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Abstract

Background: The goal of this study was to assess short-term outcomes in single compartment osteoarthritis patients
associated with the coronal tibiofemoral subluxation (CTFS) of the knee joint after Oxford unicompartmental knee
arthroplasty (OUKA), and to establish the potential impact of the degree of CTFS on operative outcomes.

Methods: Data pertaining to 183 patients with medial compartment osteoarthritis that underwent OUKA treatment
between February 2016 and June 2019 were retrospectively analyzed. The presence and degree of severity of CTFS
were assessed using preoperative weight-bearing anteroposterior X-ray images of the knee. Patients were stratified
into three subgroups based upon the observed degree of subluxation: a normal group, a mild subluxation group
(CTFS< 0.5 cm), and a severe subluxation group (CTFS > 0.5 cm). Anterior and posterior X-ray examination of the knee
was conducted at the time of most recent follow-up for each patient to assess the degree of CTFS correction follow-
ing OUKA. Clinical function was assessed using Oxford knee score (OKS) and Hospital for Special Surgery score (HSS)
values, while pain was rated using visual-analog scale (VAS) scores. The mechanical femoral tibial angle (mFTA), range
of motion (ROM), and complication rates in these three groups were additionally compared.

Results: The average follow-up duration for patients in this study was 24.1 months (range: 17-32 months). There
were no significant differences in patient age, sex, body mass index (BMI), follow-up duration, mFTA, ROM, OKS, HSS,
or VAS scores among these three groups (P> 0.05). After surgery, OKS and HSS scores declined significantly, but no
differences in these scores were observed among groups (P> 0.05). Of these patients, 135 (73.8%) were satisfied with
the operation, of whom 80 (43.7%) were very satisfied. There were no significant differences in ROM or VAS scores
among groups (P> 0.05). The degree of CTFS for patients in the mild and severe subluxation groups was significantly
improved following OUKA relative to preoperative values such that the degree of postoperative CTFS did not differ
significantly among these groups (P> 0.05). Postoperative mFTA was also significantly improved in these three patient
subgroups (P < 0.05). No patients experienced operative complications over the follow-up period.

Conclusions: OUKA can successfully improve clinical symptoms in patients with single compartmental osteoarthritis.
Moreover, OUKA can effectively correct CTFS of the knee in these patients, and the degree of preoperative CTFS has
no impact on surgical efficacy.

Level of evidence: III.
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Introduction

Oxford unicompartmental knee arthroplasty (OUKA)
is an effective approach to treating single-compart-
mental knee osteoarthritis, and the implementation of
this procedure has increased by 30% in recent years.
Optimal patient selection is essential to ensure the suc-
cess of the OUKA procedure [1]. However, controversy
remains regarding the most appropriate indications and
contraindications for such treatment [2], particularly
with respect to the results of imaging evaluations. One
potential contraindication for OUKA is tibiofemoral
subluxation in patients with univentricular arthritis,
although this remains disputed and has not been stud-
ied in detail in prior studies. As such, there is currently
a dearth of evidence available to guide orthopedic clini-
cians in the effective identification of feasible surgical
approaches [3].

Traditional preoperative imaging analyses typically
necessitate that anteroposterior X-ray films be taken in
a weight-bearing state to detect the narrowing or disap-
pearance of the joint space of the medial compartment
and changes in bone-to-bone contact [4, 5]. X-ray films
of the weight-bearing lateral position and 90° flexion lat-
eral position have revealed that the wear site is limited
to the front and middle of the medial tibial platform,
whereas the articular cartilage behind the medial tibial
platform remains intact [6—8]. These analyses, however,
fail to account for the potential effects of the coronal
subluxation of the knee on OUKA surgical outcomes.
Such coronal subluxation is a common radiological find-
ing in knee arthritis patients, and primarily manifests as
the dislocation of the tibia relative to the femur in the
coronal plane [9, 10]. While the mechanistic basis for
this phenotype is poorly understood, it may be linked to
severe wear to the cartilage and to ligament relaxation
surrounding the knee joint [11, 12] Whether coronal sub-
luxation is a contraindication for OUKA remains a mat-
ter of active debate, with some studies having suggested
that tibiofemoral subluxation be considered an exclu-
sion criterion for OUKA, whereas others suggest that an
OUKA approach may still be applicable for these patients
provided the subluxation is “correctable” based upon the
results of preoperative pressure imaging [13, 14]. A few
prior studies have also explored the effects of differing
degrees of coronal subluxation of the knee on single con-
dylar replacement outcomes.

There is currently no general consensus regarding
the effects of tibial femoral coronal subluxation on

single condylar replacement outcomes. As such, we
conducted the present retrospective study to assess sin-
gle condylar replacement outcomes in single knee oste-
oarthritis as a function of the degree of subluxation of
the tibiofemoral joint, in an effort to guide future clini-
cal practice. For these analyses, osteoarthritis patients
were separated into three subgroups based upon the
degree of preoperative coronal tibiofemoral subluxa-
tion (CTES), as measured via X-ray imaging. The two
primary goals of this study were as follows: (1) to assess
improvements in the degree of CTES following OUKA
and (2) to establish the impact of differing degrees of
preoperative CTFS on OUKA surgical outcomes.

