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Abstract
Background. High tibial osteotomy (HTO) is an established 
surgical treatment for medial knee osteoarthritis (OA). Several 
studies have reported the deterioration of clinical results with 
time, especially after more than 10 years. The purpose of this 
study was to evaluate the long-term results after HTO using 
our originally developed fi xation method and to clarify the 
factors affecting the long-term clinical outcome.
Methods. Sixty-eight HTO treatments in 55 patients were 
evaluated. Eighteen patients were unable to be analyzed, thus 
reducing the study to 48 knees in 37 patients. The follow-up 
rate of the knee joint was 70.6% and the mean follow-up 
period was 17.1 years. The fi rst evaluation was performed at a 
mean of 6.5 years postoperatively, and the most recent evalu-
ation was done at more than 10 years postoperative follow-up. 
A closing-wedge osteotomy was performed, and the osteot-
omy site was fi xed with two threaded pins and a fi gure-of-eight 
wiring technique. The Japanese Orthopaedic Association knee 
rating score (JOA score) was used for the clinical assessment. 
The change of the femorotibial angle (FTA) and progression 
of knee OA were radiographically analyzed. The whole knees 
were subsequently divided into two groups, satisfactory group 
and unsatisfactory group, according to the JOA score at the 
most recent follow-up.
Results. The mean JOA score was 59.1 before HTO and 83.1 
at the most recent evaluation. In comparing the satisfactory 
and unsatisfactory groups, the JOA score before HTO was the 
same, but the JOA score of the unsatisfactory group was sig-
nifi cantly lower at the fi rst evaluation. The FTA in the unsat-
isfactory group was the same as in the satisfactory group 
preoperatively, but it was signifi cantly larger after HTO. The 
radiographic OA was signifi cantly progressed at the most 
recent evaluation, but no difference was observed in the dis-
tribution of the preoperative OA grade between the two 
groups.
Conclusions. HTO with two threaded pins and fi gure-of-
eight wiring fi xation showed an acceptable clinical outcome, 

but careful attention was needed for correction loss in early 
postoperative periods. In addition, the proper correction 
angle is necessary in order to achieve satisfactory long-term 
results.

Introduction

Osteoarthritis (OA) is the most common form of degen-
eration of the joints. The knee joint is the key structure 
in the lower extremity and has much infl uence on the 
activity of daily life (ADL) and the quality of life (QOL) 
in elderly persons. These include standing, walking, 
running, jumping, stair climbing, deep knee bending 
such as squatting or Japanese-style sitting, and other 
lower extremity tasks. Approximately 10% to 15% of 
people aged 60 years and older have symptomatic knee 
OA.1 Therefore, knee OA is a major source of chronic 
disability and is becoming a serious public health 
problem.

High tibial osteotomy (HTO) is one of the successful 
surgical treatments for medial compartment knee OA. 
HTO was fi rst described by Jackson and Waugh,2 and it 
is now widely accepted as an attractive procedure with 
good pain relief and preservation of knee function. Pre-
vious studies of early to midterm results of HTO have 
shown excellent outcomes in more than 80% of cases.3–5 
However, several studies with long-term follow-up 
reported that the results of HTO deteriorated with time, 
especially after more than 10 years. Several factors have 
been identifi ed as affecting the results of HTO, but they 
remain controversial. These include sex, age at surgery, 
body weight, preoperative severity of knee OA, method 
of osteotomy and fi xation, correction angle, amount of 
preoperative adduction moment, and postoperative 
period.6–14
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Among these factors, the type of fi xation following 
osteotomy remains important, and, in the past, the 
following methods have been reported: bone staples, 
blade plate with screws, one third tubular plate with a 
cortical screw (tension bend principle), L-buttress plate, 
and external fi xator.3,15–20 We developed a fi xation 
method using two threaded pins and fi gure-of-eight 
wire and used this method for our consecutive HTO 
cases.

The purpose of this retrospective study was to assess 
the long-term results after HTO using our fi xation 
method and to clarify the factors affecting the long-term 
clinical outcome.

