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Abstract
Purpose The purpose of this study was to identify risk factors
of post-operative malalignment in medial unicompartmental
knee arthroplasty (UKA) using multivariate logistic
regression.
Methods We retrospectively enrolled 92 patients who had 127
medial UKAs. According to post-operative limb mechanical
axis (hip-knee-ankle [HKA] angle), 127 enrolled knees were
sorted into acceptable alignment with HKA angle within the
conventional±3 degree range from a neutral alignment (n=
73) and outlier with HKA angle outside±3 degree range (n=
54) groups. Multivariate logistic regression was used to ana-
lyse risk factors including age, gender, body mass index,
thickness of polyethylene tibial insert, pre-operative HKA an-
gle, distal femoral varus angle (DFVA), femoral bowing angle
(FBA), tibial bone varus angle (TBVA), mechanical distal
femoral and proximal tibial angles, varus and valgus stress
angles, size of femoral and tibial osteophytes, and femoral
and tibial component alignment angles.
Results Pre-operative DFVA, TBVA and valgus stress angle
were identified as significant risk factors. As DFVA increased
by one degree, malalignment was about 45 times probable
(adjusted OR 44.871, 95 % CI 2.608–771.904). Shift of
TBVA and valgus stress angle to a more varus direction were
also significant risk factors (adjusted OR 13.001, 95 % CI
1.754–96.376 and adjusted OR 2.669, 95 % CI 1.054–6.760).

Conclusions Attention should be given to the possibility of
post-operative malalignment during medial UKA in patients
with a greater varus angle in pre-operative DFVA, TBVA and
valgus stress angle, especially with a greater varus DFVA,
which was the strongest predictor for malalignment.
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Introduction

Unicompartmental knee arthroplasty (UKA) is a treatment
option for single compartment knee osteoarthritis, especially
in the medial compartment. Among various factors that have
been associated with post-operative outcome and longevity of
UKA, post-operative knee alignment is critical to the inhibi-
tion of the progression of osteoarthritis and implant-related
complications including early loosening [1–6]. The correction
of knee alignment achieved at surgery is also the single most
important factor that can be controlled by the surgeon during
surgery. Thus, knee alignment axes after UKA have been used
as a measure of the outcome of UKA and a risk factor of early
failure. The relationship between the post-operative knee
alignment and clinical outcomes has been well studied
[7–9], as has survivorship of UKA [1–6], while there is a
paucity of studies regarding the risk factors of post-operative
malalignment in UKA [10, 11]. In this study, we investigated
the risk factors of the post-operative malalignment of medial
UKA by assessing clinical parameters including age, gender,
and body mass index (BMI) and various radiographic
parameters.

Enrolled UKAs were sorted into two groups according to
the knee mechanical axis angle (KMAA) measured in a
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standing anteroposterior (AP) radiograph of the whole lower
extremity taken three months post-operatively. For medial
UKA, neutral correction or slight undercorrection has been
recommended because overcorrection may increase the pro-
gression of osteoarthritis in the lateral compartment, whereas
undercorrection may accelerate polyethylene wear and recur-
rence of deformity [6, 8, 12]. Although neutral correction or
slight undercorrection of the knee alignment angle has been
suggested in previous studies to minimize UKA failure rates,
the optimal level of correction still remains debatable [6, 8,
12]. Considering previous findings [6, 12–14] concerning
post-operative knee alignment after medial UKA, we aimed
at the neutral knee alignment of hip-knee-ankle (HKA) axis
during surgery. Acceptable alignment after UKAwas defined
as knee alignment of HKA axis within ±3 degrees of neutral,
and malalignment as outside ±3 degrees.

It was hypothesized that one or more pre-operative or intra-
operative factors could reasonably predict post-operative
malalignment after medial UKA. The purpose of this study
was to identify risk factors that predict post-operative
malalignment in medial UKA using multivariate logistic
regression.

