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Preoperative joint line convergence angle correction is a key factor 
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Abstract
Purpose This study aimed to identify and prevent preoperative factors that can be influenced in preoperative planning to 
reduce postoperative malcorrections.
Methods The method used in this study was a retrospective two-centre analysis of 78 pre and postoperative fully weight-
bearing radiographs of patients who underwent valgus osteotomy correction due to symptomatic medial compartment 
osteoarthritis. A computer software  (TraumaCad®) was used to aim for an intersection point of the mechanical tibiofemoral 
axis (mTFA) with the tibia plateau at 55–60% (medial = 0%, lateral = 100%). Postoperative divergence ± 5% of this point was 
defined as over- and undercorrection. Preoperative joint geometry factors were correlated with postoperative malcorrection. 
Planning was conducted using the established method described by Miniaci (Group A) and with additional correction of the 
joint line convergence angle (JLCA) using the formula JLCA-2/2 (Group B). Additionally, in a small clinical case series, 
planning was conducted with JLCA correction. Statistical analysis was performed using (multiple) linear regression analysis 
and analysis of variance (ANOVA) with p < 0.05 considered significant.
Results In 78 analysed cases, postoperative malcorrection was detected in 37.2% (5.1% undercorrection, 32.1% overcor-
rection). Linear regression analysis revealed preoperative body mass index (BMI, p = 0.04), JLCA (p = 0.0001), and oste-
otomy level divergence (p = 0.0005) as factors correlated with overcorrection. In a multiple regression analysis, JLCA and 
osteotomy level divergence remained significant factors. Preoperative JLCA correction reduced the planned osteotomy gap 
(A 9.7 ± 2.8 mm vs B 8.3 ± 2.4 mm; p > 0.05) and postoperative medial proximal tibial angle (MPTA: A 94.3 ± 2.1° vs B 
92.3 ± 1.5°; p < .05) in patients with preoperative JLCA ≥ 4°. The results were validated using a virtual postoperative cor-
rection of cases with overcorrection. A case series (n = 8) with a preoperative JLCA > 4 revealed a postoperative accuracy 
using the JLCA correction of 3.4 ± 1.9%.
Conclusion Preoperative JLCA ≥ 4° and tibial osteotomy level divergence were identified as risk factors for postoperative 
overcorrection. Preoperative JLCA correction using the formula JLCA-2/2 is proposed to better control ideal postoperative 
correction and reduce MPTA. The intraoperatively realised osteotomy level should be precisely in accordance with preop-
erative planning.
Level of evidence III, cross-sectional study.
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Abbreviations
BMI  Body mass index
CORA  Center of rotation and angulation
CW  Closed wedge
DFO  Distal femur osteotomy
HTO  High tibial osteotomy
HKA  Hip knee angle
JLCA  Joint line convergence angle
JLO  Oblique joint line
LDFA  Lateral distal femur angle
MAD  Mechanical axis deviation
mTFA  Mechanical tibio-femoral axis
MPTA  Medial proximal tibia angle
OA  Osteoarthritis
OW  Open wedge
WBL  Weight-bearing line

Introduction

Limited accuracy in osteotomy correction of varus malalign-
ment in the knee is an unsolved issue of tremendous impor-
tance since bony corrections are applied with increasing 
frequency for many indications, such as unicompartmental 
osteoarthritis (OA), instabilities, and corrections for aes-
thetical reasons [8, 23, 37].

Several factors have already been identified to optimise 
the predictive power of the preoperatively desired correction 
target, including preoperative planning, according to Miniaci 
and others [1, 14, 17, 41]. Navigated osteotomy guidance 
has been investigated, as it seems to be a promising tech-
nique, but it has not yet been proven to improve osteotomy 
accuracy [38]. Nevertheless, there remains a considerable 
lack of accuracy in knee osteotomies concerning the post-
operatively achieved correction target [37]. Depending on 
the definition of postoperative malcorrection, the rate of 
undesired overcorrection has been reported to be up to 40% 
[10, 40]. Overcorrection, as well as certain aspects of post-
operative joint geometry like a medial proximal tibia angle 
(MPTA) > 92° and an oblique joint line (JLO), may affect the 
clinical outcome and complicate later prosthesis implanta-
tion [15, 31, 40].

In this regard, an essential factor not finally considered 
in osteotomy planning is the proportion of intraarticular 
varus, its associated soft tissue balancing, and how to deal 
with it in preoperative planning. The joint line conver-
gence angle (JLCA) is a known surrogate measure to esti-
mate the amount of intraarticular malalignment [7] and has 
been associated with postoperative malcorrection [16, 32, 
33]. Many efforts have been undertaken to estimate perio-
perative JLCA change [7, 27], but all require additional 
radiographs and have certain limitations. Micicoi et al. 
introduced a simple equation JLCA-2/2 that estimates 

the average JLCA change from pre- to postoperatively; 
however, its clinical application in planning has not been 
validated [25].

The purpose of this study was to identify preoperative 
factors associated with postoperative malcorrection and 
validate preoperative planning with or without JLCA-
2/2-correction to improve overall osteotomy accuracy. The 
authors hypothesise that an increased preoperative JLCA is 
associated with postoperative malcorrections using the con-
ventional Miniaci planning method. We further hypothesise 
that preoperative JLCA should be considered in preoperative 
planning to improve overall osteotomy accuracy.

