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ARTICLE INFO ABSTRACT
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Purpose: To investigate how radiographic techniques and osteoarthritis grade influence measurements of knee
joint line obliquity (KJLO) and KJLO-related frontal deformity, and to propose preferable KJLO measurement
methods.

Methods: Forty patients with symptomatic medial knee osteoarthritis indicated for high tibial osteotomy were
assessed. Measurements were compared between single-leg and double-leg standing radiographs for KJLO
measurement methods including joint line orientation angle by femoral condyles (JLOAF), joint line orientation
angle by middle knee joint space (JLOAM), joint line orientation angle by tibial plateau (JLOAT), Mikulicz joint
line angle (MJLA) and medial proximal tibial angle (MPTA), as well as KJLO-related frontal deformity param-
eters including joint line convergence angle (JLCA), knee ankle joint angle (KAJA) and hip-knee-ankle angle
(HKA). Influences of bipedal distance in double-leg standing and osteoarthritis grade on the above measurements
were analysed. Measurement reliability was evaluated by intraclass correlation coefficient.

Results: From single-leg to double-leg standing radiographs MPTA and KAJA did not change significantly,
whereas the other measurements showed significant changes: JLOAF, JLOAM and JLOAT decreased 0.88°, 1.24°
and 1.77°, MJLA and JLCA decreased 0.63° and 0.85°, and HKA increased 1.11° (p < 0.05). Bipedal distance in
double-leg standing radiographs moderately correlated with JLOAF, JLOAM and JLOAT (r, = —0.555, —0.574
and —0.549). Osteoarthritis grade moderately correlated with JLCA in single-leg and double-leg standing ra-
diographs (r; = 0.518 and 0.471). All measurements had at least good reliability.

Conclusion: In long-standing radiographs, measurements of JLOAF, JLOAM, JLOAT, MJLA, JLCA and HKA are all
influenced by single-leg/double-leg standing; JLOAF, JLOAM and JLOAT are also affected by bipedal distance in
double-leg standing; and JLCA is affected by osteoarthritis grade. Knee joint obliquity as assessed by MPTA
measurement is independent of single-leg/double-leg standing, bipedal distance or osteoarthritis grade, and has
excellent measurement reliability. We therefore propose MPTA as the preferable KJLO measurement method for
clinical practice and future research.

Level of evidence: 111, cross-sectional study.

1. Introduction

High tibial osteotomy is an effective treatment option for symp-
tomatic medial knee osteoarthritis with tibial varus deformity.’ How-
ever, a postoperative suspected excessive knee joint line obliquity
(KJLO) can be introduced in the frontal plane after this surgical treat-
ment, which seems to result in inferior clinical outcomes.”*

Five KJLO measurement methods are described in literature,
including joint line orientation angle by femoral condyles (JLOAF), joint
line orientation angle by middle knee joint space (JLOAM), joint line

* Corresponding author.
E-mail address: t.xie01@umcg.nl (T. Xie).

https://doi.org/10.1016/j.jor.2023.04.014

orientation angle by tibial plateau (JLOAT), Mikulicz joint line angle
(MJLA) and medial proximal tibial angle (MPTA), of which the JLOAT is
the most frequently used.®® Also, three different frontal deformity pa-
rameters, including joint line convergence angle (JLCA), knee ankle
joint angle (KAJA) and hip-knee-ankle angle (HKA), are related to a
postoperative suspected excessive KJLO in high tibial osteotomy, and as
such important measurement entities.””*! Anteroposterior long radio-
graphs with single-leg and double-leg standing are performed to assess
both KJLO and the three KJLO-related frontal deformity parameters,
with great variability in the bipedal distance used in the double-leg
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standing radiographs.>’'® The medial knee osteoarthritis severity
grade differs in patients when assessing the KJLO and KJLO-related
frontal deformity parameters.®'*'°

How radiographic techniques and osteoarthritis grade influence the
measurements of KJLO and KJLO-related frontal deformity is not fully
understood. To the best of our knowledge, there is no published
consensus on which KJLO measurement method should be used. Pref-
erable KJLO measurement methods need to be identified for clinical
usage and research purposes.

The aim of the present study is to investigate the influences of long
single-leg and double-leg standing radiographs, bipedal distance in
double-leg standing, and osteoarthritis grade on the measurements of
KJLO and KJLO-related frontal deformity, and to propose preferable
KJLO measurement methods.