Subjects and methods

Our indications for HTO were basically as follows: (1) 
degenerative change was mainly located in medial com-
partment (medial knee osteoarthritis), (2) normal or 
mild degeneration in lateral and patello-femoral com-
partment, (3) patient was younger than 70 years old and 
had relatively high activity in ADL, and (4) good range 
of motion and no remarkable knee joint instability. 
Between 1980 and 1990, HTO was performed in 68 
consecutive knees in 55 cases by our senior surgeon 
(Y. K.). Seven patients died, 6 patients were unable to 
be evaluated due to the presence of other severe medical 
illnesses, and 2 patients were lost to follow-up. Three 
knees in 3 patients were converted to total knee arthro-
plasty (TKA) at 10 years, 12 years, and 15 years after 
HTO, respectively. Therefore, the remaining 48 knees in 
37 cases were available for the present study, and the 
follow-up rate of the knee joint was 70.6%. There were 
43 knees in 33 women and 5 knees in 4 men. The mean 
age at HTO was 59 years with a range from 40 to 69 
years. The mean follow-up period was 17.1 years, but 
individual follow-up ranged from 14 to 24 years. The 
preoperative diagnosis was medial compartment knee 
OA in all the cases, and the preoperative Kellgren-
Lawrence classifi cation21 showed grade II in 8 knees, 
grade III in 35 knees, and grade IV in 5 knees. All of the 
patients were evaluated initially in 1993, with a mean 
follow-up of 6.5 years, and evaluated at more than 10 
years follow-up postoperatively. All of the patients were 
fully informed about the procedures and gave their 
informed consent.

Operative procedures and postoperative regimen

In all knees, the closing-wedge interlocking osteotomy 
through a lateral approach was performed according 
to the technique described by Ogata.22 The correction 
angle was preoperatively determined to allow the 
mechanical axis, which is the line connecting the center 

of the femoral head and the ankle joint, to pass through 
the midpoint of the lateral compartment. The preopera-
tive planning was performed using non-weight-bearing 
supine radiograph of the whole lower extremity accord-
ing to Ogata et al.23 Ogata mentioned that the relative 
angle of the articular surface (condylar-plateau angle) 
in the weight-bearing knee changed after osteotomy, 
and this might give unpredictable results postopera-
tively. He also found that the condylar-plateau angle in 
the postoperative standing radiograph was very similar 
to that seen in the non-weight-bearing supine condition, 
and recommended that a non-weight-bearing supine 
radiograph was better for preoperative planning. The 
femorotibial angle (FTA) that met this condition was 
around 165° to 168° in the majority of cases. The fi bula 
was resected at the mid portion of the shaft. The oste-
otomy site was fi xed with two threaded pins and a 
fi gure-of-eight wiring technique. First, two threaded 
pins, 2.4 or 3.0 mm in diameter, were inserted from distal 
and lateral of the osteotomy site to the medial corner 
of the proximal tibia passing through the medial half of 
the osteotomy line. Next, fi gure-of-eight wiring, 0.8 to 
1.0 mm in diameter, was placed between the distal end 
of the pins and lateral wall of the proximal tibia. After 
the osteotomy site was fi xed, leg alignment was checked 
by X-ray and cancellous bone fragments harvested from 
the resected bone wedge were grafted to the osteotomy 
site (Fig. 1). Postoperatively, the knee joint was immo-
bilized with a cast for 6 weeks. Range-of-motion exer-
cise was started after the cast was removed. Partial 
weight bearing was started 4 weeks after HTO and 
full weight bearing was allowed at 8 to 10 weeks 
postoperatively.

Clinical evaluation

All of the patients were directly interviewed and exam-
ined. The clinical result was evaluated using the Japa-
nese Orthopedic Association knee rating score (JOA 
score).24 The JOA score consisted of four categories and 
100 points as full marks: pain and walking (30 points), 
pain and ascending or descending stairs (25 points), 
range of motion (35 points), and joint effusion (10 
points). In this study, the preoperative JOA score was 
compared with the JOA score at the fi rst evaluation in 
1993 and at the most recent follow-up. Subsequently, the 
results of the JOA score were classifi ed as excellent if 
the most recent score was 91 to 100, good if 81 to 90, 
fair if 71 to 80, and poor if the most recent score was 
less than 70 points. Furthermore, all knee joints were 
divided into two subgroups according to the result of 
the most recent follow-up. The patients who were clas-
sifi ed as excellent and good were referred to as the sat-
isfactory group, and the patients who were classifi ed as 
fair and poor were referred to as the unsatisfactory 
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Fig. 1. Radiography of the knee joint 
before and after high tibial osteotomy 
(HTO) with two threaded pins and 
fi gure-of-eight wiring fi xation tech-
nique. a Before HTO, b after HTO, 
c fi rst evaluation, d most recent 
evaluation

group. Thirty-seven knees in 22 patients (1 male, 21 
female) were included in the satisfactory group, with 
an average age at surgery of 57.9 ± 5.0 years and average 
follow-up period of 14.0 ± 2.9 years. On the other 
hand, 11 knees in 10 patients (3 male, 7 female) were 
included in the unsatisfactory group, with an average 
age at surgery of 60.1 ± 8.7 years and average follow-up 
period of 14.3 ± 3.1 years. No statistical difference was 
observed in the demographic data between the two 
groups.