Materials and methods

Patients who underwent varus malalignment correction 
between 2016 and 2021 at the authors’ institution were 
included in this two-centre study after approval by the Eth-
ics Committee of the University of Hamburg. Indications 
for valgus osteotomy were unicompartmental OA and focal 
cartilage lesions with concomitant cartilage repair proce-
dures. Exclusion criteria were skeletal immaturity, post-
traumatic deformities, previous surgery with the affection 
of the lower extremity alignment, and previous hip, knee, or 
ankle replacement. No corrections due to ligament injuries 
or intraoperative hinge fractures were included because they 
could affect the JLCA independently from any bony deform-
ity. In addition, valgus osteotomies performed at the distal 
femur (distal femur osteotomy) and double-level osteotomies 
were excluded.

Particular attention was paid to the accuracy of the pre-
and postoperative radiographs, as malrotation radiographs 
can significantly alter the measurements [3]. In properly 
aligned long-leg weight-bearing X-rays, the patella should 
be centred between the femur condyles and forward-facing. 
The femur condyles should be symmetrically aligned and 
parallel to the frontal plane. The fibulotalar joint should not 
be fully visible, and the lateral tibial plateau should partially 
cover the head. Patients with inaccurate (malrotated) radio-
graphs and knee extension deficits were excluded.

Deformity analysis and osteotomy simulation were per-
formed using computer-based planning software (Trauma-
CAD™, Petach-Tikva, Israel). Measurements were con-
ducted by a senior orthopaedic fellow and an orthopaedic 
consultant.

For each patient, pre-and postoperative radiographs 
were imported to TraumaCad™, calibrated, and analysed 
for the following parameters as described by Paley et al. 
(Fig. 1A–C):

• Mechanical femorotibial angle (mTFA).
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• The tibial intersection of the weight-bearing line (WBL 
ratio; expressed as % of the medial (0%)-to-lateral 
(100%) width of the tibial plateau).

• Mechanical medial proximal tibia angle (mMPTA).
• Mechanical lateral distal femur angle (mLDFA).
• Joint line obliquity (JLO).
• JLCA.
• Mechanical axis deviation (MAD)
• Hip knee angle (HKA)

Based on the centre of rotation and angulation (CORA) 
principle, the bony correction was simulated using the tech-
nique described by Miniaci et al. and conducted as open-
wedge (OW) high tibial osteotomy (HTO). Depending on 

the osteotomy indication, the mTFA was planned to be a 
55–60% WBL ratio (Fig. 1D).

The osteotomy level (Fig. 2) was defined as the cortical 
distance from the tibial plateau to the medial osteotomy. It 
was standardised to 35 mm, corresponding to the internal 
fixateur used in this study (4.5 LOQTEQ plate system, AAP 
Implantate AG, Germany) and prevention of plate position-
ing close to the joint line, which can cause postoperative 
pain. A different osteotomy level of the preoperative plan-
ning and intraoperative realisation measured at the postop-
erative radiographs was defined as “divergence of the oste-
otomy level”.

Modified preoperative planning was conducted by adding 
a previous step for JLCA correction (Fig. 1E). Therefore, an 

Fig. 1  Preoperative osteotomy planning. A–C Based on long-leg 
weight-bearing X-rays, a deformity analysis was conducted preop-
eratively. D After defining the CORA, a software-guided osteotomy 
simulation (TraumaCAD™) was conducted based on the technique 
described by Miniaci. E Modified planning was performed with a 

previous JLCA correction using the JLCA-2/2 formula and subse-
quent OW high tibia osteotomy. The influence of the simulated oste-
otomy is directly visualised by the change of the geometrical joint 
parameters “Pre” (operative) and “Post” (operative)

Fig. 2  Osteotomy level devi-
ance. Illustration of the different 
osteotomy levels in A preopera-
tive osteotomy simulation and 
B intraoperative realisation of 
the same patient. The osteotomy 
level was measured as the dis-
tance from the tibial plateau to 
the medial osteotomy gap. Scale 
bar 25 mm
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intraarticular osteotomy was simulated and corrected by an 
intraarticular correction angle calculated using the JLCA-
2/2 formula described by Micicoi et al. [25]. Afterwards, 
the osteotomy was conducted as described by Miniaci et al. 
[27]. For example, in a case with a preoperative JLCA of 
6°, an additional intraarticular osteotomy of 6°–2°/2 = 2° 
was conducted prior to the OW HTO of the proximal tibia. 
No JLCA correction was performed for preoperative JLCA 
values smaller than or equal to 2° (2°–2°/2 = 0°). For the 
surgical technique, osteotomy was performed, as described 
previously [9, 21].

Based on the postoperative radiograph of patients suf-
fering from mTFA overcorrection, a posteriori correction 
was simulated by correcting the mTFA to the preoperatively 
desired WBL ratio. The proportion of excessive osteotomy 
gap opening was subtracted from the preoperatively planned 
gap size (Miniaci) and compared to planning with JLCA 
correction. Additionally, the postoperative gap size was cor-
rected to the size planned using the Miniaci method and 
additional JLCA correction. The resulting MPTA, WBL 
ratio, and JLCA were measured and compared to the plan-
ning with the JLCA correction.

A small clinical case series (n = 8) with a preoperative 
JLCA > 3 was conducted using preoperative planning with 
the additional JLCA correction described above. Postopera-
tive radiographs were taken at least eight weeks following 
surgery and with full weight bearing. Radiographic measure-
ments were made as described above.

