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Abstract

Background

We aimed 1) to assess 3 major variables [femoral condylar
orientation (FCO), tibia plateau inclination (TPI) and knee joint
space tilt angle (JTA)] which would mainly contribute to overall
limb alignment in patients undergoing medial open—wedge high
tibial osteotomy (HTO) and compare the variables with those of
normal knees, 2) to assess the changes of the 3 variables after
HTO, and to compare the actual correction amount with the
amount computed based on the two planning methods (Dugdale
and Miniach methods), 3) to find the factors associated with the
amount of JTA changes, and 4) to find factors associated with

categories of final alignment after HTO.

Materials and Methods

We assessed 66 patients undergoing open—wedge HTO (HTO

group) and 160 normal knees (control group). The weight



loading line (WLL), FCO, TPI, and JTA were measured on
whole limb standing anteroposterior (AP) radiographs in all the
subjects preoperatively. Additionally, same measurement was
performed in the HTO group postoperatively, then the
differences of the variables between the pre— and post—HTO
were calculated. The amount of correction based on the two
planning methods (Dugdale and Miniach methods) were
computed, and compared with the actual correction angle
calculated using TPI difference. In terms of categories of final
alignment, WLL ratio within £5% from the target WLL were
classified as ideal correction, more than +5% as overcorrection
and less than —5% as undercorrection. The factors associated
with amount of JTA change by HTO were analyzed using the
multivariate regression analyses with backward method, and the
factor associated with over— and/or undercorrection was

investigated using logistic regression analyses.

Results

Compared with the control group, all the variables were more



varus than the HTO group, preoperatively (£ < 0.001 in all).
Particularly, JTA of the HTO group was more than 3 fold of that
of the control group (4.1° vs. 1.2°, P < 0.001). After HTO,
besides the change of TPI, JTA also decreased by 2 degree on
average. The amount of JTA change was larger in patients with
more preoperative varus alignment and larger preoperative JTA,
preoperatively (B = —0.19, P = 0.006, and B = —0.28, P =
0.001, respectively; R for regression model = 0.361). In
comparison between Dugdale and Miniach methods, the
correction amount computed by Miniachi method was
significantly larger than by Dugdale method (8.6° and 9.7°, P =
0.028). Between the two methods, angle computed by Dugdale
method was more close to actual amount of correction (8.6° vs.
8.9°, respectively). In terms of categories of final alignment, 37
knees (56%) were classified as ideal correction and 29 knees
(44%) as overcorrection. There was no knee classified as
undercorrection. Among the radiographic variables evaluated
except postoperative WLL, the change of JTA differed
significantly between the ideal correction group and the

overcorrection group (1.5° and 3.0° respectively, P < 0.001).



Conditional logistic regression analysis showed that an
overcorrection was associated with the amount of JTA changes

(odds ratio = 3.04, 7= 0.002).

Conclusion

We found that three major variables determining overall coronal
alignment was more varus in the HTO group than the control
group. Particularly, JTA of the HTO group significantly
contributed to the varus limb alignment, and the JTA decreased
by 2° on average after HTO which could result in additional
valgus realignment effect after HTO. Even though more
preoperative varus alignment and more preoperative tilt of JTA
were found to be associated with larger change of the JTA after
HTO, accurate estimation of the JTA change may not be
possible due to low R° value. Planning of target angle by
Miniachi method showed significantly larger angle than that of
Dugdale method. Therefore, if JTA change was not considered,
Miniachi method could increase risk of overcorrection after

HTO. Development of new method which could estimate the



change of JTA more accurately would be warranted via further

studies.
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Introduction

Varus malalignment of the knee is a crucial factor to accelerate
progression of medial tibiofemoral (TF) osteoarthritis (OA) of the
knee(1,2), and also a strong predictor for poorer symptoms in
patients with advanced OA of the knee(3). Thus, realignment
procedures would be a reasonable option for young patients with
symptomatic medial TF joint OA. The aim of HTO is to realign the
lower limb to shift the load distribution from the medial
compartment into the lateral compartment, thus leading to a
decrease in symptoms related to medial compartment knee OA.
Indeed, a number of reports supported the value of realignment
procedures in terms of improving pain and functions, and delaying
OA progression in the patient group with a little overcorrection (4—
7). Additionally, realignment procedure is also an effective and
reliable method for treatment of patients with posterolateral
rotatory instability with wvarus malalignment by reducing the

excessive adduction moment (8, 9).

Typically, high tibial osteotomy (HTO) has been used as a

primary realignment procedure for varus malalignment of the knee.



In the track of HTO progress, lateral closed wedge HTO had been
considered as a gold standard during the early period of HTO(10).
But, closing wedge HTO involves fibular osteotomy, common
peroneal nerve dissection, proximal tibiofibular joint disruption, and
bone stock loss(11, 12). Furthermore, with this procedure it is
difficult to obtain gradual correction of the axis. For this reason,
medial open wedge HTO has been becoming more popular coupled
with development of fixation system. And it has definite advantages
over lateral closed wedge HTO such as better feasibility to archive
target correction angle and prevention of proximal tibio—fibular
joint (13). Nevertheless, even with current improvement of the HTO
system, it is inherent limitation that this procedure change only the
proximal tibial geometry regardless of the source of varus

malalignment of the limb(14).

