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Abstract

Background Isolated antero-medial osteoarthritis (AMOA) of the knee is a distinct pattern of arthritis. Medial arthritis of the
knee in select patients can be managed with uni-compartmental arthroplasty (UKA), with studies showing shorter hospital
stay, faster rehabilitation and reduced medical complications in the post-operative period compared to TKA. However, the
prevalence of AMOA in Indian patients with osteoarthritis of the knee is unknown. The aim of this study was to evaluate
the prevalence of AMOA in patients undergoing primary TKA for OA.

Methods This was a prospective evaluation of 2518 knees in 1936 patients who were selected for primary TKA. Pre-operative
radiographs were screened based on the Oxford UKA Radiological decision aid and diagnosis of AMOA was established.
All 2518 knees underwent primary total knee arthroplasty and cases of AMOA were confirmed intra-operatively based on
ACL integrity, lateral compartment wear and medial compartment wear pattern. Cases with AMOA arthritic wear pattern
were considered amenable for UKA if radiographs showed intact lateral joint space, intra-operatively those with intact and
functional ACL, acceptable patellofemoral wear (Outerbridge I-II).

Results We report a prevalence of 46.94% of AMOA, who were amenable for UKA. Obese patients were more likely to
have a damaged or non-functional ACL and more likely to have a high degree of wear, not amenable for UKA (p <0.05).
Non-functional ACL was associated with higher prevalence of posterior extension of arthritic wear.

Conclusion This study demonstrated a high prevalence (46.94%) of antero-medial osteoarthritis (AMOA), amenable for
UKA. Patient selection is important for improving outcomes after TKA or UKA. Future studies are warranted to compare
outcomes of both UKA and TKA in patients with isolated AMOA of the knee.
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Introduction

Antero-medial osteoarthritis (AMOA) of the knee is a dis-
tinct pattern of osteoarthritis (OA) with full thickness car-
tilage loss on the antero-medial aspect of the tibial plateau
with macroscopically normal cartilage on the posterior
aspect of the medial compartment [1-3]. Unicompartmen-
tal knee arthroplasty (UKA) is an established treatment
option, showing good outcomes in patients with isolated
medial compartment arthritis [4—11].

Studies have shown that UKA is more likely to have
excellent functional knee scores, patient satisfaction,
reduced intra-operative complications, lower readmissions
within the first year as well as reduced mortality compared
to patients undergoing total knee arthroplasty (TKA) in
patients with AMOA [10, 12, 13]. However, UKAs have
reported a revision rate approximately two to three times
higher than TKA in various national joint registries (NJR)
based studies, which has resulted in reduced use of this
technique by surgeons [14, 15]. However, analysis of the
NJR data has shown that higher UKA case volumes are
associated with better outcomes and reduced revision
rates, leading to the recommendation that surgeons should
aim for a UKA usage of at least 20% in their arthroplasty
practice [15].

There is considerable variation in the criteria used to
select patients who are ideal candidates for UKA. Based
on the original selection criteria of Kozinn and Scott [16],
only 5% of patients who required knee arthroplasty could
have been considered ideal for UKA, whereas if patients
are assessed based on Oxford criteria, UKA can be per-
formed in 20 to 50% of patients requiring arthroplasty
[17]. However, most of these studies have been done in
Caucasian patients and cohort studies have demonstrated
ethnic variations in the pattern and prevalence of osteo-
arthritis [18-20].

The primary aim of this study was to evaluate the preva-
lence of AMOA in Indian patients undergoing primary
total knee arthroplasty, who would otherwise be suitable
for UKA based on the Oxford selection criteria. Secondary
outcome was to evaluate the relationship between obesity
and its influence on arthritic wear pattern and ACL status
at the time of primary TKA.

Materials and Methods

This prospective study of patients undergoing primary
total knee arthroplasty (TKA) for varus deformity of
the knee was conducted at a single tertiary care institute
between 2017 and 2019. The study protocol was approved
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by the institute ethics committee [SS/2017/IEC 193] and
was conducted according to the principles laid out in the
declaration of Helsinki. Consent for the publication of
anonymized clinical details, radiographs and intra-oper-
ative photographs was obtained from the study subjects.

All patients undergoing primary TKA for varus deformity
of the knee joint secondary to primary osteoarthritis (OA)
were included in this study. Patients undergoing TKA for
inflammatory arthritis, post-traumatic arthritis or valgus
deformities with lateral wear were excluded from the study.
Patients with history of any previous knee surgeries, docu-
mented ligament injuries of the knee, high-tibial osteotomy
were also excluded.