Statistical analysis

Data are presented as means and standard deviations (SD). 
The calculation was based on two groups: (1) Miniaci plan-
ning and (2) Miniaci planning with previous JLCA correc-
tion. Differences between the groups were calculated with 
ANOVA and the Kruskal–Wallis test for non-parametric 
parameters. Categorical parameters were compared using 
the chi-squared test, and Fisher’s exact test was used for cat-
egorical parameters in the case of small subgroups (n < 5). 
Person’s correlation analysis and multiple linear correlations 
were performed using GraphPad Prism 8 (San Diego, CA, 
US). A p value < 0.05 was considered significant. A post 
hoc test for the multiple logistic regression analysis was 
performed using G-Power (version 3.1, Institut für Experi-
mentelle Psychologie, Heinrich Heine Universität, Düssel-
dorf, FRG) and an α-error of 5%. The sample size of n = 78 
revealed a statistical power of 0.9 to identify a significant 
factor associated with malcorrection. Radiographic measure-
ments were independently analysed by a senior orthopaedic 
fellow and orthopaedic consultant with an interval between 
repeated analysis of 4 weeks. Intra- and interobserver reli-
ability was assessed by calculating the intraclass correla-
tion coefficient (ICC). Interobserver reliability ranged from 

0.84 to 0.97 and intraobserver reliability ranged from 0.85 to 
0.98, indicating high reliability, as reported previously [11, 
39]. High intra- and interobserver reliability were measured 
for the planned osteotomy gap (0.99/0.98) and without JLCA 
correction (0.95/0.97).

Results

Patient demographics

Based on 120 screened cases, 78 full-leg radiographs that 
met the inclusion criteria and had accurate radiographs 
available were included. The demographic data of the study 
cohort are summarised in Table 1. Long postoperative leg 
standing radiographs were taken 2–3 months postoperatively.

Radiological measurements and correction error

Data from the radiographic analysis of pre-and postoperative 
radiographs are shown in Table 2. Averaged values demon-
strate a divergence of the preoperatively planned and post-
operatively achieved WBL ratio of 3.5% without being sig-
nificantly different from each other (p > 0.05). Considering 
a divergence of ± 5% in each case as miscorrection revealed 
32.1% cases with an overcorrection and 5.1% undercorrec-
tion for the preoperatively aimed WBL ratio.

Factors affecting postoperative overcorrection

Pearson correlation (Table 3) analysis revealed preoperative 
BMI (p < 0.04), JLCA (p < 0.0001) and the divergence of the 
osteotomy level (p = 0.0005) as significant factors influenc-
ing the rate of postoperative overcorrection. In a multiple 
linear regression analysis (Table 4), only the preoperative 
JLCA and divergence of the osteotomy level were identified 
as two critical variables associated with the rate of postop-
erative overcorrection. Neither one explained the distribu-
tion of the postoperative WBL ratio, indicating that it was 
influenced by several factors.

Table 1  Patient demographics

OW HTO open-wedge high tibial osteotomy
a mean ± SD

Parameters Total (n = 78)

Age (years)a 46.0 ± 9.6
Sex (male/female) 54/24
BMI (kg/m2)a 26.8 ± 3.2
Flow-up (in days)a 68.6 ± 51.0
Medial OW HTO 78 (100.0%)
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Based on the factors influencing the rate of postopera-
tive overcorrection and the definition above of over and 
undercorrection, the data were categorised into three scales 
of preoperative JLCA. As illustrated in Table 5, 62.5% of 
the cases with postoperative overcorrection clustered in the 
group with preoperative JLCA ≥ 4°. A Chi-square test of this 

distribution confirmed a significant association (p < 0.05) 
between preoperative JLCA and the rate of postoperative 
malcorrection. Intergroup comparison of each JLCA scale 
using ANOVA analysis revealed statistically significant 
differences in all groups for the postoperative WBL ratio 
(p < 0.01).

Preoperative planning with and w/o JLCA correction 
and a posteriori validation

Preoperative JLCA correction almost did not influence the 
osteotomy gap size and subsequent MPTA in patients with a 
preoperative JLCA < 4. This analysis did not include patients 
with a preoperative JLCA ≤ 2 since no modified planning 
was applied according to the JLCA-2/2 formula. Given the 
low rate of over-corrections in the group with preoperative 
JLCA > 2°–< 4°, an a posteriori correction was not consid-
ered in this group. In cases with a preoperative JLCA ≥ 4°, 
a JLCA correction resulted in a distinct reduction of the pre-
operatively planned osteotomy gap by an average of 1.4 mm 
and significantly (p < 0.05) reduced MPTA in the osteotomy 
simulation (Table 6). If the amount of overcorrection cor-
rected the osteotomy gap planned by the Miniaci method, 

Table 2  Radiological 
measurements and correction 
errors

n = 78
*planned using Miniaci method; WBL weight-bearing line ratio in % of the tibial plateau width (medial 
0%, lateral 100%)
a mean ± SD

