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Abstract
Purpose  This study aimed to determine which preoperative factors affect the postoperative change in the joint line conver-
gence angle (JLCA) by preoperatively quantifying soft tissue laxity.
Methods  Thirty-four patients who underwent medial open-wedge high tibial osteotomy (HTO) with a navigation were 
analysed. The JLCA change after HTO was calculated using standing long-bone anteroposterior radiographs taken preop-
eratively and 6 months postoperatively. Latent soft tissue laxity was defined as the amount of soft tissue that can be extended 
to valgus or varus from the weight-bearing position, and calculated by subtracting the JLCA on weight-bearing standing 
radiographs from that on stress radiographs. Multiple linear regression was performed to determine the preoperative factors 
that statistically correlated with the postoperative JLCA change.
Results  In multiple linear regression, JLCA change had a statistically significant correlation with latent medial laxity (R = 0.6) 
and a statistically borderline significant correlation with correction angle (R = 0.2). These imply that the postoperative JLCA 
change increased by 0.6° per 1° increase in latent medial laxity, and increased by 0.2° per 1° increase in correction angle. 
Latent medial laxity was the most crucial factor associated with postoperative JLCA changes.
Conclusion  The JLCA change could be larger in patients with large latent medial laxity or severe varus deformity requiring 
a large correction, which could lead to unexpected overcorrection in HTO. Postoperative JLCA change should be consid-
ered in preoperative surgical planning. Target point shifting within the hypomochlion point could be a strategy to prevent 
overcorrection, especially in patients with large latent medial laxity.
Level of evidence  Level IV.

Keywords  High tibial osteotomy · Soft tissue laxity · Joint line convergence angle (JLCA) · Latent medial laxity · 
Correction error · Overcorrection

Introduction

Medial open-wedge high tibial osteotomy (HTO) is an effec-
tive surgical option for medial compartment osteoarthritis 
that causes a shift of the weight-bearing axis from medial to 
lateral. Appropriate alignment in HTO is essential to achieve 
good surgical outcomes [4, 30]. To obtain accurate align-
ment, several techniques in preoperative planning [2, 17, 

20, 28, 32] have been introduced. Nonetheless, unexpected 
correction errors have been reported in previous studies [5, 
10, 16, 17, 20].

The factors associated with correction errors in HTO are 
unknown. Kyung et al. [16] reported that the extent of bony 
correction does not correlate with changes in alignment. 
They suggested that this lack of correlation is affected by 
soft tissue laxity. Other studies [11, 14, 16, 20, 27, 29] sug-
gested that soft tissue laxity is associated with correction 
errors. Although several authors have reported that soft tis-
sue laxity affects the changes in alignment and the correction 
error, no study has identified which preoperative factors are 
associated with changes in soft tissue laxity.

The most common method for quantifying soft tissue lax-
ity is evaluating the joint line convergence angle (JLCA). 
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Lee et al. [19] reported that the change in the JLCA was cor-
related with correction errors, and that a large JLCA change 
was correlated with overcorrection. Heijens et al. [11] also 
reported that bony correction in HTO is accompanied by 
additional JLCA changes in the range of 0°–5° by shift-
ing the weight-bearing portion from medial to lateral, and 
stretching the medial soft tissue (Fig. 1). The postoperative 
change in the JLCA, which reflects soft tissue laxity, is a 
crucial factor for achieving appropriate alignment and pre-
venting correction errors.

However, few studies have reported on preoperative fac-
tors associated with the postoperative change in the JLCA, 
and methods of preventing correction errors in HTO that 
could result in poor surgical outcomes [8, 12, 13, 30]. The 
purpose of this study was to determine the preoperative fac-
tors that affect the postoperative change in the JLCA after 
medial open-wedge HTO by quantifying soft tissue laxity. 
The hypotheses of this study were as follows: (1) the post-
operative change in the JLCA can be predicted by evaluating 
the preoperative soft tissue laxity, and (2) the preoperative 
medial soft tissue laxity is associated with overcorrection 
in HTO.

Materials and methods

This study was a retrospective review of 40 patients who 
underwent medial open-wedge HTO from 2014 to 2016 
for symptomatic medial compartment osteoarthritis with 
Kellgren–Lawrence grade III or IV and a varus alignment 
of > 5°. Of the 40 patients, 6 were excluded from the study 

owing to lack of navigation information or preoperative and 
postoperative radiographs. A total of 34 patients (7 men and 
27 women) were thus included in the study. The postopera-
tive hip–knee–ankle (HKA) angle was larger than valgus 
2° (range, valgus 2°–10°) in all involved patients [11]. The 
patients’ demographic characteristics are listed in Table 1.

