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Pre-operative predictive factors
of residual varus on the
mechanical axis after Oxford
unicompartmental knee
arthroplasty
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1Department of Orthopedic Surgery, Beijing Jishuitan Hospital, Fourth Clinical College of Peking
University, Beijing, China, 2Department of Statistics, Beijing Research Institute of Traumatology and
Orthopedics, Beijing, China, 3Department of Radiology, Beijing Jishuitan Hospital, Fourth Clinical
College of Peking University, Beijing, China

Background: Residual varus after Oxford unicompartmental knee arthroplasty
(UKA) happens frequently. This study aims to evaluate the pre-operative
contributing factors of residual varus.
Methods: A total of 1,002 knees (880 patients, 201 patients were male, and 679
were female) underwent Oxford UKA in the Orthopedic Surgery Department of
the Beijing Jishuitan Hospital from March 2018 to April 2021. The mean age of the
patient was 64.7± 7.7 years. To assess residual varus, the full-length lower
extremity is placed upright for EOS imaging, with the knee fully extended. The
angle of post-operative residual varus was measured as described by Noyes et al.
Of the knees studied, they were either categorized into an under-corrected group
(post-operative Noyes angle >5°) or a corrected group (post-operative Noyes
angle ≤5°). Age, gender, body mass index (BMI), range of motion (ROM), Clinical
American Knee Society Score (Clinical AKSS), and Function American Knee Society
Score (Function AKSS) were compared. The following additional parameters were
measured: pre-operative Noyes angle, lateral distal femoral angle (LDFA), medial
proximal tibial angle (MPTA), the posterior slope of the proximal tibia angle (PPTA),
joint line converge angle (JLCA), and fixed flexion deformity (FFD).
Results: There was no statistically significant difference between the two groups in
regards to gender (p=0.428), surgical leg (p=0.937), age (p=0.851), BMI (p=
0.064), pre-operative Clinical AKSS (p=0.206) and Function AKSS (p=0.100).
However, pre-operative ROM statistically differed between the two groups (p <
0.001). The contributing factors of post-operative residual varus were determined
to be the following parameters: pre-operative MPTA (p <0.001, OR=4.522, 95%
CI: 2.927–6.984), pre-operative Noyes (p <0.001, OR=3.262, 95% CI: 1.802–
5.907) and pre-operative FFD (p=0.007, OR= 1.862, 95% CI: 1.182–2.934). The
effects of pre-operative LDFA (p=0.146), JLCA (p=0.942), and pre-operative
PPTA (p=0.899) on the post-operative mechanical axis did not show statistical
significance.
Abbreviations

arthroplasty; TKA, total knee arthroplasty; AMOA, anteromedial osteoarthritis; SONK, spontaneous
osteonecrosis of the knee; BMI, body mass index; ROM, range of motion; AKSS, american knee society
score; LDFA, lateral distal femoral angle; MPTA, medial proximal tibial angle; PPTA, posterior slope of
the proximal tibia angle; JLCA, joint line converge angle; FFD, fixed flexion deformity; PTSA, posterior
tibia slope angle; MCL, medial collateral ligament anteromedial osteoarthritis.
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Conclusions: Patients with severe pre-operative varus, particularly varus deformity mainly
from the tibial side or pre-operative FFD, are more prone to get extremity mechanical axis
residual varus after UKAwith Oxford.

KEYWORDS

lower limb alignment, predictor, unicompartemtal knee arthroplasty, moblie-bearing, biplanar

radiograph
Background

Unicompartmental knee arthroplasty (UKA) is an

effective treatment for patients with osteoarthritis (OA),

particularly for those with anteromedial osteoarthritis

(AMOA) of the knee or localized necrosis of the femoral

condyle (1). UKA is less invasive, and patients exhibit a

faster recovery time while obtaining better post-operative

clinical function (2, 3) compared to total knee arthroplasty

(TKA). It has previously been reported that UKA is a more

suitable technique for patients of Asian decent, as their

lifestyle requires deeper knee flexion than TKA (2).

However, multiple research groups and systematic reviews

have demonstrated that UKA could lead to a higher

revision rate than TKA (3, 4). Many studies have suggested

that this may result from an unsatisfactory position of the

components. Poor component position, malalignment of

the lower limb mechanical axis (correlating with point

contact between components), and contact stress have been

identified as the major contributing factors to poor clinical

outcomes, early polyethylene wear, as well as the high

revision rate (5, 6). Overcorrection of the mechanical axis

may result in degeneration of the contralateral

compartment and lead to premature loosening of the

prosthesis (7). Mild under-correction is considered

acceptable in the field. Some researchers have suggested

that residual post-operative alignment (1°– 4° of varus) is

associated with the most optimal functional outcomes after

medial UKA (8, 9). A consequence of excessive residual

varus alignment, which can lead to UKA failure from

polyethylene wear, is increased compartment force by

overloading medially (6, 8).

There are two UKA prosthesis options commonly used

clinically: mobile-bearing and fixed-bearing. While each type

has its advantages and disadvantages (10), fully congruent

mobile-bearing UKA (also known as Oxford UKA) appears to

be an attractive alternative to fixed-bearing UKA in young

and active patients (11). The mobile-bearing Oxford UKA is

considered more difficult to ensure postoperative alignment

than the fixed-bearing, as it is performed when the knee is in

a flexion position (12). Few study on the predictive factors

related to the changes in the mechanical axis after this

procedure. This study aims to analyze the unsatisfactory
02
mechanical axis cases of the Oxford UKA and discuss the

pre-operative factors that may affect postoperative mechanical

axis correction.
Material and methods

Data source

This study obtained written informed consent from

participants or their guardians and was approved by the

Beijing Jishuitan Hospital Institutional Review Board for

retrospective data analysis. Between March 2018 and April

2021, 1,002 knees (880 patients, including 201 males and 679

females) underwent the Oxford UKA procedure using a

single-compartment prosthesis (Zimmer Biomet, Warsaw, IN,

United States) with the Microplasty instrumentation. All

surgeries occurred at the Beijing Jishuitan Hospital in the

Orthopedic Surgery Department. The patient’s mean age was

64.7 ± 7.7 years. The inclusion criteria for patients treated

with UKA were as follows: ① diagnosed with OA. At the

same time, pre-operative weight-bearing x-ray demonstrated

single-compartment lesions on the medial knee joint, and the

lesions are limited to the anterior and medial tibial plateau.

