Higuchi et al. BMC Musculoskeletal Disorders
https://doi.org/10.1186/s12891-019-2764-0

(2019) 20:409

RESEARCH ARTICLE

Open Access

Comparison of radiological features of high
tibial osteotomy and tibial condylar valgus
osteotomy
Takashi Higuchi1, Hironobu Koseki1,2* , Akihiko Yonekura3, Ko Chiba3, Yusuke Nakazoe4, Shinya Sunagawa1,
Chieko Noguchi3 and Makoto Osaki3

Abstract
Background: The purpose of this study was to compare radiological features between high tibial osteotomy (HTO)
and tibial condylar valgus osteotomy (TCVO), in order to define the radiological indication criteria for TCVO.
Methods: Thirty-two cases involving 35 knees that had undergone HTO and the same number that had undergone
TCVO for knee osteoarthritis were retrospectively evaluated. Characteristics of both groups did not differ
significantly. Lower limb alignment, bone morphology, joint congruity, and joint instability were measured in
standing full-length leg and knee radiographs obtained before and after surgery.
Results: Radiological features in the TCVO group included greater frequencies of advanced knee OA grade, varus
lower limb malalignment, depression of the medial tibial plateau, and varus-valgus joint instability compared to the
HTO group before surgery. However, tibial morphology, alignment of the lower limb, and joint instability improved
to comparable levels after surgery in both groups.
Conclusions: TCVO appears preferable in cases with advanced knee OA, destroyed or inclined medial tibial plateau,
widened and subluxated lateral joint, and high varus-valgus joint instability.
Keywords: Knee osteoarthritis, High tibial osteotomy, Tibial condylar valgus osteotomy

Background
Knee osteoarthritis (OA) is one of the most common
musculoskeletal disorders, especially among the elderly
[1–3]. About 8 million and 25 million individuals are affected by symptomatic and asymptomatic knee OA, respectively, in Japan [4]. Surgical approaches to the
treatment of advanced medial unicompartmental knee
OA have received considerable attention, and recent
studies have highlighted the efficacy of osteotomy and
prosthetic arthroplasty [5–7]. Due to advances in both
materials and designs, the longevity of total knee arthroplasty (TKA) has increased, and patients from a diverse
age range are now undergoing this procedure [6, 7].
However, TKA has some problems with material
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durability, the risk of metal allergies and patient dissatisfaction with joint range of motion (ROM), especially in
young, physically active patients [8–10]. Moreover, concerns have been raised regarding complications such as
deep or superficial implant-associated infections, wear of
the prosthesis, and vein thromboembolism [11–13].
Therefore, osteotomy procedures have been recommended for young and physically active patients wanting
to maintain wide ROM, or for individuals who participate
in high-demand activities and want to avoid prosthetic
arthroplasty [14, 15]. Open-wedge high tibial osteotomy
(HTO), the most common osteotomy procedure for treating knee OA [15, 16], is based on the concept of realignment to redistribute weight-bearing and mechanical stress
laterally to areas with less destruction, thus relieving pain
and improving function [16]. As tibiofibular joint disruption and peroneal nerve injury are potential complications
associated with lateral closed-wedge HTO, the medialapproach open-wedge HTO, which avoids such
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complications, has gained popularity [17–19]. Recent developments in internal fixator devices, surgical techniques,
and artificial bone graft have enabled early bone union
and gap filling, contributing to better clinical outcomes
[20]. Even in open-wedge HTO, however, risks include
lateral hinge fracture, damage of neurovascular tissue by
long proximal screws, loss of correction, and overcorrection due to implant loosening and nonunion [5, 19, 21].
Furthermore, negative effects on the patellofemoral (PF)
joint, limited knee extension, and disease progression due
to ligamentous joint laxity remain a concern [22–24].
Knee OA with a Kellgren-Lawrence (K/L) grade [25] ≥ 2
or laxity of the knee joint represent risk factors for declining clinical outcomes after HTO [24, 26]. Hence, in terms
of indications, HTO is restricted to patients with mild to
moderate medial knee OA in which high joint stability is
maintained [5, 15].
Tibial condylar valgus osteotomy (TCVO), a novel Lshaped osteotomy developed in the 1990s in Japan, also corrects lower extremity alignment from varus to valgus and
shifts the weight-bearing (mechanical) axis laterally [27].
TCVO together with remodeling of the shape of the tibial
plateau can improve femorotibial joint congruity and stability. The combined features of osteotomy and arthroplasty
are thus promising for effective treatment of severe knee OA
[28]. Due to improvements in implants in recent years,
TCVO is now making use of locking plates, resulting in
shorter postoperative rehabilitation. In our institute, HTO
and TCVO are selected individually on a case-by-case basis
for medial knee OA and have yielded almost all successful
results [27]. However, TCVO is not widespread because of
the technical difficulties and uncertain universal radiological
indications. To date, no studies have investigated radiological
features of TCVO compared to HTO, and radiological indication criteria for TCVO have not been identified.
The purpose of this study was to evaluate differences
in radiological features between HTO and TCVO in detail, and to clarify the radiological indications for TCVO,
to facilitate decision-making when choosing between the
two surgical techniques.
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osteotomy surgery. In particular, OA knees with high
varus-valgus joint instability, depression or inclination of
the medial tibial plateau (Pagoda deformity [29]), lateral
joint dilation, and lateral tibial thrust > 1 cm were included
for TCVO, whereas other cases with high joint stability
and without depression of the medial tibial plateau were
included for HTO, in accordance with the criteria of the
International Society of Arthroscopy, Knee Surgery and
Orthopedic Sports Medicine (ISAKOS) [15]. The HTO
group comprised 32 cases (35 knees) that had undergone
HTO. The TCVO group comprised 32 cases (35 knees)
that had undergone TCVO. No significant differences in
background characteristics were apparent between the
two groups (Table 1). The present study was approved by
the research ethics committee at Nagasaki University
Graduate School of Biomedical Sciences (approval number 2015–15082031), and all patients provided their written informed consent to participate and approved the
publication of their data.
Surgical procedure

