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Abstract
Background: The purpose of this study was to investigate the correction error associated with soft tissue balance in high
tibial osteotomy (HTO) and the difference between opening wedge HTO (OWHTO) and closed wedge HTO (CWHTO).

Methods: A total of 170 knees of 130 patients (85 knees of 68 patients in OWHTO and 85 knees of 62 patients in CWHTO)
were evaluated. Anteroposterior radiographs of the knee and full-length leg were taken preoperatively, immediately under

general anesthesia postoperatively, 2 days, and 1 and 12 months postoperatively. The femorotibial angle (FTA), joint line
convergence angle (JLCA), and medial proximal tibial angle (MPTA) were measured.

Results: The postoperative FTA was decreased from 1705 + 2.1° at 0 day to 1686 + 2.2° at 2 days in OWHTO (P < 0.05),
whereas it was not changed from 168.7 + 24° at 0 day to 168.1 + 2.8° at 2 days in CWHTO. The JLCA was 48 + 1.8°
preoperatively, 42 + 1.9° at 0 day, 2.2 + 1.8° at 2 days (P < 005 vs 0 day), 26 + 1.7° at 1 month, and 2.7 + 1.6° at 12 months
in OWHTO, and 7.1 + 3.2° preoperatively, 4.1 + 24° at 0 day (P < 0.05 vs preoperative), 3.4 + 2.5° at 2 days, 39 + 2.3%at 1
month, and 4.2 + 2.6° at 12 months in CWHTO. Multiple regression analysis showed that preoperative factors affecting
change of the JLCA from preoperative to postoperative 1 month were the correction angle in OWHTO (P = 0.001) and the
preoperative standing JLCA in OWHTO (P < 0.001) and CWHTO (P < 0.001).

Conclusions: A significant decrease of the JLCA occurred immediately after osteotomy under anesthesia in CWHTO,
whereas in OWHTO there was no decrease under anesthesia, but it decreased several days postoperatively.
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Introduction

High tibial osteotomy (HTO) is an established realign-
ment procedure to alter the mechanical load for medial
compartmental osteoarthritis (OA) of the knee. Accurate
correction is mandatory for success of the surgical pro-
cedure in HTO, since the long-term clinical outcomes
depend on postoperative lower limb alignment [1, 2].
Various computer-aided tools including preoperative
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digital planning software and intraoperative navigation
systems have recently been developed to perform accur-
ate correction [3, 4]. However, accurate intraoperative
correction is often lost after HTO due to changes of soft
tissue balance as indicated by the joint line convergence
angle (JLCA) [5].

Correction error associated with changes of the JLCA
is thought to occur due to a discrepancy between intra-
operative and postoperative conditions in the assessment
of limb alignment. Preoperative planning is usually car-
ried out using standing radiographs. In contrast,
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intraoperative assessment of lower limb alignment is
performed under non-weight-bearing conditions with
general anesthesia. Therefore, it is difficult to predict the
effect of soft tissue balance on postoperative limb align-
ment under different conditions. Filling the gap between
preoperative or intraoperative prediction and the post-
operative real measurements is a key to success in the
achievement of more accurate correction.

Recent studies showed that one of the factors associ-
ated with correction error is collateral laxity in both
opening wedge HTO (OWHTO) [6, 7] and closed wedge
HTO (CWHTO) [8]. In addition, to avoid unexpected
correction error, predictive methods including use of su-
pine radiographs [9, 10], a predictive formula [11, 12], or
use of standing radiographs on a lateral wedge insole
[13] have been introduced. However, differences includ-
ing the frequency, extent, and timing of the occurrence
of correction error associated with soft tissue balance
between OWHTO and CWHTO have not been well
documented, and these differences between the two
HTO procedures need to be elucidated to achieve ideal
postoperative alignment.

The purpose of this study was to investigate the differ-
ence in correction error associated with soft tissue bal-
ance between OWHTO and CWHTO. It was
hypothesized that early postoperative change of the
JLCA is found in both HTO procedures, but its extent
and timing differ between the two HTO procedures.