A total of 2518 consecutive knees of patients who under-
went primary TKA were included in the study. This study
included a total of 1936 patients (1354 unilateral TKA
and 582 bilateral TKA). During pre-operative work-up,
all patients were routinely evaluated with the following
radiographs:

1. Standing radiographs of the knee (AP and True Lateral
views)

2. Stress radiographs of the knee at 20 degrees of knee
flexion (Varus and Valgus stress views)

3. Skyline view for the patella-femoral joint

The radiographs obtained were screened by the consultant
and a research fellow. All these patients were counseled for
and consented for total knee arthroplasty. They were addi-
tionally evaluated based on the Oxford Partial Knee Arthro-
plasty radiological decision guide [13], to identify patients
with AMOA who are eligible for partial knee replacement
surgery. Patients who presented with the AMOA diagnostic
clinical and radiological criteria (correctable varus deform-
ity of the knee with bone-on-bone medial OA, Functional
MCL, no collapse or reduction of the lateral joint space,
acceptable patellofemoral joint wear) were considered to
have AMOA and ideal patients for medial unicompartmen-
tal arthroplasty (UKA).

AMOA Pattern of arthritis was again confirmed intra-
operatively, with the following criteria, which were docu-
mented photographically.

Intact ACL

Functional ACL with linear striations or fibrillations
Normal lateral compartment cartilage

Antero-medial OA on the resected tibial biscuit
Absence of lateral patellar facet arthritis/ cartilage loss
over the trochlea

ARl .

In all cases, patellar cartilage wear was evaluated intra-
operatively and classified according to the Outerbridge clas-
sification. Patients with Outerbridge arthritic grades 0-II
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Fig. 1 Intra-operative photograph showing a normal functional ACL,
medial femoral wear, normal lateral femoral cartilage

Fig. 2 Intra-operative photograph showing a functional ACL with lin-
ear striations

were included and III-IV (fissuring in cartilage > 1.5 cm
area down to sub-chondral bone, and exposed sub-chondral
bone with bony erosion/loss, respectively) were excluded.
All patients were operated through a standard midline inci-
sion and medial parapatellar approach, under spinal anes-
thesia. After completion of the arthrotomy, the joint was
evaluated for AMOA based on intra-operative observation
of cartilage wear of all three compartments, status of the
ACL, PCL. All findings were photographed in all patients
and documented. Intra-operative details that were recorded
included the condition of anterior cruciate ligament (ACL),
posterior cruciate ligament (PCL), collateral ligaments, and
articular cartilage wear pattern on the tibial plateau.

The structural and functional assessment of ACL was
done intra-operatively using an arthroscopy ACL hook
instrument and by performing the anterior drawer test. The
status of ACL was classified as 1—normal (visually and
functionally normal ACL, (Fig. 1), 2—functional ACL
with Linear striations in the ligament substance (sugges-
tive of mild structural alterations) (Fig. 2), and 3—a grossly

Fig.4 Tibial plateau resection showing antero-medial osteoarthritis
of the knee

damaged and non-functional ACL or in some cases an absent
ACL (Fig. 3) 3, 21, 22].

During TKA bone preparation, the tibial plateau was
resected 2 mm below the involved side (medial tibial pla-
teau) and the resected tibial plateau was assessed for car-
tilage wear pattern. The resection depth was decided by
the tibial resection stylus placed at the depth of the medial
defect. The medial tibial plateau was divided into three equal
segments antero-posteriorly by two lines drawn transversely
(Figs. 4, 5, 6). Based on the location of medial tibial wear,
the pattern of OA was classified as antero-medial (AMOA,
Fig. 4), central (Fig. 5) and postero-medial OA (Fig. 6).
Cartilage wear in all the segments was assessed for Outer-
bridge grade IV changes [23]. The knee was considered to
have AMOA if there was full thickness cartilage wear in the
antero-medial and central segments (not extending to the
posterior region) and in this subset, if the ACL was intact,
the knee was considered to have been amenable for a UKA.

Statistical Methods

Prevalence rate of Isolated medial compartment arthritis of
the knee, amenable for UKA, was calculated based on the
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Fig.5 Tibial plateau resection showing antero-medial and central—
medial osteoarthritis of the knee

Fig.6 Tibial plateau resection showing postero-medial osteoarthritis
of the knee

percentage of knees with antero-medial and centro-medial
arthritis of the medial compartment along with other Oxford
Criteria. Chi-Squared test was used to assess categorical
data, such as significance of BMI (Obese versus Non-obese)
in relation to pattern of arthritic wear and ACL status. Con-
tinuous data was analyzed with paired z-test. Analysis was
conducted using the SPSS 21 Statistical package.

