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strict patient selection [3, 4]. In recent years, UKA indica-
tions have expanded, and more patients have been selected 
for this procedure owing to reports of good clinical out-
comes in patients with obesity, as well as young and highly 
active patients [5–9].

UKA is minimally invasive and preserves the cruciate 
ligaments and lateral femorotibial compartment, allowing 
for earlier functional recovery than total knee arthroplasty 
[10–12]. However, the optimal alignment for knee arthro-
plasty remains controversial. Mechanical alignment is the 
traditional and most popular method with a neutral hip-knee-
ankle (HKA) angle [13]. However, in recent years, there 
has been a paradigm shift to kinematic alignment in total 
knee arthroplasty, with native articular surface orientation 

Introduction

Unicompartmental knee arthroplasty (UKA) is an estab-
lished treatment for patients with unicompartmental knee 
osteoarthritis (OA) [1–4]. The clinical outcomes of UKA 
have improved with advances in prostheses and instrumen-
tation [1], a better understanding of knee kinematics [2], and 
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Abstract
Introduction The optimal lower-limb alignment after unicompartmental knee arthroplasty (UKA) remains controversial. 
This study aimed to investigate the optimal lower-limb alignment for functional improvement in the early post-UKA period. 
We hypothesized that a small change (Δ) in the arithmetic hip-knee-ankle (aHKA) angle during surgery would result in better 
postoperative knee function.
Materials and methods This single-centered, retrospective study analyzed 91 patients (91 knees) who underwent UKA from 
April 2021 and December 2022. Preoperative and postoperative standing whole-leg radiographs were used to evaluate the 
mechanical HKA angle and aHKA angle. The aHKA angle was calculated from the medial proximal tibial angle (MPTA) 
and lateral distal femoral angle (LDFA). We defined restored aHKA angle as a postoperative aHKA angle within ± 3° of the 
preoperative aHKA angle. Functional improvement was evaluated using the preoperative and one-year postoperative Knee 
Society Scoring 2011 (KSS 2011). A multivariate regression analysis was performed to investigate the optimal lower-limb 
alignment for functional improvement.
Result Postoperative restored aHKA angle (p = 0.020) was the only significant factor for improved KSS 2011 scores. Post-
operative restored aHKA angle was obtained in 64 patients (70%). ΔMPTA (p < 0.001) and ΔLDFA (p = 0.037) were signifi-
cant factors associated with a postoperative restored aHKA angle.
Conclusions UKA restores the native knee, including resurfacing constitutional alignment and medial collateral ligament 
tension. Minimal change in the aHKA angle during UKA improves the functional outcomes of the knee during the early 
postoperative period, consistent with the minimally invasive surgical concept of UKA.
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and restoration of the physiological soft tissue knee balance 
[14]. Therefore, some have attempted to adopt this align-
ment method for UKA [15]. The arithmetic HKA (aHKA) 
angle is calculated from the preoperative medial proximal 
tibial angle (MPTA) and lateral distal femoral angle (LDFA) 
and is often set as a target value for postoperative alignment 
[16]. UKA restores the native knee, including resurfacing 
constitutional alignment and medial collateral ligament ten-
sion [17–19].

Minimal changes in the joint line (preoperative to post-
operative restoration) may contribute to postoperative knee 
joint function, but no studies have explored this. Therefore, 
this study investigated the optimal lower-limb alignment for 
functional improvement in the early post-UKA period. We 
hypothesized that a small change in the aHKA angle during 
surgery would result in better postoperative knee function.

Methods

Patient selection

This case series has an evidence level of 4. Consecutive 
patients who underwent cemented fixed-bearing UKA (Uni-
compartmental Persona® partial knee and Zimmer Uni®; 
Zimmer Biomet, Warsaw, IN, USA) for knee OA with a 
varus deformity were included between April 2021 and 
December 2022. All of the surgeries were performed by two 
experienced surgeons at a single center. The surgical indica-
tion for medial UKA was symptomatic isolated anterome-
dial compartment OA with a correctable varus deformity of 
< 10° and a flexion contracture of < 10° [20]. Patients who 
underwent bilateral UKA or had a history of neuromuscular 
disease, postoperative complications (infection, peripros-
thetic fracture), medical complications (e.g., stroke) and 
significantly decreased levels of activities of daily living or 
symptomatic contralateral knee or ipsilateral hip OA were 
excluded.

All patients were Japanese. Furthermore, all provided 
informed consent before participation, and the local insti-
tutional review board for clinical research (No. 2020–204) 
approved this retrospective study, which was performed fol-
lowing the Declaration of Helsinki.