Materials and methods

Institutional review board approval was obtained for this ret-
rospective trial. From January 2013 through March 2015, 131
medial UKAs in 94 patients were consecutively performed by
a single surgeon using a fixed-bearing Uni-compartmental
High-Flex Knee System (Zimmer, Warsaw, ID, USA). The
pre-operative varus-valgus stress radiographs with the knee
extended in supine position and the whole extremity radio-
graphs of the knee in extended weight bearing were studied.
Inclusion criteria were patients who underwent the pre-
operative varus-valgus stress radiographs before UKA for me-
dial degenerative arthritis with varus deformity. Exclusion
criteria were post-traumatic arthritis and inappropriate varus-
valgus stress radiograph due to flexion contracture. Of 131
medial UKAs, four cases were excluded: two cases were
post-traumatic arthritis and two cases underwent inappropriate
varus-valgus stress radiograph due to flexion contracture. The
final 127 medial UKAs in 92 patients were reviewed
respectively.

Radiographic evaluations

Pre-operative knee mechanical axis was assessed using the
HKA angle determined using a standing AP radiograph of
the whole lower extremity. The hip centre, notch centre of
distal femur and ankle talus centre were also assigned and
connected, and the angle between these lines was defined as
the knee mechanical axis angle (KMAA) (Fig. 1). KMAA of

zero degrees was considered a neutral knee, a valgus knee
considered to be a negative value and a varus knee considered
to be a positive value. Post-operative knee mechanical axis
was also assessed with a similar method to pre-operative
KMAA at three months post-operatively.

For the assessment of distal femoral varus angle (DFVA),
femoral bowing angle (FBA) and mechanical lateral distal
femoral angle (mLDFA) were measured. DFVAwas measured
using the angle between the mechanical axis and the distal
anatomical axis of the femur in a standing AP radiograph of
the whole lower extremity [15]. The distal anatomical axis

Fig. 1 The knee mechanical axis angle (KMAA) was defined as the
angle among the hip centre, notch centre of distal femur and ankle talus
centre. The mechanical lateral distal femoral angle (mLDFA) was
measured by the lateral angle between the distal femur articular surface
and mechanical axis of the femur, while the medial mechanical proximal
tibia angle (mMPTA) was defined as the medial angle between the knee
joint line of the tibia and the mechanical axis line of the tibia
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was defined by a line connecting midpoints of the distal fem-
oral shaft, which were 5 and 10 cm from the knee joint line
(Fig. 1). The FBA was measured by the angle between lines
bisecting the femur at 0 and 5 cm below the lowest portion of
the lesser trochanter and a line connecting points bisecting the
femur at 5 and 10 cm above distal articular surface (Fig. 2).
Lateral bowing was designated with a positive value, and
medial bowing was designated with a negative value. The
mLDFAwas measured by the lateral angle between the distal
femur articular surface and mechanical axis of the femur
(Fig. 1).

Proximal tibia varus deformity was determined by the me-
dial mechanical proximal tibia angle (mMPTA) and the tibial
bone varus angle (TBVA) as described previously [16]. The
mMPTA was defined as the medial angle between the knee
joint line of the tibia and the mechanical axis line of the tibia
(Fig. 1). The TBVAwas used to determine constitutional tibia
varus deformity. TBVA was defined as the angle between a
line from the centre of the tibial spines to a point midway of
the proximal tibia epiphysis and the mechanical axis line of
the tibia (Fig. 2). A positive value represented a varus direc-
tion of the angle described.

The pre-operative varus-valgus stress radiographs with the
knee extended in supine position were used to assess and
classify the pre-operative medio-lateral ligament imbalance.
AP varus-valgus stress radiographs were taken while a varus
or valgus stress of 20 pounds was applied to the knee in ex-
tension using a Telos stress device (Austin & Associates,
Fallston, MD, USA). As previously described [17], midpoints
of the distal femoral shaft, which were 10 and 15 cm from the
knee joint line, respectively, and the midpoints of the proximal
tibial shaft, which were 7.5 and 12.5 cm from the knee joint
line, were also assigned and connected on each AP varus-
valgus stress radiograph (femoral midpoint line and tibial mid-
point line) (Fig. 3). The angle between femoral and tibial
midpoint lines was measured and defined as varus stress angle
(VrSA) or valgus stress angle (VgSA) according to varus or
valgus stress radiograph.

For mathematical analysis in varus-valgus stress radio-
graph, the value for the varus or valgus stress angle in cases
with a valgus direction angle compared with neutral knee axis
between femoral and tibial midpoint lines was considered to
be a negative value, while the value for the varus or valgus
stress angle in cases with a varus direction angle compared
with the neutral knee axis was considered to be a positive
value. Femoral osteophyte size and tibial osteophyte size
(Fig. 2) were measured using a standing AP radiograph of
the whole lower extremity. Osteophyte size was defined as
the largest perpendicular distance from the cortical line to
the outer margin of an osteophyte [17].