Materials and methods

Patients

A total of 170 knees of 130 patients with medial com-
partmental OA of the knee who underwent HTO were
investigated. The inclusion criterion was painful OA lo-
calized to the medial compartment of the knee. The ex-
clusion criteria were OA of the lateral compartment,
flexion contracture > 15° or a history of osteonecrosis of
the knee, inflammatory arthritis, joint infection, or im-
munosuppressive therapy. The decision for either tech-
nique was made preoperatively according to the
correction angle based on our institutional protocol [14].
OWHTO was performed in 85 knees of 68 patients with
a correction angle < 15°, and CWHTO was performed in
85 knees of 62 patients with a correction angle > 15°.
Demographic data are shown in Table 1. This study was
approved by the institutional review board at our hos-
pital (#B180200061).

Surgical procedure and postoperative management

The amount of angular correction was planned pre-
operatively with the aim of achieving tibiofemoral ana-
tomical valgus of 10° in a one-leg standing radiograph
postoperatively.

(2021) 16:66

Page 2 of 7

Table 1 Demographic data

OWHTO CWHTO
Number of patients (knees) 68 (85) 62 (85)
Male/female 16 (20)/52 (65) 23 (29)/39 (56)
Age (years) 64.1 + 84 643 + 125
Body mass index (kg/m?) 245+ 32 253 + 3.1
OA grade* 2/3/4 (knees) 57/27/1 13/46/26

*OA grade modified from Ahlbach’s classification

OWHTO was performed using an anteromedial ap-
proach under fluoroscopic guidance. The osteotomy was
started 35 mm below the medial articular surface of the
tibia. An oblique osteotomy was performed from the
medial cortex to the upper third of the proximal tibiofib-
ular joint using biplanar technique, leaving the tibial tu-
berosity intact. The osteotomized gap was gradually
opened and filled with two wedged blocks of B-TCP with
60% porosity (Osferion, Olympus Terumo Biomaterials.
Corp., Tokyo, Japan) and fixed with TomoFix (DePuy
Synthes, Zuchwil, Switzerland).

CWHTO was performed using an anterolateral ap-
proach under fluoroscopic guidance after fibular osteot-
omy. The osteotomy was started 30 mm below the
lateral articular surface of the tibia. The proximal osteot-
omy was performed parallel to the tibial plateau, and the
distal osteotomy was performed obliquely toward the
hinge point at 1 cm from the medial cortex, with a
flange to leave the insertion of the patellar tendon with a
distal fragment. The osteotomy gap was closed and fixed
with OWL plate (Mizuho Ikakogyo Co., Ltd., Tokyo,
Japan) on the lateral side and TomoFix on the medial
side.

Patients started a postoperative rehabilitation program
including isometric quadriceps and range-of-motion ex-
ercises 1 day postoperatively. In CWHTO, a non-
weight-bearing regimen was prescribed for 2 weeks,
followed by partial weight-bearing exercise, and full
weight-bearing exercise was permitted 3 weeks postoper-
atively. In OWHTO, a non-weight-bearing regimen was
prescribed for 1 week, followed by full weight-bearing
exercise. Casts or supportive devices were never applied
in both procedures.

Assessment of radiographic outcomes

For radiographic assessment, anteroposterior radio-
graphs of the knee were taken in the standing position
preoperatively and 1 and 12 months postoperatively, and
in the supine position immediately after surgery under
general anesthesia and 2 days postoperatively. Limb
alignment is expressed as the femorotibial angle (FTA),
measuring the lateral angle between the anatomical fem-
oral and tibial axes [2, 15]. The JLCA was measured as
the angle formed between a line tangent to the distal
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femoral condyle and the proximal tibial plateau [6]. Full-
length anteroposterior radiographs of the lower limb
were taken in the standing position preoperatively and 1
and 12 months postoperatively. The medial proximal
tibial angle (MPTA) was measured as the medial angle
formed between the tibial mechanical axis and the knee
joint line of the tibia [16].

Statistical analysis

Statistical analysis was carried out using BellCurve for
Excel version 2.21 (Social Survey Research Information,
Tokyo, Japan). The Mann-Whitney U test and the
Kruskal-Wallis test were used to analyze radiographic
outcomes between preoperative and postoperative mea-
surements, or two HTO procedures. Pearson’s chi-
squared test was used to test for significant differences
in the distributions of change of the JLCA. Pearson’s
correlation coefficient was used to identify relationships
between change of the JLCA and each preoperative fac-
tor. Multiple regression analysis was performed to iden-
tify factors affecting change of the JLCA. An adjusted P
value < 0.05 was considered significant. A power calcula-
tion showed that a sample size of 86 in each osteotomy
procedure could detect differences with an effect size of
0.5, with 5% probability of a type I error and power of
90%. Thus, the required sample was determined to be 85
knees in each group. The intra-rater and inter-rater reli-
abilities of radiographic measurements were assessed by
calculating intraclass correlation coefficients (ICCs).