Parameters (in °) Preoperative Postoperative Difference

HKAa 6.5 ± 10.8 (varus) 1.9 ± 1.5 (valgus) 8.5 ± 12.3
MAD (in mm) 21.2 ± 11.3 6.9 ± 5.1 28.1 ± 16.4
MPTAa 85.4 ± 1.9 91.2 ± 2.8 5.8 ± 0.8
LDFAa 88.6 ± 1.6 88.0 ± 1.9 0.6 ± 0.3
JLCAa 2.5 ± 1.8 2.0 ± 1.4 0.5 ± 0.4
JLOa 2.1 ± 1.7 2.5 ± 1.9 0.5 ± 0.3
WBL  ratioa 54.2 ± 3.7* 56.6 ± 9.7 3.5 ± 6.2
Correction error
 Overcorrection > 5% aimed correction 32.1%
 Undercorrection < 5% aimed correction 5.1%

Table 3  Pearson correlation analysis of factors affecting the rate of 
overcorrection

n = 78; Person correlation test was performed to determine the associ-
ated preoperative factors that affect the rate of overcorrection
*A p value of < 0.05 indicates statistical significance (bold)

Parameters Coefficient of correlation p value*

Age 0.100 0.4108
Weight (BMI) 0.224 0.0443
HKA 0.064 0.5961
Preoperative JLCA 0.416 0.0001
MPTA 0.035 0.7556
LDFA 0.176 0.1331
JLO − 0.122 0.3004
Osteotomy level 0.380 0.0005

Table 4  Multiple linear 
regression analysis of factors 
associated with the rate of 
overcorrection (R = 0.494, 
R2 = 0.244, R2

adj = 0.219, 
p < 0.001)

n = 78; Multiple linear correlation was performed to determine the associated preoperative factors that 
affect the rate of overcorrection
*A p value of < 0.05 indicates statistical significance (bold)

Dependent variable Explicative variable(s) Unstandardised 
coefficients

Standardised coef-
ficients

B SE (B) β p value*

Postoperative intersection of the 
mTFa with the tibia plateau (in %)

Preoperative JLCA 1.519 0.504 0.348 0.004

Osteotomy level 0.207 0.086 0.277 0.020
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the gap size was almost identical to the one planned with the 
additional JLCA correction. In addition, the resulting MPTA 
was reduced in comparison to the preoperatively planned 
MPTA (p < 0.05) and postoperatively achieved MPTA (ns). 
No differences in JLCA correction in preoperative planning 
were detected for LDFA.

Case series with preoperative planning, 
including JLCA correction

Eight patients (41.1 ± 4.2 years) with preoperative varus 
of 6.6 ± 2.5° and 4 ± 0.5° JLCA were operated by OW 
HTO using the preoperative planning (MPTA 93.3 ± 1.5°; 
JLCA 3.7 ± 0.6°; LDFA 89.7 ± 1.2°, osteotomy gap 
9.2 ± 0.3 mm) with additional JLCA correction (MPTA 
89.0 ± 1.1°; JLCA 3.0 ± 0.2°; LDFA 89.3 ± 1.1°, osteot-
omy gap 8.0 ± 0.7 mm) and exact translation of the osteot-
omy level intraoperatively (Fig. 3). Postoperative analysis 
(MPTA 90.3 ± 1.5°; JLCA 2.6 ± 0.6°; LDFA 90.6 ± 2.5°, 
mTFA–1.4 ± 1°) revealed a divergence of the mTFA of 
3.4 ± 1.9% (range 0.3–5%).

Table 5  Preoperative JLCA effects on the rate of preoperatively 
aimed mTFA correction

Preoperative 
JLCA

Undercorrection Optimal Overcorrection

 < 2 7.4% (2/27) 74.0% (20/27) 18.5% (5/27)
2–< 4 7.4% (2/27) 77.8% (21/27) 14.8% (4/27)
 ≥ 4 0% (0/24) 37.5% (9/24) 62.5% (15/24)

Table 6  Preoperative planning with and w/o JLCA correction and a posteriori validation

Preoperative JLCA† >2° - <4° ≥ 4° 

Osteotomy gap size (mm)   

Miniaci 8.0 ± 3.7 9.7 ± 2.8 

Miniaci + JLCAcorr. 7.2 ± 3.5 8.3 ± 2.4 

Intraoperative gap 8.3 ± 3.8 9.9 ± 2.9 

A posteriori corr. not performed 8.6 ± 2.7 

MPTA (in °)    

Preoperative 85.6 ± 2.2# 85.4 ± 1.7# 

Miniaci 91.5 ± 2.6 94.3 ± 2.1 

Miniaci + JLCAcorr. 91.2 ± 2.5 92.3 ± 1.5 

Postoperative 90.6 ± 2.6 93.0 ± 3.3 

* 

*

+ a posteriori corr. not performed 92.0 ± 2.1

JLCA

Preoperative 3.0 ± 0.2 5.0 ± 1.5

Miniaci 3.0 ± 0.2 5.0 ± 1.5

Miniaci + JLCAcorr. 2.75 ± 0.6 3.8 ± 1.3

Postoperative 1.8 ± 1.2 3.1 ± 1.2

+ a posteriori corr. not performed 3.2 ± 1.1

mTFA and WBL ratio

Preoperative mTFA 6.3 ± 3.3 8.5 ± 3.3

Postoperative mTFA -1.4 ± 1.2 -2.8 ± 1.4

Planned WBL ratio 55.3 55.2 ± 2.4

Postoperative WBL ratio 59.5 62.5 ± 7.6

Postoperative WBL ratio

+ a posteriori corr. 

not performed 56.8 ± 5.2

n = 78; ANOVA analysis was performed for intergroup comparison of each investigated parameter (bold) with a p-value 
of < 0.05 indicating statistical significance (marked by *). # Significantly different from all other groups.

