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Objectives: The objectives of this study were to examine the reproducibility of the surgical
correction and pain relief following high tibial osteotomy for osteoarthritis. Methods: Twenty-
seven patients who underwent high tibial osteotomy at The First Central Hospital of Mongolia
were included. Patients divided into three groups based on their osteoarthritis grade using the
Kellgren Lawrence classification. The weight-bearing line and medial proximal tibial angle were
used for preoperative planning to assess postoperative correction. Oxford knee scores were
used to assess knee pain and function. Results: The weight-bearing line and medial proximal
tibial angle measurements at both postoperative time intervals were significantly different
from the preoperative values (p<.001) but were not significantly different from each other. The
Oxford knee scores were 31.54+6.3 preoperatively, 34.82+4.3 at two months after the surgery
and improved to 40.89+2.7 six months after the surgery. Statistically significant successive
improvements in scores were observed at each time interval (p<.001). Conclusion: High tibial
osteotomy can be done with rigid internal fixation and can improve function and reduce pain in
Mongolian patients with early arthritis without affecting joint range of motion.

Keywords: High Tibial Osteotomy, Medial Proximal Tibial Angle, Knee Osteoarthritis, Weight
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Introduction

osteotomy (HTO) is a widely performed procedure to treat medial
knee arthrosis®*. First introduced by Jackson and Waugh in 1961,

The knee is divided into medial and lateral compartments
consisting of femoral and tibial condyles with a high prevalence
of medial compartment arthrosis as humans age. The forces on
the cartilage in the medial compartment are highly dependent
on the mechanical alignment of the leg with bowing at knee
causing a dramatic increase in the risk of arthrosis'. High tibial
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high tibial osteotomy was made popular by Conventry in 1965
and has since been used as a treatment modality for medial
compartment osteoarthritis of the knee with varus deformity>®.
HTO surgery consists of cutting the proximal tibia just below the
tibial plateau and straightening the lower extremity to correct
bowing, thus altering the way the forces are distributed through
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the knee.

The goals of HTO are twofold: 1) to reduce knee pain by
transferring weight-bearing loads to the relatively unaffected
lateral compartment in knees with varus deformity; and 2) to
delay the need for a knee replacement by slowing or stopping
the destruction of the medial compartment caused by increased
medial forces resulting from malalignment’.

Appropriate patient selection is key to a successful HTO.
Primary or secondary medial compartment degenerative arthritis
is the most common indication for HTO. The ideal candidate
for HTO is thought to be an individual who is between 60
to 65 years of age with isolated medial osteoarthritis with a
varus deformity and good range of motion (ROM) and without
ligamentous instability®.

HTO has been performed at The First Central Hospital of
Mongolia for two years. There are no well-defined criteria
or unified understanding for choosing patient for HTO. It is
controversial to perform HTO for early or end-stage osteoarthritis.
The primary objective of HTO is to reduce pain by reducing the
force in the medial compartment of the knee by changing the
alignment of the knee from bowed to the normal slightly knock-
knee alignment as shown in Figure 1 and 2.

We are unaware of any peer-reviewed published HTO
related studies done in Mongolia although some investigations
have been done in conjunction with arthroscopic surgery during
HTO but they did not illustrate the effect of OA grade on the
outcome HTO. The purpose of our study was to compare the
early clinical outcomes of HTO in patients with grade I, grade Il
and grade Il osteoarthritis.

Material and Methods

Twenty-seven patients who underwent HTO in The First Central
Hospital of Mongolia were involved agreed to participate in our
cross-sectional study with repeated measurements. Patients
divided into Groups 1, 2, and 3 corresponding to their grade
of osteoarthritis using Kellgren Lawrence classification (Figure
3)%. There was no patient with Grade 0 and Grade 4. The Oxford
knee score was assessed pre and postoperatively. Standing long
leg alignment X-rays were used to determine the weight-bearing
line (WBL), medial proximal tibial angle and these were used to
compare surgical outcomes for each group. The Miniaci method
was used preoperatively to plan the amount of opening required
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to achieve angular correction'®.

The contraindications for the procedure were OA grade
0 and IV, restricted range of motion of the knee with flexion
less than 90°or a flexion contracture of 15° or more, and severe
anterior knee pain.

Surgical technique

All patients underwent medial opening wedge osteotomy
with rigid fixation using a special plate and screws designed
for HTO surgery (OhtoFix®, South Korea). The plate permitted
the attachment of a small metal wedge of various thicknesses
which held the medial bone cortices apart during healing of the
osteotomy. The osteotomy site was typically not filled with bone
graft or bone substitute.