Results

Postoperative changes in FTA, JLCA, and MPTA
Preoperative and postoperative measurements of the
FTA, JLCA, and MPTA are summarized in Table 2.
There were significant differences in the preoperative
standing FTA, JLCA, and MPTA between OWHTO and
CWHTO (P < 0.05). The FTA and JLCA were decreased
postoperatively in both HTO procedures (P < 0.05). The
postoperative FTA was significantly different between
the two HTO procedures on the operation day (P <
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0.05), but it was not significantly different thereafter.
The postoperative FTA was significantly decreased from
0 day to 2 days in OWHTO (P < 0.05), whereas it was
not significantly altered during the postoperative period
in CWHTO. Similarly, the postoperative JLCA was sig-
nificantly decreased from 0 day to 2 day in OWHTO (P
< 0.05), whereas it was not significantly altered during
the postoperative period in CWHTO. The MPTA was
increased postoperatively in both HTO procedures (P <
0.05). The postoperative MPTA was greater in CWHTO
than in OWHTO (P < 0.05).

The ICCs for inter-rater and intra-rater reliabilities
were all > 0.8, ranging from 0.89 to 0.98 for all radio-
logical measurements, indicating good reliability.

Difference in timing of the change of the JLCA

The means and distributions of the degrees of JLCA
change are summarized in Table 3. From preoperative to
postoperative 0 day, the mean decrease of the JLCA was
significantly greater in CWHTO than in OWHTO (P <
0.001), and decrease of the JLCA by > 2° was observed
in 63 knees (74%) in CWHTO and 25 knees (38%) in
OWHTO (P < 0.001). From postoperative 0 day to 2
days, the mean decrease of the JLCA was significantly
greater in OWHTO than in CWHTO (P < 0.001), and
decrease of the JLCA by > 2° was observed in 23 knees
(27%) in CWHTO and 54 knees (64%) in OWHTO (P <
0.001). From postoperative 2 days to 1 month, and from
postoperative 1 to 12 months, the mean and distribution
of the JLCA change were not significantly different be-
tween the two HTO procedures. These results suggested
that a greater decrease of the JLCA occurred intraopera-
tively in CWHTO, whereas it was delayed postopera-
tively in OWHTO (Fig. 1).

Factors affecting early postoperative change of the JLCA

The correlation analysis for preoperative factors affecting
the change of the JLCA from preoperative to postopera-
tive 1 month is summarized in Table 4. A negative cor-
relation was found between change of the JLCA and the

Table 2 Pre- and postoperative measurements of the FTA, JCLA, and MPTA

Preop Postop 0 day Postop 2 days Postop 1 month Postop 12 months
Standing Supine Supine Standing Standing
FTA OWHTO 1825 + 20 1705 +21° 1686 + 2.2° ¢ 1686 + 23% € 169.1 + 18> ¢
CWHTO 1876 + 34° 1687 +24%° 168.1 + 2.8° 168.7 + 4.5° 1686 + 4.6°
JCLA OWHTO 48+18 42+19° 22+18¢ 26+ 17°°¢ 27 £16°°¢
CWHTO 71432° 41+24° 34+25%° 39+23%° 42+26"°
MPTA OWHTO 836+ 26 N/A N/A 96.2 + 2.8° 957 + 2.7°
CWHTO 822+33° N/A N/A 978 £41>° 976 +42>°

FTA femorotibial angle, JLCA joint line convergence angle, MPTA medial proximal tibial angle

2P < 0.05 vs OWHTO
bP < 0.05 vs preop
P < 0.05 vs postop 0 day
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Table 3 Mean and distribution of degrees of change of the joint line convergence angle (JLCA)

Preop to postop 0 day Postop 0 to 2 days Postop 2 days to Postop 1 to
1 month 12 months
OWHTO CWHTO OWHTO CWHTO OWHTO CWHTO OWHTO CWHTO
Mean -06+15 -31+£28 -20+14 -07+£15 01+13 04+ 21 01+12 04+15
P < 0.001 P < 0.001 P =055 P =036
Number <=2 25 63 54 23 8 10 5 4
-1 22 7 17 25 12 13 12 13
0° 21 7 12 19 27 18 39 31
1° 12 5 2 12 21 21 19 20
> 2° 5 3 0 6 17 23 10 17
P < 0.001 P < 0.001 P =056 P =057