Post-operative KMAA, and femoral and tibial component
alignment angles were also measured in a standing
anteroposterior (AP) radiograph of the whole lower extremity

(Fig. 4), three months post-operatively. The angle between a
perpendicular line to the femoral component long axis and
femoral mechanical axis was defined as femoral component
alignment angle. The angle between a parallel line to the tibial
component and tibial mechanical axis was defined as tibial
component alignment angle.

The radiographic measurements of all parameters were
done by two orthopaedic surgeons who were blinded to the
patient status using PiViewSTAR version 5.0.9.2 (Infinitt,
Seoul, South Korea). The interobserver reliability was

Fig. 2 The femoral bowing angle (FBA) was measured by the angle
between lines bisecting the femur at 0 and 5 cm below the lowest
portion of the lesser trochanter and a line connecting points bisecting
the femur at 5 and 10 cm above the distal articular surface. The tibial
bone varus angle (TBVA) was defined as the angle between a line from
the centre of the tibial spines to a point midway to the proximal tibia
epiphysis and the mechanical axis line of the tibia. Osteophyte size was
defined as the largest perpendicular distance from the cortical line to the
outer margin of an osteophyte
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calculated and assessed with intraclass correlation coefficient
(ICC). The ICC value for interobserver reliability ranged from
0.852 to 0.923.

Surgical technique

A fixed-bearing Zimmer Uni-compartmental High-Flex Knee
System was implanted in all patients. A standard midline in-
cision and medial parapatellar arthrotomy through a minimal-
ly invasive, quadriceps-sparing surgical exposure were used to
implant the prosthesis. Medial osteophytes were removed
from the femur and tibia. Using the Spacer Block (Zimmer)
technique recommended by the manufacturer, tibial resection
was made perpendicular to its long axis with an extra-
medullary guidance system first and the femoral resection
was based off the tibia cut.

After resecting the tibia, the Spacer Block was inserted
into the joint space and knee alignment was checked using
the alignment rod. The distal femoral cut with the knee in
extension was made, ensuring the proximal tibia cut and
distal femoral cut were parallel. The posterior femoral re-
section then created a flexion gap equal to the extension
space. Thickness of the polyethylene was adjusted to en-
sure a well-balanced knee capable of full extension with
about 2 mm medial laxity. Both femoral and tibial com-
ponents were cemented in all cases.

Statistical analyses

According to post-operative KMMA, 127 enrolled UKAs
were allocated to the acceptable alignment group within ±3
degrees of neutral HKA angle (group AA, n=73) and the
malalignment group outside ±3 degrees (group MA, n=54).

Mean and range were calculated to characterize continuous
variables, and percentages were calculated for discrete vari-
ables. An independent-sample t test was applied to analyse
group distribution, and the Fisher’s exact test was applied to
compare proportions between two groups.

Fig. 3 The angle between femoral and tibial midpoint lines was
measured and defined as varus stress angle (VrSA) or valgus stress
angle (VgSA) on each varus-valgus stress radiograph with the knee in
extension using a Telos stress device

Fig. 4 Post-operative femoral component alignment angle was measured
using the angle between a perpendicular line to the femoral component
long axis and femoral mechanical axis. The angle between a parallel line
to the tibial component and tibial mechanical axis was defined as the tibial
component alignment angle. Post-operative knee mechanical axis angle
(KMAA) was measured with a similar method to pre-operative KMAA
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For logistic regression analysis of predictors for post-
operative malalignment in UKA, the variables of risk factors
included age at surgery (years), gender (male versus female),
bodymass index (BMI), thickness of polyethylene tibial insert
(mm), pre-operative KMAA (degrees), FBA (degrees), DFVA
(degrees), and TBVA (degrees), VgSA (degrees), VrSA (de-
grees), mLDFA (degrees), mMPTA (degrees), femoral osteo-
phyte size and tibial osteophyte size (mm), and femoral and
tibial component alignment angles (degrees). To identify po-
tential predictors of developing post-operative malalignment,
we compared 16 variables of risk factors of group AA to
group MA using univariate logistic regression.