Correct patients selection is mandatory for achieving good results
with open—wedge HTO(15). According to the literature, the factors
that could influence the prognosis are age, body mass index (BMI),
grade of osteoarthritis, range of motion (ROM), and associated
instability. There 1is agreement in the literature regarding the

association between age and outcomes of HTO. Some authors found



that the risk of failure increased 7.6% for each year of age(16). At
10 years, the survival rate of HTO in patients younger than 65
yvears was 90% versus 70% in patients older than 65. Recently
Howells et al.(17) analyzed 164 patients who underwent HTO, of
whom 95 were reviewed at 10 years of follow—up. These authors
found that better survival is associated with a pre—operative
Western Ontario and McMaster Universities osteoarthritis index
(WOMAC) > 45 points, age <55 years and BMI<30. However, in
patients older than 55 years, adequate preoperative functional
scores (more than 66.7 on the Japanese Orthopaedic Association
Knee Score and a WOMAC greater than 45) might provide good
survival and functional outcomes(18). The authors recommended

the routine use of preoperative functional outcome score to guide

decision—making when considering a patient's suitability for

HTO(17). The relationship between BMI and open—wedge HTO
outcomes is still debated in the literature. Flecher et al.(10),
studying 313 patients, found that those with a BMI of less than 30
had better outcomes. This finding was confirmed by Howells et
al.(17) in their study of 95 HTO patients. Giagounidis and Sell(19)

examined 112 knees (94 patients) after HTO for varus and valgus



alignment (the osteotomy was performed on the medial or lateral
side in relation to the type of malalignment). They found that
patients with a BMI greater than 10% above normal values had a
pain—free period of 5 years, as opposed to 7.8 years for those with
a BMI lower than 10% above normal values(19). Since normal
values of BMI range between 18.5 and 24.9, a BMI greater than
27.4 1s associated with poorer outcomes. The severity of medial
compartment osteoarthritis is a relevant predictor of outcome after
HTO. It is generally agreed in the literature that a low degree of
arthrosis is linked to better outcomes(15). It is clear that
tricompartmental  osteoarthritis is a  contraindication to
osteotomy (20, 21). In very young patients a neutral alignment
seems to be preferable. Correction to a femorotibial angle between
6° and 14° of valgus was associated with an optimal clinical
result (10). Undercorrection to less than 5° of femorotibial valgus
was associated with a high (62.5%) failure rate(22). Range of
motion 1s another parameter that must be investigated before
performing an open—wedge HTO. Several authors have reported an
association between reduced range of motion and worse outcomes,

with a flexion contracture constituting a contraindication to open—



wedge HTO(23—-25).

Overall limb alignment can be determined by several
anatomical factors. In particular, three anatomical features around
the knee would mainly contribute overall limb alignment, namely the
femoral condylar orientation, the tibial plateau inclination, and the
knee joint space tilt angle. As mentioned above, HTO influences the
contributing portion of the tibia to varus limb alignment, thus an
attempt to achieve slight wvalgus alignment, namely slight
overcorrection, only with HTO may result in abnormal joint line
orientation, which, in theory, affects the knee kinematics adversely.
Thus, overcorrection more than the target angle could increase the
chance of abnormal joint line orientation and abnormal knee

kinematics.

Another unestablished issue is a change of knee joint space tilt
angle by HTO. As varus malalignment increases adduction moment
of the knee, knees with significant varus malalignment can have
increased opening of lateral knee joint space which leads to
increase knee joint space tilt angle. Correction of varus
malalignment by HTO would eliminate increased adduction moment,

and thus may reduce the knee joint space tilt angle. Therefore, if

5



the potential change of knee joint space tilt angle after HTO is not
considered, postoperative alignment can be differ from the
preoperative  planning, which may result 1Iin unexpected

overcorrection of the alignment.

Historically, undercorrection or loss of correction had been a
major issue in the field of HTO, particularly open—wedge HTO.
However, coupled with recent improvement of fixator, such as
locking plate, surgical technique and planning method, loss of
correction after open—wedge HTO seems to become a minor
problem. Rather, we anecdotally observed that unexpected
overcorrection become more prevalent recent days. Traditionally,
the cable method using a radiopaque line or a metal rod has been
popular for the determination of correction in HTO as it allows
real—time monitoring of the mechanical axis during surgery.
However, the results can deviate due to non—weight bearing status
and the influence of limb rotation during osteotomy. And it can
increase radiation exposure during evaluation of the hip and ankle
centers. Accordingly, preoperative planning using full-length
weight bearing lower limb radiographs has recently been introduced

for calculation of the correction angle and gap in weight bearing



status using a picture archiving and communication system (PACS)
or special software. But, even though planning method, typically
Dugdale method(26) and Miniachi method(27) has been established
for estimation of the target angle for HTO, final alignment may
differ from the preoperative planning when overlooking the potential

change of the joint space tilt angle.