Suppose The lateral compartment is suspected to be involved.

That is, the x-ray grade of the lateral platform is grade 1. This

case needs to undergo an MRI of the knee joint to confirm

no partial loss of lateral cartilage; ② active mobility is greater

than 90° by physical examinations; ③ the patients with good

condition for anterior cruciate ligament, and MRI was

performed to check it if necessary; ④ pre-operative full-length

x-ray imaging in the upright standing position of lower

extremities showed varus less than 15° (using the Noyes et al.

method); ⑤ pre-operative fixed flexion deformity (FFD) is

less than 15° (using the Paley et al. method). Our inclusion

criteria follow Oxford’s recommendations (12). The following

data was collected from the patients: age, gender, body mass

index (BMI), pre-operative knee joint range of motion

(ROM), pre-operative knee pain, and functional score

(American Knee Society Score, AKSS) (13). ROM was

measured by physical examination. A questionnaire survey

measured AKSS.
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Surgical procedure

All surgeries were performed using the Microplasty

instrumentation for the Oxford unicompartmental knee

system (Zimmer Biomet, Warsaw, IN, United States). The

whole surgical process is completed under the instruction of

Oxford (12). The goal of the procedure was to establish a

slight under-correction within the range of 1°–5° of varus

to avoid degenerative progression on the lateral

compartment (14, 15). It should be emphasized that the

medial collateral ligament (MCL) was carefully protected,

and there were no cases where an extensive MCL release

was performed.
FIGURE 1

In the coronal plane, the hip joint center point is the center of the
circular femoral head, and the center of the distal femur is the top
of the intercondylar notch. The mechanical axis of the femur
passes through these two points. The center of the proximal tibia
is the center of the tibial spines, and the center of the ankle is the
mid-width of the tibia and fibula at the level of the plafond. The
mechanical axis of the femur passes through these two points
(23). Pre-operative Noyes angle: the angle between the femoral
mechanical axis and the tibial mechanical axis. In the EOS
software, it is designated as “varus.” In this image, the Noyes angle
is 7°.
Evaluation indicators

In preparation for the UKA procedure, all patients

underwent a complete body examination using low-dose

radiation EOS imaging (EOS Imaging, Paris, France) (16). A

low-dose biplanar radiograph, EOS (EOS-Imaging, Paris,

France), is an emerging technique to assess a three-

dimensional (3D) measurement for the lower limb alignments

(17). Simultaneous biplanar x-ray imaging of the EOS system,

similar to dual fluoroscope imaging (18), provides an avenue

to accurately determine the position of the UKA components

and the lower limb extremity mechanical axis in functional

positions. As weight-bearing status significantly affects the

lower limb mechanical axis. Standing upright has been

suggested as a criterion for quantitative 3D lower limb

alignment (19). The EOS 3D matching and digitization

technique can accurately reconstruct the in-vivo 3D UKA

component position and lower limb mechanical axis in the

standing position (20).

Anteroposterior (AP) and lateral images in standing

positions were obtained and reconstructed using EOS

Stereos® software (21). Hip-Knee-Ankle standing imaging

was obtained as standard workup pre-operatively and post-

operatively. Patients were instructed to stand straight with

both knees fully extended and evenly distribute their body

weight between both limbs. Post-operative radiographs were

obtained three months after surgery for the patients who

could follow the instructions and orient themselves in the

correct position. Two assessors performed the radiographic

assessment according to the validated methods used by

Paley (22). The following angles were measured (Figures 1–

7): (1) pre-operative Noyes angle: the angle between the

femoral mechanical axis (center of the hip to the

intercondylar notch of the knee) and the tibial mechanical

axis (center of tibial spines to center of the distal tibia); (2)

Medial Proximal Tibial Angle (MPTA): the proximal medial

angle formed between the tibial mechanical axis and the
Frontiers in Surgery 03
knee joint line of the tibia in the coronal plane; (3) pre-

operative Lateral Distal Femoral Angle (LDFA): the lateral

angle formed between the femoral mechanical axis and the

knee joint line of the femur in the coronal plane; (4)

Posterior slope of the Proximal Tibia Angle (PPTA): the

angle formed between tibial plateaus and the anatomic axis

of the tibia in the sagittal plane; (5) Joint Line Converge
frontiersin.org
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FIGURE 2

Medial proximal tibial angle (MPTA): the proximal medial angle
formed between the tibial mechanical axis and the knee joint line
of the tibia in the frontal plane. In this image, the MPTA is 84.7°.

FIGURE 3

Lateral distal femoral angle (LDFA): the lateral angle formed between
the femoral mechanical axis and the knee joint line of the femur in
the frontal plane. In this image, the LDFA is 88.2°.

Ji et al. 10.3389/fsurg.2022.1054351
Angle (JLCA): the angle formed between femoral and tibial

joint orientation line in the coronal plane; (6) Fixed Flexion

Deformity (FFD): the angle formed between the femoral

mechanical axis and the tibial mechanical axis when knees

are fully extended in the sagittal plane; the mechanical axis

of femur was determined by (7) post-operative Noyes angle.

Two technicians took these measurements, everyone

measured two times, and the average value was recorded.