Using multivariate logistic regression, combination of risk
factors significant in univariate analyses were assessed and
were selected in a stepwise algorithm, with variables entered
and excluded for P>0.05. The results of regression analyses
were presented as odds ratios (ORs) with accompanying 95%
confidence intervals (CIs). Results were considered to be sta-
tistically significant when the null value (1.00) was absent
from the CI or p-values<0.05. Data were analysed using SPSS
version 19.0 (SPSS Inc., Chicago, IL). Using G-Power 3.1
calculation software, the post-hoc analysis for the multivariate
logistic regression was performed to achieve statistical power
of this study. The computed power was achievedwith an alpha
of 0.05, a sample size of 127, and each OR and R-squared
attributed to 16 independent variables using the Z test with a
significance level of 0.05.

Results

The demographic and clinical scores of each group are shown
in Table 1.

After statistical analysis with univariate logistic regression,
nine risk factor variables among 16 independent variables
were identified as potential predictors with p<0.05. These
were pre-operative KMAA, FBA, DFVA, mLDFA, mMPTA,
TBVA, VgSA, femoral osteophyte size and tibial component
alignment angle. Multivariate logistic regression analysis for
these nine potential predictors revealed that pre-operative
DFVA, TBVA, and VgSA were significant risk factors
predicting post-operative malalignment after UKA.

The mean of pre-operative DFVA was 5.4±0.8 degrees
(range, 3.4–7.8 degrees) in group AA and 7.6±1.2 degrees
(range, 3.1–9.7 degrees) in group MA (p<0.0001, 95 % CI
–2.549 to –1.824). As pre-operative DFVA increased, the risk
for post-operative knee malalignment also increased (p<
0.0001 in univariate analysis and p=0.009 in multivariate
analysis). The OR of pre-operative DFVA was 7.928 (95 %
CI 3.840–16.369), and the adjusted OR was 44.871 (95 % CI
2.608–771.904).

The mean of pre-operative TBVA was 1.3±1.8 degrees
(range, –5.1 to 5.1 degrees) in group AA and 4.7±1.3 degrees

(range, 0.5–6.3 degrees) in group MA (p<0.0001, 95 % CI –
3.984 to –2.848). In logistic regression analysis, pre-operative
TBVAwith more varus direction was a significant risk factor
of post-operative malalignment in univariate analysis (p<
0.0001, OR=3.852 with 95 % CI 2.540–5.841) and multivar-
iate analysis (p=0.012, adjusted OR=13.001 with 95 % CI
1.754–96.376).

There was a significant difference in pre-operative VgSA
between groups AA and MA (p=0.005, 95 % CI –2.233 to –
0.406). The mean of pre-operative VgSA was –5.8±2.7 de-
grees (range, –12.0 to 0.8 degrees) in group AA and –4.5±2.3
degrees (range, –11.0 to 0.0 degrees) in group MA. In logistic
regression analysis, pre-operative VgSA with more varus di-
rection was the risk factor of post-operative malalignment in
univariate analysis (p=0.007, OR=1.226 with 95 % CI
1.057–1.422) and multivariate analysis (p=0.038, OR=
2.669 with 95 % CI 1.054–6.760).

The other 13 variables, except pre-operative DFVA,
TBVA, and VgSA, were not significant risk factors of
malalignment using univariate and multivariate logistic re-
gression analyses. The ORs and adjusted ORs with 95 % CI
for each risk factor variable are shown in Table 2.

Post-hoc tests suggested that the power of our tests ranged
from 0.051 to 0.999 with 127 enrolled cases, each OR and a
significance level of 0.05. The power for pre-operative DFVA
was 0.999 with high OR, while the powers for BMI and post-
operative mLDFAwere low (0.051 and 0.062, respectively).

Discussion

The most important finding of our study is that pre-operative
DFVA, TBVA, and VgSA are risk factors predicting post-
operative malalignment after UKA. The primary hypothesis
was supported; one or more pre-operative or intra-operative
factors could reasonably predict post-operative malalignment
after medial UKA.

