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Aims

Treatment of end-stage anteromedial osteoarthritis (AMOA) of the knee is commonly ap-
proached using one of two surgical strategies: medial unicompartmental knee arthroplasty
(UKA) or total knee arthroplasty (TKA). In this study we aim to investigate if there is any
difference in outcome for patients undergoing UKA or TKA, when treated by high-volume
surgeons, in high-volume centres, using two different clinical guidelines. The two strategies
are ‘UKA whenever possible’ vs TKA for all patients with AMOA.

Methods

A total of 501 consecutive AMOA patients (301 UKA) operated on between 2013 to 2016 in
two high-volume centres were included. Centre One employed clinical guidelines for the
treatment of AMOA allowing either UKA or TKA, but encouraged UKA wherever possible.
Centre Two used clinical guidelines that treated all patients with a TKA, regardless of wear
pattern. TKA patients were included if they had isolated AMOA on preoperative radiographs.
Data were collected from both centres’ local databases. The primary outcome measure was
change in Oxford Knee Score (OKS), and the proportion of patients achieving the patient-
acceptable symptom state (PASS) at one-year follow-up. The data were 1:1 propensity score
matched before regression models were used to investigate potential differences.

Results

The matched cohort included 400 patients (mean age 67 years (SD 9.55), 213 (53%) female,
mean BMI 30.2 kg/m?, 337 (84%) American Society of Anesthesiologists grade < 2). We
found a mean adjusted difference in change score of 3.02 points (95% confidence interval
(CI) 1.41 to 4.63; p < 0.001) and a significantly larger likeliness of achieving PASS (odds ratio
3.67 (95% CI 1.73 to 8.45); p = 0.001) both in favour of the UKA strategy.

Conclusion

UKA and TKA are both good strategies for treating end-stage AMOA. However, when com-
pared as a strategy, UKA achieved larger improvements in OKS, and were more likely to reach
the PASS value at one-year follow-up.
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Introduction
Historically, end-stage osteoarthritis has
been treated with total knee arthroplasty

(UKAs) are commonly used in the treatment
of end-stage isolated anteromedial osteo-
arthritis (AMOA). Medial UKAs have been

(TKA)." However, up to 47% of all patients
undergoing TKA may be eligible for a
smaller partial knee arthroplasty.?* Medial
unicompartmental  knee  arthroplasties

demonstrated to have lower mortality rates,
shorter hospital admissions, lower infection
rates, and fewer complications, and to be
more cost-effective compared to TKA in the
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treatment of AMOA.*7 Despite the apparent advantages
of UKA, it only accounts for 8.9% of all primary knee
arthroplasties performed annually in the UK.2 This low
usage rate is commonly motivated by the higher revision
rates reported in the national registries.” However, studies
from the last decade report significantly lower revision
rates, and the largest randomized controlled trial (RCT)
comparting UKA and TKA, the TOPKAT study,” found no
difference in revision rates between the two strategies
during a five-year follow-up on 528 patients across 27
sites in the UK.” Furthermore, using only revision rates
to compare UKA and TKA as a standalone indicator for
performance is problematic, as the threshold for revision
is lower for UKA and revision indications differ between
the two treatment strategies.*'>" Therefore, multifacto-
rial evaluation of outcome, including patient-reported
outcome measures (PROM), is gaining popularity both in
the literature and in the shared decision-making process
of clinical practice.™' This approach is supported by the
introduction of joint-specific PROMs into several large
registries internationally.8101

Previous registry studies have shown a small but signif-
icant difference between TKA and UKA when measuring
the knee-specific PROM Oxford Knee Score (OKS).'¢"”
However, most registries do not have the option of
selecting TKA patients based on preoperative wear
pattern, making a direct cohort comparison of patients
with isolated AMOA impossible.

Understanding of optimal patient selection, and
surgical strategy for UKA, has greatly improved in the last
decade, with greater focus on the importance of optimal
clinical strategy including correct patient selection,
high UKA usage rates, and high surgical UKA volume
being the most influential factors in UKA outcome.'2181?
Thus, we designed a study which ensured patients were
treated in the optimal set-up for the treatment strategy
they received. The optimal set-up was achieved by only
including UKA patients from an experienced UKA centre,
which adheres to the current recommendations for UKA
practice. TKA patients were included from a centre which
did not offer UKA as a treatment option. In this way,
we aimed to limit the risk of UKAs being done by low
UKA usage or low-volume surgeons, and to ensure the
healthcare professionals included in the treatment were
familiar with the treatment trajectory for the two strate-
gies respectively.