Materials and methods

Study design

This retrospective study was conducted at the Depart-
ment of Orthopedics in the Second Affiliated Hospital of
Shanxi Medical University. The protocol for the study has
been approved by the Ethics Committee of the Second
Affiliated Hospital of Shanxi Medical University and per-
formed in a manner consistent with the Helsinki Decla-
ration [15]. Written informed consent to participate was
obtained from all patients.

Inclusion and exclusion criteria

Patients eligible for inclusion in this study were individu-
als who were: (1) diagnosed with knee osteoarthritis and
underwent unilateral OUKA at a single hospital between
February 2016 and June 2019; (2) implanted with a third-
generation Oxford mobile platform prosthesis; (3) exhib-
ited a preoperative CTFS <1 cm; and (4) had undergone
follow-up for > 2 years.

Patients were excluded from this study if they: (1)
had a history of prior knee joint surgery; (2) exhibited
anterior cruciate ligament (ACL) dysfunction that was
detected intraoperatively and underwent simultaneous
ACL reconstruction; or (3) were lost to follow-up or had
incomplete follow-up data.

In total, 221 patients underwent OUKA treatment
for medial single-compartment osteoarthritis over this
study period. Of these patients, 183 (62 male, 121 female)
met with study inclusion criteria, with an average age of
66.1 years. Clinical data (demographic and functional
evaluation data) and radiological parameters (CTES value
and mFTA) for all patients were recorded.
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Surgical methods

The same surgeon treated all patients, all of whom were
implanted with an Oxford unicondylar prosthesis. Fol-
lowing anesthetization, patients were placed in the
supine position. This limb was placed in a unicondylar leg
frame such that the hip joint was flexed 30° with slight
abduction while the lower leg drooped naturally, allowing
the passive range of motion (ROM) of the knee to reach
110°. A tourniquet was used to disrupt blood flow to the
affected limbs.

This surgical procedure was conducted via a medial
patellar approach, with the knee joint bent 90°. A 6-7 cm
incision was made at the medial edge of the patella
extending from above the joint capsule to the tibial tuber-
cle at the distal end. The skin, subcutaneous tissue, and
joint capsule were cut in sequence. An Oxford bone
spoon of proper thickness was then selected based upon
the medial joint space and articular cartilage wear. A ver-
tical osteotomy was then performed on the intercondylar
crest of the tibia close to the inner side of the ACL and
directed towards the anterior superior iliac spine. After
carefully protecting the medial collateral ligament with
a Z-shaped retractor, a horizontal osteotomy was then
performed, and the osteotomy block was removed and
compared with a corresponding test model to determine
the sizing of the tibial prosthesis. After the knee joint was
flexed 45°, the femoral condyle was fully exposed and a
femoral cavity positioning rod was inserted in a retro-
grade manner, after which the femoral drilling guide was
installed. Drill holes along the guide were made with
4 mm and 6 mm electric drills. The femoral posterior
condyle osteotomy plate was placed in the femoral con-
dyle positioning hole to adhere to the femoral condyle
osteotomy, after which the grinding bolt was placed in
the femoral positioning hole, and the distal femur was
ground with the grinding drill.

The unicondylar prosthesis was then installed, the flex-
ion—extension gap was repeatedly tested to ensure there
was no impact or dislocation. The joint capsule was then
washed repeatedly, the joint capsule, subcutaneous tis-
sue, and skin were sutured under sufficient hemostasis,
and sterile dressings and elastic bandages were applied to
compress the wound.

Postoperative treatment

Immediately after patients had recovered from anesthe-
tization, ankle pumping and straight leg lifting training
were initiated. On day 1 postoperatively, some patients
were able to walk with the aid of a walker. Oral anti-
coagulants were routinely administered to prevent
complications such as deep venous thrombosis of the
lower limbs. After discharge, patients were instructed
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to exercise actively, such that the ROM of the knee
joint generally extended to 0—100° within 1 week. After
2 weeks, stitches were removed and full weight-bearing
walking exercises were initiated.

Result evaluations

The evaluation process was simultaneously performed
by three observers who assessed clinical and imaging
parameters. Each relevant measurement or assessment
value was performed twice by each of these observers,
with the average value then being taken for analysis.
The intraclass correlation coefficient (ICC) was used
to evaluate the interobserver reliability and retest reli-
ability. If the reliability coefficient was less than 0.4, the
reliability was considered poor, whereas if it was greater
than 0.75, the reliability was considered to be high.