Therefore, we aimed 1) to assess 3 major variables [femoral
condylar orientation (FCO), tibia plateau inclination (TPI) and knee
joint space tilt angle (JTA)] which would mainly contribute to
overall limb alignment in patients undergoing medial open—wedge
high tibial osteotomy (HTO) and compare the variables with those of
normal knees, 2) to assess the changes of the 3 variables after
HTO, and to compare the actual correction amount with the amount
computed based on the two planning methods (Dugdale and Miniach
methods), 3) to find the factors associated with the amount of JTA
changes, and 4) to find factors associated with categories of final

alignment after HTO.



Materials and Methods

Subjects

For this comparative study, we developed one experimental
group and one control group including the HTO group and the
normal knee group, respectively. To enroll the subjects in the HTO
group, we reviewed prospectively collected database of 102
consecutive open wedge HTO by one surgeon in two center
between January 2008 to February 2015. Of these, a total of 36
knees were excluded for having a diagnosis of other than primary
osteoarthritis (OA), or a history of infection. Finally 66 patients
undergoing open wedge HTO due to primary varus knee OA (44
patients) or posterolateral rotatory instability with varus
malalignment (22 patients) were left. There were 54 women and 12
men with a mean age of 53.5 years(range : 28 years to 73 years)
and a mean body mass index (BMI) of 26.8 kg/m? (range: 20.2

kg/m? to 35.0 kg/m?).

Then, the normal control group was developed for comparison
with the HTO group. The normal knee group included the

contralateral normal knees of 160 consecutive patients (80 men and
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80 women) undergoing unilateral arthroscopic surgeries due to
traumatic meniscal injuries. The mean age and BMI of the normal
knee group were 38 years (range: 16 to 64) and 24.2 kg/m* (range:
16.6 to 37.4), respectively. The study had ethical approval, and

each patient was given informed consent.

Radiographic evaluation

Radiographic evaluations were performed using pre— and
postoperative standing full limb anteroposterior (AP) radiographs in
the HTO group while using preoperative standing full-—limb AP
radiographs in normal knee group. In the HTO group, we used
postoperative radiographs taken at 1 year or 2 years after HTO. All
the radiographs were taken on 14 X 51 inch grid cassettes to
ensure that patella was facing directly anterior. All radiographic
images were digitally acquired wusing a picture archiving
communication system (PACS). Assessments were performed on a
24—inch LED monitor (U2412M: Dell, Round Rock, TX) in portrait
mode using PACS software (Infinite, Seoul, Korea). This software

package allows the investigator to detect the bisecting point of any



area on the femur or tibia, and to measure the angle between any

two lines drawn on the digital image. The minimum detectable

changes by the software were 0.1° in angle and 0.1 mm 1in length

measurements.

In all the radiographs, five parameters were measured;
mechanical tibiofemoral angle (TFA), weight loading line (WLL) and
3 anatomical parameters, namely, the femoral condylar orientation,
the tibial plateau inclination, and the joint space tilt angle.
Mechanical TFA was defined as the angle formed by the
intersection between the mechanical axis of the femur (the line
from the femoral head center to femoral intercondylar notch center)
and the tibia (the line from ankle talus center to the center of the
tibial spine tips). A negative value was given to the knee in varus
alignment (Fig 1A). The tibial plateau inclination was defined as the
angle between the mechanical axis of the tibia and the tangent to
the subchondral plate of the tibia, and a negative value was given in
varus orientation (Fig 1B). The femoral condylar orientation was
defined as the angle between the mechanical axis of the femur and
the tangent to the subchondral plates of both femoral condyles, and

a negative value was given in varus orientation (Fig 1C). The joint

10



space tilt angle was defined as the angle between the tangent to the
subchondral plates of both femoral condyles and the tangent to the
subchondral plate of the tibia, and a positive value was given to the

knee in more lateral space opening (Fig 1D).

11



Figure 1A. Mechanical TFA(mTFA) was defined as the angle formed by the

intersection between the mechanical axis of the femur(the line from the femoral
head center to femoral intercondylar notch center) and the tibia(the line from ankle
talus center to the center of the tibia spine tips). A negative value was given to the

knee in varus malalignment.

Figure 1B. The tibial plateau inclination (TPI) was defined as the angle between
the mechanical axis of the tibia and the tangent to the subchondral plate of the tibia,

and a negative value was given in varus orientation.

Figure 1C. The femoral condylar orientation was defined as the angle between
the mechanical axis of the femur and the tangent to the subchondral plates of both

femoral condyles, and a negative value was given in varus orientation.

Figure 1D. The joint space tilt angle (JTA) was defined as the angle between
the tangent to the subchondral plates of both femoral condyles and the tangent to

the subchondral plate of the tibia, and a positive value was given to the knee in

more lateral space opening.