All cases were divided into either the corrected

mechanical axis group (varus ≤5°) or the under-corrected

mechanical axis group (varus >5°), according to the degree

of post-operative varus (as described in Noyes et al.). There
Frontiers in Surgery 04
were 875 knees in the corrected group and 127 in the

under-corrected group.
Statistical analysis

Pearson chi-square was used to analyze categorical data

such as gender and surgical side. Mann-Whitney U was

used to analyze continuous data such as age, BMI, ROM,

AKSS score, MPTA, LDFA, JLCA, and FFD. SPSS 26.0

(IBM, Chicago, United States) software was employed for

statistical analyses. Descriptive analyses were reported using
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FIGURE 4

Posterior slope of the proximal tibia angle (PPTA): the angle formed
between tibial plateaus and the anatomic axis of the tibia in the
sagittal plane. In this image, the PPTA is 80.2°.

FIGURE 5

The joint line converge angle (JLCA): the angle between the distal
femoral joint line and the proximal tibial joint line in the coronal
plane. In this image, the JLCA is 2.2°.

Ji et al. 10.3389/fsurg.2022.1054351
means and standard deviations (SD) for continuous variables

and frequencies with percentages for discrete variables.

Comparison of the reliability of two measurers’ data by

calculating Intraclass correlation. Logistic regression is used
Frontiers in Surgery 05
to estimate the association of one or more independent

(predictor) variables with a binary dependent (outcome)

variable. A P value <0.05 was considered statistically

significant.
frontiersin.org

https://doi.org/10.3389/fsurg.2022.1054351
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/


FIGURE 6

Fixed flexion deformity (FFD): in the sagittal plane, the hip joint
center is the center of the femoral head, the center of the distal
femur is the junction of the anterior 1/3 and the posterior 2/3 of t
trace of the closed femoral growth plate. The mechanical axis of
the femur passes through these two points. The proximal tibia
center is the junction of the anterior 1/5 and the posterior 4/5 of
the tibial plateaus; the ankle joint center is the midpoint of the
tibial distal plate. The mechanical axis of the tibia passes through
these two points. The angle formed between the femoral
mechanical axis and the tibial mechanical axis in the sagittal plane
when knees are fully extended. In this image, the FFD is −4°.

FIGURE 7

Post-operative noyes angle. It is designated as “varus” in EOS
software. In this image, the Noyes angle is 5°.

Ji et al. 10.3389/fsurg.2022.1054351
Results

Comparison of pre-operative data

The Noyes method was used to measure the degree of varus

in the patient. Patients were subsequently divided into two
Frontiers in Surgery 06
groups: (1) the corrected mechanical axis group (varus ≤5°)
and (2) the under-corrected mechanical axis group

(varus >5°). The demographic characteristics of the patients

and pre-operative data of the two groups are shown in Table 1.

The mean pre-operative knee varus angle of all patients

was 6.3° ± 2.8°, while the mean post-operative varus angle was

3.8° ± 1.3°. The post-operative varus significantly improved

compared to the pre-operative varus (p < 0.05).

There were 875 knees in the corrected group and 127 in the

under-corrected group. The pre-operative and post-operative

varus of the corrected group were 6.0° ± 2.7° and 3.4° ± 1.0°,

respectively. The pre-operative and post-operative varus of the

under-corrected group were 8.2° ± 2.9° and 6.4° ± 0.8°,
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TABLE 1 Demographic information and a pre-operative score of
patients.

Items Corrected
group

Under-
corrected
group

χ2/z p-
value

Knees 875 127 / /

Sex (M/F) 170/583 31/96 0.629 0.428

Side (L/R) 417/458 61/66 0.006 0.937

Age (year)
BMI
Clinical
AKSS
Function
AKSS
ROM (°)

64.7 ± 8.0
26.8 ± 3.5
56.5 ± 14.4
65.3 ± 11.5
105.7 ± 21.2

64.40 ± 7.5
26.1 ± 3.1
55.5 ± 14.2
63.6 ± 11.6
97.4 ± 16.8

−0.188
−1.855
−1.265
−1.645
−3.661

0.851
0.064
0.206
0.100
<0.001*

Values are mean ± SD.

*p < 0.05.

TABLE 2 Pre-operative measurement results of corrected and
under-corrected groups.

Items Corrected
(n = 875)

Under-
corrected
(n = 127)

z p-
value

Noyes (°) 7.0 ± 2.7 9.2 ± 2.9 −7.929 <0.001*

MPTA (°) 85.7 ± 1.4 84.2 ± 1.6 −10.412 <0.001*

LDFA (°)
JLCA (°)

88.7 ± 1.3
4.2 ± 1.9

88.7 ± 1.3
4.8 ± 1.6

−0.55
−15.828

0.957
<0.001

PPTA (°) 81.3 ± 2.4 81.3 ± 2.4 −0.365 0.715

FFD (°) 5.3 ± 5.5 7.4 ± 5.2 −4.438 <0.001*

Values are Mean ± SD.

*p < 0.05 denotes a significant difference.

Ji et al. 10.3389/fsurg.2022.1054351
respectively. Post-operative varus was significantly improved in

both groups (p < 0.05). However, no differences were observed

in gender, surgical side, age, BMI, pre-operative ROM, pre-

operative clinical AKSS, and function AKSS when comparing

the two groups, as shown in Table 1.