Data collection

Data were obtained from the navigation information and 
from preoperative and postoperative radiographs. Full-length 
standing anteroposterior radiographs of both legs were 
obtained preoperatively and at 6 months postoperatively. The 
Telos stress device (Metax GmhH, Hungen-Obbornhofen, 
Germany) was used in all patients for evaluating soft tissue 
laxity. The preoperative varus and valgus stress views were 
obtained in full extension and supine position with a varus 
and valgus force of 15 kgf to the knee joint at the joint line 
level, respectively.

The correction angle was preoperatively determined using 
the Miniaci method [22] (Fig. 2a), and the target point was 
the weight-bearing line passing through 62.5% of the tibial 
plateau [32]. The osteotomy site was opened according to 
the preoperatively determined correction angle, which was 
confirmed from the difference between the preoperative and 
postoperative HKA angles in the navigation system (Fig. 2b, 
c).

Latent soft tissue laxity was defined as the amount of 
soft tissue that can be extended to valgus or varus from the 
weight-bearing position. The latent soft tissue laxity was 
divided into latent medial laxity and latent lateral laxity, 
and was calculated by subtracting the JLCA on the weight-
bearing standing radiograph from the JLCA on the valgus 
or varus stress radiograph (Fig. 3a, b).

The following radiographic parameters were considered: 
HKA angle (between the femoral and tibial mechanical 
axes); change in the HKA angle (difference of the HKA 
angle between preoperative and postoperative long-leg 
standing radiographs) [17, 18]; JLCA (angle formed by two 
articular lines of the distal femur and the proximal tibia) 
[24]; change in the JLCA (difference of JLCA between pre-
operative and postoperative long-leg standing radiographs) 

Fig. 1   Perioperative change in the joint line convergence angle 
(JLCA). The medial joint space was opened and the lateral joint space 
was closed by shifting the weight-bearing axis in medial open-wedge 
high tibial osteotomy (a preoperative standing long-bone radiograph, 
b postoperative standing long-bone radiograph). The JLCA was also 
changed owing to the change in soft tissue tension

Table 1   Patient demographics

a Median (range)

Parameter Total (N = 34)

Age (years)a 51.6 (32–63)
Sex, male/female 7:27
Height (cm)a 164.0 (148–184)
Weight (kg)a 66.9 (47.8–98.6)
Body mass index (kg/m2)a 24.6 (19.6–29.7)
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[24]; and correction error (difference of the postoperative 
HKA angle between the long-standing radiograph and the 
navigation system). These factors were measured in the 
picture archiving communication system of our institution. 
The measures were categorised as varus and valgus deform-
ity and denoted by a negative (−) and positive (+) value, 
respectively [24].

Several factors, such as age, weight, correction angle in 
the navigation system, JLCA in the valgus and varus stress 
radiographs, latent medial and lateral laxity, and preopera-
tive HKA angle in standing long-bone radiographs, were 
analysed to determine their effect on the postoperative 
change in the JLCA.

Surgical technique

A single surgeon performed biplane medial open-wedge 
HTO using the Orthopilot navigation system (HTO version 
1.3, Orthopilot; Aesculap, Tuttlingen, Germany). Two bony 
transmitters on the distal femur and proximal tibia and a foot 
reference marker, which was wrapped around the foot by a 
rubber strap, were set up before the surgery. Anatomical 
landmarks of the distal femur, proximal tibia, patella, and 
ankle were registered with a pointer on the skin. The HKA 

Fig. 2   Measurement of the cor-
rection angle in the navigation 
system. The correction angle 
was preoperatively determined 
using the Miniaci method. a 
The osteotomy site was opened 
according to the preoperatively 
determined correction angle, 
which was confirmed from 
the difference between the 
preoperative and postoperative 
hip–knee–ankle angle in the 
navigation system (b, c)

Fig. 3   Calculation of latent medial laxity. The latent medial laxity 
was calculated by subtracting the joint line convergence angle (JLCA) 
on the weight-bearing standing radiograph (a) from the JLCA on the 
valgus stress radiograph (b)
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angle could be monitored in real time using the HKA cen-
tres, which were defined as the centres of three-dimensional 
ranges of motion. During the procedure of the navigation-
assisted HTO, the HKA angle from the navigation system 
was obtained before and after correction. The superficial 
medial collateral ligament (MCL) was cut transversely along 
the osteotomy line without detachment of the proximal por-
tion of the MCL above the osteotomy line. The osteotomy 
site was opened according to the preoperatively determined 
correction angle, using a laminar spreader, and fixed with a 
Tomofix plate and locking screw (Synthes, Bettlach, Swit-
zerland). The gap in the osteotomy site was filled with a 
cancellous bone chip allograft.

