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A significant rate of tibial overcorrection with an increased JLO 
occurred after isolated high tibial osteotomy without considering 
international consensus

Matthieu Ollivier1  · Jae‑Sung An1 · Kristian Kley2 · Raghbir Khakha3 · Levi Reina Fernandes4 · Grégoire Micicoi5

Abstract
Purpose The recent ESSKA consensus recommendations defined indications and outlined parameters for osteotomies 
around a degenerative varus knee. The consensus collated these guidelines based on the published literature available to 
answer commonly asked questions including the importance of identifying the site and degree of the lower limb 
deformity. In the consensus, the authors suggest that a knee joint line obliquity (JLO) greater than 5° or a planned medial 
proximal tibial angle (MPTA) > 94° preferentially indicates a double level osteotomy (DLO) compared to an isolated 
opening wedge high tibial osteotomy (OWHTO). This study aimed to analyze the corrections performed on a cohort of 
isolated opening wedge high tibial osteotomies (OWHTOs) prior to the recent ESSKA recommendations, with a focus 
on the impact of knee joint line obliquity (JLO) and medial proximal tibial angle (MPTA) on the choice of osteotomy 
procedure.
Methods This monocentric, retrospective study included 129 patients undergoing medial OWHTO for symptomatic iso-
lated medial knee osteoarthritis (Ahlbäck grade I or II) and a global varus malalignment (hip–knee–ankle angle ≤ 177°). 
An automated software trained to automatically detect lower limb deformity was implemented using patients preoperative 
long leg alignment X-rays to identify suitability for an isolated HTO in knee varus deformity. Based on the ESSKA recom-
mendations, the site of the osteotomy was identified as well as the degree of correction required. The ESSKA consensus 
considers avoiding an isolated high tibial osteotomy if the planned resultant knee joint line orientation exceeds 5 ̊ or MPTA 
exceeds 94°. A preoperative abnormal MPTA was defined by a value lower than 85° and a preoperative abnormal LDFA 
by a value greater than 90°. The cases of DLO or DFO suggested by the software and the number of extra-tibial anomalies 
were collected. Multiple linear regression models were developed to establish a relationship between preoperative values 
and the risk of being outside of ESSKA recommendations postoperatively.
Results Based on ESSKA recommendations and on threshold values considered abnormal, the software suggested a DLO 
in 17.8% (n = 23/129) of cases, a distal femoral osteotomy in 27.9% (n = 36/129) of cases and advised against an osteotomy 
procedure in 24% (n = 31/129) of cases. The software detected a femoral anomaly in 34.9% (n = 45/129) of cases and an 
JLCA > 6° in 9.3% (n = 12/129). Postoperatively, the MPTA exceeds 94° in 41.1% (n = 53/129) and the JLO exceeds 5° in 
29.4% (n = 38/129).
On multivariate analysis, a high preoperative MPTA was associated with higher risk of postoperative MPTA > 94° (R2 = 0.36; 
p < 0.001). Similarly, the probability of the software advising a DLO or DFO was associated with the presence of an “normal” 
preoperative MPTA (R2 = 0.42; p < 0.001) or an abnormal preoperative LDFA (R2 = 0.48; p < 0.001) or a planned JLO > 5° 
(R2 = 0.27; p < 0.001).
Conclusions Analysis of patients who underwent an isolated OWHTO prior to the ESSKA guidelines, demonstrated a 
significant rate of post-operative tibial overcorrection and a resultant increased JLO. Pre-operative planning that considers 
the ESSKA guidelines, allows for better identification of those patients requiring a DFO or DLO and avoidance of resultant 
post-operative deformities.
Level of evidence IV, case-series.
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Introduction

Open-wedge high tibial osteotomy (OWHTO) is commonly 
performed for young active patients with medial knee osteo-
arthritis (OA) associated with metaphyseal tibial varus [13]. 
Historically, a postoperative mechanical valgus between 2° 
and 7° was advocated to provide favourable clinical out-
comes following medial OWHTO [6–8]. However, this ideal 
correction can inadvertently lead to an overcorrection of the 
medial proximal tibial angle (MPTA), resulting in an exces-
sive joint line obliquity (JLO). An increased JLO is associ-
ated with increased shear stress on the articular cartilage 
and potential adverse clinical outcomes [3, 18]. As a rule, 
an MPTA > 95° was generally associated with a JLO greater 
than 4° [1].