Radiological and clinical evaluations

Radiological parameters were routinely evaluated in all 
patients using whole-leg anteroposterior (AP) standing 
radiographs and AP and lateral knee radiographs preop-
eratively and one year postoperatively. The HKA angle, 
MPTA, and LDFA were measured using whole-leg radio-
graphs (Fig. 1). The HKA angle was the angle between the 

Fig. 1 Alignment parameter measurements on whole-leg AP standing 
radiographs or preoperative and postoperative radiographs for LDFA 
and MPTA. AP, anteroposterior; LDFA, lateral distal femoral angle; 
MPTA, medial proximal tibial angle
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mechanical axis of the femur and tibia. The MPTA was the 
angle between the mechanical axis of the tibia and the tib-
ial joint line. LDFA was the angle between the mechanical 
axis of the femur and the femoral joint line. Following a 
previous study, the LDFA was subtracted from the MPTA 
to calculate the aHKA angle [20, 21]. Component align-
ments were evaluated as the coronal femoral component 
angle (c-FCA), coronal tibial component angle (c-TCA), 
sagittal femoral component angle (s-FCA), and sagittal tib-
ial component angle (s-TCA) using postoperative AP and 
lateral knee radiographs, following a previous study [21] 
(Fig. 2). All patients were routinely evaluated for patient-
reported outcome measures (PROMs) using the Knee Soci-
ety Scoring 2011 (KSS 2011) preoperatively and one year 
postoperatively.

Data analyses

Continuous variables are presented as means ± standard 
deviations. A multivariate regression analysis was per-
formed to investigate the optimal lower limb alignment for 
functional improvement (i.e., postoperative – preoperative 
KSS 2011 score). Lower limb alignment was defined based 
on the following reference values and included in a multi-
variable model:

1) Preoperative “moderate” or “severe” varus mechanical 
HKA (mHKA) angle deformity [22]: “moderate”: 0°< 
mHKA angle < 10°; “severe”: mHKA angle > 10°.

2) Postoperative “neutral” or “varus” mHKA angle align-
ment [15]: “varus”: mHKA angle > 3°; “neutral”: 0°< 
mHKA angle < 3°.

3) Preoperative or postoperative aHKA phenotype [20, 
23]: “varus”: aHKA angle <–2°; “neutral”: − 2°< 
aHKA angle < 2°; “valgus”: aHKA angle > 2°.

4) Postoperative “pre-arthritic/kinematic” alignment or 
“outlier” [16]: “pre-arthritic/kinematic” alignment: the 
postoperative mHKA angle was within ± 3° of the pre-
operative aHKA angle.

4) Postoperative “pre-arthritic/kinematic” alignment or 
“outlier” [16]: “pre-arthritic/kinematic” alignment: the 
postoperative mHKA angle was within ± 3° of the pre-
operative aHKA angle.

5) Postoperative “restored” aHKA angle or “non-restored”: 
“restored” aHKA angle: the postoperative aHKA angle 
was within ± 3° of the preoperative aHKA angle.

The patients were also divided into two groups based on 
whether the aHKA angle was restored. Then, the KSS 2011 
scores and radiological parameters were compared between 
the subgroups. Differences in the KSS 2011 (total and sub-
scale scores) were evaluated if they exceeded the previously 
reported minimal clinically important difference value of 
10 points [24, 25]. Radiological parameters were compared 
using either the t-test or the Wilcoxon signed-rank test, as 
appropriate, based on the Shapiro–Wilk test results. Statisti-
cal significance was set at p < 0.05. Variables with p-values 
of < 0.1 were included in a multivariable model to identify 
the independent factors for a postoperative restored aHKA 
angle. A multivariate logistic regression analysis was per-
formed using the stepwise variable entry method. Statistical 
analyses were performed using JMP statistical analysis soft-
ware (version 15.0; SAS Institute, Cary, NC, USA). To eval-
uate intra- and inter-observer reproducibility in the study 
group, measurements were performed twice by one exam-
iner (YK) and once by another examiner (JA). The intra- 
and inter-class correlation coefficients were good (0.86 to 
0.91 and 0.80 to 0.88, respectively) for all measurements.