This study was approved by the institutional ethics com-
mittee at Seoul Samsung Medical Center and received 
institutional review board approval (SMC IRB No. 
2016-07-114-001).

Statistical analysis

Two independent observers who are fellows in sport medi-
cine (LBH, LDK) conducted the measurements. They were 
blinded to each other’s measurements and their prior meas-
urements. To evaluate the intraclass correlation coefficients 
(ICCs), two independent orthopaedic surgeons measured 
each of the radiological parameters twice with a minimum 
interval of 2 weeks to determine the intraobserver and inter-
observer reliabilities. ICC values > 0.75 were considered 
good; values between 0.40 and 0.75, fair; and values < 0.40, 
poor [7]. For the reliability of the statistical analysis, 
ICC > 0.75 was adopted as the data-inclusion criterion. All 
measurements showed good correlation. The results of the 
interobserver and intraobserver reliabilities of each measure-
ment are described in Online Resource 1.

A Pearson correlation analysis was performed to con-
firm the correlation between the change in the JLCA and 

the correction error, and to determine the factors affecting 
the JLCA change. Statistical significance was defined as a p 
value of < 0.05. Statistically correlated factors were selected 
and analysed in a multiple linear regression analysis to rule 
out confounding factors. Multiple linear regression with a 
stepwise method was performed with the selected statisti-
cally significant factors, and the eligibility criterion for the 
predicting model was a p value of < 0.10. If the p value of 
the variable was > 0.10, the variable was considered an 
explicative variable, and was excluded from the model. In 
multiple linear regression analysis, alpha (α) is a constant 
and the beta coefficient (β) denotes the affecting power of 
each variable. The regression equation [23] is expressed as 
follows:

The histogram of the residuals was evaluated for nor-
mal distribution of the established model. The discrepancy 
between the expected value and the observed value was 
evaluated using standardised residuals. Statistical analysis 
was performed using IBM SPSS version 20 (IBM, Armonk, 
NY, USA). A post hoc test was performed to determine the 
sample size, using a multiple linear regression test at a level 
of 0.05 and a power of 0.8. The calculations based on the 
sample size of 34 patients indicated adequate power (0.99) to 
detect a significant difference in the measurement outcomes 
in the present study.

Results

Correction error and JLCA change

The change in the JLCA was 2.2° ± 1.9°. The correction 
error was 2.6° ± 2.2° (Table 2). In the Pearson correlation 
analysis, the correction error was highly correlated with 

Y = � + (�1 × �1) + (�2 × �2) +⋯ + (�k × �k).

Table 2   Preoperative and 
postoperative radiological 
parameters and correction errors

The measures were categorised as varus and valgus deformity and denoted by a negative (−) and positive 
(+) value, respectively
HKA hip–knee–ankle, JLCA joint line convergence angle, MPTA medial proximal tibial angle

Preoperative Postoperative Difference

Long-standing bone radiographs
 HKA angle (global correction) − 8.5 (2.5) 3.6 (2.2) 12.1 (3.4)
 JLCA (soft tissue correction) − 3.4 (2.2) − 1.3 (1.9) 2.2 (1.9)
 MPTA (bony correction) 84.4 (2.3) 94.3 (2.9) 9.6 (2.9)

Navigation
 HKA angle (bony correction) − 4.9 (3.5) 4.7 (2.8) 9.6 (2.6)

Correction error
 = ΔHKA angle in standing long-bone radio-

graph–ΔHKA angle in navigation
 = global correction–bony correction 2.6 (2.2)
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the change in the JLCA [correlation coefficient (R) = 0.7, 
p < 0.05].

Factors affecting the postoperative JLCA change

The statistically correlated factors for the postoperative 
change in the JLCA in the Pearson correlation test are shown 
in Table 3. In multiple linear regression analysis, the latent 
medial laxity had a statistically significant correlation and 
the correction angle had a statistically borderline signifi-
cant correlation with the change in the JLCA (Table 4). The 
other factors (JLCA on the varus stress radiograph, preop-
erative HKA angle) were not statistically correlated with the 
change in the JLCA and were thus confirmed as confounding 
factors. 