There are few studies considering the influence of exces-
sive JLO on the long-term results following OWHTO sur-
gery. Babis et al. [3] reported excellent survivorship fol-
lowing DLO surgery with a survival rate at 96% at around 
10 year follow-up, where a JLO within normal parameters 
was retained for all patients. The same authors demonstrated 
a 100% survival at 10 years for patients with postoperative 
femorotibial angle of 174°–180° and postoperative joint 
line obliquity < 4° [2]. More recent studies reported lower 
KOOS scores or lateral compartment pain for patients with 
an increased postoperative JLO [9, 11]. Song et al. demon-
strated poor outcomes in cases, where there was a resultant 
post-operative of JLO ≥ 4° [27]. To restore a physiological 
mechanical alignment and joint line obliquity in cases of 
severe varus malalignment, double level osteotomy (DLO) 
based on both tibial and femoral anatomical restoration may 
be considered to avoid postoperative excessive JLO [22–25].

Recent ESSKA consensus recommendations were pro-
duced in 2022 for osteotomies around the degenerative varus 
knee [4]. The consensus experts suggested a more person-
alized approach taking into account the site and degree of 
the deformity. Utilising high quality published literature, the 
experts recommend that in case of a resultant knee joint 
line orientation greater than 5° or a planned MPTA > 94°, 
the surgeon should preferably opt for a DLO rather than an 
isolated HTO. However, no publication has evaluated the 
actual correction made after isolated OWHTO and whether 
the targets achieved postoperatively were outside from the 
ESSKA consensus.

This study aimed to analyze the corrections per-
formed on a cohort of isolated opening wedge high tib-
ial osteotomies (OWHTOs) prior to the recent ESSKA 

recommendations, with a focus on the impact of knee 
joint line obliquity (JLO) and medial proximal tibial angle 
(MPTA) following the choice of osteotomy procedure. The 
secondary aims of this study were to analyze the suitability 
of isolated OWHTO and the incidence of postoperative 
angular values after OWHTO that deviate from the expert 
consensus recommendations.

The hypothesis of this study was that a significant 
number of patients operated by isolated OWHTO in a 
high-volume osteotomy center should have preferably 
undergone DLO according to the ESSKA consensus 
recommendations.

Materials and methods

Patients

A monocentric retrospective study was performed between 
January 2015 and December 2020 including patients 
undergoing isolated medial open-wedge high tibial oste-
otomy (OWHTO) surgery. Osteotomies were performed 
for patients with symptomatic isolated medial knee osteo-
arthritis (Ahlbäck grade I or II) and a global varus mala-
lignment (hip–knee–ankle angle ≤ 177°). Post-traumatic 
arthritis, previous knee surgery, symptomatic excessive 
torsional malalignment, patients younger than 18 years, 
associated ACL injury or those planned for sagittal cor-
rection were excluded from the study. Out of 251patients 
identified, only 129 were selected based on the inclu-
sion criteria. The preoperative demographics are shown 
in Table 1. To perform this study, all radiographs were 
obtained by legal and regulatory requirements which 
included ethics board approval and informed patient 
consent.

Table 1   Preoperative Demographics and Clinical Status

Value

No. of cases 129
No. of patients 121
Age, years, mean ± SD (range) 40.7 ± 12.6 (16–67)
Sex, female/male, n 30/99
Body mass index, kg/m2, mean ± SD (range) 25.3 ± 5.3 (16.7–49)
Side, right/left, n 69/60



Radiological evaluation

Radiographic measurements were taken twice by a single 
independent observer who carried out all measurements. 
A strict radiological protocol to acquire long leg align-
ment views was applied. The images were acquired using 
weight-bearing anteroposterior radiographs. The limb was 
positioned to achieve a true antero-posterior image in a for-
ward knee position, with the patella centred on the femoral 
condyle and the patients were requested to maintain knee 
extension.

The hip–knee–ankle angle (HKA), the medial proximal 
tibial angle (MPTA) and the lateral distal femoral angle 
(LDFA) were measured manually as well as with semi-
automated measures for the software analysis (Fig. 1). The 
HKA angle was defined by the lines connecting the centre 
of the femoral head to the knee joint and a line between the 
centre of the knee joint to the ankle joint. A value less than 
180° indicated varus alignment. The MPTA was defined as 
the medial angle formed between the line of the mechanical 
tibial axis and a line tangent to the joint surface of the proxi-
mal tibial plateau. The LDFA defined as the lateral angle 
formed between the mechanical axis line of the femur and 
a line tangent to the articular surface of the distal femur. 
An MPTA < 90° corresponded to tibial vara, while an 

LDFA < 90° corresponded to femoral valga. The Joint Line 
Convergence Angle (JLCA) defined by the angle between 
the tangent to the subchondral plates of the femoral condyles 
and the tibial plateau was also measured.