***

***

*** ***

***

***

***

***

***

*
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Discussion

The primary finding of this study was that preoperative 
JLCA and a divergent osteotomy level were identified as 
risk factors for postoperative overcorrection in varus mala-
lignment correction. Preoperative JLCA correction can be 
simulated within preoperative planning and contributes to a 
more precise correction of the mechanical weight-bearing 
axis and a reduced postoperative MPTA.

The clinical relevance of overcorrection was shown in a 
study by Hohloch et al., who demonstrated in a comparative 
study of HTOs aiming for postoperative 50–55%, 55–60% 
and > 60% mTFA intersection significantly better results in 
terms of Lysholm Score and Knee Injury and Osteoarthri-
tis Outcome Score (KOOS) for a 50–55% intersection [13]. 

This issue has been controversial, and additional preopera-
tive assessments may be necessary to anticipate the clinical 
outcome [36]. However, in the authors’ opinion, an accuracy 
of ± 1.5°, as mentioned before, seems necessary when per-
forming varus correction osteotomies because biomechani-
cal studies have observed a significant load shift beginning 
at 3° of varus [4, 8]. Therefore, a ± 5% WBL ratio diver-
gence was selected for this study, corresponding to a ± 1.5° 
mTFA divergence. Based on this definition, we recorded 
32% of over-corrections, which emphasised the problem of 
poor accuracy, although the prerequisites mentioned in the 
introduction were entirely realised. Similarly, in a compara-
tive study including navigation-guided osteotomy correc-
tion, Schroeter et al. failed to achieve an accuracy of ± 1.5° 
divergence of the preoperatively planned and postoperatively 

Fig. 3  Representative case of a 54-year-old patient with medial com-
partment OA and 6° varus deformity. Based on a long-leg weight-
bearing X-ray (A), a deformity analysis was conducted preopera-
tively. The osteotomy was simulated (TraumaCAD™) based on the 
technique described by Miniaci but with additional JLCA correction 
using the JLCA-2/2 formula due to a preoperative JLCA of 4°. The 

preoperative simulated osteotomy level localised at the medial cor-
tex of the tibia was precisely realised during surgery (C). Subsequent 
OW HTO was secured by a hinge-protection k-wire (D). Postopera-
tively (E), the mTFA intersected the tibial plateau at 52%, resulting in 
a 3° divergence compared to the preoperatively planned intersection 
point (55% tibial width)



1590 Knee Surgery, Sports Traumatology, Arthroscopy (2023) 31:1583–1592

1 3

achieved mTFA correction [37]. These findings point out 
a significant limitation of osteotomies to date, and further 
literature reports about a rate of malcorrection of 30–40%, 
which critically depends on the definition of malcorrection 
[32, 33, 35, 37, 38]. Studies reporting a low rate of malcor-
rection often defined a much wider corridor concerning the 
postoperative WBL ratio that was considered satisfying [20].

Regarding this dilemma, numerous studies have evaluated 
the factors influencing accuracy in varus osteotomy correc-
tion [33, 37, 38]. Our study identified BMI, preoperative 
degree of JLCA, and divergence in the osteotomy level as 
influencing factors. None of these factors explained the rate 
of overcorrection, and BMI did not withstand the multiple 
regression analysis, consistent with previous studies [12, 33, 
34]. Regarding lateral tibial alignment, displaced hinge frac-
tures were excluded in our study, as this can seriously affect 
the accuracy of valgus osteotomy [18]. Lee et al. reported an 
increased medial opening gap of 12 mm as a risk factor for 
lateral hinge fractures [22]. However, non-displaced hinge 
fractures cannot be ruled out entirely because no postop-
erative MRI or CT scans were performed routinely. Lateral 
hinge fractures can affect the maintenance of the osteotomy 
gap and lead to correction loss, resulting in undercorrection 
[19, 26].

To the authors’ best knowledge, the importance of a diva-
gating osteotomy height at the medial tibia border has not 
been identified before as a risk factor for overcorrection. 
Minimised divergence from preoperative planning can be 
realised by precisely translating the preoperatively planned 
osteotomy level during the surgery. The importance of 
osteotomy inclination and positioning of the hinge in three-
dimensional thinking has recently been clarified for the sag-
ittal plane [5, 28]. The posterior tibial slope tends to increase 
when the osteotomy inclination angle in the sagittal plane is 
inclined posteriorly with respect to the medial tibial plateau. 
Such a reverse effect of the osteotomy inclination angle may 
be apparent in the coronal plane, causing a divergence of 
the planned WBL ratio [29]. However, no comprehensive 
study has examined the effect of the osteotomy inclination 
in the frontal plane and its correlation with the osteotomy 
gap size and change of the mechanical axis in the valgus 
osteotomy. Some investigators have already emphasised 
the importance of 3D planning and its clinical realisation 
using patient-specific cutting devices [6, 30]. Whether this 
development is superior to the standard technique for oste-
otomy remains debated. Nevertheless, the inclination of the 
osteotomy plane and hinge positioning should be focused 
on further research and considered when considering the 
accuracy of the osteotomy.