The correction angle was estimated by preoperative planning using anteroposterior long-leg weight-bearing radiographs and finally determined by the alignment rod
connecting the hip center to the ankle center intraoperatively, aiming to achieve around 62% of the weight-bearing
line percentage in both osteotomy methods [30, 31]. The
patient was placed in the supine position on a radiolucent
operating table and a tourniquet was applied. Initial arthroscopy was performed to document medial-compartment
arthritis and to assess the status of the lateral and patellofemoral compartments and menisci.
HTO

Biplanar open wedge osteotomy was performed as described by Staubli et al. [30]. A skin incision was made
at the proximal tibia through the pes anserinus. Proximal to the pes anserinus, the medial collateral ligament
(MCL) was dissected off the posteromedial cortex of the
Table 1 Characteristics of subjects

Methods
Subjects

A total of 64 cases involving 70 knees that had undergone
osteotomy in our institute from May 2008 to January 2016
were retrospectively evaluated and included in our study.
The indication for osteotomy was medial unicompartmental knee OA in relatively young patients (< 65 years of age)
and physically active high-demand individuals with nearnormal lateral femorotibial compartment, ROM > 90° and
flexion contracture < 10°. Patients with lateral OA, advanced patellofemoral arthritis, lateral bowing of the
femur, inflammatory arthritis (such as rheumatoid arthritis), or current smoking status were excluded from

Age (years)

HTO group

TCVO group

58.3 ± 8.4

58.4 ± 8.1

Sex (cases/knees)
Men

17 / 19

16 / 17

Women

15 / 16

16 / 18

Right

18

15

Left

17

20

161.3 ± 9.4

159.1 ± 8.5

Side (knees)

Hight (cm)
Weight (kg)

72.8 ± 15.8

70.8 ± 13.8

BMI (kg/m2)

27.9 ± 5.3

27.8 ± 4.2
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tibia and a blunt Hohmann retractor was inserted to
protect the neurovascular structures. Two guide wires
were inserted at a point 3.5–4 cm below the medial joint
line and passed obliquely 1 cm below the lateral articular
margin of the tibia towards the tip of the fibular head.
The first osteotomy was performed distal to the guide
wires to the upper position of the proximal tibiofibular
joint. The osteotomy was incomplete, leaving 10 mm of
lateral cortex intact, referred to as the bone bridge, to
serve as a hinge point during opening of the osteotomy.
The second frontal osteotomy plane started in the anterior one-third of the proximal tibia at an angle of 100° to
the first osteotomy plane. An osteotomy was gradually
opened until the desired, preoperatively determined alignment had been reached. After the planned gap was obtained, the osteotomized gap was filled with two triangular
wedged blocks of bone substitute comprising hydroxyapatite with beta-tricalcium phosphate (β-TCP) featuring 60%
porosity (Osferion®; Olympus TerumoBiomaterials Corp.,
Tokyo, Japan). A TomoFix™ plate (DePuy Synthes, West
Chester, PA) was placed on the anteromedial aspect of the
tibia and a locking screw was inserted. The proximal
screws need to be placed deep enough to reach the lateral
part of the tibia to support the load.
TCVO

The pes anserinus and superficial layer of the MCL were
dissected subperiosteally through a curved skin incision
placed distomedially from the medial aspect of the tibial
tuberosity. The L-shaped osteotomy was implemented at
the medial tibial tuberosity as the apex and extended

a

Page 3 of 10

towards the lateral intercondylar eminence vertically and
proximal medial tibia horizontally. Mild valgus force was
applied to the leg, and completion of the osteotomy was
confirmed on intraoperative radiographic imaging. A
Kirschner wire was inserted and stoppers were attached
to both ends to prevent separation of the tibial plateau.
The osteotomy was opened with gradual valgus force
until the desired, preoperatively determined alignment
had been achieved. After the correction, a TomoFix™
plate was affixed to the anteromedial aspect of the tibia
using locking screws. Granular β-TCP was used to fill
the opened gap space (Fig. 1).
Radiological evaluations