Note that radiographs were taken in the standing position at preoperative and postoperative 1 and 12 months, and in the supine position at postoperative 0 and

2 days

correction angle (P < 0.001), preoperative standing FTA
(P = 0.002), and preoperative standing JLCA (P < 0.001)
in OWHTO, and between change of the JLCA and pre-
operative standing FTA (P < 0.001) and preoperative
standing JLCA (P < 0.001) in CWHTO. Furthermore,
multiple regression analysis for preoperative factors

affecting change of the JLCA from preoperative to post-
operative 1 month was performed (Table 5). The correc-
tion angle in OWHTO (P = 0.001) and the preoperative
standing JLCA in OWHTO (P < 0.001) and CWHTO (P
< 0.001) were related to early postoperative change of
the JLCA.

Pre-op 0 day

Fig. 1 Perioperative change of the joint line convergence angle (JLCA) preoperatively (Pre-op), immediately under general anesthesia
postoperatively (0 day), 2 days, and 1 month postoperatively in closed wedge high tibial osteotomy (CWHTO; a) and opening wedge high tibial
osteotomy (OWHTO; b). Decrease of the JLCA by opening of the medial joint space and closing of the lateral joint space is shown at 0 day in
CWHTO (a) and at 2 days in OWHTO (b), and it is maintained thereafter

1 month

2 days
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Table 4 Correlation analysis for preoperative factors affecting
change of the standing JLCA from preoperative to
postoperative 1 month

Preoperative factors OWHTO CWHTO

r Pvalue r P value
Age 0.069 0.522 -0033 0763
Body mass index 0.060 0.583 - 0080 0465
Correction angle - 0404 < 0.001 -0.158 0.149
Preoperative standing FTA - 0337 0002 -0524 <0001
Preoperative standing JL~CA - 0549 < 0.001 -0708 <0001
Preoperative MPTA 0.021 0.845 0.045 0.680

FTA femorotibial angle, JLCA joint line convergence angle, MPTA medial
proximal tibial angle

Discussion

This study focused on the discrepancy in radiographic
assessment between the intraoperative supine position
under general anesthesia and the postoperative standing
position in OWHTO and CWHTO. The most important
finding of the present study was that the JLCA was de-
creased postoperatively in both HTO procedures, but its
timing was different. In addition, the factor affecting
early postoperative change of the JLCA was the pre-
operative standing JLCA in both HTO procedures.

One of the recent topics in HTO is that lower limb
alignment is affected by soft tissue balance, as well as
the bony correction angle. Intraoperative confirmation
of target alignment is carried out using supine fluoros-
copy under anesthesia. However, the accurate limb
alignment obtained intraoperatively is often lost in the
postoperative standing radiograph under awake condi-
tions [5]. A previous study demonstrated that factors re-
lated to > 10 mm discrepancy in measurement of
mechanical axis deviation (MAD) between the preopera-
tive standing radiograph and intraoperative supine fluor-
oscopy were limbs with MAD > 2 c¢cm and those with a
JLCA > 3° [17]. A similar study showed that the mean
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difference in MAD following OWHTO between intraop-
erative fluoroscopy and the postoperative standing radio-
graph was approximately 6%, and a greater discrepancy
between them was significantly associated with higher
BMI and JLCA values [18]. Thus, understanding the ex-
tent and conditions in the change of the JLCA is import-
ant for obtaining accurate limb alignment after HTO.

It is assumed that the effects of surgical procedures on
soft tissue balance differ between CWHTO and
OWHTO. OWHTO increases ligament tension since
osteotomy is performed proximal of the distal attach-
ment of the MCL. In contrast, osteotomy site does not
affect collateral ligament in CWHTO. Medial hyperlaxity
is observed in OA knee with varus deformity due to loss
of the medial joint space [19, 20] (Fig. 2a, c). In
CWHTO, medial soft tissue with laxity is stretched to
the proper tension by valgus correction, and the JLCA is
decreased with opening of the medial joint space (Fig.
2b). Postoperative change of the JLCA occurs immedi-
ately after valgus correction under general anesthesia,
and it is maintained later without general anesthesia. In
contrast, tension of the medial soft tissue is excessively
increased by opening of the medial structure at the oste-
otomy site, and medial laxity is not increased regardless
of MCL release in OWHTO [21, 22] (Fig. 2d). Since lat-
eral laxity is increased under general anesthesia [23], the
JLCA is not decreased intraoperatively in OWHTO. The
intraoperative increase of lateral laxity relative to the
medial side under general anesthesia is thought to be re-
versed postoperatively in the awake condition, and the
JLCA is decreased (Fig. 2e). This decreased JLCA may
be maintained by lateral shift of the weight-bearing line
[5].