Post-operative alignment after medial UKA of the varus
osteoarthritic knee has been amply studied [1, 2, 4–9,
12–21], while only several studies [10, 11, 19, 21] have ex-
amined the risk factors of post-operative malalignment. Kim
et al. [10] and Hopgood et al. [21] suggested that the thickness
of polyethylene tibial insert is useful for predicting the post-
operative alignment, while Tashiro et al. [19] andMulljai et al.
[11] reported pre-operative valgus stress angle measurement
and coronal knee alignment as an important predictor for the
post-operative alignment, respectively. Presently, pre-
operative DFVA was the most significant risk factor for the
post-operative malalignment of the medial UKA (p<0.0001,
adjusted OR=44.871 with 95 % CI 2.608–771.904). Pre-
operative TBVA and VgSA were also significant predictors
of the post-operative malalignment. We measured the pre-
operative DFVA to estimate the bony deformity of distal
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femur; DFVA was the most important predictor of post-
operative malalignment of the medial UKA using multivariate
logistic regression. Most previous studies [1, 2, 4, 10, 11,

18–22] on post-op alignment after medial UKA focused on
pre-operative knee mechanical axis, valgus stress radiograph,
component alignment and the thickness of polyethylene tibial

Table 1 Patient demographics

Demographic Group AA, n=73 Group MA, n=54 P-value (95 % CI)

Age (year); mean ± SD (range) 67.6±8.8 (57, 87) 69.0±9.7 (53, 87) 0.403 (–4.648, 1.881)

Gender (male/female) 56 (76.7 %)/17 (23.3 %) 48 (88.9 %)/6 (11.1 %) 0.103

BMI (kg/m²); mean ± SD (range) 28.1±3.9 (21.1, 35.0) 27.6±3.2 (19.6, 35.8) 0.486 (–8.354, 1.749)

Thickness of tibial insert 9.9±1.0 (8–12) 9.9±0.8 (8–12) 0.818 (–0.286, 0.362)

KMAA (degree); mean ± SD (range) 7.2±3.5 (0.0, 14.3) 9.3±2.3 (5.0, 14.9) <0.0001 (–3.162, –0.994)

FBA (degree); mean ± SD (range) 0.6±2.5 (–4.0, 5.4) 3.4±2.3 (–3.0, 6.7) <0.0001 (–3.645, –1.940)

DFVA (degree); mean ± SD (range) 5.4±0.8 (3.4, 7.8) 7.6±1.2 (3.1, 9.7) <0.0001 (–2.549, –1.824)

mLDFA (degree); mean ± SD (range) 90.8±1.7 (88.1, 96.7) 89.4±2.2 (84.6, 96.3) <0.0001 (0.754, 2.122)

mMPTA (degree); mean ± SD (range) 86.9±2.2 (81.9, 91.5) 84.7±2.6 (78.5, 89.5) <0.0001 (–3.645, –1.940)

TBVA (degree); mean ± SD (range) 1.3±1.8 (–5.1, 5.1) 4.7±1.3 (0.5, 6.3) <0.0001 (–3.984, –2.848)

VrSA (degree); mean ± SD (range) 3.5±3.1 (–1.0, 11.9) 4.0±2.5 (–0.6, 9.1) 0.271 (–1.593, 0.451)

VgSA (degree); mean ± SD (range) –5.8±2.7 (–12.0, 0.8) –4.5±2.3 (–11.0, 0.0) 0.005 (–2.233, –0.406)

Femoral osteophyte (mm); mean ± SD (range) 2.7±1.6 (0.0, 6.2) 3.3±1.5 (0.0, 7.0) 0.032 (–1.171, –0.548)

Tibial osteophyte (mm); mean ± SD (range) 1.4±1.1 (0.0, 5.4) 1.7±1.1 (0.0, 4.5) 0.150 (–0.679, 0.105)

Femoral component alignment angle (degree); mean ± SD (range) 92.4±4.3 (89.6, 96.5) 91.3±3.1 (87.5, 97.8) 0.119 (–0.284, 2.446)

Tibial component alignment angle (degree); mean ± SD (range) 89.7±3.0 (84.4, 94.2) 87.6±2.8 (83.8, 95.0) <0.0001 (1.035, 3.092)

Post-operative KMAA (degree); mean ± SD (range) 0.7±1.6 (–2.6, 3.0) 5.4±2.9 (–5.8, 10.0) <0.0001 (–5.417, –3.826)