Pre- and postoperative standardized anteroposterior radiographs of full-length legs in a standing position were
taken with the feet in a neutral position. Radiographs of
the knee joint and manual varus-valgus stress radiographs were also obtained and used for the following
measurements.
K/L grade was used for classifying the severity of knee
OA. The mechanical axis (percentage of mechanical axis:
%MA), femorotibial angle (FTA), and hip-knee-ankle
angle (HKA angle) were measured to evaluate lower
limb alignment (Fig. 2a-c). The %MA indicates the point
of intersection between the mechanical axis (a line
drawn from the center of the femoral head to the center
of the ankle) and the tibial plateau, converted to a percentage from medial edge (0%) to lateral edge (100%)
[27, 32]. The mechanical lateral distal femoral angle
(mLDFA) and the medial proximal tibial angle (MPTA)

b

Fig. 1 Anteroposterior radiographs of full-length legs in a standing position (a) before and (b) after TCVO. The L-shaped osteotomy is opened
and fixed with TomoFix™ plate. The opened gap space was filled with granular β-TCP
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Fig. 2 a: Percentage of mechanical axis (%MA), b: femorotibial angle (FTA), and c: hip-knee-ankle angle (HKA angle) were measured to evaluate
leg alignment

were measured to evaluate the morphology of the distal
femur and proximal tibia (Fig. 3a, b). Medial tibial plateau
depression (MTPD) [33] and posterior proximal tibial angle
(PPTA) were also measured to evaluate the morphology of
the tibia plateau (Fig. 4a, b). MTPD represents the angle between a line tangential to the lateral and medial plateau. Joint
line convergence angle (JLCA) was measured to evaluate
knee joint congruity, as the angle formed between a line tangential to the distal femoral condyle and the tibial plateau
(Fig. 5). The JLCA in varus- and valgus-stress radiographs
was defined as the varus and valgus stress angle, respectively.
Total amplitude of varus- and valgus-stress angle was identified as the laxity angle (Fig. 6). Postoperative knee radiographs were taken immediately and 1 year after surgery,
whereas standing full-length leg X-rays could not be taken
immediately after surgery. Three observers evaluated radiographs from each patient twice, at a minimum interval of 2
weeks. Intra-observer reliability was assessed based on evaluations by the first author, and inter-observer reliability was
assessed based on evaluations between the first and second
authors. Readers were blinded to the initial measurements,
and mean values were taken as the measured values.
Statistical analysis

Statistical analysis was performed using SPSS Statistics version 22 (IBM, Armonk, NY). Reproducibility and intra-

observer reliability of the measurements were assessed using
kappa statistics. The unpaired t-test or Mann-Whitney Utest was used for comparisons between groups. Paired t-tests
or one-way analysis of variance (ANOVA) and Bonferroni/
Dunn post hoc multiple comparison tests were used for
comparisons before and after surgery. Values of P < 0.05
were considered significant.

Results
Test-retest reproducibility and intra-observer reliability did
not differ significantly (kappa values, 0.76 and 0.86, respectively). No significant differences were identified among the
three examiners (P > 0.05). Results of each radiological measurement are shown in Table 2. More advanced knee OA
was more frequent in the TCVO group (grade 2, 4 knees;
grade 3, 21 knees; grade 4, 10 knees) than in the HTO group
(grade 2, 19 knees; grade 3, 15 knees; grade 4, 1 knee) (P <
0.01). Pre-operative %MA was significantly lower in the
TCVO group (8.7 ± 13.3%) than in the HTO group (20.0 ±
11.2%; P < 0.01). In terms of lower limb alignment before
surgery, FTA was significantly higher in the TCVO group
(183.4 ± 3.9°) than in the HTO group (180.9 ± 3.7°; P < 0.01)
and HKA angle was significantly lower in the TCVO group
(170.2 ± 3.2°) than in the HTO group (172.9 ± 2.9°; P < 0.01).
No significant differences in mLDFA or pre- or postoperative
MPTA were seen between groups, but pre-operative MTPD
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Fig. 3 a: Mechanical lateral distal femoral angle (mLDFA) and b:
medial proximal tibial angle (MPTA) were measured to evaluate the
morphologies of the distal femur and proximal tibia

a
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and PPTA were significantly lower in the TCVO group than
in the HTO group. Pre-operative JLCA was higher in the
TCVO group (5.1 ± 1.5°) than in the HTO group (1.4 ± 1.5°;
P < 0.01). Pre-operative varus stress angle and laxity angle
were significantly higher in the TCVO group than in the
HTO group, but no significant difference in valgus stress
angle was identified. Conversely, postoperative MTPD was
high, and varus stress angle and laxity angle were low in the
TCVO group compared to the HTO group (P < 0.05), representing inverted situations from preoperatively.
In terms of pre- and postoperative comparisons in the
HTO group, %MA, HKA, MPTA, and varus-stress angle
were increased, and FTA, PPTA, and valgus-stress angle
were decreased after surgery (P < 0.01). No significant differences in mLDFA, MTPD, JLCA, or laxity angle were seen
between before and after surgery. In the TCVO group, lower
limb alignment and MPTA were improved and instability
was significantly decreased after surgery (P < 0.01). While
pre- and postoperative mLDFA and PPTA did not differ, the
value of MTPD after TCVO was increased and laxity angle
and JLCA were markedly decreased relative to the HTO
group. Moreover, MTPD and PPTA in both groups did not
change from immediately after to 1 year after surgery.