This study demonstrated that the JLCA was decreased
by valgus correction in both HTO procedures. There-
fore, ideally, the amount of correction in the soft tissue
part, as well as bony correction, needs to be included in
preoperative planning. However, the extent of its effect

Table 5 Multiple regression analysis for preoperative factors affecting change of the standing JLCA from preoperative to

postoperative 1 month

Independent variable OWHTO CWHTO

Unstandardized Standardized coefficient P Unstandardized Standardized coefficient P

coefficient coefficient

B SE B B SE B
Age 0.014 0.022 0.069 0522 - 0001 0.019 —0.002 0.982
Sex 0.665 0353 0.170 0.063 0.566 0433 0.103 0.195
Body mass index 0.068 0.047 0.131 0.148 0.001 0.063 0.001 0.987
Correction angle - 0211 0.062 - 0352 0.001 0.036 0.061 0.050 0.563
Preoperative standing FTA  0.041 0.102 0.050 0.690 - 0159 0.089 — 0225 0.078
Preoperative standing JLCA — 0.504 0.100 — 0552 <0001 —0587 0.087 - 0716 < 0.001
Preoperative MPTA — 0.084 0.080 —-0.133 029  0.149 0.088 0.185 0.095

FTA femorotibial angle, JLCA joint line convergence angle, MPTA medial proximal tibial angle, SE standard error



Kumagai et al. Journal of Orthopaedic Surgery and Research

(2021) 16:66

Page 6 of 7

Varus
force

MCL

Varus
force

MCL
slackened

\

Valgus
force
FMCL
¥ slackened stretched
&
proper tension

Valgus
fores Medial
Lateral stiffness 4
laxity 1
MCL
stretched
&
tension$

Fig. 2 Difference between closed wedge high tibial osteotomy (CWHTO; a, b) and opening wedge high tibial osteotomy (OWHTO; c-e) in
postoperative change of joint line convergence angle. Schematic descriptions show preoperative (a) and postoperative (b) soft tissue balance in
CWHTO, and preoperative (c) and postoperative soft tissue balance with (d) and without (e) general anesthesia in OWHTO
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varies widely in each individual, and it is difficult to de-
termine the exact amount of soft tissue correction pre-
operatively. In the clinical setting, most surgeons might
confirm intraoperative alignment to avoid under or over
correction. As a point to note, they need to take into ac-
count the difference of timing in the change of the JLCA
between the two HTO procedures. Intraoperative con-
firmation of limb alignment after osteotomy might be
directly helpful in CWHTO, since the decrease of the
JLCA occurred mainly intraoperatively, and the intraop-
erative FTA tended to be unchanged postoperatively. In
contrast, it is unlikely that intraoperatively confirmed
limb alignment is consistent with postoperatively con-
firmed alignment in OWHTO, since the decrease of the
JLCA was relatively small intraoperatively, and it mainly
occurred later. Therefore, it should be noted that the ac-
tual alignment after OWHTO is more likely to be over-
corrected than the intraoperatively confirmed alignment
in cases with a large preoperative JLCA.

This study has several limitations. First, the follow-up
time of 1 month was short, since current series assessed
the early change of knee alignment. Second, the present
series did not include data for clinical outcomes, since
that was not the primary aim. Third, the indication for

either HTO technique was determined preoperatively
according to the correction angle.

Conclusions

Early postoperative change of the JLCA was found in
both OWHTO and CWHTO, but its timing differed be-
tween the two HTO procedures. A significant decrease
of the JLCA occurred immediately after osteotomy
under anesthesia in CWHTO, whereas it occurred sev-
eral days later in OWHTO. It is important to note that
intraoperative accurate limb alignment is likely to be lost
after OWHTO in cases with a large preoperative JLCA.
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