Results

2518 knees (1936 patients with 1354 unilateral TKA and
582 bilateral TKA). were evaluated at the time of primary
TKA for prevalence of isolated antero-medial arthritis of
the knee. In this study group, there was a female preponder-
ance with 1715 (68.1%) knees in females and 803 (31.89%)
knees in male patients. The average age was 62 years (range
48-72 years). The average BMI of all the patients was 30.5
(28 to 35). The average BMI between the genders was
comparable (31 kg/m? in females and 30 kg/m? in males,
p=1.475). The baseline characteristics of the study popula-
tion are summarized in Table 1.

@ Springer

Table 1 Baseline characteristics of study population

Parameter

Age (years), mean with SD
Gender distribution (n, %)

62.01 (8.02)

Male 803 (31.89%)

Female 1715 (68.10%)
BMI, mean (SD) 30.50 (16.75)
Operated side distribution

Left knee 1264 (50.2%)

Right knee 1254 (49.8%)
ASA classification

ASA T 758 (30.1%)

ASATI 1760 (69.9%)
Patellar wear (Outerbridge classification)

Grade 1 226 (8.90%)

Grade 2 1617 (64.2%)

Grade 3 575 (22.83%)

Grade 4 100 (3.97%)
Pre-operative deformity (in degrees) 10.8 (4.64)

Tibial Wear Pattern

Isolated anterior-medial segment cartilage wear of tibia was
documented in 760 knees (30.2%), involvement of anterior
and central segment cartilage wear was documented in 527
knees (20.9%), totally accounting for 51.1% of cases under-
going primary TKA.

Of these cases, based on Oxford criteria of isolated
antero-medial and centro-medial arthritis of the medial
compartment of the knee, Intact ACL, with acceptable
patellofemoral wear, without radiological or clinical evi-
dence of reduction in lateral compartment space, we report
a prevalence of 46.94% (1182 knees of 2518 knees) of
AMOA cases which are amenable for uni-compartmental
knee arthroplasty.

Involvement of entire medial compartment of tibial pla-
teau (extending to the posterior-medial segment) was seen
in 1231 knees (48.9%).

ACL Status

A total of 1306 knees (51.9%) had an intact functional ACL,
194 knees (7.7%) had a striated but functional ACL, and
1018 knees (40.4%) had a non-functional or absent ACL.

Correlation of Medial Tibial Plateau Wear Pattern with ACL
Status

Isolated Anterior Segment Tibial Wear Pattern and Status
of ACL 760 knees with isolated anterior-medial wear (30%)
had an intact ACL and 5.1% of knees [39] had linear stria-
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Fig. 7 Frequency distribution of patients with isolated antero-medial
segment wear of the medial tibial plateau based on ACL status
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Fig.8 Frequency distribution of patients with isolated centro-medial
segment wear of the medial tibial plateau based on ACL status

tions. Figure 7 shows the frequency distribution of patients
with isolated antero-medial segment wear of the medial
tibial plateau. Significantly high number of cases were asso-
ciated with intact and functional ACL.

Central-Medial Segment Tibial Wear Pattern and Sta-
tus of ACL 422 patients (16.75%) with central wear had
an Intact ACL, 0.03% [1] had linear striation and 105
patients (4.16%) had ruptured or damaged ACL. Figure 8
shows the frequency distribution of patients with isolated
centro-medial segment wear of the medial tibial plateau
based on ACL status. Significantly high number of cases
were associated with intact and functional ACL.

Posterior Segment Tibial Wear Pattern and Status
of ACL Majority of patients with Posterior wear 911
(36.17%) had damaged or ruptured ACL, 154 patients
(6.11%) had linear striations, 166 Patients (6.59%) with
posterior wear had an intact ACL. Figure 9 shows the
frequency distribution of patients with posterior segment
arthritic wear of the medial tibial plateau. Significantly
high number of cases were associated with ruptured and
non-functional ACL.

1000
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200 ORUPTURED/DAMAGED
0 e

POSTERIOR (1231)

Fig.9 Frequency distribution of patients with posterior segment
arthritic wear of the medial tibial plateau, based on ACL status

Table 2 Evaluation of relationship between BMI and ACL status

ACL status BMI< 30 BMI> =30 P-Value*
Intact 806 (32%) 500 (19.8%)  <0.05
Linear striations, functional 84 (3.33%) 110 (4.36%) <0.05
Damaged, non-functional 466 (18.5%) 552 (21.9%) <0.05

*Chi-squared test

Table 3 Evaluation of relationship between BMI and arthritic wear
pattern

Tibial wear BMI< 30 BMI> =30 P-Value*
Anterior 550 (21.8%) 210 8.33%) <0.05
Central 298 (11.83%) 229 (9.09%) >0.05
Posterior 508 (20.17%) 723 (28.71%) <0.05

*Chi-squared test

Correlation of BMI with ACL Status and Tibial Wear

We observed that obese patients (BMI > 30) had statistically
significant prevalence of ACL deficiency and postero-medial
tibial wear. The relation between BMI and ACL status is
summarized in Table 2. The relation between BMI and pat-
tern of arthritic wear of the study population is summarized
in Table 3.