Discussion
The present results demonstrated that pre-operative KL
grade and FTA were higher, and %MA and HKA angle
were lower in the TCVO group than that in the HTO

b

Fig. 4 a: Medial tibial plateau depression (MTPD) and b: Posterior proximal tibial angle (PPTA) were measured to evaluate the morphology of the
tibial plateau
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Fig. 5 Joint line convergence angle (JLCA) was measured to
evaluate knee joint congruity

group. These findings mean that TCVO can be applied to
cases of more advanced knee OA with severe varus deformity, in which the mechanical axis passes relatively medial
compared to HTO. Efe et al. [26] reported that a KL grade ≥
3 is one factor associated with poorer clinical outcomes at an
average of 9.6 years after HTO. Some studies have also reported that advanced knee OA and severe malalignment
tend to lead to HTO failure [5, 34, 35]. Only one previous
study has reported the KL grade of TCVO patients as grade
3 or 4, but the details were not described [27]. Mean %MA
and FTA of the TCVO group in the present study were
8.7 ± 13.3% and 183.4 ± 3.9°, respectively. These results suggest that the alignment criteria of TCVO include %MA 5–
15%, and FTA 183–186°, as values at which clinical outcomes of HTO are thought to be declined.
In our series, mLDFA values were similar and within
normal range in both groups. In a recent case with malalignment of the femoral condyle, we added distal femoral
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osteotomy (double-level osteotomy) [36]. Most patients
with medial knee OA show varus deformity at the proximal tibia (decreased MPTA or MTPD) and knee joint
(increased JLCA) [37, 38]. Increasing inclination of the
medial tibial plateau is the main contributor to worsened
varus deformity [38, 39] and could progress to intra-articular
incongruency and lateral thrust phenomenon. Because HTO
can manipulate the proximal tibia to a valgus position, the
MPTA is corrected, but JLCA and MTPD are not always corrected. In TCVO, shape of the tibial plateau is modified, and
the destroyed or inclined medial compartment of the tibial
plateau can be restored. In fact, our data confirmed that
TCVO can alter not only MPTA, but also JLCA and MTPD,
to a greater extent than HTO. The normal range and mean
values of JLCA are reported as 0–3° and 1.75°, respectively
[40]. Pre-operative JLCA was higher in the TCVO group
(5.1 ± 1.5°) than in the HTO group (1.4 ± 1.5°), whereas postoperative JLCAs in both groups were at the same level. In
addition, postoperative MTPD in the TCVO group was increased compared to the HTO group. The main concept of
TCVO is improvement of femorotibial joint congruity by
readjusting the widened lateral joint, as well as realignment of
the lower extremity to valgus to shift the mechanical axis laterally. In the medial femorotibial joint of advanced medial
knee OA, the medial meniscus and articular cartilage, which
fill the gap of the joint space, were considered to be almost
torn or completely absent. Postoperative MTPD values in the
TCVO group were therefore increased out of necessity to obtain medial joint stability and congruency by bony contact of
the articular surface. In addition, postoperative FTA and
MPTA values were similar and within normal ranges in both
procedures, meaning that alignment of the lower extremity
and joint line after TCVO did not interfere with knee function. As a result, TCVO appears better suited to knee OA
with a widened lateral femorotibial joint caused by depression
or inclination of the medial tibial plateau. Based on our results,
TCVO is preferable in cases of knee OA with MTPD within
the range of − 10° to − 4°, and JLCA at 4° to 6°.
Previous studies have also indicated that the tibial plateau tends to tilt posteriorly in the sagittal plane after
HTO [41, 42] because of insufficient soft-tissue release
and inappropriate hinge position [43–45]. Steep PPTA
might influence knee kinematics or stability in the anteroposterior direction [46]. The PPTA achieved in the
present study indicated that augmentation of posterior
tilt in the tibial plateau was avoidable in TCVO.
Although HTO can reportedly improve stability of the
knee joint [47, 48], chronic joint instability such as lateral
thrust phenomenon remains one of the major factors affecting clinical outcome. The removal of any torn medial meniscus may accelerate progression of joint instability and knee
OA [49, 50]. HTO with ligament reconstruction is one surgical option for the treatment of joint laxity [51–53], but requires greater surgical invasion and prolonged rehabilitation

Higuchi et al. BMC Musculoskeletal Disorders

(2019) 20:409

Page 7 of 10

a

b

Fig. 6 Varus and valgus stress angle. a: Varus and b: valgus stress were applied and the total amplitude of varus- and valgus-stress angle was
identified as the laxity angle

and hospitalization [53], in addition to high medical costs.
TCVO together with remodeling of the shape of the tibial
plateau can improve femorotibial joint congruity and stability. Increased tension in the cruciate ligaments due to making the tibial plateau concave using an L-shaped osteotomy

also contributed to increased joint stability. Our results revealed that TCVO could reduce the mean varus stress angle
from 7.2° to 4.0°, and laxity angle from 9.5° to 4.5°, without
any ligament reconstructions. TCVO is thus desirable for
knee OA involving severe joint laxity in the coronal plane.