The pre-operative x-ray parameter measurements of the two

groups are shown in Table 2. Pre-operative Noyes angle,

MPTA, and FFD significantly differed between the two groups

(p < 0.05). The pre-operative Noyes angles of the corrected

and under-corrected groups were 7.0° ± 2.7° and 9.2° ± 2.9°,

respectively. The pre-operative MPTA in the corrected group

and the under-corrected group was 85.7° ± 1.4° and

84.2° ± 1.6°, respectively. Finally, the pre-operative FFD in the

corrected and under-corrected groups were 5.3° ± 5.5° and

7.4° ± 5.2°, respectively. No significant difference was observed

between the two groups pre-operatively in JLCA, LDFA, and

PPTA.
Logistic regression analysis of
pre-operative risk factors for varus after
UKA

Pre-operative Noyes angle >10°, LDFA >90°, MPTA <85°,

JLCA >5°, PPTA >82°, FFD >10° were determined to be

independent variables (Table 3), based on whether post-

operative varus was >5°. As we know, LDFA, MPTA, and

JLCA are essential parameters to describe the coronal features

of the knee joint, and PPTA is an important parameter to

describe the sagittal features of the knee joint. According to

Paley (22), the normal LDFA = 88°, MPTA = 87°, JLCA =

2∼3°, and PPTA = 80°. Therefore, we set the deviation ≥3°
from the normal as a variable for analysis. Noyes angle is the

most intuitive parameter to describe the coronal force line of

the knee joint. According to Goodfellow (12), AMOA is
Frontiers in Surgery 07
mostly 5∼15° varus, and the anterior cruciate ligament failure

is considered when the varus is greater than 15°; Oxford

UKA is not recommended.FFD is the most visualized

parameter to describe the sagittal force line of the knee joint.

Goodfellow suggested that if FFD > 15°, UKA was not

recommended. Therefore, we set FFD > 10° as the variable

for analysis. We first screened using a one-way chi-square test

and found that Noyes >10°, MPTA <85°and FFD >10° were

independent risk factors for postoperative varus (Table 4).

Subsequently, logistic multivariate regression analyses were

performed on these variables in the under-corrected group.

Our findings showed that the pre-operative MPTA (p < 0.001,

OR=4.522, 95% CI: 2.927–6.984), pre-operative Noyes angle

(p < 0.001, OR=3.262, 95% CI: 1.802–5.907), and pre-

operative FFD (p = 0.007, OR=1.862, 95% CI:1.182–2.934)

were independent risk factors associated with post-operative

residual (Table 5).
Discussion

Alignment of the lower extremity after UKA was crucial

(15). It has been reported that over-correction easily causes

cartilage degeneration and even OA of the lateral

compartment, which leads to the overall failure of the UKA

(24).To avoid post-operative valgus, a slight under-correction

is considered acceptable for UKA and TKA. However, severe

under-correction can increase the risk of severe polyethylene

wear and aseptic loosening (24–26). Finite elemental analysis

showed that the stress of the medial compartment would be

significantly increased due to the varus of the post-operative

mechanical axis. As this can be a point of pain for the patient

(27), it is essential to avoid severe varus after UKA. Scholars

have different views on the ideal alignment after UKA.

Goodfellow (12) and Mullaji et al. (28) believed that the

alignment of the lower extremity after unicondylar

replacement should be restored to the position before
frontiersin.org

https://doi.org/10.3389/fsurg.2022.1054351
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/


TABLE 3 The set of independent variables in multivariate analysis.

Variable Corrected Under-corrected

Case (n) Percentage (%) Cases (n) Percentage (%)

Noyes >10° Yes 79 9.1 46 36.2

No 796 90.9 81 63.8

MPTA <85° Yes 191 21.8 81 63.8

No 684 78.2 46 36.2

LDFA >90° Yes 120 13.7 19 12.5

No 755 86.3 108 87.5

JLCA >5° Yes 458 52.3 51 40.2

No 417 47.7 76 59.8

PPTA >82° Yes 474 54.2 71 55.9

No 401 45.8 56 44.1

FFD >10° Yes 162 18.5 38 29.9

No 713 81.5 89 70.1

TABLE 4 Univariable analysis of pre-operative factors associated with
varus after UKA.

Variables χ2 p-value

Noyes >10° 75.102 <0.001

MPTA <85° 98.690 <0.001

LDFA >90° 0.144 0.704

JLCA >5° 6.589 0.010

PPTA >82° 0.134 0.714

FFD >10° 157.060 <0.001

TABLE 5 Logistic regression analysis of pre-operative risk factors for
varus after UKA.

Variable B Wald OR 95% CI p-value

Noyes >10° 1.182 15.241 3.262 1.802–5.907 <0.001*

MPTA <85° 1.509 46.270 4.522 2.927–6.984 <0.001*

LDFA >90° −0.365 1.351 0.700 0.384–1.277 0.245

JLCA >5° −0.019 0.005 0.981 0.591–1.630 0.942

PPTA >82° 0.044 0.044 1.045 0.696–1.569 0.834

FFD >10° 0.622 7.183 1.862 1.182–2.934 0.007*

*Denotes statistical significance.

Ji et al. 10.3389/fsurg.2022.1054351
osteoarthritis. Kim et al. (29) found that the alignment of the

lower extremity after unicondylar replacement mainly depends

on the thickness of the polyethylene insert and has nothing to

do with the placement of the femoral condyle and tibial

prosthesis.

Contrary to the findings of Zhang et al. (30), they believed

that there was no significant relationship between the alignment

of the lower extremity and the thickness of the spacer after

unicondylar replacement. It mainly depended on the position

of the alignment of the lower extremity before surgery and

the amount of osteotomy during the operation. Based on

former findings, most surgeons advocate for a minor post-

operative residual varus in medial UKA patients (8, 15, 31).

Many studies indicate that maintaining a mild varus of

the post-operative mechanical axis could improve

survivorship (32). Furthermore, a minor varus of the
Frontiers in Surgery 08
mechanical axis does not compromise the outcome of a

medial UKA and yields better results than a neutral or close-

to-neutral mechanical axis (8).

This study is the first to report pre-operative factors that

affect varus after Oxford UKA to the best of our knowledge.