Evaluation of clinical function

All clinical information for these patients was collected
by a research assistant using a predesigned case report
form at 6 weeks, 3 months, 6 months, 12 months, and
every year thereafter postoperatively. Outpatient fol-
low-up was conducted using paper questionnaires or
via telephone. Primary clinical measurement indices
for these patients included the OKS and HSS scores,
the former of which has been confirmed to be a reliable
evaluation tool following OUKA surgery and the latter
of which offers insight regarding changes in the status
of the knee joint in knee osteoarthritis patients before
and after surgical treatment. Clinical outcomes were
described in terms of the percentage of maximum pos-
sible improvement (PMPI), rather than by using a pre-
determined value of the minimum clinically important
difference (MCID) as this was considered to be limited
by the ceiling effect. A cut-off value of 30% was used to
differentiate between the number of patients who were
satisfied (PMPI>30%) and dissatisfied (PMPI<30%)
with their surgical procedure as determined based
upon HSS score results. This cut-off value has previ-
ously been used in the joint replacement literature to
indicate significant and functional improvement [16,
17]. The basic principle of this method is that it sets a
higher standard than does MCID, increasing the num-
ber of patients with unsatisfactory results and allowing
comparisons between these patients and those with
satisfactory results. During follow-up, patients graded
their operative satisfaction as follows: disappointed,
dissatisfied, neutral, satisfied, or very satisfied. ROM
values and complication rates in each patient group
were additionally recorded, and VAS scores were used
to rate the degree of knee pain before and after surgery.
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OKS scores

OKS scores consist of 12 items, each of which was ini-
tially scored from 1-5 points, with one corresponding
to the slightest and five corresponding to the most seri-
ous outcome for that item. Total scores range from 12
points (best) to 60 points (worst). Many scholars even-
tually suggested that these scores be adjusted to range
from 0—4, with a maximum possible score of 48 [18].
Accordingly, the latest revised OKS scoring system
rates each item from 0-4, with total possible scores
ranging from O (worst) to 48 (best).

HSS scores

The HSS knee score is a scoring system proposed in
1976 by the American Second Hospital of Special Sur-
gery to evaluate knee joints before and after surgical
procedures. This scale assesses six key aspects: pain,
function, ROM, muscle strength, knee flexion deform-
ity, and knee instability. The total possible HSS score
is 100 points (pain: 30 points; function: 22 points;
ROM: 18 points; muscle strength: 10 points; knee flex-
ion deformity: 10 points; knee instability: 10 points).
The results are divided into four grades: excellent (> 85
points), good (70-84 points), moderate (60-69 points),
and poor (<59 points) [19].

VAS scores

A 10 cm horizontal line was drawn on a sheet of paper,
with a 0 at one end of the line indicating no pain, and
a 10 at the other end indicating severe pain. Patients
were directed to indicate the region on this scale that
matched their degree of pain. The distance from 0 to
the marked position was then measured to determine
the VAS score for a given patient [20].

Imaging parameters

In radiographic images, the same source to image dis-
tance (SID) before and after operation was measured,
and the SID value was set to 80 cm. Subluxation of the
tibia relative to the femur was measured on preopera-
tive anterior and posterior X-ray images of the knee
joint in a weight-bearing position. Based on the degree
of subluxation, patients were separated into three
groups: normal, mild subluxation, and severe subluxa-
tion groups. At their most recent follow-up, anterior
and posterior X-ray examinations of these patients were
again performed to measure the degree of correction of
such subluxation by the OUKA procedure. In addition,
mFTA was measured using the full-length films of both
lower limbs to judge lower limb alignment before and
after surgery.
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CTFS measurement

Many approaches to measuring CTFS have been
described to date. As the diseased knee joint often
lacks clear anatomical landmarks owing to osteophyte
hyperplasia, hypertrophy, or other defects, such meas-
urements can be challenging. For this study, CTFES
measurements were made as per a protocol published
by Nam et al. [14], which avoids the influence of oste-
ophytes while also reducing the influence of the slight
rotation of X-ray film (Fig. 1).

Complications

Complications such as incision problems, neurovascu-
lar injury, periprosthetic infection, deep vein thrombosis
(DVT), pulmonary embolism (PE), knee joint stiffness,
prosthesis loosening, gasket dislocation, and osteoarthri-
tis progression in the lateral compartment were analyzed
for all patients.

Statistical analysis

SPSS 26.0 (IBM, IL, USA) was used for all statistical
analyses. Quantitative data are given as means =+ stand-
ard deviation, and were compared using paired ¢-tests,
independent-sample ¢-tests, and one-way ANOVAs
with Bonferroni correction, as appropriate. Categori-
cal data were given as absolute frequencies (1), and were
compared via Pearson’s Chi-squared test with a two-
sided a-value of 0.05, and P<0.05 as the threshold for
significance.