Results

In total, 109 consecutive patients (118 knees) who under-
went UKA for knee OA were evaluated for inclusion. How-
ever, 28 patients were excluded for bilateral UKA (n = 9 
patients; 18 knees), a history of neuromuscular disease 
(n = 2; 2 knees), postoperative complications (infection, 
periprosthetic fracture) (n = 3; 3 knees), medical compli-
cations (e.g., stroke) and significantly decreased levels of 
activities of daily living (n = 2; 2knees), and symptomatic 
contralateral knee OA or ipsilateral hip OA (n = 2; 2knees). 
Finally, 91 patients (91 knees) were enrolled in this study 
(Fig. 3).

Fig. 2 Radiographic measurements of component alignment. c-FCA 
and c-TCA are measured on anteroposterior knee radiographs and 
s-FCA and s-TCA on ateral knee radiographs. c-FCA, coronal femo-
ral component angle; c-TCA, coronal tibial component angle; s-FCA, 
sagittal femoral component angle; s-TCA, sagittal tibial component 
angle
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The KSS 2011 scores also improved, from 70.6 ± 22.3 pre-
operatively to 136.2 ± 26.3 postoperatively (p < 0.0001, 
Table 2b). Table 3 presents the multivariate analysis results 

Tables 1 and 2a present the demographic and radiographic 
parameters of the entire cohort. The mHKA angle improved 
from 8.0° ± 3.6° preoperatively to 5.0° ± 2.9° postopera-
tively, and no patient had a valgus alignment postoperatively. 

Table 1 Patient demographic data
Parameters n = 91
Age (year) 74.8 ± 7.1
Sex (n) Male 19, Female 72
BMI (kg/m2) 24.8 ± 3.5
Note Values are given as the mean and standard deviation
Abbreviations BMI, body mass index

Table 2 b Preoperative and postoperative KSS 2011
Parameters
Preoperative KSS 70.6 ± 22.3
Postoperative KSS 136.2 ± 26.3
Improvement in KSS 65.6 ± 27.9
Note Values are given as the mean and standard deviation
Abbreviations BMI, body mass index

Parameters n = 91
Preoperative mHKA angle (°) 8.0 ± 3.6
Severe (> 10°), moderate (< 10°) 28 (31%), 63 (69%)
Preoperative MPTA (°) 84.8 ± 2.5
Preoperative LDFA (°) 88.4 ± 2.3
Preoperative aHKA angle (°) -3.7 ± 3.3
varus (<-2°), neutral ( -2°< aHKA angle < 2°), valgus (> 2°) 65 (72%), 23 (25%), 3 (3%)
Postoperative mHKA angle (°) 5.3 ± 2.9
Varus (> 3°), neutral (0° < mHKA angle < 3°) 76 (84%), 15 (16%)
Postoperative mHKA angle minus Preoperative aHKA angle (°) 8.9 ± 5.6
“pre-arthritic/kinematic” alignment (< 3°), outlier (> 3°) 15 (16%), 76 (84%)
Postoperative MPTA (°) 84.7 ± 2.4
Postoperative LDFA (°) 87.2 ± 2.5
Postoperative aHKA angle (°) -2.5 ± 2.9
varus (<-2°), neutral ( -2°< aHKA angle < 2°), valgus (> 2°) 53 (58%), 38 (42%), 0 (0%)
Postoperative aHKA angle minus Preoperative aHKA angle (°) 1.2 ± 3.0
Restored aHKA angle (< 3°), non-restored (> 3°) 64 (70%), 27 (30%)
c-FCA (°) -3.0 ± 4.2
c-TCA (°) -3.6 ± 3.8
s-FCA (°) -3.0 ± 6.3
s-TCA (°) -6.6 ± 2.8

Table 2 a Patient radiographic 
data

Note Values are given as the 
mean and standard deviation
Abbreviations mHKA angle, 
mechanical Hip Knee Ankle 
angle; aHKA angle, arithmetic 
Hip Knee Ankle angle ; MPTA, 
medial proximal tibial angle; 
LDFA, lateral distal femoral 
angle; c-FCA, coronal femo-
ral component angle; c-TCA, 
coronal tibial component angle; 
s-FCA, the sagittal femoral com-
ponent angle; s-TCA, sagittal 
tibial component angle

 

Fig. 3 STROBE diagram of 
patient selection. STROBE, 
Strengthening the Reporting of 
Observational Studies in Epide-
miology; UKA, Unicompartmen-
tal knee arthroplasty
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regarding preoperative to postoperative improvements in 
the KSS 2011 scores. Postoperative restored aHKA angle 
(p = 0.020) was the only significant factor for improved 
KSS 2011 scores. Postoperative restored aHKA angle was 
obtained in 64 patients (70%). Table 4a details the radio-
graphic parameter and KSS 2011 score subgroup analyses 
between the postoperative restored and non-restored aHKA 
angle groups. The preoperative varus deformity (i.e., a large 
mHKA angle) in the non-restored aHKA angle group was 
severe. Patients with a restored aHKA angle had signifi-
cantly higher total scores (p = 0.032), and the difference was 
greater than that of the minimal clinically important differ-
ence. Finally, the multivariate analysis showed that ΔMPTA 
and ΔLDFA were significant factors associated with a post-
operative restored aHKA angle (Table 4b).