We believe a post-operative lower limb alignment of 1°-5°

varus should be pursued, as it can provide more relief for the

patient. Chatellard had the same viewpoint (15). Kim followed

up on 246 UKA cases and concluded that patients with mild

varus postoperatively had the highest prosthesis survival rate

(33). Vasso and Zuiderbaan also reported significantly higher

post-operative outcome scores (International Knee Society and

Western Ontario and McMaster Universities Osteoarthritis

Index, respectively) in patients with a post-operative varus of

4° on the mechanical axis (8, 9). Taking these studies into

account, it should be noted that minor varus alignment of <5°
frontiersin.org
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after medial UKA is considered “corrected,” while > 5° varus

alignments are categorized as “under-corrected.” In our study,

the surgical goal was to achieve a post-operative lower limb

alignment of 1°- 5° varus.

This study divided all cases into two groups by the extent of

post-operative varus. The corrected group included patients

whose residual varus was < 5°, while the under-corrected

group included patients whose residual varus were > 5°. Of the

patients participating, 12.7% had some form of varus after

UKA. There were multiple reasons for the post-operative

varus. This study analyzed the influence of pre-operative

factors on post-operative varus. By multivariate analysis, the

independent influencing factors that significantly impacted

post-operative varus were as follows: (1) pre-operative MPTA

(p < 0.001, OR=4.522, 95% CI: 2.927–6.984), (2) pre-operative

Noyes angle (p < 0.001, OR=3.262, 95% CI: 1.802–5.907) and

(3) pre-operative FFD (p = 0.007, OR=1.862, 95% CI: 1.182–

2.934). The effects of pre-operative LDFA (p = 0.146), JLCA

(p = 0.942), and pre-operative PPTA (p = 0.899) did not show

statistically significant results on the postoperative mechanical

axis.

Pre-operative Noyes >10° indicated that the patient had a

pre-operative mechanical axis with severe varus, and there

might be a certain extent of medial collateral ligament

contracture. Per Oxford’s recommendations, extensive MCL

release was avoided as much as possible to prevent serious

complications such as medial instability, post-operative

mechanical axis valgus, and even polyethylene insert

dislocation (25, 34). The contracture of the medial structure

made the filling amount of the medial gap smaller, so it was

more prone to be varus after surgery. MPTA and LDFA

reflected the extent of the extra-articular deformity as the first

step of Oxford UKA is performing an osteotomy on the tibial

side. The osteotomy of the posterior femoral condyle and the

distal femur was determined by referring to the osteotomy

plane of the tibia. Therefore, choosing the tibial osteotomy

plane is an essential step in the process of Oxford UKA. If

the MPTA was less, the proximal tibia varus was more severe,

and the tibial plateau displayed a more significant tilt. An

intersection angle of more than 10° between the medial tibia

plateau’s osteotomy line and the lateral plateau’s joint line

should be avoided when performing the tibial osteotomy, as it

is necessary to keep the orientation of the medial platform

and the lateral platform consistent. For patients whose MPTA

was severely abnormal, the angle of the osteotomy of the

medial tibial plateau should be placed in the minor varus so

that the intersection angle is not too great. The tibia remained

in minor varus inevitably. According to the results of this

study, patients with MPTA <85° may have a 4.5 times chance

of post-operative residual varus compared to patients with

MPTA ≥85° pre-operatively. The smaller MPTA was an

essential factor that led to residual varus after surgery.

Moreover, when there is a significantly lower predicted
Frontiers in Surgery 09
probability of achieving optimal post-operative alignment,

other treatments, such as high tibial osteotomy, may be

considered in this patient.

A large pre-operative FFD of >10° indicates post-operative

residual varus. The difference in pre-operative FFD between

the two groups may lead to the difference in pre-operative

ROM between the two groups. Long-term FFD may result in

the contracture of the medial posterior corner of the knee

joint, which tightens the medial extension gap, resulting in

more bone grinding in the distal femur. Pre-operative LDFA

did not broadly affect post-operative varus because the femur

of Oxford UKA refers to the orientation of the tibia joint line,

which is used to balance flexion and extension. The amount

of bone removed from the distal femur is not determined by

the anatomy of the femur itself. PPTA reflects the posterior

tibia slope angle (PTSA) and may affect tibial osteotomy, so

we included it in the study. However, pre-operative PPTA did

not affect the mechanical axis correction. So, the posterior

tibia slope does not appear to affect the post-operative

mechanical axis.

In the case of medial OA, medial JLCA convergence is often

due to medial cartilage loss. JLCA, as a parameter reflecting the

degree of intra-articular deformity, is caused by the loss of the

cartilage layer of the degenerated joint. The lower limb

mechanical axis after medial UKA is driven primarily by the

correction of the joint line deformity in these patients. This

was based on the rationale that medial UKA restores the joint

line height and improves joint congruence, as was shown by

Chatellard and Khamaisy (15, 35). By restoring the joint line

height and congruence within the knee joint. When the

medial compartment is reconstructed after UKA, the varus

caused by JLCA is eliminated, so it has no impact on the

post-operative varus.

Previously, the valgus stress view radiograph has been

utilized to ascertain the ability to correct the deformity,

ensure maintenance of the lateral joint space, and

indirectly assess the integrity of the anterior cruciate and

medial collateral ligaments. It is often discussed as an

essential criterion for determining a patient’s candidacy for

medial UKA. Proponents of the valgus stress x-ray often

state that it must demonstrate “full correctability” of the

deformity without narrowing the lateral joint space for a

patient to be considered a candidate for medial UKA (32).