Discussion

The results of the present study indicate that more than 45%
of Indian patients undergoing primary total knee arthroplasty
for varus osteoarthritis may be suitable for a medial uni-
compartmental knee arthroplasty based on oxford criteria.
In 1991 White et al. [1] characterized a special pheno-
type of OA known as antero-medial osteoarthritis (AMOA)
which is full thickness cartilage erosion on the antero-medial
tibial plateau and this term has entered the general con-
course on varus knee deformity [24]. AMOA has become
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Table 4 Comparison of published literature reports on the status of
the anterior cruciate ligament in patients with osteoarthritis of the
knee

Authors Year Number Intact ACL Country
1 Cloutier [26] 1983 110 43% Canada
2 Harman et al. [18] 1998 143 75% UsS
3 Jenny and Jenny [27] 1998 125 25% France
4 Cloutier et al. [28] 1999 204 80% Canada
5 Lee et al. [29] 2005 107 71% UsS
6 Mullaji et al. [21] 2008 100 66% Asian
7 Trompeter et al. [30] 2009 50 56% UK
8 Dodd et al. [31] 2010 50 86% UK
9 Douglas et al. [32] 2010 95 88% UK
10 Johnson et al. [33] 2012 200 78% USA
11 TIshiietal. [34] 2016 247 94% Japan
12 Present study 2017 2518 51% India

the primary indication for medial uni-compartmental knee
arthroplasty (UKA) [25]. In this uniform pattern of involve-
ment, also described as antero-medial Gonarthrosis (AMG),
the posterior part of the tibia exhibits a normal full thickness
cartilage and, full thickness loss of cartilage anteromedially
with an intact ACL [1-3, 25].

An intact ACL is the prerequisite for mobile bearing
medial UKR [25]. Numerous papers have reported varying
percentages of intactness of ACL in osteoarthritis, which
ranges from as low as 25% to as high as 94% in different
ethnicities [18, 21, 26-34]. The findings of these studies
are summarized in Table 4. One study conducted in Asian
population demonstrated 66% ACL intact knees; however,
it included only 100 knees [21]. To our knowledge, this is
the only study that has evaluated ACL functional status and
its influence on the pattern of arthritis.

It has been shown with the integrity of ACL the predomi-
nant part of tibia affected is antero-medial. ACL tears have
the biomechanical effect of increasing antero-posterior lax-
ity by allowing the tibia to sublux anteriorly on the femur.
With ACL disruption wear progresses to affect the postero-
medial compartment [25]. Mullaji et al. [21] reported 85% of
ACL intact knees demonstrated AMOA in their evaluation
of arthritic wear patterns in Asian population. To the best
of our knowledge the present study (2518 knees) is the larg-
est series documenting the ACL integrity and arthritic wear
pattern in Asian population.

Mullaji et al. [21] found that there was no correlation
between BMI and the observed wear pattern on the tibial
plateau (correlation coefficient = 0.19) which is in contrast
with our study which found a statistically significant relation
of BMI and Age on wear pattern and ACL status.

Patello-femoral joint OA being a contraindication for
mobile bearing UKA is still questionable. Anterior knee
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pain does not negatively influence early functional outcomes
of a mobile bearing UKA [35, 36]. Hamilton et al. [37] in
their 10-year functional outcome study concluded that even
severe medial patellofemoral osteoarthritis can be overlooked
whereas lateral PFJ compromises on stair descent.

Dissatisfaction rates following TKA have been reported
to be between 14 and 39% [38—40]. In one study involving
patients undergoing staged knee arthroplasty, more than 50%
subjects who had one knee operated with UKA and the oppo-
site knee operated with TKA, favored the UKA over TKA
[41].

With a high prevalence of AMOA in Indian patients under-
going TKA, we believe that this subset of patients will benefit
from UKA. However, the success of partial knee arthroplasty
is dependent on surgeon experience and UKA volumes in their
centers. Future studies are needed to compare functional out-
comes and clinical benefits of UKA over TKA in patients with
AMOA to establish a clinical practice guideline.

Conclusion

This study demonstrated a high prevalence (46.94%) of antero-
medial osteoarthritis (AMOA) in Indian patients undergoing
primary total knee arthroplasty. These patients were all amena-
ble to medial unicompartmental arthroplasty based on Oxford
selection criteria. Patient selection is important for improving
outcomes after TKA or UKA. Future studies are warranted
to compare outcomes of both UKA and TKA in patients with
isolated AMOA of the knee.
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