12
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For the preoperative planning, we calculated the target angle
using Dugdale method(26) and Miniachi method(27), respectively,
even made target angle following to Dugdale method. According to
the Dugdale method(26), the objective of the osteotomy is to
transfer the load from the medial region to the lateral plateau, in a
position corresponding to 62% of the tibial joint surface. On the AP

radiographs, a line is drawn on the X—ray on the tibial joint surface,

setting a point “A” in the lateral compartment at the site

corresponding to 62% of that are from medial to lateral. A second

line is then drawn from the center of the femoral head to point "A”

and another line from the center of the ankle to point “A”. The acute

angle (X° ) formed by the intersection of these two lines determines
the angle correction (Fig. 2A). According to the Miniachi method, a
line is drawn from the planned position of the medial
corticoperiosteal hinge to the center of the ankle joint. And a
second line is drawn for the projected mechanical axis that passes
from the center of the femoral head through a point 30—40% of the
width of the lateral tibia plateau and is extrapolated to the level of

projected position of the ankle. A third line is then drawn from the

13



medial corticoperiosteal hinge (because this is the pivot point) to
the projected position of the center of the ankle. The first and third
lines thus subtend an angle(X® ), which is the desired angle of

correction. (Fig. 2B)

14
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Figure 2A. Application of Dugdale method for preoperative planning (Left)

Figure 2B. Application of Miniachi method for preoperative planning (Right)
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We defined postoperative status as acceptable correction if the
difference from the target angle was 5% or less, under—correction
in case the difference from the target angle was less than 5% and
over—correction in case that angle difference was more than

5% (28).

To determine intra— and inter—observer reliabilities of
radiographic assessments, two orthopedic surgeon performed
radiographic assessments in 20 randomly selected knees twice with
an interval of 3 week. The intra—and inter—observer reliabilities of
assessments of all radiographic measurements were evaluated
using intraclass correlation coefficients (ICCs). The ICCs of intra—
and inter—observer reliabilities of all measurement showed highly
satisfactory reliability (range: 0.89 — 0.98). Thus, measurements
taken by a single investigator (one of the authors) were used in the

analyses.

Surgical technique

A longitudinal skin incision, approximately 6cm in length,

was made over the pes anserinus insertion at the anteromedial

16



aspects of the tibia. The medial aspect of the proximal tibia was
exposed by elevating the insertion of the pes anserinus, gracilis
tendon, semitendinous muscle tendon, and the superficial layer of
the medial collateral ligament. The neurovascular structures
underlying the knee joint were protected by retracting them with a
blunt retractor. Two Kirschner wires were inserted into the tibia as
an osteotomy was performed. First, an osteotomy was performed in
the frontal plane, from 5 mm proximal to the insertion of the patellar
tendon to the second osteotomy plane, maintaining a tibial tubercle
thickness of approximately 10 mm. The osteotomy in the second
plane was initiated at the medial cortical margin approximately 5 cm
distal from the tibial plateau and stopped at a distance of
approximately 5 mm from the lateral cortical margin, targeting at
the proximal one—third part of the fibular head. With the help of an
image intensified, the osteotomy line was gradually opened to the
axis on the lateral cortex by the stepwise insertion of a set of five
chisels. The posteromedial gap distance was measured to confirm
the predicted opening width while the gap was temporarily fixed
using a bone spreader. The posteromedial gap distance was

measured to confirm the predicted opening width using a bone

17



spreader, which was inserted into the tibia as close to the coronal
plane as possible with the patella face upright. The medial
osteotomy site was then rigidly fixed using a TOMOFIX Osteotomy

system (Depuy Synthes, Switzerland) over the osteotomy site (29).

Statistical analysis

All the statistical analyses were carried out with SPSS for
Windows version 20.0 (SPSS Inc., Chicago, Illinois), and p—values <
0.05 were considered significant throughout. Comparisons of values
of the three anatomical parameters and amounts of their
contributions to overall mechanical TFA were carried out using
analysis of student t—test. Changes in the proximal tibia inclination
and the knee joint space tilt angle between pre— and post—HTO
were calculated and examined using paired t—test. The factors
associated with amount of joint space tilt angle changes by HTO
were investigated by use of the multivariate regression analyses
with stepwise method. The factors evaluated were preoperative
mechanical TFA and preoperative values of the three anatomical

parameters, height and weight as covariates. Multiple regression

18



analysis results were summarized by use of standardized

coefficients, that is, Pp—coefficients, 7 values, and coefficients of

determination (#%). The factors associated with over—correction
were investigated by use of logistic regression analysis. The
factors evaluated were age, BMI and preoperative value of the
anatomical parameters (M—TFA, TPI, FCO and JTA). Logistic
regression analysis results were summarized by use of odds ratio

and p—value.

19



Results

Comparison between two groups showed significant
differences in the value of alignment parameters, more varus in
HTO group (Table 1). In the evaluation of the alignment parameters
change, naturally, there were significant differences between
preoperative and postoperative in the value of m—TFA, TPI and
WLL. But, there were also significant change in JTA which we did

not intend to correct (Table 2).

Among sixty—six patients, 19 patients (28.8%) showed
change of joint tilt angle more than 3° (Fig. 3). After HTO, the

tibial plateau inclination increased by 8.9 aand the joint space tilt

angle decreased by 2.0° on average, which resulted in 11.1°

changes of mechanical TFA on average. When comparing the target
angle according to the method of preoperative planning method,

there were significant difference between Dugdale and Miniachi

methods, respectively 8.6° and 9.7°(p—value = 0.028). The mean

correction angle was 8.9° which was closer to Dugdale method.

