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Abstract
Background Postoperative change of the joint line convergence angle (JLCA) is known to be a factor affecting 
correction error in opening wedge high tibial osteotomy (OWHTO). The purpose of this study was to assess whether 
preoperative planning that considers change of the JLCA can achieve accurate correction in the standing position 
after OWHTO.

Methods OWHTO was performed for 109 knees with osteoarthritis of the knee. The amount of angular correction 
was planned aiming to achieve mechanical valgus of 5° in 55 knees (conventional planning), and it was adjusted in 
54 knees (adjusted planning) according to the preoperative JLCA as follows: not changed with JLCA ≤ 3°; decreased 1° 
with JLCA 4–6°; decreased 2° with JLCA 7–8°; and decreased 3° with JLCA ≥ 9°. The hip-knee-ankle (HKA) angle, JLCA, 
and medial proximal tibial angle (MPTA) were measured on standing long-leg radiographs. Correction error ≤ 2º was 
defined as the acceptable range, and correction error > 2º was defined as an outlier.

Results The conventional planning group had a significantly greater postoperative HKA angle than the adjusted 
planning group (6.1º and 4.9º, respectively). The mean JLCA decreased from 4.8º to 2.6º in the conventional planning 
group and from 4.6º to 2.7º in the adjusted planning group. The conventional planning group had significantly 
greater postoperative MPTA than the adjusted planning group (96.2º and 94.7º, respectively). The rate of outliers with 
correction error > 2º was significantly lower in the adjusted planning group (9%) than in the conventional planning 
group (24%). The rate of the MPTA > 95º was significantly lower in the adjusted planning group (30%) than in the 
conventional planning group (69%).

Conclusions This study demonstrated that preoperative planning with adjustment of the correction angle according 
to the preoperative JLCA improved correction accuracy in the standing position after OWHTO.
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Introduction
High tibial osteotomy (HTO) is an established pro-
cedure to optimize lower limb alignment for medial 
compartmental osteoarthritis (OA) of the knee. While 
the primary goal of HTO is to provide pain relief and 
improvement in activities of daily living, it also has the 
potential to maintain or even improve sports activity 
levels [1]. Opening wedge HTO (OWHTO) has recently 
been increasingly performed because it allows for more 
precise correction of the angle than the closed wedge 
technique [2], and good mid- to long-term clinical out-
comes have been demonstrated [3]. OWHTO Addition-
ally, OWHTO can be effectively combined with other 
cartilage restoration procedures such as bone marrow 
stimulation, osteochondral autograft transplantation and 
autologous chondrocyte implantation [4, 5].

Recent studies suggested that change of soft tissue bal-
ance is an important factor affecting correction error 
in OWHTO [6–8]. Even if accurate target al.ignment is 
obtained intraoperatively and the plate is optimally posi-
tioned [9], it could be lost by postoperative early change 
of the joint line convergence angle (JLCA) [10]. Multiple 
regression analysis suggested that postoperative JLCA 
on the day of surgery was the factor related to early post-
operative change of knee alignment [10]. Unexpected 
overcorrection is likely to occur in cases with a preop-
eratively large JLCA [11]. Moreover, intraoperative soft 
tissue management, such as the release of the medial col-
lateral ligament (MCL), can significantly impact JLCA 
and influence the final alignment outcome [12–14]. Thus, 
the amount of correction should be planned with consid-
eration of a postoperative change of the JLCA. Several 
studies have proposed predictive approaches to calculate 
changes in JLCA [6, 8, 15]. Nevertheless, their applicabil-
ity in clinical practice has not been sufficiently validated 
yet.

The purpose of this study was to assess whether preop-
erative planning that considers change of the JLCA can 
achieve accurate correction in the standing position after 
OWHTO. It was hypothesized that preoperative plan-
ning with adjustment of the correction angle according to 
the preoperative JLCA improves correction accuracy in 
the standing position after OWHTO.