Radiographic evaluation

The change of FTA and the grades of knee OA accord-
ing to the Kellgren-Lawrence classifi cation were ana-
lyzed with a standing whole-leg X-ray taken before 
surgery, at 1 to 3 weeks after HTO, and at each follow-
up point.
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Statistical analysis

The obtained data were expressed as the mean values 
± standard deviation (SD). The relationships of ana-
lyzed parameters were determined using the paired t-
test and the Wilcoxon signed rank test. In all analyses, 
a P value of less than 0.05 was considered to be 
signifi cant.

Results

Clinical results

The mean JOA score of all patients improved signi-
fi cantly from 59.1 ± 7.6 before HTO to 86.3 ± 6.5 at 
the fi rst evaluation (Table 1). At the most recent fol low-
up, the JOA score had slightly declined to 83.1 ± 9.3 
but this change was not signifi cant. In each category of 
JOA scores in all patients, the pain and walking score 
improved from 14.5 ± 5.2 before HTO to 26.6 ± 5.6 
at the most recent evaluation, the pain and stairs score 
from 12.7 ± 6.6 to 20.2 ± 4.9, the score for range of 
motion from 25.6 ± 4.8 to 27.8 ± 4.6, and the score for 
joint effusion from 6.3 ± 5.7 to 8.5 ± 4.3. The mean 
range of motion was 9.3° ± 8.0° fi xed fl exion to 133.0° 
± 18.1° of fl exion before HTO, and 2.6° ± 4.3° to 
132.5° ± 16.2° of fl exion at the most recent evaluation. 
In comparing the satisfactory group and the unsatisfac-
tory group, the mean JOA score was similar before 
HTO, but at the fi rst and the most recent evaluation, 
the JOA score of the unsatisfactory group was signifi -
cantly lower than that of the satisfactory group. Fur-
thermore, in the unsatisfactory group, the JOA score 
had signifi cantly declined from fi rst evaluation to the 
most recent follow-up (Table 1). In the current study, 
there were two postoperative complications. One 
patient had peroneal nerve palsy and spontaneously 

recovered in 3 months after surgery. Another patient 
had delayed union and autologous iliac bone graft was 
performed. Final bone union was obtained at 7 months 
after HTO. These complications did not affect the clini-
cal results.

Radiographic results

The mean FTA of all patients was corrected from 185.4° 
± 4.4° before HTO to 168.2° ± 2.9° postoperatively, and 
this alignment was maintained at the most recent evalu-
ation. In the satisfactory group, the change of FTA was 
almost same as the results of all patients. In contrast, the 
FTA of the unsatisfactory group changed from 185.3° ± 
2.1° preoperatively to 170.2° ± 2.3° after HTO, and grad-
ually increased at fi rst evaluation and increased even 
more at the most recent follow-up. The FTA of the 
unsatisfactory group was the same as the satisfactory 
group preoperatively, but was signifi cantly larger at 
each time of postoperative evaluation (Table 2). Seven 
of the unsatisfactory group (63.6%) had an FTA larger 
than 168° (170°: 3 cases, 172°: 3 cases, 173°: 1 case). The 
radiographic OA of all patients before HTO were clas-
sifi ed as follows: 8 knees as Grade II, 35 knees as Grade 
III, and 5 knees as Grade IV. At the most recent evalu-
ation, the distributions were 1 knee as Grade II, 18 
knees as Grade III, and 29 knees as Grade IV. The 
number of Grade IV OA at the latest evaluation was 
signifi cantly greater than that of before HTO (Table 3). 
In comparing the satisfactory group and the unsatisfac-
tory group, no statistical difference was observed in the 
distribution of preoperative radiographic OA grade 
(Table 4). At the latest evaluation, the distributions of 
OA in the satisfactory group were 1 knee in Grade II, 
18 knees in Grade III, and 18 knees in Grade IV. On the 
other hand, in unsatisfactory group, all knees were clas-
sifi ed as Grade IV OA.