Fig. 1 The proximal tibial axis (solid line) is drawn through the
midpoint of the tibial crest and the midpoint of the tibial shaft
about 120 mm from the tibial articular surface, with a parallel dotted
line representing the proximal tibial axis (dotted line) being drawn
through the apex of the femoral intercondylar fossa. The distance
between these two lines is the CTFS value
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Results

Follow-up

A total of 156 patients (85%) received regular outpa-
tient follow-up, while 27 patients (15%) were followed
up via telephone because they could not accept outpa-
tient follow-up for specific reasons. The mean follow-
up time for patients in this study was 24.1 months
(24.24+4.2,23.84+5.0, and 25.0 5.0 months in the nor-
mal, mild subluxation, and severe subluxation groups,
respectively), with no significant differences among
groups (P=0.466) (Table 1). Patients in all three groups
exhibited clear improvements in osteoarthritis symp-
toms at the end of the study period.

Table 1 Patients baseline data
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General results

The normal group included 68 patients (25 male, 43
female), with an average age of 66.8+6.9 years and an
average BMI of 26.8 £4.3 kg/m? The mild subluxation
group included 85 patients (31 male, 54 female), with
an average age of 65.7+7.6 years and an average BMI of
26.8 +4.3 kg/m?. The severe subluxation group included
30 patients (6 male, 24 female), with an average age of
65.5+7.8 years and an average BMI of 26.6+4.3 kg/m>.
Baseline patient findings are presented in Table 1. There
were no differences among groups with respect to patient
age, gender, BMI, mFTA, preoperative ROM, preopera-
tive OKS scores, preoperative HSS scores, or preopera-
tive VAS scores (P> 0.05).

Parameters All patients (n=183) Normal group (n =68) Mild subluxation Severe subluxation P-value
group (n=285) group (n=30)
Age, years 66.1+74 66.8+6.9 65.74+7.6 6554+78 0592
Gender (male/female) 62/121 25/43 31/54 6/24 0214
BMI, kg/m2 2604+4.0 26.14£39 258439 266+4.3 0.609
Mechanical FTA, ° 179.7+24 179.5£21 1796+25 180.7£26 0.052
Preoperative ROM, ° 10724106 1059498 107.74+£10.7 108.7+£11.7 0.395
Preoperative OKS Score 369+44 37.1+£43 36.8+£5.0 36.7+£28 0.922
Preoperative HSS Score 5944107 5944105 5994101 577+£129 0.622
Preoperative VAS Score 64+£09 63£09 64409 6.7£09 0.111

Normal group

Mild subluxation group Severe subluxation group

190
1 P=0.660 N |
1 f T ! ormal group
- ) P=0.834 : . ' Mild subluxation group
185 ' ' oo
- ¢ Severe subluxation group
] =
1
180 x
E |
T e 1 %
- E ° 00034%0°
1754 — = W‘m
170 T T T T T T
pre-op  post-op pre-op  post-op pre-op  post-op
FTA

Fig. 2 A Preoperative anterior and posterior X-ray images of the knee exhibited “bone on bone” contact in the medial compartment, with a
measured CTFS of 0.62 cm; B Anterior and posterior X-ray images of the knee after OUKA revealed satisfactory prosthesis positioning, with a

measured CTFS of 0 cm
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Clinical results

The overall follow-up time for these patients was
24.1+4.7 months, including 24.1+4.2 months in the
normal group, 23.8+5.0 months in the mild subluxa-
tion group, and 25.0 5.0 months in the severe subluxa-
tion group. Obvious improvements in clinical function
after surgery were evident for patients in all three groups
(Fig. 2). As of most recent follow-up, the ROM of
patients in the normal, mild subluxation, and severe
subluxation groups was 121.14+10.7°, 120.84+10.4°,
and 120.6+10.3°, with no significant differences among
groups (P=0.974). OKS scores in the normal group
improved from 37.1+4.3 to 19.743.5, while those in
the mild subluxation group improved from 36.8+5.0
to 19.5+3.7, and those in the severe subluxation group
improved from 36.74+2.8 to 18.2+3.9, with no signifi-
cant differences among these groups (P=0.153). The
HSS score for patients in the mild subluxation group rose
from 59.9+10.1 to 83.9 + 7.3, while that of patients in the
severe subluxation group increased from 57.7+£12.9 to
86.2+7.8, with no significant difference between these
groups (P=0.293). Of these 183 patients, 135 (73.8%)
were satisfied with the results of their procedure, includ-
ing 80 who were very satisfied. Osteoarthritis-related
pain also markedly improved in all three groups follow-
ing OUKA treatment, with no differences in postop-
erative pain scores among the normal (1.840.8), mild
subluxation (1.8 £0.7), and severe subluxation (1.7 +-0.8)
groups (P=0.555) (Table 2).