However, Tyler’s research (36) showed that pre-operative

stress radiographs overstated value in patients undergoing

medial UKA since the full extent of correctability of the

varus deformity cannot be determined until after removing

osteophytes and as most deformities are not fully

correctable to neutral in UKA. The significance of our

study is to elucidate the relevant factors of lower limb

mechanical axis recovery after UKA. The recovery of

the post-operative mechanical axis can be determined from

the pre-operative x-ray film. Tashiro (32) reported that the
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post-operative lower limb mechanical axis is highly

correlated with the pre-operative valgus stress view

radiograph and moderately correlated with the orthotopic

position before and after the surgery. x-ray under varus or

valgus stress is more difficult to obtain as there is no

unified standard for measurement. All the pre-operative

measurement parameters selected in this study are

routinely obtained before UKA, so no additional measures

are needed.

According to the results of this study, if the pre-operative

varus deformity is mainly from the tibial side, the possibility

of residual varus after the operation is relatively high. For

example, patients with FFD are also more prone to post-

operative varus. Femoral deformities had no effect on

residual varus after surgery. It was likely to be corrected

post-operatively if intra-articular deformities contributed to

the varus deformity. Surgeons can predict the risk of

postoperative mechanical axis varus via routine pre-

operative measurements. Oxford does not recommend

extensive release of the MCL to avoid dislocation of the

insert. Goodfellow pointed out (12) that the medial

collateral ligament should not be released during oxford

UKA surgery to prevent postoperative valgus or dislocation

of the polyethylene insert. In our operation, we hope that

the patient’s postoperative alignment can be maintained in

varus 1–5°. Therefore, a slight adjustment of medial

support structure tension may be required in some cases

with severe medial support structure contracture and varus.

For patients with a high risk of postoperative varus,

consideration should be given to reducing the amount of

tibial osteotomy or using a thicker insert to correct varus.

If the medial tension is too large, removal of medial

osteophytes and dissection of the adhesions between the

medial support structure and the proximal tibia can be

considered for release. But try not to carry out the direct

release of the MCL body and the insertion to ensure MCL

is intact. The role of soft-tissue balancing in correcting the

lower limb mechanical axis after UKA could be assessed in

future studies. A previous TKA study reported that a

tight soft-tissue envelope in patients with a varus

deformity >10° could contribute to bony deformity (37).

Particularly for patients with less MPTA, surgeons need to

focus on the amount of osteotomy. A 1 mm spoon or the

3 mm G-type clip was used to reduce tibial osteotomy and

correct the mechanical axis by filling the medial

compartment.
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The limitation of this study is that there is no follow-up of

clinical results. However, evaluating clinical function is not the

purpose of this study. Further research analyzes the relationship

between lower limb mechanical axis changes and the patient’s

clinical function.
Data availability statement

The original contributions presented in the study are

included in the article/Supplementary Material, further

inquiries can be directed to the corresponding author/s.
Ethics statement

The studies involving human participants were reviewed

and approved by Beijing Jishuitan Hospital Institutional

Review Board. The patients/participants provided their written

informed consent to participate in this study.
Author contributions

SJ and XJ conceptualized the study; SJ, XW, and CM

collected and analyzed the data; SJ, YH,YZ and XJ interpreted

the results; SJ and CW, wrote the paper; all authors discussed

the results revised the manuscript. All authors contributed to

the article and approved the submitted version.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their

affiliated organizations, or those of the publisher, the editors

and the reviewers. Any product that may be evaluated in this

article, or claim that may be made by its manufacturer, is not

guaranteed or endorsed by the publisher.
References
1. Lim JBT, Pang HN, Tay KJD, Chia SL, Lo NN, Yeo SJ. Clinical outcomes and
patient satisfaction following revision of failed unicompartmental knee
arthroplasty to total knee arthroplasty are as good as a primary total knee
arthroplasty. Knee. (2019) 26:847–52. doi: 10.1016/j.knee.2019.04.016
frontiersin.org

https://doi.org/10.1016/j.knee.2019.04.016
https://doi.org/10.3389/fsurg.2022.1054351
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/


Ji et al. 10.3389/fsurg.2022.1054351
2. Kim MS, Koh IJ, Choi YJ, Lee JY, In Y. Differences in patient-reported
outcomes between unicompartmental and total knee arthroplasties: a propensity
score-matched analysis. J Arthroplasty. (2017) 32:1453–9. doi: 10.1016/j.arth.
2016.11.034

3. Hansen EN, Ong KL, Lau E, Kurtz SM, Lonner JH. Unicondylar knee
arthroplasty has fewer complications but higher revision rates than total knee
arthroplasty in a study of large United States databases. J Arthroplasty. (2019)
34:1617–25. doi: 10.1016/j.arth.2019.04.004

4. Casper DS, Fleischman AN, Papas PV, Grossman J, Scuderi GR, Lonner JH.
Unicompartmental knee arthroplasty provides significantly greater improvement
in function than total knee arthroplasty despite equivalent satisfaction for
isolated medial compartment osteoarthritis. J Arthroplasty. (2019) 34:1611–6.
doi: 10.1016/j.arth.2019.04.005

5. Bae JH, Kim JG, Lee SY, Lim HC, In Y. Epidemiology of bearing dislocations after
Mobile-bearing unicompartmental knee arthroplasty: multicenter analysis of 67
bearing dislocations. J Arthroplasty. (2020) 35:265–71. doi: 10.1016/j.arth.2019.08.004

6. van der List JP, Zuiderbaan HA, Pearle AD. Why do medial unicompartmental
knee arthroplasties fail today? J Arthroplasty. (2016) 31:1016–21. doi: 10.1016/j.arth.
2015.11.030

7. Ko YB, Gujarathi MR, Oh KJ. Outcome of unicompartmental knee
arthroplasty: a systematic review of comparative studies between fixed and
Mobile bearings focusing on complications. Knee Surg Relat Res. (2015)
27:141–8. doi: 10.5792/ksrr.2015.27.3.141

8. Vasso M, Del Regno C, D'Amelio A, Viggiano D, Corona K, Schiavone Panni
A. Minor varus alignment provides better results than neutral alignment in medial
UKA. Knee. (2015) 22:117–21. doi: 10.1016/j.knee.2014.12.004