Prediction model for the JLCA change

The predicting equation was established with statistically 
correlated factors in multiple regression test as follows:

The observed data were highly correlated with the 
expected data for the change in the JLCA in the standard-
ised residuals (Fig. 4). The predictive models showed that 
the latent medial laxity and the correction angle account 
for 49% of the change in the JLCA. These results indi-
cate that the change in the JLCA was positively correlated 
with the latent medial laxity and the correction angle. For 
example, if the latent medial laxity was increased by 1°, 
the JLCA change was increased by 0.6°, and when the 
correction angle was increased by 1°, the JLCA change 
was increased by 0.2°.

JLCA change = −1.7 + (0.6 × latent medial laxity)

+ (0.2 × correction angle).

Table 3   Pearson correlation 
analysis of factors affecting the 
change in the JLCA

JLCA joint line convergence angle, HKA hip–knee–ankle
*Pearson correlation test was performed to determine the associated preoperative factors that affect the 
change in the JLCA
† A p value of < 0.05 indicates statistical significance

Preoperative factors Coefficient of 
correlation

p value*

Factors affecting the JLCA change Age 0.3 ns
Weight 0.2 ns
Correction angle 0.4 0.04†

JLCA in varus stress radiograph 0.4 0.03†

JLCA in valgus stress radiograph − 0.1 ns
Latent lateral laxity 0.1 ns
Latent medial laxity 0.7 0.01†

HKA angle in preoperative standing 
long-bone radiograph

0.5 0.01†

Table 4   Multiple linear regression analysis of the change in the JLCA 
(R = 0.72, R2 = 0.52, R2

adj = 0.49, p < 0.05)

JLCA joint line convergence angle
The variables that are statistically correlated with the change in the 
JLCA were determined using multiple regression analysis with a step-
wise method. The criterion for enrollment in the model was a p value 
of < 0.1. If the variable has a p value of > 0.1, the explicative variable 
was excluded from the model
† Statistically significant: p < 0.05
‡ Statistically borderline significant: 0.05 < p < 0.1

Dependent vari-
able

Explicative 
variable(s)

Unstandard-
ized coef-
ficients

Standardised 
coefficients

B SE (B) ß p value

JLCA change (Constant) − 1.7 0.9 ns‡

Latent medial 
laxity

0.6 0.1 0.6 < 0.05†

Correction
angle

0.2 0.1 0.2 ns‡

Fig. 4   The observed data were highly correlated with the expected 
data for the change in the joint line convergence angle (JLCA) 
(R = 0.72, R2 = 0.52, R2

adj = 0.49, p < 0.05)
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Discussion

The first principal finding of this study was that correc-
tion errors were highly correlated with the JLCA change. 
This result suggests that the change in the JLCA could be 
the reason for the correction errors in HTO. Several stud-
ies [11, 16, 19, 24] have already reported similar results 
demonstrating that the correction error was related to the 
change in the JLCA. Ogawa et al. [24] reported that the 
change in the JLCA led to correction errors in HTO. Lee 
et al. [19] reported statistically significant differences in 
the JLCA change in the overcorrection, acceptable cor-
rection, and undercorrection groups. Heijens et al. [11] 
reported that bony correction in HTO followed the addi-
tional change in the JLCA in a range of 0°–5°, which is 
consistent with our results. A possible explanation for this 
phenomenon is that the shift of the weight-bearing axis 
with bony correction in HTO changes the tension in the 
soft tissue (Fig. 1). Furthermore, the release of the super-
ficial MCL during medial open-wedge HTO could affect 
the tension in the medial soft tissue. Thus, unintended 
additional change in the JLCA can occur in medial open-
wedge HTO.

The second principal finding is that the change in the 
JLCA was statistically correlated with the latent medial 
laxity in multiple linear regression analysis (Table 4). 
Previously, Ogawa et al. [24] reported that varus laxity 
was correlated with the change in the JLCA, and that the 
JLCA change increased by 0.59° for every 1° increase in 
the preoperative varus laxity; the change in the adduction 
moment was suggested as the reason in their study. Our 
results also showed that varus laxity was correlated with 
the change in the JLCA in the Pearson correlation test. 
However, varus laxity was found to be a confounding fac-
tor in multiple linear regression analysis. A possible expla-
nation is that the latent medial laxity reflects not only the 
adduction moment but also the medial soft tissue laxity, as 
the latent medial laxity refers to the amount of the soft tis-
sue that can be extended to valgus from the weight-bearing 
position. Ogawa et al. [24] also reported that the JLCA 
can be changed by shifting the weight-bearing axis from 
medial to lateral, and by stretching the medial soft tissue. 
Although the correction error can be larger in patients with 
medial soft laxity, varus laxity could not reflect the medial 
soft tissue laxity. Latent medial laxity that reflected medial 
soft tissue laxity and adduction moment turned out to be 
crucial factor for correction error in our results.