Radiological parameters

As of the most recent follow-up, the average CTES in the
mild subluxation group was 0.27 +0.27 cm, which was a
significant improvement over the preoperative measure
(0.31£0.13 cm) (P<0.05), and the average CTES in the
severe subluxation group was 0.3240.18 cm, which was
similarly significantly improved compared with the pre-
operative value (0.63£0.10 cm) (P<0.05), with no sig-
nificant differences between groups (P=0.351) (Fig. 3).
The FTA of the three groups was improved compared
with that before operation (P<0.05), although there was
no significant difference between the groups (P=0.851)
(Fig. 4).
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Fig. 3 Comparison of CTFS between the mild subluxation group and
the severe subluxation group

Complications

No patients in this study cohort experienced significant
vascular or neurological complications during the follow-
up period, nor did any experience prosthetic loosening,
periprosthetic infection, or gasket complications such
as dislocation, or lateral compartment osteoarthritis
progression.

Discussion

The mechanistic basis for CTFS

In patients with knee osteoarthritis, the coronal sub-
luxation of the knee is often overlooked, in part because
it has rarely been discussed in prior studies. However,
such CTEFS does exist and has the potential to impact
the prognosis of patients undergoing knee arthroplasty
[21]. While the exact causes of CTFS remain uncertain,
potential mechanisms include inherent knee soft tissue
relaxation and changes in subchondral bone mass. Kha-
maisy et al. [11] determined that CTES primarily occurs
during the early stages of osteoarthritis and is unrelated
to osteoarthritic severity. This may be because inherent
soft tissue relaxation around the knee occurs during the
early stages of osteoarthritis, driving CTES development.
As osteoarthritis continues to progress, this soft tissue

Table 2 Postoperative clinical results in patient subluxation subgroups

Parameters All patients (n=183) Normal group (n =68) Mild subluxation Severe subluxation P-value
group (n=385) group (n=30)

Postoperative ROM, ° 1209+105 121.1£10.7 120.8+104 1206+103 0.974

Postoperative OKS Score 194437 19.7£35 19.5+£3.7 182439 0.153

Postoperative HSS Score 847472 850+7.0 839+73 86.2+7.8 0.293

Postoperative VAS Score 1.8+£0.8 1.8+038 1.8£0.7 1.7+£08 0.555
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may stiffen, potentially preventing further subluxation.
Other researchers have instead posited that the qual-
ity of subchondral bone plays a major role in the occur-
rence of CTFS [12]. Premature or excessive subchondral
bone hardening in the context of osteoarthritis may lead
to the conversion of loads borne by the joint into lateral
shear force on the hardened surface, ultimately inducing
CTES. When such subchondral bone hardening is insuf-
ficient, the load borne by the join can further wear away
this relatively weak surface, such that these patients may
exhibit deep wear on the tibial side without signs of lat-
eral subluxation [22, 23]. We did not explore the specific
causes of CTEFS in the present study as some patients
exhibit findings inconsistent with either model, such that
they exhibit neither the relaxation of soft tissue around
the knee joint nor any obvious subchondral bone qual-
ity abnormalities. However, as many patients exhibit the
relaxation of soft tissue around the knee in our experi-
ence, we speculate that this may be a major driver of
CTES development. CTES is particularly important
in the context of the OUKA operation, as the purpose
of OUKA is to restore the physiological tension of the
medial collateral ligament, and the impact of ligament
relaxation on OUKA warrants further exploration and
verification.

The impact of CTFS on OUKA operation outcomes

One important reason to measure and study CTES
values is that they can supplement the indications for
OUKA and guide efforts to predict patient outcomes

after this procedure. In preoperative X-ray evaluations
for patients scheduled to undergo OUKA, clinicians
primarily focus on osteophytes, the joint space, sub-
chondral sclerosis, and bone defects [24, 25]. CTEFS is
rarely mentioned as an evaluation index [26], despite
the fact that these CTFS values can be of substantial
practical significance. On the one hand, the emergence
of CTFS may be indicative of serious local cartilage
wear. Siriwanarangsun et al. [27] found that the carti-
lage degeneration of the medial surface of the lateral
femoral condyle and the tibial crest was particularly
pronounced in magnetic resonance imaging (MRI)
scans of patients with CTFS. Berger et al. [28] further
determined that the coronal subluxation of the knee
can lead to the impact of the tibial crest on the femoral
condyle, thereby accelerating the progression of knee
osteoarthritis. In the present study, we also confirmed
the existence of such a bone-on-bone impact phenom-
enon. In patients with a high degree of CTFES, cartilage
defects caused by impact at the medial edge of the lat-
eral femoral condyle were also observed, although these
defects were usually in non-weight-bearing areas and
so should not affect the OUKA procedure. CTFS may
additionally impact surgical efficacy in patients with
knee osteoarthritis. Vainionpéi et al. [29] reported for
the first time in 1981 that coronal subluxation of the
knee may adversely impact high tibial osteotomy, with
many other authors having since confirmed their find-
ings [30-32]. However, how CTES impacts prosthe-
sis survival rates following knee arthroplasty remains
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controversial. Some studies have demonstrated that
CTES can result in the excess concentration of stress
at the medial edge of the tibial prosthesis after replace-
ment, leading to negative outcomes including prosthe-
sis loosening and accelerated gasket wear [14, 26, 33].
Collier et al. [34] retrospectively assessed 245 cases of
single condylar replacement performed by the same
surgeon between 1988 and 1997, and found that there
was no significant correlation between the revision rate
of single condylar replacement and the preoperative
CTES value. In a study conducted by Nam et al. [14],
surgical results from 235 patients undergoing medial
UKA and 39 patients undergoing lateral UKA were
retrospectively analyzed, revealing no significant dif-
ferences in CTFS values between UKA patients and
healthy controls. In our study, we found that the sur-
gical efficacy of OUKA was positive in the normal and
combined CTES groups. These similar results may be
attributable to the correction of CTES after OUKA in
our two subluxation patient groups. Additionally, there
was no evidence of prosthesis loosening or gasket wear
as a concentration of postoperative stress concentrated
at the inner edge of the tibial prosthesis, which may be
related to the short-term follow-up of this study.