Materials and methods
Patients
A total of 109 knees of 96 patients with medial com-
partmental OA of the knee who underwent OWHTO 
by a single surgeon (K.K.) between 2012 and 2021 were 
included in this retrospective study. The patients had a 
mean age of 67.2 ± 8.4 years (median age 68 years, range 
42–84 years). The inclusion criteria were based on our 
surgical indications: painful OA localized in the medial 
compartment of the knee, with no functional instability 

of the anterior cruciate ligament. The exclusion criteria 
were severe varus deformity (mechanical varus align-
ment > 10°), flexion contracture > 15°, osteonecrosis of the 
knee, concomitant procedures such as meniscal repair 
and cartilage repair, or a history of inflammatory arthri-
tis, joint infection, or immunosuppressive therapy. This 
study was approved by the institutional review board of 
our hospital (#B180200061).

Preoperative planning
The amount of angular correction was planned using dig-
ital planning software (OP-A software, Fujifilm Co. Ltd., 
Tokyo, Japan) aiming to achieve mechanical valgus of 5° 
on weight-bearing long-leg radiographs in the first half 
of the cases (conventional planning, n = 55) [3, 16, 17]. 
The amount of angular correction was adjusted in the 
latter half of the cases (adjusted planning, n = 54) accord-
ing to the preoperative JLCA, based on a previous report 
[10, 11], as follows: the amount of correction after con-
ventional planning was not changed with the JLCA ≤ 3°; 
it was decreased by 1° with the JLCA 4–6°; decreased 
by 2° with the JLCA 7–8°; and decreased by 3° with the 
JLCA ≥ 9°.

Surgical procedure and postoperative management
HTO was performed using the opening-wedge technique 
with rigid plate fixation [3]. The superficial layer of the 
medial collateral ligament (MCL) was released with sub-
periosteal elevation. The osteotomized gap was gradually 
opened until the preoperatively planned opening distance 
was obtained, and it was then filled with two wedged 
bone substitutes composed of beta-tricalcium phosphate 
with 60% porosity (Osferion, Olympus Terumo Biomate-
rials. Corp., Tokyo, Japan). A TomoFix plate (DePuy Syn-
thes, Zuchwil, Switzerland) was placed on the osteotomy 
site and fixed with locking screws.

Patients started a postoperative rehabilitation pro-
gram including isometric quadriceps exercise and 
range-of-motion exercise the day after surgery. A non-
weight-bearing regimen was prescribed for 1 week, 
followed by full weight-bearing exercise. Casts or sup-
portive devices were never applied.

Radiographic measurements
Full-length anteroposterior radiographs of the lower 
limb were taken in the standing position preoperatively 
and one and 12 months postoperatively. Limb align-
ment was expressed as the hip-knee-ankle (HKA) angle, 
measuring the angle between the mechanical axes of the 
femur and tibia, with negative values for varus and posi-
tive values for valgus (Fig. 1a). The JLCA was measured 
as the angle formed between a line tangent to the distal 
femoral condyle and the proximal tibial plateau (Fig. 1b). 
The medial proximal tibial angle (MPTA) was measured 
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as the medial angle formed between the tibial mechani-
cal axis and the knee joint line of the tibia (Fig. 1c). Two 
board-certified orthopaedic surgeons (K.K. and S.Y.) 
independently performed radiographic measurements 

and interpretation twice at an interval of more than two 
months. The correction error was calculated by the dif-
ference between the target al.ignment (HKA angle of 
5º) and the postoperative HKA angle at one month. 

Fig. 1 Radiographic measurements. (A) Hip-knee-ankle (HKA) angle. (B) Medial proximal tibial angle (MPTA). (C) Joint line convergence angle (JLCA)
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Correction error ≤ 2º was defined as acceptable range, 
and correction error > 2º was defined as an outlier. The 
rate of the MPTA > 95º was assessed, since previous stud-
ies have indicated that an MPTA > 95° may negatively 
impact the clinal outcomes [18, 19].