Table 1. Japanese Orthopaedic Association (JOA) score before high tibial osteotomy (HTO), at the fi rst evaluation, and at the 
latest evaluation

Classifi cation Number of knees

JOA score

Before HTO First evaluationa Latest evaluationb

All Patients 48 59.1 ± 7.6 86.3 ± 6.5 83.1 ± 9.3

   **
Satisfactory group 37 59.1 ± 9.1 90.0 ± 5.4 

*
87.3 ± 4.3 

**   **
Unsatisfactory group 11 59.1 ± 5.8 82.2 ± 7.2 69.1 ± 5.8

   **         *

Data given as mean ± standard deviation
* P < 0.05; ** P < 0.01
a Mean follow-up 6.5 years
b Mean follow-up 17.1 years
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Discussion

The fi rst purpose of this study was to evaluate our fi xa-
tion methods. We used two threaded pins and fi gure-
of-eight wire, and the basic concept of this procedure 
was similar to a tension band or modifi ed tension band 
fi xation as previously described.17,18 Generally speaking, 
rigid fi xation and early rehabilitation is important for 
good clinical outcome after HTO,15,25 and there have 
been several studies concerning the primary stability of 
the implants for HTO.26–28 Flamme et al.27 tested the 
initial stability of the following devices: one third tubular 
plate with a cortical screw, blade plate with screws 
(Giebel’s plate), bone staples, and external fi xator. In 
their study, the highest stability was achieved by the 
bone staple and external fi xator, while Giebel’s plate 
and one third tubular plate were less stable. Recently, 
we biomechanically evaluated the initial stability of our 
fi xation method and compared it with the bone staple, 
Giebel’s plate, and L-buttress plate. The results of this 

study indicated that our method showed similar stability 
to Giebel’s plate and the bone staple against compres-
sion and bending stress except rotational force.29 In the 
present study, we additionally used cast immobilization 
after HTO in consideration of initial stability of our 
fi xation method, and we clinically experienced 11 of 48 
unsatisfactory cases. Furthermore, 7 of the unsatisfac-
tory cases showed correction loss in early postoperative 
periods. The main reason for this early correction loss is 
thought to be combination of the lack of initial stability 
especially against rotational stress and the bone quality 
of the osteotomy site. Thus, we think the two threaded 
pins and fi gure-of-eight wiring fi xation is an acceptable 
fi xation procedure for HTO; however, careful attention 
should be paid to correction loss in the early postopera-
tive periods.

The second purpose of the present study was to evalu-
ate the long-term clinical results after HTO and to 
determine the factors related to the outcome. There are 
many studies about the clinical results after HTO. The 

Table 2. Femorotibial angle (FTA) before HTO, at the fi rst evaluation, and at the latest evaluation

Classifi cation Number of knees

FTA (degrees)

Before HTO After HTO First evaluationa Latest evaluationb

All Patients 48 185.4 ± 4.4 168.2 ± 2.9 169.1 ± 4.5 169.8 ± 5.2
Satisfactory group 37 185.5 ± 4.8 167.6 ± 2.8 * 168.0 ± 4.1 * 168.4 ± 4.4 **Unsatisfactory group 11 185.3 ± 2.1 170.2 ± 2.3 172.7 ± 3.8 174.4 ± 5.2

Data given as mean ± standard deviation
* P < 0.05; ** P < 0.01
a Mean follow-up 6.5 years
b Mean follow-up 17.1 years

Table 3. Distribution of the radiographic osteoarthritis (OA) grade before HTO and 
at the latest evaluation

Classifi cation Number

OA gradea

Grade II Grade III Grade IV

Before HTO 48 8 35  5
Latest evaluationb 48 1 18 29**

** P < 0.01
a Radiographic OA grade according to the Kellgren-Lawrence classifi cation
b Mean follow-up 17.1 years

Table 4. Distribution of the preoperative radiographic OA grade between the satisfac-
tory group and the unsatisfactory group