9. Zuiderbaan HA, van der List JP, Chawla H, Khamaisy S, Thein R, Pearle AD.
Predictors of subjective outcome after medial unicompartmental knee
arthroplasty. J Arthroplasty. (2016) 31:1453–8. doi: 10.1016/j.arth.2015.12.038

10. Peersman G, Stuyts B, Vandenlangenbergh T, Cartier P, Fennema P. Fixed-
versus mobile-bearing UKA: a systematic review and meta-analysis. Knee Surg
Sports Traumatol Arthrosc. (2015) 23:3296–305. doi: 10.1007/s00167-014-3131-1

11. Streit MR, Streit J, Walker T, Bruckner T, Philippe Kretzer J, Ewerbeck V,
et al. Minimally invasive Oxford medial unicompartmental knee arthroplasty in
young patients. Knee Surg Sports Traumatol Arthrosc. (2017) 25:660–8. doi: 10.
1007/s00167-015-3620-x

12. Goodfellow J, O'Connor J, Pandit H, Dodd C, Murray D. Unicompartmental
arthroplasty with the Oxford knee. 2015.

13. Ewald FC. The knee society total knee arthroplasty roentgenographic
evaluation and scoring system. Clin Orthop Relat Res. (1989) 248:9–12. doi: 10.
1097/00003086-198911000-00003

14. Argenson JN, Parratte S. The unicompartmental knee: design and technical
considerations in minimizing wear. Clin Orthop Relat Res. (2006) 452:137–42.
doi: 10.1097/01.blo.0000229358.19867.60

15. Chatellard R, Sauleau V, Colmar M, Robert H, Raynaud G, Brilhault J.
Medial unicompartmental knee arthroplasty: does tibial component position
influence clinical outcomes and arthroplasty survival? Orthop Traumatol Surg
Res. (2013) 99:S219–225. doi: 10.1016/j.otsr.2013.03.004

16. McKenna C, Wade R, Faria R, Yang H, Stirk L, Gummerson N, et al. EOS
2D/3D x-ray imaging system: a systematic review and economic evaluation. Health
Technol Assess. (2012) 16:1–188. doi: 10.3310/hta16140

17. Guenoun B, Hajj FE, Biau D, Anract P, Courpied J-P. Reliability of a new
method for evaluating femoral stem positioning after total hip arthroplasty
based on stereoradiographic 3D reconstruction. J Arthroplasty. (2015) 30:141–4.
doi: 10.1016/j.arth.2014.07.033

18. Tsai T-Y, Li J-S, Wang S, Lin H, Malchau H, Li G, et al. A novel dual
fluoroscopic imaging method for determination of THA kinematics: in-vitro and
in-vivo study. J Biomech. (2013) 46:1300–4. doi: 10.1016/j.jbiomech.2013.02.010

19. Ariumi A, Sato T, Kobayashi K, Koga Y, Omori G, Minato I, et al. Three-
dimensional lower extremity alignment in the weight-bearing standing position
in healthy elderly subjects. J Orthopaedic Sci. (2010) 15:64–70. doi: 10.1007/
s00776-009-1414-z

20. Tsai TY, Dimitriou D, Hosseini A, Liow MHL, Torriani M, Li G, et al.
Assessment of accuracy and precision of 3D reconstruction of unicompartmental
Frontiers in Surgery 11
knee arthroplasty in upright position using biplanar radiography. Med Eng
Phys. (2016) 38:633–8. doi: 10.1016/j.medengphy.2016.04.002

21. Mahboub-Ahari A, Hajebrahimi S, Yusefi M, Velayati A. EOS Imaging
versus current radiography: a health technology assessment study. Med J Islam
Repub Iran. (2016) 30:331.

22. Paley D, Herzenberg JE. Principles of deformity correction: New York:
Springer; (2002)

23. Moreland JR, Bassett LW, Hanker GJ. Radiographic analysis of the axial
alignment of the lower extremity. J Bone Joint Surg Am. (1987) 69:745–9.
doi: 10.2106/00004623-198769050-00016

24. Bruni D, Iacono F, Russo A, Zaffagnini S, Marcheggiani Muccioli GM,
Bignozzi S, et al. Minimally invasive unicompartmental knee replacement:
retrospective clinical and radiographic evaluation of 83 patients. Knee Surg
Sports Traumatol Arthrosc. (2010) 18:710–7. doi: 10.1007/s00167-009-0895-9

25. Kang SW, Kim KT, Hwang YS, Park WR, Shin JK, Song MH. Is Mobile-
bearing medial unicompartmental knee arthroplasty appropriate for Asian
patients with the risk of bearing dislocation? J Arthroplasty. (2020) 35:1222–7.
doi: 10.1016/j.arth.2019.12.036

26. Mootanah R, Imhauser CW, Reisse F, Carpanen D, Walker RW, Koff MF,
et al. Development and validation of a computational model of the knee
joint for the evaluation of surgical treatments for osteoarthritis. Comput
Methods Biomech Biomed Engin. (2014) 17:1502–17. doi: 10.1080/10255842.
2014.899588

27. Simpson DJ, Price AJ, Gulati A, Murray DW, Gill HS. Elevated proximal
tibial strains following unicompartmental knee replacement–a possible cause of
pain. Med Eng Phys. (2009) 31:752–7. doi: 10.1016/j.medengphy.2009.02.004

28. Mullaji AB, Shah S, Shetty GM. Mobile-bearing medial unicompartmental
knee arthroplasty restores limb alignment comparable to that of the unaffected
contralateral limb. Acta Orthop. (2017) 88:70–4. doi: 10.1080/17453674.2016.
1253327