Group AA: group with acceptable alignment, Group MA: group with malalignment

CI confidence interval, SD standard deviation, BMI body mass index, KMAA knee mechanical axis angle, FBA femoral bowing angle, DFVA distal
femoral varus angle, mLDFA mechanical lateral distal femoral angle, mMPTA mechanical medial proximal tibia angle, TBVA tibial bone varus angle,
VrSA varus stress angle, VgSA valgus stress angle

Table 2 Risk factors for post-
operative malalignment in medial
unicompartmental knee
arthroplasty

Risk factor OR (95 % CI), P-value

(univariate logistic regression)

Adjusted OR (95 % CI), P-value

(multivariate logistic regression)

Age 1.017 (0.978, 1.057), 0.400

Gender 2.429 (0.887, 6.651), 0.084

BMI 1.002 (0.993, 1.012), 0.635

Thickness of tibial insert 1.008 (0.946, 1.074), 0.811

KMAA 1.251 (1.103, 1.418), 0.001 0.466 (0.189, 1.152), 0.466

FBA 1.572 (1.323, 1.868), < .0001 0.644 (0.185, 2.247), 0.490

DFVA 7.928 (3.840, 16.369), <0.0001 44.871 (2.608, 771.904), 0.009

mLDFA 1.499 (1.209, 1.859), <0.0001 2.538 (0.851, 7.576), 0.095

mMPTA 0.684 (0.574, 0.816), <0.0001 1.387 (0.772, 2.493), 0.274

TBVA 3.852 (2.540, 5.841), <0.0001 13.001 (1.754, 96.376), 0.012

VrSA 1.072 (0.948, 1.212), 0.270

VgSA 1.226 (1.057, 1.422), 0.007 2.669 (1.054, 6.760), 0.038

Femoral osteophyte 1.283 (1.019, 1.616), 0.034 0.675 (0.191, 2.387), 0.542

Tibial osteophyte 1.267 (0.916, 1.753), 0.152

Femoral component alignment angles 0.929 (0.846, 1.020), 0.122

Tibial component alignment angles 0.765 (0.660, 0.887), <0.0001 0.756 (0.475, 1.202), 0.237

CI confidence interval, OR odds ratio, BMI body mass index, KMAA knee mechanical axis angle, FBA femoral
bowing angle,DFVA distal femoral varus angle, mLDFAmechanical lateral distal femoral angle, mMPTAmechan-
ical medial proximal tibia angle, TBVA tibial bone varus angle, VrSA varus stress angle, VgSA valgus stress angle
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insert as the risk factors of post-op malalignment, while in our
study, the various bony deformities of femur and tibia includ-
ing DFVA, TBVA, and FBAwere evaluated as potential pre-
dictors for post-operative malalignment in medial UKA. This
is the main difference between our present study and the pre-
vious studies [1, 2, 4, 10, 11, 18–22].

In our study, pre-operative TBVA was a significant risk
factor, while TBVA was not a stronger predictor for post-
operative malalignment than DFVA. In all enrolled cases,
the range of pre-operative TBVA was –5.1 to 6.3 degrees,
because we did not perform UKA in cases with pre-
operative TBVA over 7 degrees in the varus direction. This
may be a possible explanation for the weaker correlation of
TBVAwith post-operative malalignment than that of DFVA.

The role of valgus stress radiograph in UKA has been con-
troversial. Kreitz et al. [2] suggested that pre-operative stress
radiographs have overstated value in patients undergoing me-
dial UKA, since the full extent of correctability of varus de-
formity cannot be determined until after removal of
osteophytes. Waldstein et al. [20] reported that valgus stress
radiographs provided no added benefit to the radiographic
assessment of the correctability of the varus deformity. Pres-
ently, VgSA in pre-operative stress radiographs was identified
as a significant risk factor of malalignment after medial UKA.
This is similar to the results of a previous study [19], while
VgSA showed weaker correlation with post-operative
malalignment than other identified predictors, such as DFVA
and TBVA.