Table 2 Radiological parameters
HTO group
Pre-op
K/L grade (II/III/IV)

19/15/1

%MA

20.0 ± 11.2

TCVO group
Immediate

1-year post-op
65.3 ± 8.6 a

8.7 ± 13.3 b

FTA

180.9 ± 3.7

169.2 ± 2.8

HKA

172.9 ± 2.9

184.3 ± 2.2

a

mLDFA

89.9 ± 1.2

89.2 ± 1.4

84.0 ± 2.1

MTPD

−1.1 ± 2.2

91.7 ± 3.4
−0.9 ± 2.0

84.2 ± 2.5

JLCA

1.4 ± 1.5

1.1 ± 1.0

Varus stress angle

5.1 ± 1.1

6.4 ± 2.1

82.7 ± 3.6

80.6 ± 4.1

Valgus stress angle

1.9 ± 2.1

0.8 ± 1.8

Laxity angle

7.1 ± 2.3

7.1 ± 3.1

P < 0.01 compared to pre-operatively
P < 0.01 compared to pre-HTO
P < 0.05 compared to pre-HTO
d
P < 0.01 compared to immediately after HTO
e
P < 0.05 compared to post-HTO
b
c

1-year post-op
62.1 ± 7.9

a

a

183.4 ± 3.9

b

170.5 ± 3.4 a

170.2 ± 3.2

b

184.3 ± 3.1 a

89.6 ± 1.7
a

−0.8 ± 2.5

PPTA

a

Immediate

4/21/10 b
a

MPTA

Pre-op

88.5 ± 2.7

83.7 ± 2.3

92.5 ± 2.4

−7.4 ± 4.9

c

6.0 ± 2.8

82.7 ± 3.2

c

82.1 ± 4.1

a,d

5.5 ± 2.7

a

a,e

81.2 ± 4.3

5.1 ± 1.5

c

0.7 ± 0.9

a

a

7.2 ± 1.7

b

4.0 ± 2.1

a,e

a

2.3 ± 2.8

0.5 ± 1.3

a

4.5 ± 2.4

a,e

9.5 ± 3.2

c
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Varus stress angle from 6° to 8°, and laxity angle from 7° to
11° represent potent indicators of TCVO.
Based on the present results, the advantages of TCVO
are: 1) correction of varus malalignment of the lower extremity; 2) reconstruction of medial articular deformation of the tibial plateau; and 3) the reduction in joint
laxity. Furthermore, 4) early weight-bearing can be
started because the osteotomy line does not reach the
lateral tibial condyle; 5) risk of hinge fracture is reduced;
and 6) reduction of a subluxated lateral joint during the
operation is superior to HTO. TCVO is thought to be
an effective surgical procedure for patients with advanced varus knee OA, inclined medial tibial plateau,
widened lateral femorotibial joint, and high joint instability. However, we need to pay attention to the disadvantages of TCVO. First, correction of the tibia to a valgus
position is limited only to the angle at which the lateral joint
is reduced. Prudent preoperative planning is required to
compare correctable and estimated postoperative %MA. Second, soft-tissue balance cannot be modified directly by this
procedure, and therefore medial tightness and lateral laxity
may remain after the surgery.
Limitations in this study included the small number of
cases and the short duration of follow-up (1 year after surgery). Lee et al. [54] reported that barely any correction loss
had occurred from 1 year after HTO, but we must pursue
radiographic changes, such as progression of knee OA and
correction loss, over the long term after surgery. In addition,
detailed clinical outcomes should also be assessed. TCVO
with a locking plate and minimally invasive surgical techniques have been introduced since 2008. Further study is
therefore warranted to include a large sample size, and a prospective design is needed to better clarify the exact radiological indications, and to determine the clinical availability
of TCVO. In the future, demands for osteotomy will increase
when regenerative medicine for articular cartilage or meniscus becomes widespread. As the osteotomy is much more
cost-effective than TKA [55], the present value of TCVO will
be increased as one of the surgical options other than TKAs
in the treatment of advanced knee OA.

Conclusion
We compared the radiological features of HTO and TCVO.
TCVO improved %MA, lower limb alignment, tibial
morphology to the same extent as HTO. Furthermore,
TCVO improved joint laxity and congruity, whereas HTO
did not. TCVO appears preferable in cases with advanced
knee OA, destroyed or inclined medial tibial plateau, widened and subluxated lateral joint, and high varus-valgus
joint instability.
Abbreviations
%MA: Percentage of mechanical axis; ANOVA: Analysis of variance;
FTA: Femorotibial angle; HKA angle: Hip-knee-ankle angle; HTO: High tibial
osteotomy; JLCA: Joint line convergence angle; KL: Kellgren-Lawrence;

