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Abstract 

Background: Double level osteotomy (DLO) has been introduced to prevent increased postoperative joint line 
obliquity. However, although DLO is planned, knees with postoperative medial proximal tibial angle (MPTA) > 95° in 
preoperative surgical planning are present. This retrospective study aimed to evaluate risk factors for an MPTA > 95° in 
preoperative surgical planning for DLO in patients with varus knee osteoarthritis (OA).

Methods: A total of 168 knees that underwent osteotomies around the knee for varus knee OA were enrolled. The 
hip-knee-ankle angle (HKA), weight-bearing line (WBL) ratio, mechanical lateral distal femoral angle (mLDFA), joint 
line convergence angle (JLCA) and mechanical medial proximal tibial angle (mMPTA) were measured on preoperative 
radiographs. The postoperative WBL ratio was planned to be 62.5%. When the postoperative mMPTA was more than 
95° in isolated high tibial osteotomy (HTO), (DLO) was planned so that the postoperative mLDFA was 85°, and residual 
deformity was corrected by HTO. Knees with postoperative mMPTA ≤ 95° and > 95° were classified into the correctable 
group and uncorrectable group, respectively.

Results: DLO was required in 101 knees (60.1%). Among them, 41 knees (40.6%) were classified into the uncor-
rectable group. Binomial logistic regression analysis showed that preoperative JLCA and mMPTA were independent 
predictors in the uncorrectable group.

Conclusions: Even with DLO, postoperative mMPTA was more than 95° in approximately 40% of cases. Preoperative 
increased JLCA and decreased mMPTA were risk factors for a postoperative mMPTA of > 95° after DLO.

Keywords: Open wedge high tibial osteotomy, Closed wedge high tibial osteotomy, Double level osteotomy, Distal 
femoral osteotomy, Osteotomies around the knee

Background
High tibial osteotomy (HTO) is a well-established surgical 
treatment for medial knee osteoarthritis (OA) with varus 
malalignment [1–3]. Meanwhile, in isolated HTO, exces-
sive postoperative overcorrection of a medial proximal 
tibial angle (MPTA) of > 95° leads to increased shear stress 

on the articular cartilage [4] and consequent inferior clini-
cal outcomes [5, 6]. To maintain an ideal MPTA, double-
level osteotomy (DLO) was introduced, and good clinical 
outcomes were reported [7–12]. Feucht et al. [13] reported 
that 33% of patients with varus malalignment required 
DLO to avoid postoperative MPTA > 95° in surgical plan-
ning. However, although DLO is planned, we sometimes 
encounter knees with postoperative MPTA > 95° in pre-
operative surgical planning. Theoretically, an intraarticu-
lar deformity affects the postoperative bone morphology 
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in surgical planning because the intraarticular deform-
ity cannot be corrected by osteotomies around the knee. 
Thus, the purpose of this retrospective study was to evalu-
ate risk factors for postoperative MPTA > 95° in preop-
erative surgical planning for DLO in patients with medial 
knee OA with varus alignment. It was hypothesized that 
a preoperative increased joint line convergence angle 
(JLCA) was a risk factor for a postoperative MPTA of > 95° 
in knees required for DLO.

Methods
The inclusion criteria of osteotomies around the knee 
were based on our surgical indication: medial knee OA 
with varus alignment. Exclusion criteria were sympto-
matic lateral compartmental or patellofemoral OA, a 
history of joint infection or inflammatory arthritis, and 
flexion contracture > 15°. Thus, a total of 156 patients 
(195 knees) who underwent osteotomies around the 
knee for medial knee OA with varus alignment from June 
2016 to July 2021 were enrolled in this cross-sectional 
study. Patients with a history of surgical treatment of 
the lower limbs (10 knees, meniscus repair or resection; 
5 knees, fixation of a lower limb fracture; 4 knees, ante-
rior cruciate ligament reconstruction; 1 knee, total hip 
arthroplasty) or a concomitant procedure (5 knees, tib-
ial tubercle transfer; 2 knees, anterior cruciate ligament 
reconstruction) were excluded. Thus, 136 patients (168 
knees) met the inclusion criteria for this study.