CTFS as a predictor of ACL function

Another reason why CTEFS warrants further study is
that it can aid in the verification of ACL functional sta-
tus during the OUKA procedure. Vanionpéd et al. [29]
reported that knee joints with CTFS>12 mm often
exhibit forward instability of the knee joint. Springer
et al. [35] assessed the relationship between ACL func-
tional status and CTFS in knee varus osteoarthritis
patients, and found that 64% of patients with ACL dys-
function exhibited CTFS >6 mm, whereas just 1 out of 41
patients exhibited ACL dysfunction among patients with
CTEFS <6 mm. These results thus suggest a strong correla-
tion between ACL dysfunction and increased CTES. The
ACL serves as a de facto “lifeline” for the OUKA proce-
dure, and good ACL function is thus a prerequisite for
this surgical approach. The primary approach to preop-
erative ACL evaluation in patients scheduled to undergo
OUKA recommended by Oxford at present is to assess
the worn portion in the standard 90° lateral position [36,
37]. These results also suggest that CTFS can be used as
an auxiliary means of assessing the functional status of
the ACL in these patients to further guide appropriate
treatment efforts. For knee osteoarthritis patients with a
large preoperative CTEFS, knee stability and ACL function
must be carefully evaluated, and the OUKA operation
should not be performed where either of these processes
is compromised.
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Strengths and limitations

One major strength of this study is that CTFS was
applied to the preoperative evaluation system for
OUKA, complementing a vacancy in this field and
providing better guidelines for the development of sig-
nificant clinical work. However, this study is subject to
certain limitations. For one, this was a retrospective
case-control study, and is thus susceptible to selection
bias. Additionally, inconsistencies in the projection
angle and body positioning of different patients and for
the same patient at pre- and postoperative time points
are likely to have introduced measurement errors.
Finally, the overall sample size of this study was rela-
tively small and the follow-up duration was relatively
short. The long-term implications of these findings
necessitate additional larger studies conducted over
an extended period to confirm and expand upon our
results.

Conclusion

OUKA represents an effective approach to treating
knee osteoarthritis, additionally enabling the correc-
tion of preoperative coronal subluxation of the knee
joint. Differences in the degree of CTES should not be
considered as a contraindication for OUKA in other-
wise eligible patients.

Abbreviations

CTFS: Coronal tibiofemoral subluxation; OUKA: Oxford unicompartmental
knee arthroplasty; OKS: Oxford knee score; HSS: The Hospital for Special
Surgery; VAS: Visual-analog scale; mFTA: Mechanical femoral tibial angle; ROM:
Range of motion; BMI: Body mass index.

Acknowledgements

The authors would like to thank all the reviewers who participated in the
review and MJEditor (www.mjeditor.com) for its linguistic assistance during
the preparation of this manuscript.

Authors’ contributions

G.X.and HW. have made substantial contributions to conception and
design of the study, written the manuscript; G.X. and H.L. searched literature,
extracted data from the collected literature, and analyzed the data; M.Z.
revised the manuscript. All authors read and approved the final manuscript.

Funding
This work was financed by preferential funding project for scientific and tech-
nological activities of overseas personnel in Shanxi Province of China.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This study was performed in a manner consistent with the Helsinki Declara-
tion. All patients accepted the proposed treatment and follow-up after receiv-
ing adequate information and gave written consent.


http://www.mjeditor.com

Xi et al. Journal of Orthopaedics and Traumatology (2022) 23:6

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 16 September 2021 Accepted: 11 January 2022
Published online: 21 January 2022

References

1.