Table 3 Multivariate regression analysis to investigate the optimal lower limb alignment for KSS 2011 improvement
Parameters β-value (95%CI) p-value
Preoperative mHKA angle: Moderate (< 10°) -4.1 (-11.0 to 2.9) 0.2441
Postoperative mHKA angle: Neutral (0° < mHKA angle < 3°) 16.1 (-1.5 to 33.6) 0.0717
Preoperative aHKA angle: Neutral (-2°< aHKA angle < 2°) -8.2 (-23.7 to 7.4) 0.3008
Preoperative aHKA angle: Valgus (<-2°) 19.8 (-9.3 to 49.0) 0.1791
Postoperative aHKA angle: Neutral (-2°< aHKA angle < 2°) -0.9 (-7.8 to 5.9) 0.7860
Postoperative “pre-arthritic/kinematic” alignment (< 3°) -15.2 (-36.2 to 5.9) 0.1531
Postoperative restored aHKA angle 8.0 (1.3 to 14.8) 0.0203
Note Values are given as the mean and standard deviation
Abbreviations mHKA angle, mechanical Hip Knee Ankle angle; aHKA angle, arithmetic Hip Knee Ankle angle; MPTA, medial proximal 
tibial angle; LDFA, lateral distal femoral angle

Table 4 a Patient radiographic parameters and KSS 2011
Parameters Restored aHKA angle (n = 64) Non-restored aHKA angle (n = 27) P-value
Preoperative mHKA angle (°) 7.4 ± 3.5 9.3 ± 3.5 0.0167
Severe (> 10°), moderate (< 10°) 16 (25%), 48 (75%) 12 (44%), 15 (56%) 0.0838
Preoperative MPTA (°) 85.3 ± 2.5 83.5 ± 2.0 0.0022
Preoperative LDFA (°) 88.5 ± 2.2 88.3 ± 2.5 0.7445
Preoperative aHKA angle (°) -3.2 ± 3.2 -4.8 ± 3.2 0.0108
varus (<-2°), neutral ( -2°< aHKA angle < 2°), valgus (> 2°) 42 (66%), 20 (31%), 2 (3%) 23 (85%), 3 (11%), 1 (4%) 0.1298
Postoperative mHKA angle (°) 5.2 ± 3.0 5.3 ± 2.6 0.7977
Varus (> 3°), neutral (0° < mHKA angle < 3°) 52 (81%), 12 (19%) 24 (89%), 3 (11%) 0.5390
Postoperative MPTA (°) 84.7 ± 2.5 84.8 ± 2.1 0.9827
Postoperative LDFA (°) 87.5 ± 2.5 86.6 ± 2.0 0.1316
ΔMPTA(°) -0.6 ± 1.6 -1.3 ± 2.3 < 0.0001
ΔLDFA(°) -1.0 ± 1.5 -1.7 ± 2.7 0.0885
c-FCA (°) -3.2 ± 4.2 -2.7 ± 4.4 0.5202
c-TCA (°) -3.7 ± 3.5 -3.3 ± 4.5 0.8997
s-FCA (°) -2.3 ± 5.9 -4.4 ± 7.2 0.3945
s-TCA (°) -6.8 ± 2.7 -6.1 ± 3.1 0.3993
Preoperative KSS 70.7 ± 22.4 70.5 ± 22.5 0.9653
Postoperative KSS 140.3 ± 23.8 126.5 ± 29.7 0.0415
Improvement in KSS 70.0 ± 26.7 56.0 ± 28.8 0.0320
Note Values are given as the mean and standard deviation
Abbreviations mHKA angle, mechanical Hip Knee Ankle angle; aHKA angle, arithmetic Hip Knee Ankle angle; MPTA, medial proximal 
tibial angle; LDFA, lateral distal femoral angle; c-FCA, coronal femoral component angle; c-TCA, coronal tibial component angle; s-FCA, the 
sagittal femoral component angle; s-TCA, sagittal tibial component angle