Page 8 of 10

MCL: Medial collateral ligament; mLDFA: Mechanical lateral distal femoral
angle; MPTA: Medial proximal tibial angle; MTPD: Medial tibial plateau
depression; OA: Osteoarthritis; PF: Patellofemoral; PPTA: Posterior proximal
tibial angle; ROM: Range of motion; TCVO: Tibial condylar valgus osteotomy;
TKA: Total knee arthroplasty
Acknowledgements
Not applicable.
Authors’ contributions
All authors made substantial contributions to this article. TH and HK
conceived and designed the study. TH, AY, YN, and SS participated in the
experiments and gathered data. TH, CN and MO analyzed and interpreted
the data. TH initially drafted the manuscript, HK and AY statistically analyzed
and ensured the accuracy of the data, and TH, HK and KC conducted the
revision and editing of the manuscript. All authors have read and approved
the final version of the manuscript and affirm that the work has not been
submitted or published elsewhere in whole or in part.
Funding
This research was financially supported by the Japan Society for the
Promotion of Science (JSPS) KAKENHI Grant Number JP18K09069. The
funding body (Japan Society for the Promotion of Science) played no role in
the design of the study and collection, analysis, and interpretation of data or
in writing the manuscript.
Availability of data and materials
The datasets used and analyzed during the current study are available from
the corresponding author on reasonable request.
Ethics approval and consent to participate
The present study was approved by the research ethics committee at
Nagasaki University Graduate School of Biomedical Science (approval
number 2015–15082031), and all patients provided written informed consent
to participate.
Consent for publication
All participants provided their consent to publish their data and
accompanying images.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Department of Health Sciences, Nagasaki University Graduate School of
Biomedical Sciences, 1-7-1 Sakamoto, Nagasaki 852-8520, Japan. 2Institute of
Biomedical Sciences, Nagasaki University, Nagasaki, Japan. 3Department of
Orthopedic Surgery, Nagasaki University Graduate School of Biomedical
Sciences, Nagasaki, Japan. 4Department of Orthopedic Surgery, Wajinkai
Hospital, Nagasaki, Japan.
Received: 25 February 2019 Accepted: 14 August 2019

References
1. Mannoni A, Briganti MP, Di Bari M, Ferrucci L, Costanzo S, Serni U, et al.
Epidemiological profile of symptomatic osteoarthritis in older adults: a
population based study in Dicomano, Italy. Ann Rheum Dis. 2003;62:576–8.
2. Ezzat AM, Li LC. Occupational physical loading tasks and knee osteoarthritis:
a review of the evidence. Physiother Can. 2014;66:91–107.
3. Zhang Y, Niu J. Editorial: shifting gears in osteoarthritis research toward
symptomatic osteoarthritis. Arthritis Rheumatol. 2016;68:1797–800.
4. Yoshimura N, Muraki S, Oka H, Mabuchi A, En-Yo Y, Yoshida M, et al.
Prevalence of knee osteoarthritis, lumbar spondylosis, and osteoporosis in
Japanese men and women: the research on osteoarthritis/osteoporosis
against disability study. J Bone Miner Metab. 2009;27:620–8.
5. Amendola A, Bonasia DE. Results of high tibial osteotomy: review of the
literature. Int Orthop. 2010;34:155–60.
6. Belmont PJ, Heida K, Keeney JA, Hamilton W, Burks R, Waterman BR. Return
to work and functional outcomes following primary total knee arthroplasty
in US military servicemembers. J Arthroplast. 2015;30:968–72.

Higuchi et al. BMC Musculoskeletal Disorders

7.

8.

9.

10.

11.

12.

13.

14.
15.

16.
17.
18.

19.

20.
21.
22.

23.

24.

25.
26.

27.

28.

29.

30.

31.