29. Kim SJ, Bae JH, Lim HC. Factors affecting the postoperative limb alignment
and clinical outcome after Oxford unicompartmental knee arthroplasty.
J Arthroplasty. (2012) 27:1210–5. doi: 10.1016/j.arth.2011.12.011

30. Zhang Q, Zhang Q, Guo W, Gao M, Ding R, Wang W. Risk factors of
postoperative valgus malalignment in mobile-bearing medial unicompartmental
knee arthroplasty. Arch Orthop Trauma Surg. (2019) 139:241–8. doi: 10.1007/
s00402-018-3070-2

31. van der List JP, Chawla H, Zuiderbaan HA, Pearle AD. Patients with isolated
lateral osteoarthritis: unicompartmental or total knee arthroplasty? Knee. (2016)
23:968–74. doi: 10.1016/j.knee.2016.06.007

32. Tashiro Y, Matsuda S, Okazaki K, Mizu-Uchi H, Kuwashima U, Iwamoto Y.
The coronal alignment after medial unicompartmental knee arthroplasty can be
predicted: usefulness of full-length valgus stress radiography for evaluating
correctability. Knee Surg Sports Traumatol Arthrosc. (2014) 22:3142–9. doi: 10.
1007/s00167-014-3248-2

33. Kim KT, Lee S, Kim TW, Lee JS, Boo KH. The influence of postoperative
tibiofemoral alignment on the clinical results of unicompartmental knee
arthroplasty. Knee Surg Relat Res. (2012) 24:85–90. doi: 10.5792/ksrr.2012.24.2.85

34. Pandit HG, Campi S, Hamilton TW, Dada OD, Pollalis S, Jenkins C, et al.
Five-year experience of cementless Oxford unicompartmental knee replacement.
Knee Surg Sports Traumatol Arthrosc. (2017) 25:694–702. doi: 10.1007/s00167-
015-3879-y

35. Khamaisy S, Zuiderbaan HA, van der List JP, Nam D, Pearle AD. Medial
unicompartmental knee arthroplasty improves congruence and restores joint
space width of the lateral compartment. Knee. (2016) 23:501–5. doi: 10.1016/j.
knee.2016.02.012

36. Kreitz TM, Maltenfort MG, Lonner JH. The Valgus stress radiograph does
not determine the full extent of correction of deformity prior to medial
unicompartmental knee arthroplasty. J Arthroplasty. (2015) 30:1233–6. doi: 10.
1016/j.arth.2015.02.008

37. Hohman Jr DW, Nodzo SR, Phillips M, Fitz W. The implications of
mechanical alignment on soft tissue balancing in total knee arthroplasty. Knee
Surg Sports Traumatol Arthrosc. (2015) 23:3632–6. doi: 10.1007/s00167-014-
3262-4
frontiersin.org

https://doi.org/10.1016/j.arth.2016.11.034
https://doi.org/10.1016/j.arth.2016.11.034
https://doi.org/10.1016/j.arth.2019.04.004
https://doi.org/10.1016/j.arth.2019.04.005
https://doi.org/10.1016/j.arth.2019.08.004
https://doi.org/10.1016/j.arth.2015.11.030
https://doi.org/10.1016/j.arth.2015.11.030
https://doi.org/10.5792/ksrr.2015.27.3.141
https://doi.org/10.1016/j.knee.2014.12.004
https://doi.org/10.1016/j.arth.2015.12.038
https://doi.org/10.1007/s00167-014-3131-1
https://doi.org/10.1007/s00167-015-3620-x
https://doi.org/10.1007/s00167-015-3620-x
https://doi.org/10.1097/00003086-198911000-00003
https://doi.org/10.1097/00003086-198911000-00003
https://doi.org/10.1097/01.blo.0000229358.19867.60
https://doi.org/10.1016/j.otsr.2013.03.004
https://doi.org/10.3310/hta16140
https://doi.org/10.1016/j.arth.2014.07.033
https://doi.org/10.1016/j.jbiomech.2013.02.010
https://doi.org/10.1007/s00776-009-1414-z
https://doi.org/10.1007/s00776-009-1414-z
https://doi.org/10.1016/j.medengphy.2016.04.002
https://doi.org/10.2106/00004623-198769050-00016
https://doi.org/10.1007/s00167-009-0895-9
https://doi.org/10.1016/j.arth.2019.12.036
https://doi.org/10.1080/10255842.2014.899588
https://doi.org/10.1080/10255842.2014.899588
https://doi.org/10.1016/j.medengphy.2009.02.004
https://doi.org/10.1080/17453674.2016.1253327
https://doi.org/10.1080/17453674.2016.1253327
https://doi.org/10.1016/j.arth.2011.12.011
https://doi.org/10.1007/s00402-018-3070-2
https://doi.org/10.1007/s00402-018-3070-2
https://doi.org/10.1016/j.knee.2016.06.007
https://doi.org/10.1007/s00167-014-3248-2
https://doi.org/10.1007/s00167-014-3248-2
https://doi.org/10.5792/ksrr.2012.24.2.85
https://doi.org/10.1007/s00167-015-3879-y
https://doi.org/10.1007/s00167-015-3879-y
https://doi.org/10.1016/j.knee.2016.02.012
https://doi.org/10.1016/j.knee.2016.02.012
https://doi.org/10.1016/j.arth.2015.02.008
https://doi.org/10.1016/j.arth.2015.02.008
https://doi.org/10.1007/s00167-014-3262-4
https://doi.org/10.1007/s00167-014-3262-4
https://doi.org/10.3389/fsurg.2022.1054351
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

	Pre-operative predictive factors of residual varus on the mechanical axis after Oxford unicompartmental knee arthroplasty
	Background
	Material and methods
	Data source
	Surgical procedure
	Evaluation indicators
	Statistical analysis

	Results
	Comparison of pre-operative data
	Logistic regression analysis of pre-operative risk factors for varus after UKA

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher's note
	References