Deformity analysis

Angular value measurements were performed postopera-
tively using preoperative radiographs with PeekMed soft-
ware (Braga, Portugal). This semi-automated software, 
trained to detect lower limb deformity, was challenged using 
patients' preoperative X-rays to indicate or contra-indicate 
an isolated HTO in knee varus deformity. This planning 
tool for orthopedic surgery analyses overall alignment using 
reference points placed on bony landmarks (femoral head, 
greater trochanter, distal femur, proximal tibia as well as the 
medial and lateral malleoli). The purpose of the software is 
to allow accurate and reproducible angular values measure-
ments [17].

Software simulation and OWHTO procedure test

The software is programmed to plan the ideal correction 
without introducing an excessive joint line obliquity. The 
radiographs were incorporated into the planning software 

Fig. 1   Semi-automated angular values measured by the software. The 
medial proximal tibial angle (MPTA), lateral distal femoral angle 
(LDFA) and joint line convergence angle (JLCA) are obtain by plac-
ing bony landmarks (femoral head, greater trochanter, distal femur, 

proximal tibia as well as the medial and lateral malleoli) on the anter-
oposterior radiographs. The weight-bearing line ratio is measured 
here at 3.5% indicating a global varus deformity



and the desired post-operative WBL% was defined at 
50–55% of the mechanical axis crossing the tibial pla-
teau (Fig. 2). Based on the ESSKA recommendations [4] 
informed to the software, the site of the osteotomy was 
proposed as well as the degree of correction required. The 
ESSKA consensus recommends avoiding an isolated high 
tibial osteotomy if the planned resultant knee joint line 
obliquity exceeds 5° or if MPTA exceeds 94° [4].

The software also allowed semi-automated analysis of 
tibial and femoral segmental deformations with integrated 
reference values. Thus, a preoperative abnormal MPTA 
was defined as a value less than 85°, and a preoperative 
abnormal LDFA was defined as a value greater than 90°, 
both corresponding, respectively, to tibial varus and femo-
ral varus [15].

An excessive intra-articular varus defined by a 
JLCA > 6° was also considered in the preoperative plan-
ning by subtracting from the final correction the value of 
(JLCA-2)/2 as previously described [16].

If the simulation of the planned osteotomy led to a cor-
rection outside the ESSKA values to obtain the targeted 
WBL%, a distal femoral osteotomy (DFO) or a double 
level osteotomy was proposed by the software. This was 
possible in cases of femoral or intra-articular deformity 
corrected only in the tibia.

In some cases the software advised against performing 
an osteotomy at all, either femoral or tibial, because the pre-
operative angular values were normal. This was possible 
in case of isolated intra-articular deformity or small preop-
erative bone deformity that has still been corrected by an 
OWHTO.

Surgical technique

A 5-cm longitudinal incision was performed, and the medial 
aspect of the tibia was exposed. A periosteal elevator was 
run along the posterior tibial cortex to create a safe passage 
for the neurovascular protector after performing a window 
posterior to the superficial medial collateral ligament [10]. 
Two guide pins were placed at the metaphyseal tibial flare 
parallel to the tibial slope to mark the upper border of the 
osteotomy toward the fibular head. A hinge wire was used to 
protect the hinge point at the lateral part. This is positioned 
midway between Gerdy’s tubercle and the fibula head in a 
direction that crosses the hinge point in an antero-lateral to 
medial–distal direction. Following the saw cuts for the oste-
otomy under fluoroscopic control, a biplanar cut was made 
and the osteotomy opened according to the pre-operative 
planning. This opening was maintained with an osteotomy 
spreader and an active motion HTO plate (Newclip Tech-
nics®, Haute-Goulaine, France) was used.