Antoniadis A, Dimitriou D, Canciani JP, Helmy N (2019) A novel preopera-
tive scoring system for the indication of unicompartmental knee arthro-
plasty, as predictor of clinical outcome and satisfaction. Arch Orthop
Trauma Surg 139(1):113-120

Vasso M, Antoniadis A, Helmy N (2018) Update on unicompartmental
knee arthroplasty: current indications and failure modes. EFORT Open
Rev 3(8):442-448

Khamaisy S, Zuiderbaan HA, Thein R, Nawabi DH, Joskowicz L, Pearle AD
(2014) Coronal tibiofemoral subluxation: a new measurement method.
Knee 21(6):1069-1071

LiY, Mario L, Zhao XZ, Zhu ZF, Tian R, Li Z, Kong N, Wang CS, Yang P, Wang
KZ (2021) Evaluation of knee kinematics and moments during active
deep flexion activity after oxford mobile-bearing medial uka-a two-year
follow-up study. J Knee Surg. https://doi.org/10.1055/5-0040-1721033
Inui H, Taketomi S, Yamagami R, Kono K, Kawaguchi K, Nakazato K, Takagi
K, Kage T, Tanaka S (2021) Appropriate timing for evaluation of the short-
term effectiveness of unicompartmental knee arthroplasty. J Knee Surg
34(8):864-869

Jennings JM, Kleeman-Forsthuber LT, Bolognesi MP (2019) Medial
unicompartmental arthroplasty of the knee. J Am Acad Orthop Surg
27(5):166-176

Crawford DA, Berend KR, Thienpont E (2020) Unicompartmental

knee arthroplasty: US and global perspectives. Orthop Clin N Am
51(2):147-159

Ma J, Yan Y, Wang W, Wang B, Yue D, Guo W (2021) Lower early revision
rates after uncemented oxford unicompartmental knee arthroplasty
(uka) than cemented oxford uka: a meta-analysis. Orthop Traumatol Surg
Res 107(3):102802

Buyukkuscu MO, Misir A, Kirat A, Albayrak K, Sencan K, Camurcu IY, Gursu
SS (2021) Correction to: Tibiofemoral subluxation in the coronal plane
does not affect womac and koos after total knee arthroplast. Knee Surg
Sports Traumatol Arthrosc 29(3):921

Greif DN, Epstein AL, Hodgens BH, Jose J, Baraga MG (2021) Current
measurement strategies of coronal tibiofemoral subluxation: a systematic
review of literature. Am J Roentgenol 216(5):1183-1192

Khamaisy S, Zuiderbaan HA, Thein R, Gladnick BP, Pearle AD (2016)
Coronal tibiofemoral subluxation in knee osteoarthritis. Skelet Radiol
45(1):57-61

Tachibana Y, Mae T, Fujie H, Shino K, Ohori T, Yoshikawa H, Nakata K (2017)
Effect of radial meniscal tear on in situ forces of meniscus and tibiofemo-
ral relationship. Knee Surg Sports Traumatol Arthrosc 25(2):355-361
Pearle AD, Kendoff D, Stueber V, Musahl V, Repicci JA (2009) Perioperative
management of unicompartmental knee arthroplasty using the mako
robotic arm system (makoplasty). Am J Orthop (Belle Mead NJ) 38(2
Suppl):16-19

Nam D, Khamaisy S, Gladnick BP, Paul S, Pearle AD (2013) Is tibiofemo-

ral subluxation correctable in unicompartmental knee arthroplasty? J
Arthroplasty 28(9):1575-1579

Halonen JI, Erhola M, Furman E, Haahtela T, Jousilahti P, Barouki R, Berg-
man A, Billo NE, Fuller R, Haines A, Kogevinas M, Kolossa-Gehring M,
Krauze K, Lanki T, Vicente JL, Messerli P, Nieuwenhuijsen M, Paloniemi

R, Peters A, Posch KH, Timonen P, Vermeulen R, Virtanen SM, Bousquet

J, Anto JM (2020) The helsinki declaration 2020: Europe that protects.
Lancet Planet Health 4(11):e503-e505

Gilmer BB, Comstock BA, Jette JL, Warme WJ, Jackins SE, Matsen FA

(2012) The prognosis for improvement in comfort and function after the
ream-and-run arthroplasty for glenohumeral arthritis: an analysis of 176
consecutive cases. J Bone Joint Surg Am 94(14):e102

Page 9 of 9

17. Matsen FA 3rd, Russ SM, Vu PT, Hsu JE, Lucas RM, Comstock BA (2016)
What factors are predictive of patient-reported outcomes? A pro-
spective study of 337 shoulder arthroplasties. Clin Orthop Relat Res
474(11):2496-2510

18. Ingelsrud LH, Terluin B, Gromov K, Price A, Beard D, Troelsen A (2021)
Which oxford knee score level represents a satisfactory symptom state
after undergoing a total knee replacement? Acta Orthop 92(1):85-90

19. Zhang Z, ChaiW, Zhao G, Zhang Q, Chen Z, Wang X, Wei P, Zhang Y, Jin Z,
Qiu'Y (2021) Association of hss score and mechanical alignment after pri-
mary tka of patients suffering from constitutional varus knee that caused
by combined deformities: a retrospective study. Sci Rep 11(1):3130

20. Rahbek O, Jensen SL, Lind M, Penny JO, Kallemose T, Jakobsen T, Troelsen
A (2017) Inferior reliability of vas scoring compared with international
society of the knee reporting system for abstract assessment. Dan Med J
64(4):A5346