We hypothesized that ensuring an optimal set-up for
each strategy and limiting our TKA population to poten-
tial UKA candidates, namely patients with AMOA, would
result in a larger than previously reported difference
between the two strategies. Thus, we aimed to compare
UKA and TKA as surgical strategies when performed in
their optimal set-up using one-year change in OKS, and
the likeliness of achieving a patient-acceptable symptom
state (PASS), as outcomes. To that end, we designed

a two-centre retrospective cohort study where UKA
surgeries were performed in patients selected using
current guidelines at a high-usage centre by a high-usage
surgeon and TKA surgeries were performed at a different
high-volume centre which did not offer UKA surgeries.

Methods

Participants and study design. We designed a two-centre
retrospective cohort study with 501 (301 UKA) consec-
utive knee arthroplasty patients with AMOA. Patients
with available preoperative and one-year follow-up OKS
were included. TKA patients who did not have AMOA on
preoperative radiographs, or had an incomplete set of ra-
diographs, were excluded.?*?' Further TKA patients who
had simultaneous bilateral surgery or previous corrective
surgery were excluded to ensure comparable pathology
and recovery potential with the UKA patients.?? UKA pa-
tients had primary AMOA as primary surgical indication,
and were all treated at centre one, with the cementless
Oxford Phase 3 Partial Knee (Zimmer Biomet, UK) from
4 April 2014 to 22 November 2016. The included TKA
patients with AMOA on their preoperative radiographs
were treated at centre two from 1 January 2013 to 1 April
2016. UKA was implemented at centre two in mid-2016,
by which time the inclusion of TKAs was concluded. The
number of participants was controlled by how many pa-
tients were available in the databases. The start date of in-
clusion was determined by the date of implementation of
the databases. Patient demographics included age, sex,
BMI, American Society of Anesthesiologists (ASA) grade,?
and date of surgery.

Source of data. Our outcome measure was the 12-item
knee-specific OKS questionnaire, containing two do-
mains: knee pain and function. Questions have five re-
sponse options and are combined into a single score,
ranging from O to 48, with high scores indicating low
disability.?#?> The score was used to calculate the PASS,
a dichotomous interpretive tool designed to evaluate the
patients’ satisfaction with their symptoms at the specific
timepoint after the intervention.?¢?” The OKS question-
naire was collected in connection to the preoperative
consultation with the help of a research assistant, and at
one-year follow-up by email or letter. If the patient did
not reply to the questionnaire within an acceptable time-
frame, a research assistant called the patient and, if need-
ed, helped the patient fill out the questionnaire. Data
were collected from the two centres’ local databases,
both with 100% completeness. Response rates for OKS in
the databases were 87.9% for UKAs and 44.6% for TKAs
across the inclusion period.

Statistical analysis. Propensity scores were calculated us-
ing logistic regression to estimate the effect of the con-
founders (preoperative OKS, age, sex, ASA grade, and
BMI) on our exposure and combine these into individual
scores. The scores were then used to match a UKA patient
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TKAs operated from January 2013 to April 2016
with a complete set of pre-operative OKS
(n=663)

Excluded:

Linked to pre-operative

Incomplete set of radiographs = 12
Previous corrective surgery = 6
Revision =6

Bilateral =4

Side mismatch = 3

Missing data =8

(n=39)

A

radiographs
(n=663)

TKAs with a complete set of pre-operative
radiographs
(n=624)

Not AMOA on pre-operative
radiographs
(n=424)

TKAs with AMOA on radiographs and a
complete set and pre-operative and 1 year
post-operative OKS
(n =200)

Fig. 1
Flowchart of selection process for total knee arthroplasty (TKA) patients. AMOA, anteromedial osteoarthritis; OKS, Oxford Knee Score.

Table 1. Unmatched and propensity score matched demographic data for patients having medial unicompartmental knee arthroplasty or total knee
arthroplasty. Changes in total knee arthroplasty from unmatched to matched data are due to multiple imputation of missing values.

Unmatched 1:1 Matched
Variable UKA TKA SMD UKA TKA SMD
Total, n 301 200 200 200
Mean age at surgery, yrs (SD) 67.92 (9.94) 67.47 (9.21) 0.047 66.83 (9.87) 67.47 (9.21) 0.066
Mean BMI, kg/m? (SD) 30.72 (5.65) 30.13 (5.34) 0.107 30.37 (5.72) 30.10 (5.33) 0.047
Mean preoperative OKS (SD) 20.99 (7.33) 23.55(6.53) 0.369 23.36 (6.87) 23.55(6.53) 0.029
Female sex, n (%) 147 (48.8) 107 (53.5) 0.093 106 (53.0) 107 (53.5) 0.010
ASA grade, n (%) 0.154 0.045
1 45 (15.0) 34 (17.4) 37 (18.5) 35(17.5)
2 221 (73.4) 130 (66.7) 133 (66.5) 132 (66.0)
3 35 (11.6) 31 (15.9) 30 (15.0) 33 (16.5)

ASA, American Society of Anesthesiologists; OKS, Oxford Knee Score; SD, standard deviation; SMD, standardized mean difference; TKA, total knee

arthroplasty; UKA, unicompartmental knee arthroplasty.

to each TKA patient using the nearest neighbour method.
Standardized mean differences of 0.1 or less were used as
a measure of sufficient balances between the treatment
groups.?® The difference in date of surgery between the
groups was tested using an unpaired t-test.