2. Methods
2.1. Study design

Patient database from a published study was reviewed.'® This
database included 298 patients with symptomatic medial knee osteo-
arthritis and varus lower limb alignment, who were indicated for a high
tibial osteotomy. From this database we included 130 patients who had
both a preoperative anteroposterior long single-leg as well as a
double-leg standing radiograph.

The patient selection process is depicted in Fig. 1. Based on pilot
study results, to detect a 1.66° mean measurement difference in JLOAT
between the single-leg and the double-leg standing radiograph with a

Journal of Orthopaedics 40 (2023) 57-64

standard deviation of 2.73, a power of 95% and an alpha of 0.05, at least
38 patients were needed (G*power software, version 3.1.9.7). We
randomly selected 40 patients (31 men and 9 women) with 80 ante-
roposterior long-standing radiographs.

The design and reporting of this study followed the STROBE
(Strengthening the Reporting of Observational Studies in Epidemiology)
checklist for cross-sectional studies.'” This study was approved by the
ethics committee of our hospital (MEC no. 2022-005).

2.2. Long-standing radiographs

Anteroposterior long-standing radiographs were performed as fol-
lows: (1) single-leg standing: the patient stood barefoot on the affected
leg, the affected knee in full extension and patella facing forward. The
contralateral flexed knee was supported by a small box. The X-ray
central beam targeted the affected knee centre and was perpendicular to
the cassette at a distance of 1.5 m from the tube. (2) double-leg standing:
the patient stood barefoot on double legs, both knees in full extension
and patella facing forward. The X-ray central beam was targeted be-
tween the knees and was perpendicular to the cassette at a distance of
1.5 m from the tube.

2.3. Radiographic measurements

Picture Archiving and Communication System (PACS) software (Vue
PACS, Philips, N-V.) was used for radiographic measurements. The
minimum measurement differences that this software could determine
were 0.01° for angle parameters and 0.01 cm for distance parameters.

130 patients with both preoperative long
single-leg and double-leg standing
radiographs (filmed between October 2007
and October 2012, coded by number 001-
130 in an SPSS database)

Using SPSS ‘random sample of

15 patients are randomly
selected for the pilot study

cases’ function

Based on the pilot study result,

A

38 patients are required
to achieve the 0.61 effect
size, 0.05 alpha error and
95% power

G*power is used to calculate the
required sample size

Using SPSS ‘random sample of

A

40 patients are randomly
selected

\4

cases’ function

Fig. 1. Flowchart of patient selection process.
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Medial knee osteoarthritis grade was evaluated by the Kellgren-
Lawrence classification.'® Two orthopaedic surgeons obtained the pre-
operative osteoarthritis grade in anteroposterior short-standing radio-
graphs with the knee in full extension using paired-reading and

N

o, J—"

—

Fig. 2. Measurements in anteroposterior long single-leg standing radiograph.

Journal of Orthopaedics 40 (2023) 57-64

sequence-known method.'®

Measurements were performed as illustrated in the anteroposterior
long single-leg standing radiograph (Fig. 2) and double-leg standing
radiograph (Fig. 3) from the same patient, following these procedures.

Abbreviations: JLOAF, joint line orientation angle by femoral condyles; JLOAM, joint line orientation angle by middle knee joint space; JLOAT, joint line orientation
angle by tibial plateau; JLCA, joint line convergence angle; MJLA, Mikulicz joint line angle; MPTA, medial proximal tibial angle; KAJA, knee ankle joint angle; HKA,

hip-knee-ankle angle.

Note: In this patient example, JLOAF, JLOAM, JLOAT, JLCA, MJLA, MPTA, KAJA and HKA are measured as —3.37°, 0.20°, 2.06°, 5.32°, 84.86°, 80.96°, —4.52° and

166.57°, respectively.
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Fig. 3. Measurements in anteroposterior long double-leg standing radiograph.

Abbreviations: JLOAF, joint line orientation angle by femoral condyles; JLOAM, joint line orientation angle by middle knee joint space; JLOAT, joint line orientation
angle by tibial plateau; JLCA, joint line convergence angle; MJLA, Mikulicz joint line angle; MPTA, medial proximal tibial angle; KAJA, knee ankle joint angle; HKA,
hip-knee-ankle angle; ITD, intertalar distance.

Note: This radiograph is from the same patient as in Fig. 2; JLOAF, JLOAM, JLOAT, JLCA, MJLA, MPTA, KAJA, HKA and ITD are measured as —3.81°, —1.48°,
—0.58°, 2.39°, 83.66°, 80.69°, —4.73°, 169.03° and 8.42 cm, respectively.