Statistical analysis
Statistical analysis was carried out using BellCurve for 
Excel version 4.05 (Social Survey Research Informa-
tion, Tokyo, Japan). The Mann-Whitney U test and the 
Kruskal-Wallis test were used to analyse differences in 
continuous variables. Pearson’s chi-squared test was 
used to analyse independence of categorical variables. 
An adjusted p value < 0.05 was considered significant. A 
power calculation showed that a sample size of 53 in each 
preoperative planning group could detect differences 
with an effect size of 0.5, α error of 0.05, and power of 0.8. 
Thus, the required sample was determined to be 54 or 55 
knees in each group. The intra-rater and inter-rater reli-
abilities of radiographic measurements were assessed by 
calculating intraclass correlation coefficients (ICCs).

Results
Patient characteristics and postoperative complications
There were no significant differences in patient charac-
teristics between the conventional planning group and 
the adjusted planning group (Table 1). Surgical site infec-
tions occurred in one knee of the conventional planning 
group and two knees of the adjusted planning group. A 
lateral cortical hinge fracture (Takeuchi type I) [20] was 
observed in three knees of the conventional planning 
group and three knees of the adjusted planning group. 
No loss of correction was found in these patients with 
complications.

Assessment of radiographic outcomes
Radiographs of representative cases are shown in 
Fig.  2. Preoperative and postoperative measurements 
of the HKA angle, JLCA, and MPTA are summarized 
in Table  2. The mean HKA angle was increased from 
preoperative − 7.1º to postoperative 6.1º in the conven-
tional planning group and from preoperative − 6.9º to 

postoperative 4.9º in the adjusted planning group, but it 
was not significantly changed from postoperative 1 to 12 
months in both groups. The conventional planning group 
had a significantly greater postoperative HKA angle than 
the adjusted planning group. The mean JLCA decreased 
from preoperative 4.8º to postoperative 2.6º in the con-
ventional planning group and from preoperative 4.6º to 
postoperative 2.7º in the adjusted planning group, but 
it was not significantly changed from postoperative 1 to 
12 months in both groups. The mean JLCA was not sig-
nificantly different between the two groups at each time 
point. The mean MPTA was significantly increased from 
preoperative 84.0º to postoperative 96.2º in the conven-
tional planning group and from preoperative 84.2º to 
postoperative 94.7º in the adjusted planning group, but 
it was not significantly changed from postoperative 1 to 
12 months in both groups. The conventional planning 
group had a greater mean postoperative MPTA than the 
adjusted planning group (96.2º and 94.7º, respectively). 
The ICCs for each radiographic measurement ranged 
from 0.82 to 0.93 for inter-rater reliabilities and from 
0.91 to 0.98 for intra-rater reliabilities, indicating good 
reliability.

Distribution of correction error and MPTA
The distributions of correction error at postoperative 
1 month are summarized in Fig.  3; Table  3. The rate of 
outliers with correction error > 2º was significantly lower 
in the adjusted planning group (9%) than in the con-
ventional planning group (24%). The distributions of 
the MPTA at postoperative 1 month are summarized in 
Fig.  4; Table  4. The rate of the MPTA > 95º was signifi-
cantly lower in the adjusted planning group (30%) than in 
the conventional planning group (69%).

Discussion
The most important finding of the present study was 
that correction error > 2º in OWHTO was significantly 
decreased by adjusting the correction angle according 
to the preoperative JLCA. This novel planning method 
could improve the correction accuracy of limb alignment 
in the standing position. In addition, the rate of postop-
erative MPTA > 95º was significantly decreased by adjust-
ing the correction angle considering change of the JLCA. 
These results suggested that the novel planning method 
can achieve targeted correction with reduced overcorrec-
tion regarding the MPTA.