(2019) 20:409

Hochberg MC, Altman RD, Brandt KD, Clark BM, Dieppe PA, Griffin MR, et al.
Guidelines for the medical management of osteoarthritis. Part II
Osteoarthritis of the knee American college of rheumatology. Arthritis
Rheum. 1995;38:1541–6.
Papakostidou I, Dailiana ZH, Papapolychroniou T, Liaropoulos L, Zintzaras E,
Karachalios TS, et al. Factors affecting the quality of life after total knee
arthroplasties: a prospective study. BMC Musculoskelet Disord. 2012;13:116.
Pitta M, Esposito CI, Li Z, Lee YY, Wright TM, Padgett DE. Failure after
modern total knee arthroplasty: a prospective study of 18,065 knees. J
Arthroplast. 2018;33:407–14.
Kim TK, Chang CB, Kang YG, Kim SJ, Seong SC. Causes and predictors of
patient's dissatisfaction after uncomplicated total knee arthroplasty. J
Arthroplast. 2009;24:263–71.
Bozic KJ, Kurtz SM, Lau E, Ong K, Chiu V, Vail TP, et al. The epidemiology of
revision total knee arthroplasty in the United States. Clin Orthop Relat Res.
2010;468:45–51.
Le DH, Goodman SB, Maloney WJ, Huddleston JI. Current modes of failure
in TKA: infection, instability, and stiffness predominate. Clin Orthop Relat
Res. 2014;472:2197–200.
Lee WS, Kim KI, Lee HJ, Kyung HS, Seo SS. The incidence of pulmonary
embolism and deep vein thrombosis after knee arthroplasty in Asians
remains low: a meta-analysis. Clin Orthop Relat Res. 2013;471:1523–32.
Wright JM, Crockett HC, Slawski DP, Madsen MW, Windsor RE. High tibial
osteotomy. J Am Acad Orthop Surg. 2005;13:279–89.
Brinkman JM, Lobenhoffer P, Agneskirchner JD, Staubli AE, Wymenga AB, van
Heerwaarden RJ. Osteotomies around the knee: patient selection, stability of fixation
and bone healing in high tibial osteotomies. J Bone Joint Surg Br. 2008;90:1548–57.
Bonasia DE, Governale G, Spolaore S, Rossi R, Amendola A. High tibial
osteotomy. Curr Rev Musculoskelet Med. 2014;7:292–301.
Rossi R, Bonasia DE, Amendola A. The role of high tibial osteotomy in the
varus knee. J Am Acad Orthop Surg. 2011;19:590–9.
Gardiner A, Gutierrez Sevilla GR, Steiner ME, Richmond JC. Osteotomies
about the knee for tibiofemoral malalignment in the athletic patient. Am J
Sports Med. 2010;38:1038–47.
Song EK, Seon JK, Park SJ, Jeong MS. The complications of high tibial
osteotomy: closing- versus opening-wedge methods. J Bone Joint Surg Br.
2010;92:1245–52.
Pipino G, Indelli PF, Tigani D, Maffei G, Vaccarisi D. Opening-wedge high
tibial osteotomy: a seven-to twelve-year study. Joints. 2016;4:6.
Giuseffi SA, Replogle WH, Shelton WR. Opening-wedge high tibial
osteotomy: review of 100 consecutive cases. Arthroscopy. 2015;31:2128–37.
Cantin O, Magnussen RA, Corbi F, Servien E, Neyret P, Lustig S. The role of
high tibial osteotomy in the treatment of knee laxity: a comprehensive
review. Knee Surg Sports Traumatol Arthrosc. 2015;23:3026–37.
Otakara E, Nakagawa S, Arai Y, Inoue H, Kan H, Nakayama Y, et al. Large
deformity correction in medial open-wedge high tibial osteotomy may
cause degeneration of patellofemoral cartilage: a retrospective study.
Medicine. 2019;98:e14299.
Lee DH, Park SC, Park HJ, Han SB. Effect of soft tissue laxity of the knee joint
on limb alignment correction in open-wedge high tibial osteotomy. Knee
Surg Sports Traumatol Arthrosc. 2016;24:3704–12.
Kellgren JH, Lawrence JS. Radiological assessment of osteo-arthrosis. Ann
Rheum Dis. 1957;16:494–502.
Efe T, Ahmed G, Heyse TJ, Boudriot U, Timmesfeld N, Fuchs-Winkelmann S,
et al. Closing-wedge high tibial osteotomy: survival and risk factor analysis
at long-term follow up. BMC Musculoskelet Disord. 2011;12:46.
Chiba K, Yonekura A, Miyamoto T, Osaki M, Chiba G. Tibial condylar valgus
osteotomy (TCVO) for osteoarthritis of the knee: 5-year clinical and
radiological results. Arch Orthop Trauma Surg. 2017;137:303–10.
Koseki H, Yonekura A, Horiuchi H, Noguchi C, Higuchi T, Osaki M. L-shaped
tibial condylar valgus osteotomy for advanced medial knee osteoarthritis: a
case report. Biomed Res. 2017;28:1–5.
Lobenhoffer P, Van Heerwaarden RJ, Staubli AE, Jakob RP, Galla M,
Agneskirchner JD. Osteotomies around the knee: indications-planning-surgical
techniques using plate fixators. Thieme Medical Publishers. 2011:19–27.
Staubli AE, De Simoni C, Babst R, Lobenhoffer P. TomoFix: a new LCPconcept for open wedge osteotomy of the medial proximal tibia–early
results in 92 cases. Injury. 2003;34:55–62.
Fujisawa Y, Masuhara K, Shiomi S. The effect of high tibial osteotomy on
osteoarthritis of the knee. An arthroscopic study of 54 knee s. Orthop Clin
North Am. 1979;10:585–608.