For the effect of the tibial insert thickness on post-operative
alignment, Kim et al. [10] reported that the overall changes in
post-operative mechanical axis angle was significantly differ-
ent according to tibial insert thickness using mobile-bearing
UKA. Presently, the tibial insert thickness was not found to be
a predictor for post-operative malalignment using fixed-
bearing UKA. In previous studies [23, 24] comparing
mobile-bearing and fixed-bearing UKAs, undercorrection in
a post-operative mechanical knee axis was much more com-
mon with a fixed-bearing design than with mobile-bearing. It
may be a possible explanation for the finding that during a
surgical procedure for medial UKA tighter medial joint space
was recommended for the prevention of insert dislocation in a
mobile-bearing design than in fixed-bearing [23, 24]. Our
study used a fixed-bearing medial UKA; the medial joint
space was allowed to be looser with a fixed bearing design
than with a mobile-bearing design in a previous study [10].
This may explain why the tibial insert thickness was not a
predictor in our study. Hopgood et al. [21] suggested that the
amount of correction in the tibiofemoral angle could be
achieved in fixed-bearing UKA, while they did not measure
the mechanical knee axis angle, but anatomical tibiofemoral
angle.

In several previous studies [7, 9, 25], it was suggested that
post-operative knee alignment after UKA had no influence on

clinical outcomes, while in various previous studies [1–6]
post-operative knee malalignment could lead to risk of im-
plant failure. For the optimal post-operative knee alignment
in UKA, minor varus alignment might provide better results
than neutral alignment in medial UKA [8], while several pre-
vious studies [6, 12] reported that surgeons should attempt to
restore the mechanical axis to the neutral knee alignment dur-
ing UKA to achieve better function and prevent revision sur-
gery. In a study [14] of the pattern of cartilage loss in neutral,
varus, and valgus knees, the medial-to-lateral ratio of
femorotibial cartilage loss was 1.4:1 in neutral knees, 3.7:1
in varus knees, and 1:6.0 in valgus knees. From these results,
it can be suggested that even in a neutral knee after UKA there
may be higher distribution of medial knee joint load. Adduc-
tion impulse predominates until 7 degrees of valgus knee
alignment from the varus knee [13]. On the basis of these
previous results, we aimed to achieve neutral knee alignment
during medial UKA surgery and the post-operative
malalignment was defined as outside ±3 degrees of neutral
HKA angle in our study.

The present study has several strengths. The results were
analysed with multivariate logistic regression analysis, which
was used to estimate the association between post-operative
malalignment in medial UKA and independent risk factors
including various clinical and radiographic factors. Most pre-
vious studies concerning post-operative alignment in medial
UKA examined pre-operative knee mechanical axis, valgus
stress radiograph and tibial insert thickness. These studies
did not focus on various extra-articular deformities, such as
DFVA and TBVA, which were addressed in the present study.
We analysed the risk factors to predict post-operative
malalignment using multivariate logistic regression to control
the confounding variables. With respect to the clinical rele-
vance of the present study, careful attention should be paid
duringUKA to prevent post-operativemalalignment inmedial
UKA, especially in patients with a high degree of pre-
operative DFVA. Although pre-operative TBVA and VgSA
were also risk factors for post-operative malalignment, high
degree of pre-operative DFVAwas identified as the strongest
risk factor. Recently, the long-term survivorship after UKA
was demonstrated [26], and the indication of UKA has been
expanded to knee osteoarthritis with severe varus deformity
over 15 degrees and tibiofemoral subluxation [27, 28]. In
UKA for severe varus knee, the results of our study may give
meaningful clinical information and caution to the operator.

Several limitations were noted. Retrospective data collec-
tion and analysis were performed, which could have allowed
for patient selection bias and the opportunity for confounding.
Although we adjusted for potential confounders, there may
have been additional confounders that we did not control.
Secondly, the assessment of clinical outcomes according to
post-operative alignment was not performed. We performed
the analysis of predictors for post-operative malalignment,
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while the influence of malalignment on functional findings
was not analyzed. Further study about the relationship be-
tween malalignment and clinical outcomes in fixed-bearing
medial UKAs is needed. A third limitation is the low statistical
power for several risk factor variables in the post hoc analysis.
The study was sufficiently powered to detect pre-operative
DFVA as a risk factor with high OR (power=0.999), while
the low OR resulted in limited statistical power for several
parameters including BMI and post-operative mLDFA, and
may have contributed to limiting the significance of the
results.

Conclusions

The overall results suggest that the careful notice should be
given to the possibility of post-operative malalignment during
medial UKA in patients with a greater varus angle in pre-
operative DFVA, TBVA, and valgus stress angle, especially
with a greater varus DFVA, which was the strongest predictor
for post-operative malalignment.
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