Multivariate regression analyses revealed that the greater

20



preoperative joint tilt angle and more severe varus preoperative

TFA were significantly associated with a greater postoperative

decrease in the joint space tilt angle after HTO (B = —0.20, p =

0.006 and B = —0.28, p = 0.001, respectively; R for regression

model = 0.361). Surgical target (within 5% from the target WLL)
was achieved in 37 knees (56%). However, 29 knees (44%) were
overcorrected (more than 5% valgus from the target WLL) and
there were no knees under corrected. There were no significant

difference between acceptable and over correction groups in

patients’ demographics and parameters of anatomical alignments.

But, the change of joint tilt angle differed significantly between two

groups (respectively 1.5° and 3.0°, p<0.001) (Table 3).

Conditional logistic regression analysis showed that an
increased incidence of overcorrection was associated with the

amount of JTA changes (odds ratio=3.04, p—value =0.002).

21



Table 1. Comparison of mechanical tibiofemoral angle(TFA) and

three anatomical parameters between two groups.

Group
p—value

HTO (n=66) Normal (n=160)
M—TFA(degree) -8.8°(SD=2.8) -2.2°(SD=3.2) <0.001
FCO(degree) 13°(SD=20) 810(8D=26) <0.001
TPI(degree) -5.9°(SD=2.1) —4.0°(SD=2.5) <0.001
JTA(degree) 41°(SD:23) 12°(SD:17) <0.001

x*Abbreviations

M~-—TFA : Mechanical tibiofemoral angle

FCO : Femoral condylar orientation

TPI : Tibia plateau inclination

JTA : Joint tilt angle

SD : Standard deviation

Negative values means varus angle in three parameters (M—TFA, FCO,

TPL JTA)

Positive values means varus angle in joint tilt angle

22



Table 2. Comparative results of the mechanical

angle (TFA), weight loading

line(WLL), the tibial

tibiofemoral

plateau

inclination (TPI) and knee joint space tilt angle (JTA) before and after

high tibial osteotomy (HTO)

Pre—
Parameters Post—HTO Diff. p—value

HTO
WLL (%) 10.9% 63.2% 52.3% (SD=14.6) <0.001
M—TFA(degree) —8.8° 2.7° 11.1°(SD=3.2) <0.001
TPI(degree) -5.9° 3.4° 8.9°(SD=0.4) <0.001
JTA(degree) 4.1° 2.1° ZOO(SD=02) <0.001
*Abbreviation
SD(standard deviation)

23



JTA change<1° A change<3° TA change

Figure 3. Frequency according to the change in angle of the joint

surface (%)
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Table 3. Comparison of patients’ demographics and alignment

parameters between acceptable—correction and over—correction

group

Parameters Acceptable— Over— Difference P~

correction(n=37) correction(n=29) value
Age (years) 53.7(SD=7.9) 53.3(SD=4.9) 0.4 0.788
BMI (kg/m2 ) 27.4(SD=3.9) 26 (SD=2.8) 1.4 0.108
M-TFA (degree) —8.5°(SD=2.4) -9.1°(SD=3.3) 0.6° 0.383
WLL (%) 12.4% (SD=9.8) 9.1%(SD=13.6 3.3 0.257
FCO (degree) 1.3°(SD=1.9) 1.2°(SD=1.9) 0.1° 0.788
TPI(degree) —6.1°(SD=2.2) —5.5°(SD=2.0) 0.6° 0.279
JTA (degree) —3.7°(SD=2.3) —4.5°(SD=2.3) 0.8° 0.183

Post—
2.1°(SD=2.4) 2.8°(SD=3.5) 0.7° 0.313
MTFA (degree)
Post—FCO (degree) 1.3°(SD=1.9) 1.2°(SD=1.9) 0.1° 0.788
Post—TPI(degree) 29O(SD=29) Slo(SDZSO) 0.2° 0.792
Post—JTA(degree) _210(SD:2O) _150(SD:19) 0.6° 0.174
66.4% (SD=9.8
Post—WLL (%) 60.8% (SD=5.5) 5.6 0.009
)

JTA 1.5°(SD=1.4) 3.0°(SD=1.6) 1.5° <0.00

25



Discussion

Open wedge HTO is becoming more popular as precise and
valuable realignment procedure for relatively younger patients with
symptomatic varus knee OA or lateral thrust.(6) Accurate
correction of limb alignment 1is very 1important to achieve
satisfactory clinical outcomes after HTO.(8, 9) But, all patients who
undergo HTO do not achieve adequate correction, despite careful
surgical techniques, because of the narrow goal of limb alignment
correction. Limb alignment correction errors, including
undercorrection and overcorrection, are due to Iinaccurate
preoperative planning of correction amount and inappropriate
intraoperative correction as planned due to lack of reliable tool to
assess limb alignment during surgery.(30—33) In addition, this
procedure purely changes the geometry of the proximal tibia.
Therefore, abnormal knee joint line inclination, i.e. valgus inclination
of joint line, can be made after the procedure. In particular, if HTO
was performed to a patient whose varus malalignment did not
mainly stem from proximal tibia, this valgus inclination of the knee
joint becomes more significant. Furthermore, because of reduced

adduction moment around the knee joint after HTO, changes of joint
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space tilt angle can occur, which would affect postoperative limb

alignment. So, we sought to address these issues in HTO.