Page 9 of 10

32. Ogata K, Yoshii I, Kawamura H, Miura H, Arizono T, Sugioka Y. Standing
radiographs cannot determine the correction in high tibial osteotomy. Bone
Joint J. 1991;73:927–31.
33. Hegazy M, Abdelatif NMN, Mahmoud M, Khaled SA, Abdelazeem AH, ElSayed MMH, et al. Correction of severe adolescent tibia vara by a singlestage V-shaped osteotomy using Ilizarov fixator. Eur Orthop Traumatol.
2015;6:99–105.
34. Orban H, Mares E, Dragusanu M, Stan G. Total knee arthroplasty
following high tibial osteotomy - a radiological evaluation. Maedica
(Buchar). 2011;6:23–7.
35. Kamada S, Shiota E, Saeki K, Kiyama T, Maeyama A, Yamamoto T. Severe
varus knees result in a high rate of undercorrection of lower limb alignment
after opening wedge high tibial osteotomy. J Orthop Surg (Hong Kong).
2019;27:1–6.
36. Babis GC, An KN, Chao EY, Rand JA, Sim FH. Double level osteotomy of the
knee: a method to retain joint-line obliquity. Clinical results. J Bone Joint
Surg Am. 2002;84:1380–8.
37. Cooke TD, Pichora D, Siu D, Scudamore RA, Bryant JT. Surgical implications
of varus deformity of the knee with obliquity of joint surfaces. J Bone Joint
Surg Br. 1989;71:560–5.
38. Matsumoto T, Hashimura M, Takayama K, Ishida K, Kawakami Y, Matsuzaki T,
et al. A radiographic analysis of alignment of the lower extremities-initiation and progression of varus-type knee osteoarthritis. Osteoarthr Cartil.
2015;23:217–23.
39. Mochizuki T, Koga Y, Tanifuji O, Sato T, Watanabe S, Koga H, et al. Effect on
inclined medial proximal tibial articulation for varus alignment in advanced
knee osteoarthritis. J Exp Orthop. 2019;6:14. https://doi.org/10.1186/s40634019-0180-x.
40. Paley D, Herzenberg JE, Tetsworth K, McKie J, Bhave A. Deformity planning for frontal
and sagittal plane corrective osteotomies. Orthop Clin North Am. 1994;25:425–65.
41. Brouwer RW, Bierma-Zeinstra SM, van Koeveringe AJ, Verhaar JA. Patellar height and
the inclination of the tibial plateau after high tibial osteotomy. The open versus the
closed-wedge technique. J Bone Joint Surg Br. 2005;87:1227–32.
42. LaPrade RF, Oro FB, Ziegler CG, Wijdicks CA, Walsh MP. Patellar height and
tibial slope after opening-wedge proximal tibial osteotomy: a prospective
study. Am J Sports Med. 2010;38:160–70.
43. Marti CB, Gautier E, Wachtl SW, Jakob RP. Accuracy of frontal and sagittal
plane correction in open-wedge high tibial osteotomy. Arthroscopy. 2004;
20:366–72.
44. Ogawa H, Matsumoto K, Ogawa T, Takeuchi K, Akiyama H. Preoperative
varus laxity correlates with overcorrection in medial opening wedge high
tibial osteotomy. Arch Orthop Trauma Surg. 2016;136:1337–42.
45. Moon SW, Park SH, Lee BH, Oh M, Chang M, Ahn JH, et al. The effect of
hinge position on posterior tibial slope in medial open-wedge high tibial
osteotomy. Arthroscopy. 2015;31:1128–33.
46. Okamoto S, Mizu-uchi H, Okazaki K, Hamai S, Nakahara H, Iwamoto Y. Effect
of tibial posterior slope on knee kinematics, quadriceps force, and
patellofemoral contact force after posterior-stabilized total knee arthroplasty.
J Arthroplast. 2015;30:1439–43.
47. Gaasbeek RD, Nicolaas L, Rijnberg WJ, van Loon CJ, van Kampen A. Correction
accuracy and collateral laxity in open versus closed wedge high tibial osteotomy.
A one-year randomised controlled study. Int Orthop. 2010;34:201–7.
48. Ramsey DK, Snyder-Mackler L, Lewek M, Newcomb W, Rudolph KS. Effect of
anatomic realignment on muscle function during gait in patients with
medial compartment knee osteoarthritis. Arthritis Rheum. 2007;57:389–97.
49. Englund M, Lohmander LS. Risk factors for symptomatic knee osteoarthritis fifteen
to twenty-two years after meniscectomy. Arthritis Rheum. 2004;50:2811–9.
50. Teichtahl AJ, Wluka AE, Wang Y, Strauss BJ, Proietto J, Dixon JB, et al. The
longitudinal relationship between changes in body weight and changes in
medial tibial cartilage, and pain among community-based adults with and
without meniscal tears. Ann Rheum Dis. 2014;73:1652–8.
51. Li Y, Zhang H, Zhang J, Li X, Song G, Feng H. Clinical outcome of
simultaneous high tibial osteotomy and anterior cruciate ligament
reconstruction for medial compartment osteoarthritis in young patients
with anterior cruciate ligament-deficient knees: a systematic review.
Arthroscopy. 2015;31:507–19.
52. Naudie DD, Amendola A, Fowler PJ. Opening wedge high tibial osteotomy for
symptomatic hyperextension-varus thrust. Am J Sports Med. 2004;32:60–70.
53. Dean CS, Liechti DJ, Chahla J, Moatshe G, LaPrade RF. Clinical outcomes of
high tibial osteotomy for knee instability: a systematic review. Orthop J
Sports Med. 2016;4:2325967116633419.

Higuchi et al. BMC Musculoskeletal Disorders

(2019) 20:409

54. Lee YS, Lee BK, Kwon JH, Kim JI, Reyes FJV, Suh DW, et al. Serial assessment
of weight-bearing lower extremity alignment radiographs after open-wedge
high tibial osteotomy. Arthroscopy. 2014;30:319–25.
55. Smith WB 2nd, Steinberg J, Scholtes S, McNamara IR. Medial compartment
knee osteoarthritis: age-stratified cost-effectiveness of total knee
arthroplasty, unicompartmental knee arthroplasty, and high tibial
osteotomy. Knee Surg Sports Traumatol Arthrosc. 2017;25:924–33.

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

Page 10 of 10