(1) JLOAF: The angle between the tangential line of the femoral angle represented the deformity relation between the knee and
condyles and the ground line.” This angle represented the KJLO ankle joints (Figs. 2F and 3F).
(Figs. 2A and 3A). (8) HKA: The medial angle between the femoral mechanical axis and
(2) JLOAM: The angle between the line that connected the midpoints the tibial mechanical axis.?' This angle represented the global
of the medial and lateral knee joint space and the ground line.* deformity of the lower limb (Figs. 2G and 3G).
This angle represented the KJLO (Figs. 2B and 3B). (9) Intertalar distance (ITD): The distance between the centres of
(3) JLOAT: The angle between the tangential line of the tibial plateau both talar domes, representing the bipedal distance.?” (Fig. 3G)
and the ground line.® This angle represented the KJLO (Figs. 2C
and 3C). For the measurements of JLOAF, JLOAM, JLOAT and KAJA, a posi-
(4) JLCA: The angle between the tangential line of the femoral con- tive value (+) indicated a medial opening angle and a negative value (—)
dyles and the tangential line of the tibial plateau.'®?° This angle indicated a lateral opening angle.
represented the knee intra-articular deformity (Figs. 2D and 3D). The above measurements were performed independently by two
(5) MJLA: The medial angle between the bisector line of the JLCA observers (TX and RWB), each observer blinded to the other observer’s
and the lower limb weight-bearing line (Mikulicz line).” This measurements. All measurements were performed twice at a three-week
angle represented the KJLO (Figs. 2D and 3D). interval. Intraobserver and interobserver reliability was assessed using

(6) MPTA: The medial angle between the tangential line of the tibial the intraclass correlation coefficient (ICC).
plateau and the tibial mechanical axis.'® This angle represented
the KJLO (Figs. 2E and 3E).

(7) KAJA: The angle between the tangential line of the tibial plateau
and the tangential line of the distal tibial articular surface.'® This

2.4. Preferable KJLO measurement method

A preferable KJLO measurement method should have (1) adequate
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measurement stability: this measurement method was not influenced by
the long single-leg or double-leg standing radiographs used, the bipedal
distance used in the double-leg standing radiograph, or the knee oste-
oarthritis grade; and (2) adequate measurement reliability: this mea-
surement method had at least good intraobserver and interobserver
reliability (ICCs >0.75).

2.5. Statistical analysis

All statistical analyses were conducted using SPSS software (version
25, IBM Corporation, NY, USA). Descriptive statistics were used to
present demographic data of patients, like gender and age. The distri-
bution of continuous data was checked by Shapiro-Wilk test and Q-Q
plots. Normally distributed data were described by mean + standard
deviation. Paired t-tests were used to compare the KJLO and KJLO-
related measurement data between the single-leg and double-leg
standing radiographs. Pearson correlation coefficients were calculated
to determine the correlations between the bipedal distance in the
double-leg standing radiographs and the KJLO and KJLO-related mea-
surement data. Spearman correlation coefficients were calculated to
determine the correlations between the osteoarthritis grade and the
KJLO and KJLO-related measurement data. ICCs (two-way mixed, ab-
solute agreement) were calculated to determine intraobserver and
interobserver measurement reliability.”> A p-value <0.05 was consid-
ered statistically significant.

2.6. Measurement reliability and correlation magnitude

Measurement reliability was graded in accordance with Koo’s
guideline.” The ICCs <0.50, 0.50-0.75, 0.75-0.90, and >0.90 indicated
poor, moderate, good, and excellent reliability, respectively. The inter-
pretation of a correlation magnitude was in accordance with Schober’s
tutorial.?* Correlation coefficient values of 0.00-0.10, 0.10-0.39,
0.40-0.69, 0.70-0.89, and 0.90-1.00 indicated negligible, weak, mod-
erate, strong, and very strong magnitude, respectively.

3. Results
3.1. Patient characteristics

Patients’ age at filming was 49.1 + 8.3 years (range 24-65). The
osteoarthritis grades of the medial knee compartment were Kellgren-
Lawrence grade I in 13 knees, grade II in 18 knees, and grade III in 9

knees. Bipedal distance in the long double-leg standing radiographs was
13.89 £+ 4.07 cm.