Fig. 2   The proposed correction according to the ESSKA recom-
mendations and the values proposed to the software. A. Preoperative 
varus deformity with a tibia vara (MPTA = 82.9°) without femoral 
varus deformity (LDFA = 88.7°), The preoperative weight-bearing 
line ratio is at 12.6% B. The ideal correction is proposed by the soft-

ware to obtain a postoperative weight-bearing line ratio at 50% in 
this case with an isolated proximal tibial osteotomy C. If the planned 
correction is validated, the software proposes the opening height; 
10.4 mm in this case for a 7.6° tibial correction (MPTA 90.5–82.9)



Rehabilitation postoperative assessment

Postoperatively, passive, and active progressive range of 
motion recovery and quadriceps reactivation were started. 
Full weightbearing was allowed after 1 week of surgery in 
the absence of hinge fracture depending on the patient's 
pain. Patients were allowed to return to sport activities at 
6 months. All patients received thromboprophylaxis for 
45 days.

Postoperative assessment

Double leg weight-bearing radiographs were analysed at 6 
months after the osteotomy, The rate of patients who post-
operatively had an MPTA greater than 94° or an oblique line 
spacing greater than 5° outside the ESSKA recommenda-
tions was analysed.

Statistical Analysis

Mean values and standard deviations (SDs) were determined 
for each of the measured and desired anatomic parameters. 
Normal (Gaussian) distributions were verified to determine 
adequate statistical testing method (either parametric or 
non-parametric) to estimate the difference between groups 
in a univariate analysis. Multiple linear regression models 
were developed to establish the determinants for each of 
the variables. For each model, variables with a p value less 
than 0.1 were kept in the final model. Statistical analyses 
were performed with use of SPSS software (IBM; Armonk, 
New York).

Results

The mean pre- and postoperative angular values are demon-
strated in Table 2. Based on the ESSKA recommendations 
and the threshold values considered abnormal, the soft-
ware suggested a double level osteotomy (DLO) in 17.8% 
(n = 23/129) of cases, a distal femoral osteotomy (DFO) in 
27.9% (n = 36/129) of cases, and advised against an oste-
otomy procedure in 24% (n = 31/129) of cases. The soft-
ware detected a femoral anomaly in 34.9% (n = 45/129) of 
cases and a joint line convergence angle (JLCA) > 6° in 9.3% 
(n = 12/129) of cases.

Postoperatively, the MPTA exceeded 94° in 41.1% 
(n = 53/129) of cases, and the JLO exceeded 5° in 29.4% 
(n = 38/129) of cases.

On multivariate analysis, a high preoperative MPTA 
(indicating less varus) was associated with a higher risk 
of postoperative MPTA > 94° (R2 = 0.36; p < 0.001). Sim-
ilarly, the probability of the software advising a DLO or 
DFO was associated with the presence of a "normal" 

preoperative MPTA (R2 = 0.42; p < 0.001), an abnormal 
preoperative LDFA (R2 = 0.48; p < 0.001), or a planned 
JLO > 5° (R2 = 0.27; p < 0.001).

Discussion

The most important finding from this study was that had the 
ESSKA consensus guidelines been followed, approximately 
half the patients undergoing correction of a global varus 
deformity did not benefit from an isolated OWHTO.

The automated software analysis based on the ESSKA 
consensus values indicated that 45.7% of patients would 
have benefited from a double-level osteotomy (DLO) or 
a distal femoral osteotomy (DFO). The main errors were 
related to incorrect indications for patients with significant 
varus deformity but without significant tibial extra-articu-
lar deformity, which may have resulted in abnormal JLO 
postoperatively.

Previous studies have shown that a postoperative MPTA 
greater than 95° is associated with lower clinical scores at 
2 years and inferior subjective IKDC scores at 10 years post-
operatively [1, 26].

This may be attributed, in part, to an increased joint line 
obliquity (JLO) associated with an elevated MPTA, leading 
to greater lateral compartment knee joint pain and/or worse 
clinical outcomes based on the KOOS score [9, 11].