Weight bearing axis calculation

In lower extremities the mechanical axis is determined by
measuring the angle between the line drawn through the
center of the femoral head and center of the knee with the line
drawn from the center of the knee to the center of the ankle.
In knees with a normal mechanical axis, this is a straight line
and the angle between lines mentioned is zero. In patients with
medial arthrosis, the alignment is varus (i.e., angled away from
the midline). The ideal postoperative mechanical axis following
HTO is 3° to 5° of valgus (i.e., angled towards the midline) or
8 to 10° of anatomical valgus in most studies. Fujisawa et al.
reported that the postoperative mechanical axis should pass
through the lateral one-third of the tibial plateau at a location
known as the Fujisawa point which is 62.5 percent of the width
of the tibial plateau measured from the medial edge of the tibial
plateau (Figure 4)""4. This shifts the mechanical axis from the
medial compartment to the lateral compartment as shown in
Figure 4 which redistributes some of the forces from the medial
compartment to the lateral compartment. Figure 5 shows the
comparison between preoperative weight-bearing line and post-
operative weight-bearing line.

Medial proximal tibial angle

The medial proximal tibia angle is defined as the angle between
the tibial mechanical axis and the articular surface of the tibial
plateau. A known complication of HTO is the recurrence of varus
deformity and this related to the medial proximal tibial angle
which is 87°(85° - 90°) normally®. Previous studies have shown
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Figure 1. X-ray image A) before and after B) HTO.

Early Results of High Tibial Osteotomy in Mongolia

Figure 2. Photograph showing the change in alignment A)
before and B) after HTO.

Grade Description

0 Normal

1 Doubtful narrowing of joint space, possible osteophytic lipping

2 Definite osteophytes, possible narrowing of the joint space

3 Moderate multiple osteophytes, definite narrowing of joint space, small pseudocystic areas with sclerotic walls and possible deformity of bone contour
4 Large osteophytes, marked narrowing of joint space, severe sclerotic and definite deformity of bone contour

Figure 3. Kellgren-Lawrence radiographic grading system for osteoarthritis.

that the rate of recurrence of varus deformity is the lowest when
medial proximal tibial angle corrected to 95°and this was also
an objective during HTO surgery (Figure 6)'®.

Measurements

Demographic data were gathered for the patients. Knee pain
and function were measured using the Oxford knee score. The
osteoarthritis in each knee was radiographically quantified
using the Kellgren Lawrence classification®. Their knee range
of motion was measured'. The mechanical axis was measured
from standard weight-bearing alignment X-rays. From this, the
percent distance of the weight-bearing line from the medial
edge of the tibia and medial proximal tibial angle was measured.
Each of these measurements were obtained preoperatively, and
at 2 and 6 months after surgery.
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Statistical analysis

Datawere presented asmean=standard deviation.All quantitative
data were tested for normality using the Kolmogorov—Smirnov
test. Since the Kolmogorov—Smirnov testing identified that
only data from one of the three different intervals for each
variable was normally distributed, non-parametric tests were
used throughout the analysis. We used Friedman test as a non-
parametric alternative to two-way repeated measures ANOVA to
detect differences between groups and repeated measurements
across time intervals. The Wilcoxon signed rank test was used
to make multiple comparisons assessing paired differences in
repeated measurements and comparisons between groups. All
analyses were performed using IBM SPSS Statistics version 23
software.

Ethical statements

Ethical approval for this study was obtained from the Institutional
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Figure 4. X-ray image showing the Figure 5. X-ray images showing the pre- and postoperative weight-bearing
Fujisawa point which is 62.5 percent line.
of the width of the tibial plateau
measured from the medial edge of the
tibial plateau.

Figure 6. X-ray images showing the medial proximal tibial angle (A) 84°on the right and 82°on the left preoperatively and (B)
corrected to 96°on the right and 94°on the left postoperatively.
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Table 1. Comparison of baseline demographics and grade of osteoarthritis in study participants.

Early Results of High Tibial Osteotomy in Mongolia

Osteoarthritis Grade
Variable Grade | Grade Il Grade I1I Total
N (%) N (%) N (%)

Gender

Male 0(0.0) 2(40.0) 12 (80.0) 14

Female 6(100.0) 3(60.0) 3(20.0) 15
Age

<49 6(100.0) 3(60.0) 0(0.0) 9

>50 0(0.0) 2 (40.0) 15(100.0) 17
Body mass index

Normal weight 0(0.0) 3(60.0) 3(20.0) 6

Overweight 0(0.0) 2 (40.0) 8(53.3) 10

Obese 6(100.0) 0(0.0) 4(26.7) 10

Review Board of The First Central Hospital of Mongolia
(2019.01.29).

Results

The baseline demographics of age, gender, body mass index and
the osteoarthritis grade are compared for each group in Table 1.
The median age was 54 years, there were four times as many
women as men and over half of the patients had Grade Il OA.

The multiple comparisons in Table 2 show that the knee
flexion and extension was reduced at 2 months after the surgery
but there was no difference at 6 months follow-up.

The percent distance of the weight-bearing line from
the medial edge of the tibial plateau preoperatively was
12.58%=+14.8, at 2 months follow-up was 59.95+4.1 percent
and was again 60.15+3.8 percent at 6 months follow-up. The

postoperative percent distance of the weight-bearing line from
the medial edge of the tibial plateau measurements at both time
intervals was significantly different from the preoperative values
(p<.001) but was not significantly different from each other
indicating no change in the alignment between 2 and 6 months.