3.2. Single-leg versus double-leg standing

The KJLO measurements and KJLO-related frontal deformity

Journal of Orthopaedics 40 (2023) 57-64

parameters performed on the single-leg and double-leg standing radio-
graphs are described in Table 1. Mean JLOAF differed by 0.88° on long
single-leg compared to double-leg standing radiographs, mean JLOAM
differed by 1.24°, mean JLOAT by 1.77°, mean MJLA by 0.63°, mean
JLCA by 0.85°, and mean HKA differed by 1.11°.

3.3. Bipedal distance

The bipedal distance (measured as ITD) in the double-leg standing
radiographs and the correlations with the KJLO measurements and
KJLO-related frontal deformity parameters are presented in Table 2.
There were moderate negative correlations between ITD and JLOAF,
JLOAM and JLOAT.

3.4. Osteoarthritis grade

Osteoarthritis grade (Kellgren-Lawrence I, II, III) and the correlations
with the KJLO measurements and KJLO-related frontal deformity pa-
rameters are presented in Table 2. In single-leg standing radiographs,
osteoarthritis grade had weak positive correlation with JLOAT and weak
negative correlation with HKA. In double-leg standing radiographs,
osteoarthritis grade had weak positive correlations with JLOAT and
MJLA and weak negative correlations with JLOAF and HKA. Osteoar-
thritis grade correlated moderately positively with JLCA in single-leg
standing radiographs and in double-leg standing radiographs.

3.5. Measurement reliability

Intraobserver and interobserver reliability is described in Table 3. All
measurements had at least good measurement reliability, with mea-
surements JLOAF, JLOAT, MPTA, HKA and ITD having excellent intra-
observer and interobserver reliability.

4. Discussion

The main finding of this study is that there is a significant difference
in determining KJLO using JLOAF, JLOAM, JLOAT and MJLA between
single-leg and double-leg standing radiographs, which is influenced by
degree of loading and decreases in the double-leg standing radiograph.
An increase in bipedal distance in double-leg standing radiographs re-
sults in lower KJLO using JLOAF, JLOAM and JLOAT, and a higher
medial knee osteoarthritis grade correlates moderately with a more
varus-aligned JLCA.

Among the five KJLO measurement methods and the three KJLO-
related frontal deformity parameters, MPTA and KAJA were not influ-
enced by the long single-leg or double-leg standing radiographs used.
This is because the measurements of MPTA and KAJA depend on the
tibial geometry, which should remain unchanged with the degree of
weight-loading adjustment. Our finding on the influences of single-leg

Table 1
Single-leg versus double-leg standing radiograph.
Single-leg standing radiograph Double-leg standing radiograph Measurement difference P-value

Radiological parameters mean standard deviation mean standard deviation mean 95% confidence interval
JLOAF —-1.11° 2.41 —2.00° 2.15 0.88° 0.17°-1.60° 0.016*
JLOAM 0.76° 2.28 —0.48° 2.00 1.24° 0.52°-1.95° 0.001*
JLOAT 2.61° 2.60 0.85° 2.20 1.77° 1.12°-2.41° <0.001*
MJLA 88.20° 1.75 87.57° 1.80 0.63° 0.37°-0.88° <0.001*
MPTA 86.42° 2.49 86.13° 2.55 0.29° —0.06°-0.64° 0.1
JLCA 3.49° 1.50 2.64° 1.27 0.85° 0.57°-1.13° <0.001*
KAJA —-1.15° 3.59 —1.06° 3.73 —0.09° —0.63°-0.46° 0.752
HKA 173.03° 3.07 174.14° 2.94 -1.11° —1.38° to —0.84° <0.001*

Statistical significance*.

Abbreviations: JLOAF, joint line orientation angle by femoral condyles; JLOAM, joint line orientation angle by middle knee joint space; JLOAT, joint line orientation
angle by tibial plateau; MJLA, Mikulicz joint line angle; MPTA, medial proximal tibial angle; JLCA, joint line convergence angle; KAJA, knee ankle joint angle; HKA,

hip-knee-ankle angle.
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Table 2
Bipedal distance and osteoarthritis grade.

Journal of Orthopaedics 40 (2023) 57-64

Bipedal distance

Double-leg standing radiograph

Osteoarthritis grade

Single-leg standing radiograph

Double-leg standing radiograph

Radiological parameters Coefficient (r,) p-value Coefficient (rs) p-value Coefficient (r5) p-value
JLOAF —0.555 <0.001* —-0.012 0.942 —0.146 0.368
JLOAM —0.574 <0.001* 0.091 0.575 0.034 0.835
JLOAT —0.549 <0.001* 0.181 0.264 0.122 0.454
MJLA —0.002 0.992 0.060 0.714 0.105 0.519
MPTA 0.019 0.908 -0.077 0.637 —0.004 0.980
JLCA 0.062 0.702 0.518 <0.001* 0.471 0.002*
KAJA 0.036 0.826 —0.001 0.994 —0.013 0.937
HKA 0.017 0.915 —0.326 0.040* —-0.316 0.047*

Statistical significance*.