The most common contributor to poor accuracy in 
varus correction osteotomy is the amount of intraarticular 
deformity that cannot be included in the bony correction 

and that can be estimated only by the JLCA measurement. 
As in this study, previous work has identified increased 
preoperative JLCA as a risk factor for postoperative over-
correction [33, 40]. Significant effort was made to math-
ematically estimate the change in the JLCA from pre to 
postoperatively, between supine and weight-bearing radio-
graphs, and with and w/o stress radiographs [7, 25, 35]. 
JLCA change from the pre- to the postoperative conditions 
becomes even more challenging since it is clinically estab-
lished to perform a medial release to unload the medial 
compartment effectively [2]. Therefore, to date, there is 
no final consensus on how to introduce JLCA correction 
in preoperative planning.

Given these difficulties, Micicoi et al. proposed a sim-
ple equation “JLCA-2/2” to estimate the intraarticular 
varus proportion and preoperatively correct this amount 
by performing a virtual intraarticular osteotomy [25]. Our 
study provides the first evidence that this additional plan-
ning step improves the accuracy of varus correction oste-
otomies and yields reduced postoperative MPTA values. 
Because no stress radiographs were taken in this study, 
we could not compare the correction amount calculated 
by the JLCA-2/2 formula to related equations proposed 
by stress or supine radiographs [7]. However, this study 
proves that a specific JLCA correction is necessary when 
shifting the mTFA, thereby reducing the force momentum 
that causes varus gaping in the lateral compartment. Care 
should be taken when performing an intraoperative JLCA 
correction using stress radiographs, as described by others 
[20] because the intraoperative alignment technique using 
a rod or cautery cable is inaccurate [41].

Some critical limitations should temper this study’s 
conclusions. The study was conducted retrospectively 
with a heterogeneous cohort of patients. However, nar-
row inclusion criteria were applied to eliminate numerous 
factors affecting osteotomy accuracy, the reason for our 
study's high number of excluded patients. Depending on 
the size of the osteotomy gap, the medial release might 
have been performed more or less radical and with or w/o 
refixation. Final osteotomy gap fixation can sometimes be 
changed slightly by rounding up or down and integrating 
bone loss depending on the thickness of the sawing blade. 
Additionally, there might be a small postoperative change 
in the mTFA over the long course. However, in our study, 
postoperative radiographs were taken after 2–3 months, 
rendering our findings early radiographic results. However, 
current internal plate fixateurs allow the lateral alignment 
of the proximal epiphysis of the tibia to be maintained, 
minimising the secondary loss of correction [24]. The 
findings based on the a posteriori correction and small 
case series must be validated by a more extensive clinical 
study and interpreted cautiously.
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Conclusion

Based on previously reported requirements for accurate 
osteotomy correction in varus knees, higher accuracy may 
be achieved by preoperative JLCA correction using the 
JLCA-2/2 equation and precise conversion of the preopera-
tively planned osteotomy level into surgery. When treating 
patients with an elevated BMI, caution should be taken to 
avoid overcorrection.

Author contributions Conceptualization PB, RA, IB, MH, KHF, MK 
Methodology PB, IB, KHF, MK Validation PB, RA, GT, AK, HF, RA, 
MH, KHF, MK.; Formal analysis PB, GT, IB, HF, MK.; Investiga-
tion PB, IB, GT, HF, RA, MK.; Writing—original draft preparation 
PB, RA, IB, HF, KHF, MK.; Writing—review and editing all authors; 
Visualization PB, IB, HF.; Supervision KHF; Project administration 
PB, RA, MH, KHF, MK.; Funding acquisition PB, KHF. All authors 
have read and agreed to the final version of this manuscript.

Funding Open Access funding enabled and organized by Projekt 
DEAL. This research project was funded by the German Knee Society 
(DKG).

Declarations 

Conflict of interest The authors declare no conflict of interest. The 
funders had no role in the design of the study; in the collection, analy-
ses, or interpretation of data; in the writing of the manuscript, or in the 
decision to publish the results. PB was a recipient of a fellowship of the 
German Knee Society sponsored by Arthrex Inc.

Ethical approval The study was conducted according to the guidelines 
of the Declaration of Helsinki and approved by the institutional Ethics 
Committee of the University of Hamburg.

Informed consent Not applicable (analysis of anonymized radio-
graphs).

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Agneskirchner JD, Freiling D, Hurschler C, Lobenhoffer P (2006) 
Primary stability of four different implants for opening wedge 
high tibial osteotomy. Knee Surg Sports Traumatol Arthrosc 
14:291–300

 2. Agneskirchner JD, Hurschler C, Wrann CD, Lobenhoffer P (2007) 
The effects of valgus medial opening wedge high tibial osteotomy 
on articular cartilage pressure of the knee: a biomechanical study. 
Arthroscopy 23:852–861

 3. Ahrend M-D, Baumgartner H, Ihle C, Histing T, Schröter S, Fin-
ger F (2021) Influence of axial limb rotation on radiographic lower 
limb alignment: a systematic review. Arch Orthop Trauma Surg 
1–18. https:// doi. org/ 10. 1007/ s00402- 021- 04163-w

 4. Bode G, Schmal H, Pestka JM, Ogon P, Südkamp NP, Niemeyer P 
(2013) A non-randomized controlled clinical trial on autologous 
chondrocyte implantation (ACI) in cartilage defects of the medial 
femoral condyle with or without high tibial osteotomy in patients 
with varus deformity of less than 5. Arch Orthop Trauma Surg 
133:43–49