Measurements of radiological parameters
For preoperative surgical planning, anteroposterior 
whole-leg radiographs were obtained in the one-leg 
standing position, with the knee in full extension. The 
X-ray beam was centred on the knee with the patella fac-
ing forwards. The hip-knee-ankle angle (HKA), weight-
bearing line (WBL) ratio, mechanical lateral distal 
femoral angle (mLDFA), JLCA and mechanical medial 
proximal tibial angle (mMPTA) were measured. The 
measurements of radiological parameters and surgical 
planning were performed using Fujifilm OP-A software 
(Fujifilm Co. Ltd., Tokyo, Japan). The HKA was defined as 
the angle between the mechanical axes of the femur and 
tibia, with a positive value representing valgus alignment. 
The WBL ratio was defined as the ratio of the distance 
from the medial edge of the tibial plateau to the intersec-
tion of the weight-bearing line to the length of the tibial 
plateau. The WBL ratio reflected the medial tibial edge at 
0% and the lateral tibial edge at 100%. The mLDFA was 
defined as the lateral angle between the mechanical axis 
of the femur and the tangent of the femoral condyles. 
The JLCA was defined as the angle between the tangent 
of the femoral condyles and the joint line of the proxi-
mal tibia. A JLCA with an acute angle at the medial side 

was defined as positive. The mMPTA was defined as the 
medial angle between the mechanical axis of the tibia and 
the joint line of the tibia. Good intra- and interobserver 
reliability has been reported for these measurements 
[13].

Surgical planning of osteotomies around the knee
Surgical planning was performed so that the postopera-
tive WBL ratio was 62.5%. First, open wedge high tibial 
osteotomy (OWHTO) was planned. The transverse cut 
line was located 35 mm below the medial tibial plateau to 
the safe zone [14]. The lateral hinge was set 5 mm medial 
to the lateral cortex of the tibia. The transverse cut line 
was opened to accomplish the target point of the post-
operative alignment. If the opening width was more than 
13  mm, closed wedge HTO (CWHTO) was planned 
alternatively because an opening width over 13 mm was 
a risk factor for delayed bone healing and progression of 
patellofemoral cartilage injuries [15, 16]. CWHTO was 
planned in hybrid style [17–19]. A transverse cut was 
planned 40  mm below the lateral tibial plateau to the 
inflection point of the medial tibial cortex. The hinge 
point was set to divide the transverse cut line by 3 to 1. 
When the postoperative mMPTA was more than 95° in 
isolated HTO, DLO was planned (Fig.  1a) [10, 11]. In 
DLO, lateral closed-wedge distal femoral osteotomy 
(DFO) was planned so that the postoperative mLDFA 
was 85° [10, 20]. A transverse cut was planned 40  mm 
above the lateral epicondyle of the femur. The hinge point 
was set between the medial condyle and cortex of the 
femur. Then, residual deformity was corrected with HTO. 
After planning, in DLO group, knees with postoperative 
mMPTA ≤ 95° and > 95° were classified into the correcta-
ble group and uncorrectable group, respectively (Fig. 1b). 
This study was approved by the institutional review board 
of Yokohama City University (F211100004), and written 
informed consent was obtained from each patient.

Statistical analysis
Data are expressed as means ± standard deviation. In knees 
with required for DLO, demographic data and preopera-
tive radiological parameters were compared between cor-
rectable and uncorrectable groups using unpaired t tests 
and chi-squared tests. Binomial logistic regression analy-
sis with the forwards selection method was performed to 
identify risk factors for the uncorrectable group in knees 
required for DLO. All statistical analyses were performed 
using IBM SPSS for Windows, version 27.0 (IBM Corpo-
ration, Armonk, NY, USA). P values less than 0.05 were 
considered significant. A power analysis was performed 
on comparisons using an unpaired t test (significance 
level = 0.05, effect size = 0.5) using G*Power version 3.1.9.2 
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Fig. 1 In this case, the postoperative mechanical medial proximal tibial angle (mMPTA) was 95.7° in closed wedge high tibial osteotomy (HTO) (a). 
When the postoperative mMPTA is more than 95° in isolated HTO, double-level osteotomy (DLO) is planned. In DLO, lateral closed wedge distal 
femoral osteotomy is planned so that the postoperative mechanical lateral distal femoral angle is 85°. Then, the residual deformity is corrected with 
HTO. This case was classified into the correctable group because the postoperative mMPTA was ≤ 95° (b)
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(Heinrich-Heine-Universität, Düsseldorf, Germany). A 
post hoc power analysis resulted in a power of 0.69.

Results
The patient characteristics are shown in Table 1. Of the 
168 knees, DLO was indicated in 101 knees (60.1%) 
(Table 2). Of the 101 knees required for DLO, 41 knees 
(40.6%) were classified into the uncorrectable group. The 
preoperative demographic and radiological data in knees 
required for DLO are shown in Table 3. Compared to the 
correctable group, the preoperative HKA, WBL ratio, 
and JLCA in the uncorrectable group were more varus 
and mLDFA more valgus. Binomial logistic regression 
analysis with the forwards selection method showed that 
gender, preoperative JLCA and mMPTA were included 
and that age, body mass index, KL grade, preoperative 
HKA, WBL ratio, and mLDFA were excluded. Preop-
erative JLCA and mMPTA were independent predictors 
in the uncorrectable group in knees required for DLO 
(Table 4).