Abbreviations: r, Pearson correlation coefficient; r, Spearman correlation coefficient; JLOAF, joint line orientation angle by femoral condyles; JLOAM, joint line
orientation angle by middle knee joint space; JLOAT, joint line orientation angle by tibial plateau; MJLA, Mikulicz joint line angle; MPTA, medial proximal tibial angle;
JLCA, joint line convergence angle; KAJA, knee ankle joint angle; HKA, hip-knee-ankle angle.

Note: Bipedal distance is evaluated by intertalar distance, osteoarthritis grade (I, II, III) is evaluated by Kellgren-Lawrence classification.

Table 3
Measurement reliability.

Intraobserver ICCs Interobserver ICCs

Single-leg standing radiograph

JLOAF 0.96-0.99 (excellent) 0.93-0.98 (excellent)
JLOAM 0.96-0.99 (excellent) 0.93-0.99 (excellent)
JLOAT 0.97-0.99 (excellent) 0.91-0.98 (excellent)
MJLA 0.94-0.98 (excellent) 0.92-0.98 (excellent)
MPTA 0.96-0.99 (excellent) 0.95-0.99 (excellent)
JLCA 0.92-0.98 (excellent) 0.85-0.96 (good-to-excellent)
KAJA 0.85-0.96 (good to excellent) 0.84-0.95 (good-to-excellent)
HKA 0.99-1 (excellent) 0.95-0.99 (excellent)

Double-leg standing radiograph

JLOAF 0.95-0.99 (excellent) 0.91-0.97 (excellent)

JLOAM 0.94-0.98 (excellent) 0.89-0.97 (good-to-excellent)
JLOAT 0.95-0.99 (excellent) 0.93-0.98 (excellent)

MJLA 0.93-0.98 (excellent) 0.88-0.97 (good-to-excellent)
MPTA 0.96-0.99 (excellent) 0.95-0.99 (excellent)

JLCA 0.92-0.98 (excellent) 0.85-0.95 (good-to-excellent)
KAJA 0.90-0.98 (good to excellent) 0.85-0.95 (good-to-excellent)
HKA 0.94-0.98 (excellent) 0.96-0.99 (excellent)

ITD 1 (excellent) 0.99-1 (excellent)

Abbreviations: ICCs, intraclass correlation coefficients; JLOAF, joint line orien-
tation angle by femoral condyles; JLOAM, joint line orientation angle by middle
knee joint space; JLOAT, joint line orientation angle by tibial plateau; MJLA,
Mikulicz joint line angle; MPTA, medial proximal tibial angle; JLCA, joint line
convergence angle; KAJA, knee ankle joint angle; HKA, hip-knee-ankle angle;
ITD, intertalar distance.

Note: The ICCs are graded on 95% confidence interval. ICCs <0.50, 0.50-0.75,
0.75-0.90, and >0.90 indicated poor, moderate, good, and excellent reliability,
respectively.’.

and double-leg standing on JLCA and HKA is consistent with previous
research, even though there are differences: the present study finds a
difference in JLCA of 0.85° and a difference in HKA of 1.11° when
determined on single-leg and double-leg standing radiographs in pa-
tients with medial knee osteoarthritis (Kellgren-Lawrence I, II, IIT) and
varus alignment, whereas Yazdanpanabh et al. report a difference in JLCA
of 0.42° JLCA and in HKA of 0.76° in patients with knee osteoarthritis
and varus/valgus alignment,”® and Bardot et al. report a difference in
JLCA of 0.8° and in HKA of 1.92° in patients with medial knee osteo-
arthritis (Ahlback grades I, II) and tibial-originating varus deformity.26

An increase in bipedal distance results in lower JLOAF, JLOAM and
JLOAT in long double-leg standing radiographs. Previous research
assessed the JLOAT measurement in long double-leg standing radio-
graphs of patients who underwent total knee replacement, and a change
of 3.7° JLOAT per 10-cm bipedal distance was reported.’” Referencing
the ground line during the measurement procedure may be the reason
why JLOAF, JLOAM and JLOAT are all affected by bipedal distance in
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double-leg standing radiographs. Hence for studies that measure JLOAF,
JLOAM and JLOAT in double-leg standing radiographs, a feet-together
position or a footplate should be used to fix the bipedal distance.'
The bipedal distance in the double-leg standing radiographs should at
least be reported: JLOAM and JLOAT have been used to determine the
acceptable KJLO upper limits in other studies,”®?’ but the determined
upper limit values may not be accurate as the bipedal distance used at
filming was not described in these studies.