The third principal finding is that the change in the 
JLCA was statistically correlated with the correction angle 
in multiple linear regression analysis (Table 4). Lee et al. 
[19] reported that the change in the mechanical axis was 
statistically correlated with the change in the JLCA. In our 

study, the change in the JLCA was affected by the degree 
of correction, which was consistent with the previous 
study. The correlation between the correction angle and 
the change in the JLCA suggests that a larger correction 
angle is accompanied by a larger change in the JLCA. This 
is possibly because a larger correction angle is accompa-
nied by a larger change in the weight-bearing axis, which 
increases the tension in the medial soft tissue. Although 
age and the preoperative HKA angle were correlated with 
the change in the JLCA in Pearson correlation analysis, 
no statistical correlation was found in multiple regres-
sion analysis. Considering the need for a larger correction 
angle in older patients because of their more severe varus 
deformity, the correlation between these indices and the 
change in the JLCA can be understood. Heijens et al. [11] 
also reported a similar result, in which the postoperative 
change in the JLCA tended to be larger depending on the 
severity of osteoarthritis.

Therefore, a large latent medial laxity and severe varus 
deformity requiring a large correction angle might be risk 
factors for overcorrection. In patients with high-risk fac-
tors, target point shifting within the coronal hypomoch-
lion point (weight-bearing line passing through 57.5% 
of the total width of the proximal tibia; corresponding 
mechanical tibiofemoral angle [mTFA], 2°) [9] could be 
considered to prevent overcorrection. Recent biomechani-
cal studies [21, 31] showed that overcorrection beyond 
3° mechanical valgus has no advantage for unloading the 
medial peak pressure. Other studies [1, 26] also showed 
that even a neutral mechanical alignment (corresponding 
mTFA, 0°) could decrease the mean contact pressure of 
the medial compartment. Furthermore, a value greater 
than the valgus of 2° in the mTFA (coronal hypomochlion 
point) is also accompanied by additional change in the 
JLCA and alignment [11]. As our results showed, the post-
operative change in the JLCA could be larger depending 
on the latent medial soft laxity and the correction angle, 
resulting in unexpected overcorrection. Considering that 
overcorrected HTO causes the sequential total knee arthro-
plasty to be technically demanding [3, 6, 15, 25] and the 
change in the JLCA could be unpredictable beyond the 
coronal hypomochlion point, target point shifting might 
be the solution to prevent overcorrection.

Our study had several limitations. The first limitation 
is the small sample size. Nevertheless, the calculations 
based on the sample size of 34 patients indicated adequate 
power in the post hoc test. Additional prospective studies 
with larger patient numbers are thus required to confirm the 
models. Second, surgical procedures [24] such as medial 
soft tissue release, different techniques for stress radiograph 
acquisition, and racial differences in soft tissue laxity may 
have affected the results. These discrepancies result in differ-
ences in the JLCA change. Lastly, navigation data were used 
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as the reference; however, navigation could lead to mistakes 
if some of the references are not adequate.

Despite these limitations, this is the first study to analyse 
the preoperative factors associated with correction errors in 
HTO. Correction error and postoperative change of JLCA 
were correlated with latent medial laxity and correction 
angle in our results. In preoperative surgical planning, latent 
medial laxity should be considered to prevent overcorrection 
in HTO. Furthermore, in the above condition of the coronal 
hypomochlion point (weight-bearing line passing through 
57.5% of the total width of the proximal tibia; correspond-
ing mTFA, 2°), the change in the JLCA could be larger in 
patients with large latent medial laxity or needing a large 
correction. Therefore, in these cases, especially in patients 
with large latent medial laxity, target point shifting within 
the coronal hypomochlion point could be an optional strat-
egy to prevent overcorrection after HTO.

Conclusion

The change in the JLCA could be larger in patients with a 
large latent medial laxity or severe varus deformity requiring 
a large correction, which could lead to unexpected overcor-
rection in HTO. Postoperative change in the JLCA should 
be considered in preoperative surgical planning, and target 
point shifting within the hypomochlion point could be an 
optional strategy to prevent overcorrection especially in 
patients with a large latent medial laxity.
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