Discussion
The most important finding of this study was that even 
with DLO, postoperative mMPTA was more than 95° in 
40.6% of cases. In addition, a preoperatively increased 
JLCA and decreased mMPTA were risk factors for a 
postoperative mMPTA of > 95° in the surgical plan-
ning of DLO. Fuecht et  al. [13] reported that when the 
upper limit of postoperative mMPTA was 95°, DLO was 
required in 33% of cases, and that anatomic join orien-
tation angle was not obtained in 2% of all cases. Both of 
these proportions appear to be lower than those in the 
present study. This may be because the postoperative tar-
get alignment in the present study is more valgus than 

Table 1 Patients’ demographic characteristics and radiographic 
data

Data are presented as means ± standard deviation with the range in parentheses

Knees, n 168

Age, y 65.7 ± 8.4 (45 – 84)

Height, cm 159.2 ± 9.8 (140.1 – 194.3)

Weight, kg 67.2 ± 12.6 (45.3 – 111.7)

Body mass index, kg/m2 26.4 ± 3.7 (19.3 – 40.2)

Side, left/right 77/91

Gender, male/female 58/110

Kellgren-Laurence grade 1/2/3/4 0/8/39/121

HKA, °  − 8.9 ± 3.8 (− 20.8 – − 0.1)

WBL ratio, % 6.8 ± 17.0 (− 38.7 – 44.0)

mLDFA, ° 87.6 ± 2.1 (81.9 – 93.6)

JLCA, ° 5.3 ± 2.3 (0.2 – 12.5)

mMPTA, ° 84.1 ± 2.5 (75.4 – 90.1)

Table 2 The types of osteotomies

HTO high tibial osteotomy, OWHTO open wedge high tibial osteotomy, CWHTO 
closed wedge high tibial osteotomy, DFO distal femoral osteotomy, DLO double 
level osteotomy

Knees, n Total

HTO OWHTO 49 67 (39.9%)

CWHTO 18

DFO DFO 0 0 (0%)

DLO DFO + OWHTO 63 101 (60.1%)

DFO + CWHTO 38

Total 168 168

Table 3 Preoperative demographic and radiographic data in knees required for double level osteotomy

Data are presented as means ± standard deviation with the range in parentheses

HKA hip-knee-ankle angle, WBL weight bearing line, mLDFA mechanical lateral distal femoral angle, JLCA joint line convergence angle, mMPTA mechanical medial 
proximal tibial angle

Correctable (n = 60) Uncorrectable (n = 41) P value

Age, y 66.8 ± 8.6 (45 – 84) 65.2 ± 9.0 (48 – 83) n.s

Height, cm 158.1 ± 8.5 (143.8 – 176.9) 158.2 ± 9.4 (142.0 – 179.0) n.s

Weight, kg 66.6 ± 11.4 (45.3 – 90.2) 69.2 ± 16.5 (47.7 – 111.7) n.s

Body mass index, kg/m2 26.6 ± 4.0 (20.0 – 40.2) 27.3 ± 4.1 (20.5 – 35.8) n.s

Side, left/right 27/33 20/21 n.s

Gender, male/female 21/39 12/29 n.s

Kellgren-Laurence grade 1/2/3/4 0/1/7/52 0/0/2/39 n.s

HKA, °  − 9.8 ± 3.2 (− 20.8 – − 3.5)  − 12.2 ± 2.7 (− 19.4 – − 6.6)  < 0.001

WBL ratio, % 4.1 ± 13.6 (− 36.9 – 32.6)  − 9.1 ± 12.8 (− 38.7 – 15.0)  < 0.001

mLDFA, ° 89.1 ± 1.7 (86.5 – 93.6) 87.9 ± 1.4 (85.7 – 91.9)  < 0.001

JLCA, ° 5.0 ± 1.2 (2.2 – 7.2) 8.2 ± 1.4 (6.3 – 12.5)  < 0.001

mMPTA, ° 84.3 ± 2.9 (75.4 – 90.1) 83.8 ± 2.4 (79.1 – 88.4) n.s
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that in their study, and because JLCA of the patients in 
the present study is larger than that in their study, requir-
ing more correction at the femur and tibia. Although the 
subjects of their study included knees with KL grades of 
0–4, and clinical symptoms were not taken into consid-
eration, the present study included only medial knee OA 
with varus alignment undergoing osteotomies around the 
knee. This study demonstrated that in patients requiring 
osteotomies around the knee, DLO is required in approx-
imately 60% of cases, and even if DLO is performed, 
postoperative mMPTA exceeds 95° in approximately 40% 
of cases.