In this study, we compared the normal knee group with HTO
group, and all the 3 parameters are more varus. Particularly JTA
was more than 3 fold of those in normal knee. Besides the change of
TPI, JTA was also decreased by 2 degree after HTO. In normal
patients, the articular surface of the distal femur is parallel to the
tibia plateau, with JTA ranging from 0° to 2° .(34) The amount of
JTA change would be larger in patients with more varus alignment
and larger JTA, preoperatively. The parallel JTA differed in
patients with medial osteoarthritis because of the pseudolaxity of
the lateral side with varus alignment, resulting from substantial
amounts of intra—articular cartilage and subchondral bone loss in
the medial compartment.(35) JTA is more likely to be restored to a
parallel position after than before HTO, because the pseudolaxity of
the lateral side could disappear due to valgus alignment following

HTO.(28)

In comparison between Dugdale and Miniachi method, the
correction amount computed by Miniachi method was significantly

larger than that of Dugdale method. Historically, bony configurations

27



were measured with caliper(36) and osteotomy correction were
judged by eye(37), later John Insall advised against this
practice (38). The early application of radiographs for HTO planning
was restricted to short knee films(39), but later Harris recognized
the benefit of long—leg weight—bearing films(40). Preoperative
planning became increasingly important because the degree of
correction influenced HTO longevity (41). Planning methods have

been described wusing the anatomical or mechanical axes.
Alternatively, planning methods that employ MiKulicz's weight—
bearing line are advantageous because the surgeon can appreciate
the point of mechanical loading in relation to the known

degenerative condition of the knee. Miniaci's method of planning

was broadly used for this reason. Miniachi's original description is a

lateral closing wedge osteotomy, geometrically planned using the
weight—bearing line of Mikulicz. However, the principle of an angle
generated at the hinge point subtending the current and proposed
ankle centers is readily applicable to an opening wedge osteotomy.
Even though, Miniach methods is theoretically more sound,

correction based on that method could result in overcorrection
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when JTA is not considered. But, in this study, correction amount
was almost identical with that computed by Dugdale method, 44% of
the patients were overcorrected without case of undercorrection.
We thought that if we followed the Miniachi method, there could be
more cases of overcorrection. It was shown that amount of joint
space tilt angle change was significantly higher in over—correction
group with odds ratio of 3.04. Another retrospective observational
study evaluating relationship between JTA and alignment correction
errors also revealed that a greater difference pre— and
postoperative JTA was associated with greater overcorrection of
lower limb alignment.(28) So, we should consider joint space tilt
angle change when performing HTO. But, until now, there is no
method to consider it. So, we suggest Dugdale method as
preoperative planning for HTO to minimize the risk of
overcorrection. Eventually, further study would be required for the
development of modified method which consider not only tibial

inclination but also joint tilt angle change.
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Conclusion

We found that three major wvariables determining overall
coronal alignment was more varus in the HTO group than the
control group. Particularly, JTA of the HTO group significantly

contributed to the varus limb alignment, and the JTA decreased by

2° on average after HTO which could result in additional valgus

realignment effect after HTO. Even though more preoperative varus
alignment and more preoperative tilt of JTA were found to be
associated with larger change of the JTA after HTO, accurate
estimation of the JTA change may not be possible due to low &
value. Planning of target angle by Miniachi method showed
significantly larger angle than that of Dugdale method. Therefore, if
JTA change was not considered, Miniachi method could increase
risk of overcorrection after HTO. Development of new method
which could estimate the change of JTA more accurately would be

warranted via further studies.

30



References

1. Brouwer G, Van Tol A, Bergink A, Belo J, Bernsen R, Reijman M,
Pols H, Bierma-Zeinstra S. Association between valgus and varus
alignment and the development and progression of radiographic
osteoarthritis of the knee. Arthritis & Rheumatism Z2007:;56—

4:1204-11.

2. Tanamas S, Hanna FS, Cicuttini FM, Wluka AE, Berry P, Urquhart
DM. Does knee malalignment increase the risk of development and
progression of knee osteoarthritis? A systematic review. Arthritis

care & research 2009;61—4:459-67.

3. Chang CB, Koh 1J, Seo ES, Kang YG, Seong SC, Kim TK. The
radiographic predictors of symptom severity in advanced knee

osteoarthritis with varus deformity. 7he Knee 2011;,18—6:456—60.

4. Benzakour T, Hefti A, Lemseffer M, El Ahmadi JD, Bouyarmane H,
Benzakour A. High tibial osteotomy for medial osteoarthritis of the

knee: 15 years follow—up. International orthopaedics 2010;534—

2:209—-15.

31



5. Hui C, Salmon LJ, Kok A, Williams HA, Hockers N, van der
Tempel WM, Chana R, Pinczewski LA. Long—term survival of high
tibial osteotomy for medial compartment osteoarthritis of the knee.

The American journal of sports medicine 2011,39—1:64—70.

6. LaPrade RF, Spiridonov SI, Nystrom LM, Jansson KS. Prospective
outcomes of young and middle—aged adults with medial
compartment osteoarthritis treated with a proximal tibial opening

wedge osteotomy. Arthroscopy: The Journal of Arthroscopic &

Related Surgery 20122853354 —64.