Medial knee osteoarthritis grade does not affect KJLO measurements
but does influence the KJLO-related frontal deformity parameter of
JLCA. Our finding indicates that a higher medial knee osteoarthritis
grade (Kellgren-Lawrence I, II, III) moderately relates to a higher
magnitude of knee intra-articular varus deformity illustrated by a higher
JLCA degree. Also, the present study finds a weak correlation between
medial knee osteoarthritis grade and the global deformity parameter of
HKA, in contrast to a study on the correlation magnitude: Brouwer et al.
assessed the HKA measurement in long double-leg standing radiographs
of patients with medial knee osteoarthritis (Ahlback grades I, II, III), and
reported a strong correlation between osteoarthritis grade and HKA (r =
0.75).2% There are differences between the present and previous studies,
including patient numbers, osteoarthritis grade classification system
used, and whether or not lateral fluoroscopy is used to ensure a 100%
anteroposterior projection, which may affect the correlation magnitude
of osteoarthritis grade and HKA.

Although all measurements have shown at least good reliability, the
reliability of KAJA appears inferior to those radiographic parameters
with both excellent intraobserver and interobserver reliability. As a
novel radiographic parameter, KAJA is used much less frequently than
the other parameters by our observers in daily clinical practice. A
reasonable speculation is that a lack of observers’ past measurement
experience may negatively influence the determined measurement
reliability of this novel radiographic parameter.

According to the predefined criteria, MPTA should be the preferable
KJLO measurement method, as it has both adequate measurement sta-
bility and reliability. JLOAF, JLOAM, JLOAT and MJLA lack measure-
ment stability, which restricts comparison of KJLO measurement results
between studies using long single-leg and double-leg standing radio-
graphs. The lack of measurement stability in JLOAF, JLOAM and JLOAT
also hampers the acceptable KJLO upper-limit determination in studies
using nonstandardised bipedal distance in double-leg standing radio-
graphs. In addition to the predefined criteria, based on our current
measurement experience we find that the measurement procedure of
MJLA is more complicated and time-consuming than the other four
KJLO measurement methods, which also limits the usage of MJLA.

To predict a postoperative suspected excessive KJLO, using KAJA
could have more advantages than JLCA and HKA. This is because KAJA
can be performed regardless of the long single-leg or double-leg standing
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radiographs used. Also, KAJA is not affected by osteoarthritis grade.
When measuring JLCA and HKA, the long-standing radiograph used
should be well-described.

The strength of this study is that the outcome helps fill the knowledge
gap on how to assess KJLO and its related frontal deformity using long-
standing radiographs. Choosing a measurement method without
adequate stability may explain the conflicting evidence on the relation
between KJLO and clinical outcomes in literature.”’ We therefore pro-
pose a preferable KJLO measurement method that can be used to
determine the actual relation between KJLO and clinical outcomes.

As a limitation, although all anteroposterior long-standing radio-
graphs were made with knee in full extension and patella in forward
position, the lateral fluoroscopic control that secures a 100% ante-
roposterior image without rotation was not applied. As a consequence,
some rotation variations could be present at filming, which may affect
the radiographic measurements in this study.

5. Conclusion

In long-standing radiographs, measurements of JLOAF, JLOAM,
JLOAT, MJLA, JLCA and HKA are all influenced by single-leg/double-
leg standing; JLOAF, JLOAM and JLOAT are also affected by bipedal
distance in double-leg standing; and JLCA is affected by osteoarthritis
grade. Knee joint obliquity as assessed by MPTA measurement is inde-
pendent of single-leg/double-leg standing, bipedal distance or osteoar-
thritis grade, and has excellent measurement reliability. We therefore
propose MPTA as the preferable KJLO measurement method for clinical
practice and future research.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial or non-for-profit sectors.

Informed consent
Not applicable.
Institutional ethical committee approval

This study was approved by the Ethics Committee of Martini Hospital
Groningen, The Netherlands (MEC no. 2022-005).