The medial proximal tibial angle preoperatively was
83.80+3.2% at 2 months after surgery was 93.7+2.8° and
was 93.05+3.1° at 6 months following surgery. Like the
percent distance of the weight-bearing line from the medial
tibial plateau, the postoperative medial proximal tibial angle
measurements at both postop time intervals were significantly
different from the preoperative values (p<.0001) but were not
significantly different from each other.

The Oxford knee scores were 31.54+6.3 preoperatively,
34.82+4.3 at 2 months after the surgery and improved to
40.89+2.7 after the surgery. There was a statistically significant

Table 2. Repeated measurements of knee alignment, motion, and function at the different time intervals.

Measurement Interval

Variables Preoperative

2 months after surgery 6 months after surgery p-value
mean+SD mean+SD
mean=SD
WBLY% 12.58+14.8 59.95+4.1 60.15+3.8 <.001
MPTA 83.80+3.2 93.7+2.8 93.05+3.1 <.001
Extension 2.80+2.7 4.65+2.9 2.95+2.2 <.001
Flexion 114.42+15.9 94.78+9.7 114.11+15.9 <.001
Oxford knee score 31.54+6.3 34.82+4.3 40.89+2.7 <.001

'p-value using the Friedman test. WBL is the weight-bearing line; MPTA is the medial proximal tibial angle. Multiple comparisons are shown in Table 2.
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Table 3. Multiple comparisons between the pre- and postoperative measurement results (n=26).

Measurement intervals z p-value'
WBL%,x WBL%, -4.1 <.0001
WBL%, x WBL%, -3.8 <.0001
WBLY%, x WBL%, 1.5 62
MPTA, x MPTA, -4.2 <.0001
MPTA, x MPTA, -3.8 <.0001
MPTA, x MPTA, -0.8 48
Extension, x Extension, -3.5 <.0001
Extension, x Extension, 0.0 1.0
Extension, x Extension, -3.6 <.0001
Flexion, x Flexion, -4.1 <.0001
Flexion, x Flexion, -3.8 <.0001
Flexion, x Flexion, 3.8 <.0001
Oxford knee score, x Oxford knee score, -3.7 <.0001
Oxford knee score x Oxford knee score, -3.8 <.0001
Oxford knee score, x Oxford knee score, -3.8 <.0001

,Preoperative, ;2 months after surgery, ,6 months after surgery; "p-value using the Wilcoxon sign rank test. The measurements used for these comparisons

are shown in Table 1.

successive improvement in the score at each time interval
(p<.001) (Table 3).

One superficial infection occurred after the surgery, and it
successfully treated conservatively without additional surgery.

Discussion

High tibial osteotomy is effective for early osteoarthritis as long as
itis grade Ill or less'™. Previous investigators have shown that the
Oxford knee score increased the most when the weight-bearing
line transferred to Fujisawa point (62.5%) and medial proximal
tibial angle corrected to 95°as well as they demonstrated knee
osteoarthritis if diagnosed early, can be successfully treated by
performing high tibial osteotomy to preserve knee joint™.

In this study we found the initial range of motion decreased
in early in the post-operative period followed by full recovery
of motion at 6 months after the surgery. The percent distance
of the weight-bearing line from the medial edge of the tibial
plateau and medial proximal tibial angle was largely corrected
by the surgery and there was no change in either measurement
between 2 and 6 months after the surgery indicating the surgical
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technique used provided stable, rigid internal fixation during the
critical period of healing for fractures and osteotomies. Most
importantly, our study found that HTO improved knee function
and reduced pain at both 2 months and 6 months following
surgery as measured by the progressive improvement in Oxford
knee scores. These improvements are similar to those of studies
in the developed world?2!,

We had a low incidence of complications with only one
superficial infection. The risks of HTO are small and include
infection, blood clots, non-union, pain over the hardware, and
nerve or vascular injury. All patients have a scar and a slight
change in leg length. Although not measured in our study,
patients may feel that straightening their leg results in improved
appearance.

While our study has shown the benefit of short-term pain
relief, long-term follow-up is required to see if HTO durable
treatment option in our patients. We have not demonstrated
that HTO prevents the progression of arthritis. However, previous
studies have shown that if the limb malalignment is corrected to
the ideal angle it can delay the need for a knee replacement for
several years. This is particularly beneficial for patients in
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their 40's or 50's where knee replacement often fail within a few
years of surgery.

Our study is limited by the small sample size and time
due to recently increased utilization of HTO in Mongolia.
Furthermore, outcomes of alternative surgeries including closing
wedge high tibial osteotomy, unicondylar knee replacement are
controversial??. Thus, further studies are necessary to assess mid-
and long-term outcome of HTO as well as a comparison between
HTO and its alternative surgeries.

Conclusion

This study has shown that high tibial osteotomy can be done
with rigid internal fixation and that it improves function and
reduces pain in Mongolian patients with early arthritis without
affecting joint range of motion.
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