7. Saragaglia D, Blaysat M, Inman D, Mercier N. Outcome of opening

wedge high tibial osteotomy augmented with a Biosorb® wedge and

fixed with a plate and screws in 124 patients with a mean of ten

years follow—up. International orthopaedics 2011,35—81151—6.

8. Gebhard F, Krettek C, Hifner T, Griitzner PA, Stockle U, Imhoff

AB, Lorenz S, Ljungqvist J, Keppler P. Reliability of computer—
assisted surgery as an intraoperative ruler in navigated high tibial
osteotomy. Archives of orthopaedic and trauma surgery 2011151 —

3:297=302.

9. Song M—H, Yoo S—H, Kang S—W, Kim Y—J, Park G—T, Pyeun Y—
32



S. Coronal alignment of the lower limb and the incidence of
constitutional varus knee in korean females. Knee surgery & related

research 2015;27—1:49.

10. Flecher X, Parratte S, Aubaniac J—M, Argenson J—NA. A 12—
28—vyear followup study of closing wedge high tibial osteotomy.

Clinical orthopaedics and related research 2006,452:91 —6.

11. Bonasia DE, Governale G, Spolaore S, Rossi R, Amendola A. High
tibial osteotomy. Current reviews in musculoskeletal medicine

2014;7—=4:292-301.

12. Preston S, Howard J, Naudie D, Somerville L, McAuley J. Total
knee arthroplasty after high tibial osteotomy: no differences

between medial and lateral osteotomy approaches. Clinical

Orthopaedics and Related Research® 2014;472—1-105—10.

13. Wang JH, Bae JH, Lim HC, Shon WY, Kim CW, Cho JW. Medial
Open Wedge High Tibial Osteotomy The Effect of the Cortical
Hinge on Posterior Tibial Slope. The American journal of sports

medicine 2009,37—12:2411-8.

14. El1—Azab HM, Morgenstern M, Ahrens P, Schuster T, Imhoff AB,

Lorenz SG. Limb alignment after open—wedge high tibial osteotomy

33



and its effect on the clinical outcome. Orthopedics 2011;34—

10:e622—e8.

15. LOIA MC, VANNI S, ROSSO F, BONASIA DE, BRUZZONE M,
DETTONI F, ROSSI R. High tibial osteotomy in varus Kknees:

indications and limits. Joints 2016,4—2:98.

16. Trieb K, Grohs J, Hanslik—Schnabel B, Stulnig T, Panotopoulos J,
Wanivenhaus A. Age predicts outcome of high—tibial osteotomy.
Knee Surgery, Sports Traumatology, Arthroscopy 2006;14—2:149—

52.

17. Howells N, Salmon L, Waller A, Scanelli J, Pinczewski L. The
outcome at ten years of lateral closing—wedge high tibial osteotomy.

Bone Joint J 2014,96—11:1491—7.

18. Goshima K, Sawaguchi T, Sakagoshi D, Shigemoto K, Hatsuchi Y,
Akahane M. Age does not affect the clinical and radiological
outcomes after open—wedge high tibial osteotomy. Knee Surgery,

Sports Traumatology, Arthroscopy 20151 —6.

19. Giagounidis E, Sell S. High tibial osteotomy: factors influencing
the duration of satisfactory function. Archives of orthopaedic and

trauma surgery 1999;119—7—8:445-9.

34



20. Aglietti P, Rinonapoli E, STRINGA G, TAVIANI A. Tibial
osteotomy for the varus osteoarthritic knee. Clinical orthopaedics

and related research 19853/176:239—51.

21. Ivarsson I, Myrnerts R, Gillquist J. High tibial osteotomy for
medial osteoarthritis of the knee. A 5 to 7 and 11 year follow—up.

Bone & Joint Journal 1990,72—2:238—44.

22. RUDAN JF, SIMURDA MA. High Tibial Osteotomy: A
Prospective Clinical and Roentgenographic Review. Clinical

orthopaedics and related research 1990,255:251 —6.

23. Berman AT, Bosacco SJ, Kjrshner S, Avolio Jr A. Factors
influencing long—term results in high tibial osteotomy. Clinical

orthopaedics and related research 1991,272:192—8.

24. Akizuki S, Shibakawa A, Takizawa T, Yamazaki I, Horiuchi H.
The long—term outcome of high tibial osteotomy. Bone & Joint

Journal 2008;90—5:592—6.

25. Naudie D, Bourne RB, Rorabeck CH, Bourne TJ. Survivorship of
the High Tibial Valgus Osteotomy A 10—to 22—Year Followup

Study. Clinical orthopaedics and related research 1999,;367:18—27.

26. DUGDALE TW, NOYES FR, STYER D. Preoperative Planning for

35



High Tibial Osteotomy: The Effect of Lateral Tibiofemoral
Separation and Tibiofemoral Length. Clinical orthopaedics and

related research 1992,274:248—64.

27. Miniaci A, Ballmer F, Ballmer P, Jakob R. Proximal Tibial
Osteotomy: A New Fixation Device. Clinical orthopaedics and

related research 1989,246:250—9.

28. Lee D—H, Park S—C, Park H—J, Han S—B. Effect of soft tissue
laxity of the knee joint on limb alignment correction in open—wedge
high tibial osteotomy. Knee Surgery, Sports 7Traumatology,

Arthroscopy 2015:1—9.