Table 4 b Multivariate analysis of factors associated with postopera-
tive “restored” aHKA angle
Parameters Odds ratio (95%CI) p-value
ΔMPTA (°) 1.84 (1.38 to 2.54) 0.0002
ΔLDFA (°) 0.73 (0.53 to 0.99) 0.0370
Multivariate logistic regression analysis was performed using a step-
wise variable entry method. Radiological parameters (Preoperative 
mHKA angle, Preoperative MPTA, Preoperative aHKA angle, Post-
operative LDFA, ΔMPTA, ΔLDFA) were used in the multivariate 
logistic regression model
Abbreviations CI, Confidence Interval; mHKA angle, mechanical 
Hip Knee Ankle angle; aHKA angle, arithmetic Hip Knee Ankle 
angle; MPTA, medial proximal tibial angle; LDFA, lateral distal 
femoral angle
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This study had several limitations. First, the KSS 2011 
score was only investigated in the early postoperative 
period. Most studies performed postoperative functional 
evaluations after at least two years of follow-up. However, 
UKA is advantageous over total knee arthroplasty because 
it is less invasive and has faster functional recovery. There-
fore, early postoperative recovery evaluations are important 
after UKA. Second, this study was a retrospective analysis 
of cemented fixed-bearing UKA only. Similar results may 
not be observed with different types of prostheses. There-
fore, prospective studies using multiple types of prostheses 
(including cementless and mobile-bearing UKA) should 
be conducted. Third, functional outcomes were evaluated 
using only KSS 2011. KSS 2011 is one of the most com-
monly used PROMs that has been validated as responsive 
and reliable [30]. Further studies using other PROMs such 
as Oxford Knee Score and Knee Injury and Osteoarthritis 
Outcome Score should be considered [31].

Conclusions

A small change in the aHKA angle during UKA improves 
the functional outcomes of the knee during the early post-
operative period.

Supplementary Information The online version contains 
supplementary material available at https://doi.org/10.1007/s00402-
024-05309-2.
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Discussion

This study demonstrates that a small change in the aHKA 
angle during UKA improved functional outcomes in the 
early postoperative period. The aHKA angle predicts the 
constitutional knee joint geometry considering the LDFA 
and MPTA, and this parameter is not affected by joint space 
narrowing or tibio-femoral subluxation [23]. Based on the 
UKA concept, it is clinically important that the aHKA angle 
is restored from preoperative to postoperative. This study is 
the first to confirm that this restoration is a significant fac-
tor for favorable knee function in the early postoperative 
period.

Nonetheless, optimal alignment after UKA remains con-
troversial. Until recently, neutral mechanical alignment has 
been the gold standard for UKA [13, 26], but new evidence 
emphasizes the importance of avoiding postoperative val-
gus alignment in mHKA [2]and that slight varus alignment 
(postoperative varus < 7°) is acceptable [21, 27]. We found 
no cases of postoperative valgus alignment of the mHKA, 
nor was postoperative varus alignment a significant factor in 
the multivariate analysis. The pre-arthritic/kinematic align-
ment reported by Plancher et al. [16] was also not a sig-
nificant factor for PROM improvement in this study. Their 
study cohort had a mean follow-up of 10 years, and our 
cohort aimed for slight varus alignment, which may explain 
the differing results. Although the optimal alignment after 
UKA remains controversial, we demonstrate that restoring 
the aHKA angle allows for significant PROM improve-
ments in the early postoperative period, consistent with the 
surgical concept of UKA.

The ΔMPTA was smaller in patients with a restored 
aHKA angle. Previous studies have suggested that restoring 
native tibial alignment may improve clinical outcomes [21, 
28]. In contrast to previous reports, this study focused on 
the aHKA angle, a parameter that considers the geometry of 
the femoral articular surface. The cases in which the aHKA 
angle was not restored were tibial vara knees with a small 
preoperative MPTA [29]. In this case, the postoperative 
MPTA is similar; thus, the large ΔMPTA in these cases indi-
cates insufficient thickness of the proximal tibial resection. 
In the case of UKA with spacer block technique, insufficient 
tibial proximal resection thickness also caused insufficient 
femoral resection thickness (i.e., a small ΔLDFA) due to re-
tensioning of the medial collateral ligament. The multivari-
ate analysis showed that the significant factors related to a 
restored aHKA angle were ΔMPTA and ΔLDFA. As previ-
ously reported, the restored aHKA angle, a significant factor 
for improved KSS 2011 scores, was not achieved by restor-
ing the tibial side only, suggesting that paying close atten-
tion to the femoral side is also necessary.
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