Authors’ contribution

TX: Conceptualization, Data curation, Formal analysis, Writing-
Original Draft; HV: Conceptualization, Writing-Review and Editing;
IA: Conceptualization, Writing-Review and Editing; RB: Conceptuali-
zation, Data curation, Supervision, Writing-Review and Editing. All
authors approved the final manuscript.

Declaration of competing interest
None.
Acknowledgements
We thank Julian de Rover for his assistance with the pilot study.

References

1 Khakha RS, Bin Abd Razak HR, Kley K, van Heerwaarden R, Wilson AJ. Role of high
tibial osteotomy in medial compartment osteoarthritis of the knee: indications,
surgical technique and outcomes. J Clin Orthop Trauma. Dec 2021;23, 101618.
https://doi.org/10.1016/j.jcot.2021.101618.

2 Song JH, Bin SI, Kim JM, Lee BS. What is an acceptable limit of joint-line obliquity
after medial open wedge high tibial osteotomy? Analysis based on midterm results.

63

w

EN

wu

(o))

N

@

10

1

_

12

13

14

15

16

17

1

©

19

20

2

-

22

23

24

25

Journal of Orthopaedics 40 (2023) 57-64

Am J Sports Med. Oct 2020;48(12):3028-3035. https://doi.org/10.1177/
0363546520949552.

Kim JS, Lim JK, Choi HG, et al. Excessively increased joint-line obliquity after medial
opening-wedge high tibial osteotomy is associated with inferior radiologic and
clinical outcomes: what is permissible joint-line obliquity. Arthroscopy. Jun 2022;38
(6):1904-1915. https://doi.org/10.1016/j.arthro.2021.11.004.

Lee KM, Chang CB, Park MS, Kang SB, Kim TK, Chung CY. Changes of knee joint and
ankle joint orientations after high tibial osteotomy. Osteoarthritis Cartilage. Feb 2015;
23(2):232-238. https://doi.org/10.1016/j.joca.2014.11.001.

Akamatsu Y, Kumagai K, Kobayashi H, Tsuji M, Saito T. Effect of increased coronal
inclination of the tibial plateau after opening-wedge high tibial osteotomy.
Arthroscopy. Jul 2018;34(7):2158-2169.e2. https://doi.org/10.1016/j.
arthro.2018.01.055.

Victor JM, Bassens D, Bellemans J, Giirsu S, Dhollander AA, Verdonk PC.
Constitutional varus does not affect joint line orientation in the coronal plane. Clin
Orthop Relat Res. Jan 2014;472(1):98-104. https://doi.org/10.1007/511999-013-
2898-6.

Rosso F, Rossi R, Cantivalli A, Pilone C, Bonasia DE. Joint line obliquity does not
affect the outcomes of opening wedge high tibial osteotomy at an average 10-year
follow-up. Am J Sports Med. Feb 2022;50(2):461-470. https://doi.org/10.1177/
03635465211059811.

Babis GC, An KN, Chao EY, Larson DR, Rand JA, Sim FH. Upper tibia osteotomy: long
term results - realignment analysis using OASIS computer software. J Orthop Sci. Jul
2008;13(4):328-334. https://doi.org/10.1007/s00776-008-1234-6.

Oh KJ, Ko YB, Bae JH, Yoon ST, Kim JG. Analysis of knee joint line obliquity after
high tibial osteotomy. J Knee Surg. Nov 2016;29(8):649-657. https://doi.org/
10.1055/s-0036-1571430.

Tseng TH, Wang HY, Tzeng SC, Hsu KH, Wang JH. Knee-ankle joint line angle: a
significant contributor to high-degree knee joint line obliquity in medial opening
wedge high tibial osteotomy. J Orthop Surg Res. Feb 5 2022;17(1):79. https://doi.
0rg/10.1186/513018-022-02976-y.

Sohn S, Koh 1J, Kim MS, In Y. Risk factors and preventive strategy for excessive
coronal inclination of tibial plateau following medial opening-wedge high tibial
osteotomy. Arch Orthop Trauma Surg. Apr 2022;142(4):561-569. https://doi.org/
10.1007/s00402-020-03660-8.

Kubota M, Kim Y, Sato T, et al. The actual knee function was not influenced by joint
line obliquity after open-wedge high tibial osteotomy. Sicot j. 2020;6:4. https://doi.
org/10.1051/sicotj/2020001.