 5. Chung JH, Choi CH, Kim SH, Kim SJ, Lee SK, Jung M (2021) 
Effect of the osteotomy inclination angle in the sagittal plane on 
the posterior tibial slope of the tibiofemoral joint in medial open-
wedge high tibial osteotomy: three-dimensional computed tomog-
raphy analysis. J Clin Med 10(18):4272

 6. Donnez M, Ollivier M, Munier M, Berton P, Podgorski JP, 
Chabrand P et al (2018) Are three-dimensional patient-specific 
cutting guides for open wedge high tibial osteotomy accurate? An 
in vitro study. J Orthop Surg Res 13:171

 7. Dugdale TW, Noyes FR, Styer D (1992) Preoperative planning for 
high tibial osteotomy. The effect of lateral tibiofemoral separation 
and tibiofemoral length. Clin Orthop Relat Res 274:248–264

 8. Faber S, Zellner J, Angele P, Spahn G, Löer I, Zinser W et al 
(2020) Decision making for concomitant high tibial osteotomy 
(HTO) in cartilage repair patients based on a nationwide cohort 
study of 4968 patients. Arch Orthop Trauma Surg 140:1437–1444

 9. Feucht MJ, Mehl J, Forkel P, Imhoff AB, Hinterwimmer S (2017) 
Distal femoral osteotomy using a lateral opening wedge technique. 
Oper Orthop Traumatol 29:320–329

 10. Goshima K, Sawaguchi T, Shigemoto K, Iwai S, Fujita K, Yama-
muro Y (2019) Comparison of clinical and radiologic outcomes 
between normal and overcorrected medial proximal tibial angle 
groups after open-wedge high tibial osteotomy. Arthroscopy 
35:2898-2908.e2891

 11. Hankemeier S, Gosling T, Richter M, Hufner T, Hochhausen C, 
Krettek C (2006) Computer-assisted analysis of lower limb geom-
etry: higher intraobserver reliability compared to conventional 
method. Comput Aided Surg 11:81–86

 12. Herbst M, Ahrend MD, Grünwald L, Fischer C, Schröter S, Ihle C 
(2021) Overweight patients benefit from high tibial osteotomy to 
the same extent as patients with normal weights but show inferior 
mid-term results. Knee Surg Sports Traumatol Arthrosc. https:// 
doi. org/ 10. 1007/ s00167- 021- 06457-3

 13. Hohloch L, Kim S, Mehl J, Zwingmann J, Feucht MJ, Eberbach H 
et al (2018) Customized post-operative alignment improves clini-
cal outcome following medial open-wedge osteotomy. Knee Surg 
Sports Traumatol Arthrosc 26:2766–2773

 14. Holschen M, Lobenhoffer P (2016) Complications of corrective 
osteotomies around the knee. Orthopade 45:13–23

 15. Imhoff FB, Fucentese SF, Harrer J, Tischer T (2021) The influence 
of axial deformities and their correction on the development and 
progression of osteoarthritis. Orthopade 50:378–386

 16. Ji W, Luo C, Zhan Y, Xie X, He Q, Zhang B (2019) A residual 
intra-articular varus after medial opening wedge high tibial oste-
otomy (HTO) for varus osteoarthritis of the knee. Arch Orthop 
Trauma Surg 139:743–750

 17. Jung WH, Chun CW, Lee JH, Ha JH, Kim JH, Jeong JH (2013) 
Comparative study of medial opening-wedge high tibial osteot-
omy using 2 different implants. Arthroscopy 29:1063–1071

 18. Kang BY, Lee DK, Kim HS, Wang JH (2022) How to achieve 
an optimal alignment in medial opening wedge high tibial oste-
otomy? Knee Surg Relat Res 34:3

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s00402-021-04163-w
https://doi.org/10.1007/s00167-021-06457-3
https://doi.org/10.1007/s00167-021-06457-3


1592 Knee Surgery, Sports Traumatology, Arthroscopy (2023) 31:1583–1592

1 3

 19. Kazimoğlu C, Akdoğan Y, Sener M, Kurtulmuş A, Karapinar H, 
Uzun B (2008) Which is the best fixation method for lateral cortex 
disruption in the medial open wedge high tibial osteotomy? A 
biomechanical study. Knee 15:305–308

 20. Kim MS, Son JM, Koh IJ, Bahk JH, In Y (2017) Intraoperative 
adjustment of alignment under valgus stress reduces outliers in 
patients undergoing medial opening-wedge high tibial osteotomy. 
Arch Orthop Trauma Surg 137:1035–1045

 21. Krause M, Drenck TC, Korthaus A, Preiss A, Frosch KH, Akoto 
R (2018) Patella height is not altered by descending medial open-
wedge high tibial osteotomy (HTO) compared to ascending HTO. 
Knee Surg Sports Traumatol Arthrosc 26:1859–1866

 22. Lee SS, Celik H, Lee DH (2018) Predictive factors for and 
detection of lateral hinge fractures following open wedge high 
tibial osteotomy: plain radiography versus computed tomography. 
Arthroscopy 34:3073–3079

 23. Lobenhoffer P (2017) The rationale of osteotomy around the knee. 
J Knee Surg 30:386–392

 24. Lobenhoffer P, Agneskirchner J, Zoch W (2004) Open valgus 
alignment osteotomy of the proximal tibia with fixation by medial 
plate fixator. Orthopade 33:153–160