Recent studies discussed the issue of an increased 
MPTA after isolated OWHTO [19, 21], since an MPTA 
greater than 95° is associated with excessive shear stress 
on the articular cartilage [18]. When performing total 
knee arthroplasty after HTO, in cases with an increased 
MPTA, the tibial resection tends to be thicker on the 
medial side, leading to medial compartment laxity [22]. 

Table 1 Patients’ characteristics
Conventional 
planning

Adjusted 
planning

P 
value

Knees (patients), n 55 (50) 54 (47)
Female, n (%) 41 (75) 38 (70) 0.63
Age, years * 67.8 ± 9.0 66.7 ± 7.9 0.44
Body mass index, kg/m2 * 25.1 ± 3.0 25.8 ± 3.3 0.14
Radiographic classification† : 
Grade 1/2/3/4/5, n

0/36/19/0/0 0/31/23/0/0 0.39

* The values are given as means ± standard deviation

†OA grade modified from the Ahlbäck classification
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Double-level osteotomy (DLO) in the distal femur and 
proximal tibia is done to avoid an increased MPTA [23, 
24]. The present study demonstrated that adjusted pre-
operative planning, which considers change of the JLCA, 

could reduce the excessive increase of MPTA. The results 
underscore the importance of anticipating changes in the 
JLCA during preoperative planning to reduce the cases 
that would require a correction over 95° or need for DLO.

Fig. 2 Radiographs of representative cases in conventional planning (A) and adjusted planning (B). (A) The postoperative hip-knee-ankle (HKA) angle 
is 8°, indicating an overcorrection of 3°. The joint line convergence angle (JLCA) decreases postoperatively by 3°. (B) The postoperative HKA angle is 5°, 
indicating accurate correction. The JLCA decreases postoperatively by 2°
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Preoperative planning using a digital software can 

accurately replicate the target al.ignment during 
OWHTO surgery [25]. Notably, a starting-point 1  cm 
more distal or proximal than previously determined 
through the digital planning does not alter the size of the 
osteotomy gap needed to produce the desired amount 
of correction [26]. However, the precise limb alignment 
achieved during surgery is not always consistent postop-
eratively [27]. The preoperative planning for the target 

Table 2 Pre- and postoperative measurement parameters on 
weight-bearing radiographs

Conventional
planning

Adjusted
planning

P value

HKA angle (º) Preoperative -7.1 ± 2.0 -6.9 ± 2.1 0.504
1 month 6.1 ± 1.9 4.9 ± 1.7 0.002
12 months 5.8 ± 2.1 4.8 ± 1.7 0.031

JCLA (º) Preoperative 4.8 ± 1.8 4.6 ± 1.8 0.584
1 month 2.6 ± 1.6 2.7 ± 1.4 0.757
12 months 2.5 ± 1.6 2.5 ± 1.5 0.885

MPTA (º) Preoperative 84.0 ± 3.0 84.2 ± 2.4 0.913
1 month 96.2 ± 3.1 94.7 ± 2.2 < 0.001
12 months 95.9 ± 3.2 94.6 ± 2.1 0.006

The values are given as means ± standard deviation

HKA hip-knee-ankle, JLCA joint line convergence angle, MPTA medial proximal 
tibial angle

Table 3 Distribution of the acceptable range and outliers in 
correction error
Correction error Conventional 

planning
Adjusted 
planning

P 
value

(n = 55) (n = 54)
Acceptable range (≤ 2°) 42 (76%) 49 (91%) 0.03
Outlier (> 2°) 13 (24%) 5 (9%)
Limb alignment was assessed using long-leg weight-bearing radiographs at 
postoperative one month

