogging, tennis, ski-
ing, acrobatics, ballet, heavy labor, or backpacking. 10 = Regularly
participates in impact sports.



the coronal correction in MOWHTO. Thus, the uninten-
tional sagittal plane changes (PTS) result in changes in
the PH. Hence, advocating for measures to control the sag-
ittal plane while performing MOWHTO should control for
changes to the PH.

Among the techniques recommended in the literature
and proven to be effective are positioning parallel pins in
the sagittal plane,23 making fixations as far posteriorly
as possible, completing the osteotomy posterolaterally,60

and ensuring that the anterior osteotomy gap is approxi-
mately half the posteromedial gap.45 Similar philosophies
have been adopted in our series.

Limitations

There are some limitations to the presented study—
including presenting a small series of cases, performing
small degrees of corrections, and the lack of long-term eval-
uation. Patellar tendon stiffness in the long term may
affect PH parameter measurements.

CONCLUSION

In this study, MOWHTO did not result in significant
changes in the PTS or PH when accurate preoperative
planning and precise intraoperative freehand technique
were adopted.
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