Abnormal postoperative tibial morphology was most fre-
quently observed in patients with a lower preoperative tibial 
deformity or a global lower limb deformity. These findings 
suggest that in these situations, the preoperative deform-
ity was more likely to be located in the distal femur or a 
combination of the distal femur and proximal tibia rather 
than the proximal tibia alone (Fig. 3). This observation is 

Table 2   Pre- and postoperative angular values

HKA hip–knee–ankle angle, MPTA medial proximal tibial angle, 
LDFA lateral distal femoral angle, JLO joint line obliquity, OWHTO 
open-wedge high tibial osteotomy

Anatomic parameters 129 OWHTO

Mean ± SD Range (min–max)

Preoperative HKA angle (°) 173.4 ± 3.2 160.0–177.0
Postoperative HKA angle (°) 182.1 ± 1.9 175.9–188.0
Desired correction for HKA angle 

(°)
8.5 ± 2.7 3.5–16.0

Preoperative MPTA (°) 84.1 ± 2.4 77.6–90.0
Postoperative MPTA (°) 92.8 ± 2.1 85.1– 96.4
Preoperative LDFA (°) 88.5 ± 3.2 74.6–98.8
Postoperative JLO (°) 2.8 ± 2.1 0–8.7
Preoperative JLCA (°) 2.8 ± 1.2 0–7.2
Postoperative JLCA (°) 1.2 ± 0.8 0–2.9



supported by the results of Razak et al., which demonstrated 
a higher degree of femoral varus in patients planned for a 
high tibial osteotomy (HTO) with medial knee osteoarthritis 

compared to non-arthritic patients, while the MPTA was 
similar between the groups [21].

Feucht et al. Recently demonstrated in a study based 
on osteotomy simulations, that only 57% of patients could 
achieve the desired correction without introducing a sec-
ondary abnormality following an isolated HTO, and 33% 
would require a DLO when slight tibial "overcorrection" was 
planned (90° ≤ MPTA ≤ 95°). Similarly, Micicoi et al. found 
that more than half of the patients who underwent an oste-
otomy around the knee had a persistent abnormal deformity, 
irrespective of the preoperative global malalignment [14].

The integration of consensus values based on ESSKA 
recommendations into deformity analysis and preoperative 
planning software is essential, since it allows for a more 
accurate identification of patients who would benefit from 
DFO or DLO procedures in this study. The software identi-
fied femoral deformity in 34.9% of cases and intra-articular 
deformity in 9.3% of cases. Furthermore, the software rec-
ommended against performing any osteotomy procedure in 
24% of cases. This finding can be attributed to the deformity 
not being significant enough, as indicated by tibial and femo-
ral angular values within the normal range. In such cases, an 
overcorrection resulting in a MPTA > 94° was performed, 
as confirmed by the multivariate analysis, which revealed a 
correlation between a high preoperative MPTA and the risk 
of MPTA > 94°. The importance of accurate planning based 
on the analysis of lower limb deformities has already been 
well-demonsrtated by the numerous works of P. Lobenhoffer 
and D. Paley [12, 19]. Nevertheless, the ESSKA consensus 
has made it possible to establish threshold values that should 
not be exceeded. These remain debated in the literature and 
some surgeons will target a threshold value of 90° after tibial 
correction and others recommend a value of 94° not to be 
exceeded [4], suggesting that a slight pre-existing femoral 
deformity can be accepted without being corrected by a dou-
ble level osteotomy.

Finally, the risk of changing only the mechanical axis 
with a conventionally accepted valgus correction without 
considering the segmental deformity may lead to postopera-
tive abnormalities at the proximal tibia or distal femus and 
potentially introduce an excessive JLO [5]. Digital software 
analysis which is able to analyse preoperative MPTA and 
LDFA may help the surgeon to simulate the postoperative 
effective correction. To give the ideal indication, analysis 
is essential to define whether a DLO is required to avoid an 
excessive JLO.

There are several limitations to this study. First, this was 
a retrospective study without control group; however, the 
goal was to compare the real postoperative correction with 
the software simulation. Second, no clinical information 
was available, making it impossible to assess the correla-
tion between the postoperative correction, especially for JLO 
changes and the clinical outcomes. Third, this study was 

Fig. 3   Case of a patient who underwent surgery for isolated 
OWHTO. The postoperative long leg alignment X-rays shows exces-
sive joint line obliquity due to isolated tibial over-correction without 
considering the associated femoral deformity



monocentric; therefore, these results cannot be extrapolated 
to all surgeons, and a multicentre study of the correction 
targets obtained before the ESSKA consensus would enable 
these results to be confirmed.

Conclusion

Analysis of patients who underwent an isolated OWHTO 
prior to the ESSKA guidelines, demonstrated a significant 
rate of post-operative tibial overcorrection and a resultant 
increased JLO. Pre-operative planning that considers the 
ESSKA guidelines, allows for better identification of those 
patients requiring a DFO or DLO and avoidance of resultant 
post-operative deformities.
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