A preoperatively lower HKA was associated with 
nonanatomical correction for tibial abnormalities 
after osteotomies around the knee in a previous study 
[21]. However, the HKA consists of deformities in the 
mLDFA, JLCA and mMPTA. The present study showed 
that a preoperatively increased JLCA was a risk factor in 
the uncorrectable group after DLO. This is reasonable 
because an intraarticular deformity cannot be corrected 
by osteotomy. On the other hand, a JLCA decreases after 
surgery and it leads to overcorrection of the whole-leg 
alignment in osteotomies around the knee [22–25]. In a 
previous study, preoperative JLCA ≥ 4° is one of the risk 
factors for overcorrection due to the change in JLCA 
[25]. To predict the postoperative JLCA, some tech-
niques, such as lateral-wedge insole or preoperative 
supine radiographs, are useful [26–28]. Although it is dif-
ficult to predict postoperative JLCA changes accurately, 
these techniques seem to be effective not only to avoid 
postoperative overcorrection of the whole-leg alignment 
but also to avoid oversized postoperative mMPTA after 
osteotomies around the knee.

Preoperative decreased mMPTA was also a risk factor 
in the uncorrectable group in this study. Although this 
reason is unclear, it may be that in cases with preopera-
tive decreased mMPTA, CWHTO tends to be necessary 
because OWHTO results in a larger opening width. In 
the same postoperative WBL ratio, the postoperative 
mMPTA could be larger after CWHTO than OWHTO 
[29] because the leg length after CWHTO was shorter 
than that after OWHTO [30]. Meanwhile, the adverse 
effect of the postoperative MPTA on clinical outcomes 
has been reported only for OWHTO [5, 6]. Goto et  al. 

[31] found that postoperatively increased JLCA, not 
MPTA, adversely affected long-term clinical outcomes 
in CWHTO. The relationship between pre- and postop-
erative joint orientation angles on the coronal plane and 
clinical outcomes in various osteotomies should be eval-
uated in the future.

There were a few limitations in this study. First, there 
are various cut-off values of normal joint orientation 
angles, target points of postoperative alignment and 
algorithms for DLO [8–13, 21]. In the present study, the 
target point of the postoperative WBL ratio was 62.5%, 
the lower limit of mLDFA was 85°, and the upper limit 
of mMPTA was 95°. In DLO, lateral closed DFO was 
planned so that the postoperative mLDFA was 85° and 
residual deformity was corrected by HTO. It is not clear 
which method is best. Second, this study focused on 
radiological surgical planning without clinical outcomes 
in patients who underwent osteotomies around the knee. 
Third, the statistical power of this study was slightly 
weak.

In daily clinical practice, surgeons should be aware that 
DLO is required in more than half of osteotomies for 
osteoarthritic knees with varus alignment, and that even 
with DLO, oversized postoperative mMPTA exists in 
approximately 40% of cases. If the preoperative JLCA is 
large in such cases, the use of techniques such as lateral-
wedge insole or preoperative supine radiographs to pre-
dict the postoperative JLCA should be considered.

Conclusions
Even with DLO, postoperative mMPTA was more than 
95° in approximately 40% of cases. A preoperatively 
increased JLCA and decreased mMPTA were risk factors 
for postoperative mMPTA > 95° after DLO.

Abbreviations
HTO: High tibial osteotomy; OA: Osteoarthritis; MPTA: Medial proximal tibial 
angle; DLO: Double level osteotomy; WBL: Weight-bearing line; JLCA: Joint 
line convergence angle; HKA: Hip-knee-ankle angle; mLDFA: Mechanical 
lateral distal femoral angle; mMPTA: Mechanical medial proximal tibial angle; 
OWHTO: Open wedge high tibial osteotomy; CWHTO: Closed wedge high 
tibial osteotomy; DFO: Distal femoral osteotomy; KLgrade: Kellgren-Laurence 
grade.

Table 4 Binomial logistic regression analysis of risk factors for uncorrectable group

JLCA joint line convergence angle, mMPTA mechanical medial proximal tibial angle

Variables Coefficient Standard error Wald Odds ratio (95% CI) P value

Gender  − 3.134 1.696 3.413 0.044 (0.002 – 1.21) n.s

JLCA 7.718 2.711 8.106 2247.468 (11.076 – 456,045.094)  < 0.01

mMPTA  − 0.761 0.311 5.999 0.467 (0.254 – 0.859)  < 0.05
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