 25. Micicoi G, Khakha R, Kley K, Wilson A, Cerciello S, Ollivier 
M (2020) Managing intra-articular deformity in high Tibial oste-
otomy: a narrative review. J Exp Orthop 7:65

 26. Miller BS, Downie B, McDonough EB, Wojtys EM (2009) Com-
plications after medial opening wedge high tibial osteotomy. 
Arthroscopy 25:639–646

 27. Miniaci A, Ballmer FT, Ballmer PM, Jakob RP (1989) Proximal 
tibial osteotomy A new fixation device. Clin Orthop 246:250–259

 28. Moon SW, Park SH, Lee BH, Oh M, Chang M, Ahn JH et al 
(2015) The Effect of hinge position on posterior tibial slope 
in medial open-wedge high tibial osteotomy. Arthroscopy 
31:1128–1133

 29. Moon SW, Ryu JY, Lee SJ, Woo SW, Park SH, Choi Y (2021) The 
effect of the sagittal plane osteotomy inclination on the posterior 
tibial slope in medial open wedge HTO: experimental study with 
a square column model. BMC Musculoskelet Disord 22:89

 30. Munier M, Donnez M, Ollivier M, Flecher X, Chabrand P, Argen-
son JN et al (2017) Can three-dimensional patient-specific cutting 
guides be used to achieve optimal correction for high tibial oste-
otomy? Pilot study. Orthop Traumatol Surg Res 103:245–250

 31. Nakayama H, Schröter S, Yamamoto C, Iseki T, Kanto R, Kuro-
saka K et al (2018) Large correction in opening wedge high tibial 
osteotomy with resultant joint-line obliquity induces excessive 
shear stress on the articular cartilage. Knee Surg Sports Traumatol 
Arthrosc 26:1873–1878

 32. Ogawa H, Matsumoto K, Ogawa T, Takeuchi K, Akiyama H 
(2016) Preoperative varus laxity correlates with overcorrection in 

medial opening wedge high tibial osteotomy. Arch Orthop Trauma 
Surg 136:1337–1342

 33. Park JG, Kim JM, Lee BS, Lee SM, Kwon OJ, Bin SI (2020) 
Increased preoperative medial and lateral laxity is a predictor of 
overcorrection in open wedge high tibial osteotomy. Knee Surg 
Sports Traumatol Arthrosc 28:3164–3172

 34. Rupp MC, Winkler PW, Lutz PM, Irger M, Forkel P, Imhoff 
AB et al (2021) Dislocated hinge fractures are associated with 
malunion after lateral closing wedge distal femoral osteotomy. 
Knee Surg Sports Traumatol Arthrosc. https:// doi. org/ 10. 1007/ 
s00167- 021- 06466-2

 35. Ryu DJ, Lee SS, Jung EY, Kim JH, Shin TS, Wang JH (2021) 
Reliability of preoperative planning method that considers latent 
medial joint laxity in medial open-wedge proximal tibial oste-
otomy. Orthop J Sports Med 9:23259671211034150

 36. Schelker BL, Moret CS, Dogan O, Amsler F, Rasch H, Hügli RW 
et al (2022) Increased patellar bone tracer uptake in preoperative 
SPECT/CT before medial opening high tibial osteotomy corre-
lates with inferior clinical outcome. Knee Surg Sports Traumatol 
Arthrosc 30:397–406

 37. Schröter S, Günzel J, Freude T, Ateschrang A, Stöckle U, Albrecht 
D (2012) Precision in the planning of open wedge HTO. Z Orthop 
Unfall 150:368–373

 38. Schröter S, Ihle C, Elson DW, Döbele S, Stöckle U, Ateschrang A 
(2016) Surgical accuracy in high tibial osteotomy: coronal equiva-
lence of computer navigation and gap measurement. Knee Surg 
Sports Traumatol Arthrosc 24:3410–3417

 39. Schröter S, Ihle C, Mueller J, Lobenhoffer P, Stöckle U, van Heer-
waarden R (2013) Digital planning of high tibial osteotomy. Inter-
rater reliability by using two different software. Knee Surg Sports 
Traumatol Arthrosc 21:189–196

 40. Tsuji M, Akamatsu Y, Kobayashi H, Mitsugi N, Inaba Y, Saito T 
(2020) Joint line convergence angle predicts outliers of coronal 
alignment in navigated open-wedge high tibial osteotomy. Arch 
Orthop Trauma Surg 140:707–715

 41. Yoon SD, Zhang G, Kim HJ, Lee BJ, Kyung HS (2016) Compari-
son of cable method and miniaci method using picture archiving 
and communication system in preoperative planning for open 
wedge high tibial osteotomy. Knee Surg Relat Res 28:283–288

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1007/s00167-021-06466-2
https://doi.org/10.1007/s00167-021-06466-2

	Preoperative joint line convergence angle correction is a key factor in optimising accuracy in varus knee correction osteotomy
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 
	Level of evidence 

	Introduction
	Materials and methods
	Statistical analysis

	Results
	Patient demographics
	Radiological measurements and correction error
	Factors affecting postoperative overcorrection
	Preoperative planning with and wo JLCA correction and a posteriori validation
	Case series with preoperative planning, including JLCA correction

	Discussion
	Conclusion
	References