Fig. 3 Distribution of correction error from target alignment in the standing position at postoperative one month. (A) Conventional planning. (B) Ad-
justed planning
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correction angle is usually carried out using weight-bear-
ing radiographs of awake patients. However, limb align-
ment is intraoperatively assessed in the supine position 
under general anaesthesia. The discrepancy in the JLCA 
is attributed to differences in soft tissue balance around 
the knee between these two conditions. Laxity tends to 
be greater on the lateral side than the medial side in the 
OA knee with varus deformity [28, 29]. In OWHTO, 
opening of an osteotomy gap enhances the tightness 

on the medial side [30], and lateral laxity is augmented 
under general anaesthesia [31]. The discrepancy between 
medial and lateral laxities during surgery is reduced post-
operatively under the awake condition [10, 32], and the 
JLCA is decreased. A lateral shift of the weight-bearing 
line by valgus correction maintains the reduction in the 
JLCA, since it maintains increased tension in the medial 
soft tissue, thereby sustaining the medial joint space 
opening [33].

Preoperative planning with consideration of a change 
of the JLCA is necessary to avoid unexpected overcor-
rection in HTO. Even if a navigation system is used for 
HTO, a discrepancy occurs between intraoperative and 
postoperative assessments of limb alignment due to 
change of the JLCA [7, 27, 34]. The change of the JLCA 
takes place predominantly in the early postoperative 

Table 4 Distribution of the medial proximal tibial angle 
(MPTA) ≤ 95º and > 95º at postoperative one month
MPTA Conventional planning Adjusted planning P value

(n = 55) (n = 54)
≤95° 17 (31%) 38 (70%) < 0.001
>95° 38 (69%) 16 (30%)
MPTA medial proximal tibial angle

Fig. 4 Distribution of the medial proximal tibial angle (MPTA) at postoperative one month. (A) Conventional planning. (B) Adjusted planning
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period and is notably affected by the magnitude of the 
preoperative JLCA [11]. It is likely difficult to maintain 
target al.ignment in cases with change greater than 2° in 
the JLCA after HTO [6, 8, 10]. A previous study indicated 
that a preoperative JLCA of 4º or more in the stand-
ing position is the cut-off value to predict a large JLCA 
decrease of 2º or more [8]. The postoperative change of 
the JLCA in OWHTO correlates with the preoperative 
JLCA in the standing position [6, 8, 10, 11, 35]. Therefore, 
the preoperative planning was adjusted by decreasing the 
correction angle in the knee with a preoperative JLCA of 
4º or more. As a result, the adjusted planning group dem-
onstrated a significant reduction in correction error.

In this study, the current formula for correction was 
based on the correlation between the extent of postop-
erative overcorrection and the preoperative JLCA, as 
reported in the previous studies [10, 11]. While it is fea-
sible to use a multiple regression model to predict cor-
rections more accurately, individual variability in JLCA 
changes, even among patients with similar preopera-
tive JLCA, present a risk of undercorrection. Given that 
undercorrection negatively affects long-term outcomes 
more significantly than overcorrection, our formula is 
designed to align with the minimum expected JLCA 
change. However, completely avoiding overcorrection 
with this formula alone is challenging. Despite this issue, 
the current formula did not lead to a significant increase 
in undercorrection cases. In the conventional group, all 
overcorrected cases had a preoperative JLCA of 4° or 
more, suggesting that using the current formula could 
have reduced correction errors. Alternative formula, 
such as JLCA-2/2 [36] for adjustment of correction, have 
been proposed and might reduce overcorrection when 
applied to similar cases. However, this method could 
lead to a slight undercorrection (1-1.5°) compared to our 
model. Future research should focus on optimizing the 
balance between minimizing undercorrection and avoid-
ing overcorrection.

This study has several limitations. First, the follow-up 
time of one year was short. The current series assessed 
the early change of knee alignment. Second, the present 
series did not include data for clinical outcomes. These 
were not the primary aims.

Conclusions
This study demonstrated that preoperative planning by 
adjusting the correction angle according to the preop-
erative JLCA improved correction accuracy in the stand-
ing position after OWHTO. This preoperative planning 
method that predicts changes in soft tissue balance is 
useful to avoid unexpected overcorrection.
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