29. Ogawa H, Matsumoto K, Ogawa T, Takeuchi K, Akiyama H.
Preoperative varus laxity correlates with overcorrection in medial
opening wedge high tibial osteotomy. Archives of orthopaedic and

trauma surgery 2016,136—10:1337—42.

30. Hankemeier S, Hufner T, Wang G, Kendoff D, Zeichen J, Zheng G,
Krettek C. Navigated open—wedge high tibial osteotomy:
advantages and disadvantages compared to the conventional

technique in a cadaver study. Knee Surgery, Sports Traumatology,

Arthroscopy 2006,14—10:917—21.

36



31. Hankemeier S, Mommsen P, Krettek C, Jagodzinski M, Brand J,
Meyer C, Meller R. Accuracy of high tibial osteotomy: comparison
between open—and closed—wedge technique. Knee Surgery, Sports

Traumatology, Arthroscopy 2010,18—10-1328—-35.

32. Hoell S, Suttmoeller J, Stoll V, Fuchs S, Gosheger G. The high
tibial osteotomy, open versus closed wedge, a comparison of
methods in 108 patients. Archives of orthopaedic and trauma

surgery 2005,125—-9:638—45.

33. Pearle AD, Goleski P, Musahl V, Kendoff D. Reliability of image—
free navigation to monitor lower—Ilimb alignment. J Bone Joint Surg

Am 2009,;,91—Supplement 1:90—4.

34. Chao E, Neluheni E, Hsu R, Paley D. Biomechanics of
malalignment. 7he Orthopedic clinics of North America 1994,25—

3:379.

35. Pape D, Duchow J, Rupp S, Seil R, Kohn D. Partial release of the
superficial medial collateral ligament for open—wedge high tibial
osteotomy. Knee Surgery, Sports Traumatology, Arthroscopy

2006,14—=2:141-86.

36. Macewen W. Antiseptic osteotomy in genu valgum and anterior

37



tibial curves: with a few remarks on the pathology of knock—knee.

British medical journal 1879,2—981:607.

37. Smith J, Wilson A, Thomas N. Osteotomy around the knee:
evolution, principles and results. Anee Surgery, Sports

Traumatology, Arthroscopy 2013,21—1:3—22.

38. Insall J, Shoji H, Mayer V. High tibial osteotomy. J Bone Joint

Surg Am 1974:56=7:1397—405.

39. Jackson J, Waugh W. Tibial osteotomy for osteoarthritis of the
knee. Proceedings of the Koyal Society of Medicine 1960,55—

10:888.

40. Harris WR, Kostuik JP. High tibial osteotomy for osteo—arthritis

of the knee. J Bone Joint Surg Am 1970,52—2:330—6.

41. Engel GM, LIPPERT III FG. Valgus tibial osteotomy: avoiding the
pitfalls. Clinical orthopaedics and related research 1981,160:137—

43.

38



LR

2+t « A Dugdale WH ¥} Miniach

BTG

A A

o]
=

1 3}

=
=

gt

g oluzz

12

el 2}

~

JXIO

~
)
oy
mo

o|]

T
70

e
M
-
mﬂ
M
i

39



o s

=

A=

e

W stef] 7]

71714l

i

HFH 3L Miniach

Dugdale

Kl

P
T=

R

—_
o

g

<E!

&t

oA BT §9

1.2°, K0.001) F& Fle

(AT 4.1°, =T

Aol % mrh

)

ckizs

H3l Qo

AFze)

ﬁo

Dugdale "} 3} Miniach

Eis

Arks 9l

Dugdale

s 7 7tol

gt

}1\_]__

W, Miniachi W o= 7

9.7° ¢} 8.6° p =

77}

ZTh.(

ol

grell Bl

gk

o s At

gkl

A

8.9°% Dugdale WH oz 7

-
T

i R

Tk A

0.028).

40



BTGP = —-0.19, p = 0.006 and B = —

ol
;OO
,.__HO

7L Bkl ¢ &

0.361).

0.28, p = 0.001, respectively; R’ for regression model

3+2} (44 %) o) A

e

29

ZFol7h A e,

o5

AA=el=

A ¢

)

on FHuwAE FoA 1 W3]

A3

frolg Aol 7t

ofi
B2

—
o

=0

ol
T

S

3]

p<0.001).

9} 3.0°

I8

AR}

Felth(Odds ratio = 3.04, p = 0.002)

7}s

=
[€)

Fol kAo 3714 Fo #AE AE 7)o

= txol Hs

Al A

=

ol

dhH o=

gl

Aptofl A it

<

1=717}

N

=
=

AT

41



s}

kol

215

R

Yol ¥ Ehge] Kol

1o},

S

H7F 49

ﬂ
;OL

i

Shell o

s

Boh 4

=
=

o] 71719 W3}

ERE

& @

501:

- 2015-21995

Ll

ki3
ol

42



	Introduction        
	Materials and Methods
	Results         
	Discussions        
	Conclusions        
	References        
	Abstract (Korean)


<startpage>11
Introduction         1
Materials and Methods 8
Results          20
Discussions         26
Conclusions         30
References         31
Abstract (Korean) 39
</body>