Akamatsu Y, Nejima S, Tsuji M, Kobayashi H, Muramatsu S. Joint line obliquity was
maintained after double-level osteotomy, but was increased after open-wedge high
tibial osteotomy. Knee Surg Sports Traumatol Arthrosc. Feb 2022;30(2):688-697.
https://doi.org/10.1007/500167-020-06430-6.

Kawashima F, Takagi H. Evaluation of postoperative orientation of the knee and
ankle joint after open wedge high tibial osteotomy. Asia Pac J Sports Med Arthrosc
Rehabil Technol. Jul 2022;29:9-14. https://doi.org/10.1016/j.asmart.2022.04.001.
Schuster P, GeBlein M, Schlumberger M, et al. Ten-year results of medial open-wedge
high tibial osteotomy and chondral resurfacing in severe medial osteoarthritis and
varus malalignment. Am J Sports Med. May 2018;46(6):1362-1370. https://doi.org/
10.1177/0363546518758016.

Huizinga MR, Gorter J, Demmer A, Bierma-Zeinstra SMA, Brouwer RW. Progression
of medial compartmental osteoarthritis 2-8 years after lateral closing-wedge high
tibial osteotomy. Knee Surg Sports Traumatol Arthrosc. Dec 2017;25(12):3679-3686.
https://doi.org/10.1007/500167-016-4232-9.

von Elm E, Altman DG, Egger M, Pocock SJ, Getzsche PC, Vandenbroucke JP. The
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
statement: guidelines for reporting observational studies. Lancet. Oct 20 2007;370
(9596):1453-1457. https://doi.org/10.1016/50140-6736(07)61602-x.

Kellgren JH, Lawrence JS. Radiological assessment of osteo-arthrosis. Ann Rheum Dis.
Dec 1957;16(4):494-502. https://doi.org/10.1136/ard.16.4.494.

Paley D. Principles of Deformity Correction. Springer Berlin; 2002. https://doi.org/
10.1007/978-3-642-59373-4.

Micicoi G, Khakha R, Kley K, Wilson A, Cerciello S, Ollivier M. Managing intra-
articular deformity in high Tibial osteotomy: a narrative review. J Exp Orthop. Sep 9.
2020;7(1):65. https://doi.org/10.1186/540634-020-00283-1.

Hernigou P, Ma W. Open wedge tibial osteotomy with acrylic bone cement as bone
substitute. Knee. Jun 2001;8(2):103-110. https://doi.org/10.1016/50968-0160(00)
00061-2.

Lee NK, Kim TW, Lee S, Choi YS, Kang SB, Chang CB. Effect of distance between the
feet on knee joint line orientation after total knee arthroplasty in standing full-limb
radiographs. Knee Surg Sports Traumatol Arthrosc. Sep 2022;30(9):3032-3040.
https://doi.org/10.1007/500167-021-06662-0.

Koo TK, Li MY. A guideline of selecting and reporting intraclass correlation
coefficients for reliability research. J Chiropr Med. Jun 2016;15(2):155-163. https://
doi.org/10.1016/j.jem.2016.02.012.

Schober P, Boer C, Schwarte LA. Correlation coefficients: appropriate use and
interpretation. Anesth Analg. May 2018;126(5):1763-1768. https://doi.org/
10.1213/ane.0000000000002864.

Yazdanpanah O, Mobarakeh MK, Nakhaei M, Baneshi MR. Comparison of double and
single leg weight-bearing radiography in determining knee alignment. Arch Bone Jt
Surg. May 2017;5(3):174-180. https://doi.org/10.22038/abjs.2017.20780.1538.
Bardot LP, Micicoi G, Favreau H, et al. Global varus malalignment increase from
double-leg to single-leg stance due to intra-articular changes. Knee Surg Sports



T. Xie et al. Journal of Orthopaedics 40 (2023) 57-64

28 Brouwer RW, Jakma TS, Bierma-Zeinstra SM, Ginai AZ, Verhaar JA. The whole leg
radiograph: standing versus supine for determining axial alignment. Acta Orthop
Scand. Oct 2003;74(5):565-568. https://doi.org/10.1080,/00016470310017965.

Traumatol Arthrosc. Feb 2022;30(2):715-720. https://doi.org/10.1007/s00167-021-
06446-6.

27 Kim CW, Seo SS, Lee CR, Gwak HC, Kim JH, Jung SG. Factors affecting articular
cartilage repair after open-wedge high tibial osteotomy. Knee. Oct 2017;24(5):
1099-1107. https://doi.org/10.1016/j.knee.2017.06.001.

64