21. Schadler P, Kasparek M, Boettner F, Sgroi M, Faschingbauer M (2017)
Coronal tibiofemoral subluxation is not an independent risk factor for
total knee arthroplasty in patients with moderate to severe varus-osteo-
arthritis: data from the “osteoarthritis initiative.” Arch Orthop Trauma Surg
137(10):1423-1428

22. Ao S, Bell CP, Uquillas C, Borukhov I, Walker PS (2015) Tibiofemoral
contact mechanics following a horizontal cleavage lesion in the posterior
horn of the medial meniscus. J Orthop Res 33(4):584-590

23. Khamaisy S, Nam D, Thein R, Rivkin G, Liebergall M, Pearle A (2015) Limb
alignment, subluxation, and bone density relationship in the osteoar-
thritic varus knee. J Knee Surg 28(3):207-212

24. Seth A, Dobransky J, Albishi W, Dervin GF (2021) Mid-term evaluation of
the unicompartmental knee arthroplasty in patients with bmi of 40 or
greater. J Knee Surg 34(4):427-433

25. Tuncay |, Bilsel K, ElImadag M, Erkocak OF, Asci M, Sen C (2015) Evaluation
of mobile bearing unicompartmental knee arthroplasty, opening wedge,
and dome-type high tibial osteotomies for knee arthritis. Acta Orthop
Traumatol Turc 49(3):280-287

26. Hunter DJ, Sharma L, Skaife T (2009) Alignment and osteoarthritis of the
knee. J Bone Joint Surg Am 91(Suppl 1):85-89

27. Siriwanarangsun P, Chen KC, Finkenstaedt T, Bae WC, Statum S, Gentili A,
Chung CB (2019) Patterns of cartilage degeneration in knees with medial
tibiofemoral offset. Skelet Radiol 48(6):931-937

28. Berger RA, Della Valle CJ (2010) Unicompartmental knee arthroplasty:
indications, techniques, and results. Instr Course Lect 59:47-56

29. Vainionpaa S, Laike E, Kirves P, Tiusanen P (1981) Tibial osteotomy for
osteoarthritis of the knee. A five to ten-year follow-up study. J Bone Joint
Surg Am 63(6):938-946

30. Akamatsu Y, Ohno S, Kobayashi H, Kusayama Y, Kumagai K, Saito T (2017)
Coronal subluxation of the proximal tibia relative to the distal femur after
opening wedge high tibial osteotomy. Knee 24(1):70-75

31. Kim YT, Choi JY, Lee JK, Lee YM, Kim JI (2019) Coronal tibiofemoral
subluxation is a risk factor for postoperative overcorrection in high tibial
osteotomy. Knee 26(4):832-837

32. Ogawa H, Matsumoto K, Akiyama H (2018) Coronal tibiofemoral subluxa-
tion is correlated to correction angle in medial opening wedge high tibial
osteotomy. Knee Surg Sports Traumatol Arthrosc 26(11):3482-3490

33. Scott RD, Santore RF (1981) Unicondylar unicompartmental replacement
for osteoarthritis of the knee. J Bone Joint Surg Am 63(4):536-544

34. Collier MB, Eickmann TH, Sukezaki F, McAuley JP, Engh GA (2006) Patient,
implant, and alignment factors associated with revision of medial com-
partment unicondylar arthroplasty. J Arthroplasty 21(6 Suppl 2):108-115

35. Springer B, Waldstein W, Bechler U, Jungwirth-Weinberger A, Windhager
R, Boettner F (2021) The functional status of the acl in varus oa of the
knee: the association with varus deformity and coronal tibiofemoral
subluxation. J Arthroplasty 36(2):501-506

36. Karaca S, Erdem MN, Oztermeli A, Bal E, Gogus A, Hamzaoglu A (2019)
Clinical and radiological results of oxford phase-3 medial unicompart-
mental knee arthroplasty. Cureus 11(11):e6070

37. TyagiV, Faroog M (2017) Unicompartmental knee arthroplasty: indica-
tions, outcomes, and complications. Conn Med 81(2):87-90

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1055/s-0040-1721033

	Short-term outcomes of Oxford unicompartmental knee arthroplasty with coronal subluxation of the knee: a retrospective case–control study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 
	Level of evidence: 

	Introduction
	Materials and methods
	Study design
	Inclusion and exclusion criteria
	Surgical methods
	Postoperative treatment
	Result evaluations
	Evaluation of clinical function
	OKS scores
	HSS scores
	VAS scores
	Imaging parameters
	CTFS measurement
	Complications
	Statistical analysis

	Results
	Follow-up
	General results
	Clinical results
	Radiological parameters
	Complications

	Discussion
	The mechanistic basis for CTFS
	The impact of CTFS on OUKA operation outcomes
	CTFS as a predictor of ACL function

	Strengths and limitations
	Conclusion
	Acknowledgements
	References