Classifi cation Number

OA gradea

Grade II Grade III Grade IV

All Patients 48 8 35 5
Satisfactory group 37 8 26 3
Unsatisfactory group 11 0  9 2
a Radiographic OA grade according to the Kellgren-Lawrence classifi cation
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majority of authors have reported satisfactory results in 
the short to midterm, but these results gradually dete-
riorated over time, especially at more than 10 years after 
surgery. The reported probability of a good or excellent 
result after HTO was 75% to 96% after 6 years, 45% to 
94% after 10 years, and 46% to 90% after more than 15 
years.3–14 In the current study, the percentage of satisfac-
tory results (excellent or good) after HTO was 93.7% 
after 6 years and 77.1% after 17 years. Our results had 
the same tendency of deterioration over a long period 
as the other studies, but still maintained a favorable 
result up to 17 years after HTO. We think the main 
reason for the good clinical outcome in spite of the 
progression of radiographic OA is that good alignment 
was maintained in the majority of cases during the 
follow-up period and the ADL of the patients slowly 
deteriorated with time. Recently, Koshino et al.14 evalu-
ated 75 knees with a mean follow-up of 19 years and 
reported good or excellent results in 90% of their series. 
Good alignment was described as the most important 
factor for good long-term clinical results.14

There is still considerable discussion about which 
factors affect the long-term outcome of HTO, and the 
present study focused on the correction angle at the 
surgery and the preoperative severity of knee OA. As 
for the correction angle, previous studies have reported 
that the optimum clinical outcomes were associated 
with a correction of 6° to 16° valgus, and an undercor-
rection less than 5° was strongly related to a high failure 
rate.5,8–14 In this study, the mean FTA after HTO was 
167.6° in the satisfactory group and 170.2° in the unsat-
isfactory group. In addition, in the unsatisfactory group, 
progressive varus recurrence was found at the follow-
up. We believe that the most important concept for 
HTO is to shift the loading axis from the medial com-
partment to the lateral compartment, and this will lead 
good long-term clinical outcomes in HTO. In order to 
achieve this safely, we recommend that we should target 
a valgus correction of at least 10° for medial compart-
ment knee OA.

In western countries, the patients with advanced knee 
OA were primarily indicated for total knee arthroplasty. 
Therefore, there have been few studies that evaluate the 
relationship between the preoperative severity of the 
knee OA and the clinical result of HTO. Holden et al.30 
followed 51 knees for 10 years and found no correlation 
between the clinical results and the radiographic sever-
ity of the knee OA preoperatively. Rinonapoli et al.10 
evaluated 60 knees with an average follow-up of 15 
years and their multivariate analysis indicated that the 
length of follow-up and the amount of preoperative 
osteoarthritis affected the clinical results. On the other 
hand, there have been many studies about this issue in 
Japan, because the preservation of range of motion is 
important for ADL in Japanese people. Yasuda et al.8 

found no statistical difference between the preoperative 
OA stage and the clinical results, but also described that 
no stage IV patients obtained good results. Sasazaki 
et al.31 compared HTO in mild to moderate OA with 
advanced OA, and found no clinical difference between 
the two groups. They also indicated that overcorrection 
was effective for HTO in advanced OA cases.31 In this 
study, the radiographic OA grade of the knee joint was 
signifi cantly deteriorated at the mean follow-up of 17 
years, but no statistical difference was observed regard-
ing the preoperative severity of the radiographic knee 
OA between the satisfactory and the unsatisfactory 
group. Furthermore, three of fi ve patients with preop-
erative Grade IV OA were included in the satisfactory 
group at the recent follow-up. Therefore, we agree that 
the mild to moderate stage is expected to have better 
results after HTO, but we could also expect good clinical 
outcomes for the advanced stage if the cartilaginous 
condition of the lateral compartment is acceptably 
preserved and the proper postoperative alignment is 
achieved.

We believe that there are two limitations in this study. 
The fi rst limitation is that this is a retrospective study 
and the 70.6% follow-up rate is perhaps low even for 
the long-term periods of more than 10 years. The second 
limitation is that we used the JOA score for clinical 
evaluation. The JOA score is a good scoring system and 
is popular in Japan. In addition, several recent studies 
about HTO using this scoring system have been pub-
lished in international journals.24,32,33 However, even 
though the JOA score is not a worldwide universal mea-
suring system, we believe that we can compare the result 
of this study with other clinical reports.

In conclusion, HTO with two threaded pins and 
fi gure-of-eight wiring fi xation showed an acceptable 
and good clinical outcome for an average of 17 years 
of follow-up. The present study also suggests that the 
proper correction angle is necessary to achieve satisfac-
tory long-term clinical results and HTO is considered 
to be indicated for the patients with a moderate to 
advanced stage of medial knee OA.
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