Missing values that were missing at random were
handled by multiple imputation (multivariate imputa-
tion by chained equations).?? Continuous variables were
imputed using predictive mean matching, and cate-
gorical variables were imputed by polytomous logistic
regression. Sensitivity analysis was done using plots.

Change in OKS from preoperative to one-year
follow-up (change score) was the primary outcome. The
secondary outcome — likeliness of achieving PASS — was
calculated from the one-year follow-up OKS. The differ-
ence in change score between UKA and TKA was inves-
tigated by multiple linear regression. To adjust for any
residual imbalance between treatment groups’ age, sex,
BMI, and ASA grade, they were included as covariates in
the regression. Logistic regression was used to compare
the proportion of patients achieving PASS after one year,
adjusting for age, sex, BMI, ASA grade, and preoperative
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Table II. Mean change in Oxford Knee Score at one-year follow-up for unicompartmental knee arthroplasty and total knee arthroplasty, and difference

using multiple linear regression.

Measure UKA TKA

Adjusted mean difference p-value

Mean OKS change (95% Cl) 18.57 (10.42 to 26.72)

15.55(7.39 to 23.71)

3.02 (1.41 to 4.63) <0.001

Cl, confidence interval; OKS, Oxford Knee Score; TKA, total knee arthroplasty; UKA, unicompartmental knee arthroplasty.
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Fig. 2
Density plot showing the distribution of preoperative and one-year postoperative Oxford Knee Score stratified by surgical strategy. TKA, total knee

arthroplasty; UKA, unicompartmental knee arthroplasty.

OKS. To control the interaction between preoperative
OKS and one-year follow-up OKS, we stratified preop-
erative OKS into three by range. The PASS at one-year
follow-up was defined as an OKS above 30.3° Any p-values
less than 0.05 were considered statistically significant. All
statistics were calculated using R v. 3.6.0 (R Foundation
for Statistical Computing, Austria).

Ethics. The study was approved by the Danish Data
Protection Agency under journal number VD-2018-313.

Results

A total of 663 TKAs had OKS available; after radiolog-
ical analysis, 200 TKAs had AMOA and were included in
the study (Figure 1). All patients receiving a UKA were
included. The cohort prior to matching composed of 501
(301 UKA) patients with mean age of 68 years (standard
deviation (SD) 9.58) and 254 (51%) female. After propen-
sity score matching, the cohort included 400 (200 UKA),
mean age of 67 years, 213 (53%) female, mean BMI of
30.23 kg/m?, and 337 (66%) had ASA grade 2 (Table I).
Prior to matching, the cohort had significant differences
for preoperative OKS, and TKAs were performed 0.4 years
earlier than UKA (95% confidence interval (Cl) 0.3 to 0.5;

p < 0.001, unpaired t-test). Two patients had missing
ASA grade, and four had no BMI value; the values were
missing at random and were imputed. Preoperative OKS
and one-year postoperative OKS displayed a small posi-
tive interaction. Matching provided sufficient balance
between the treatment groups (Table I).

At one-year follow-up, the UKA strategy achieved a
statistically significant higher change score with a mean
adjusted difference of 3.02 points (95% Cl 1.41 to 4.63; p
< 0.001, multiple linear regression) (Table II).

The distribution of OKS at one-year follow-up suggests
UKA patients experience larger improvements in pain
and function than TKA patients (Figure 2), which was
supported by the significantly larger proportion of UKA
patients achieving the PASS with odds ratio (OR) of 3.67
(95% Cl 1.73 to 8.45; p = 0.001, logistic regression) in
favour of the UKA strategy (Table III).

Discussion

As expected, both strategies show substantial improve-
ments at one-year follow-up. The UKA strategy achieved
larger improvements than the TKA strategy, with a
mean adjusted difference in change score of 3.02 points
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Table IIl. Proportion of patients achieving the patient-acceptable symptom state (Oxford Knee Score > 30.18) at one-year follow-up, and associated logistic

regression results.

Measure UKA

TKA

OR (95% CI) p-value

Achieved PASS, n (%) 189 (94.5)

169 (84.5)

3.67 (1.73 to 8.45) 0.001

Cl, confidence interval; OR, odds ratio; PASS, patient-acceptable symptom state; TKA, total knee arthroplasty; UKA, unicompartmental knee arthroplasty.

(Table 1) and with 94.5% (n = 189) compared to 84.5%
(n = 169) of patients achieving the PASS (Table IlI),
supporting the distributions seen in Figure 2.

While the difference in change score presented in this
study is statistically significant, the clinical significance is
less certain. The minimal important difference (MID) for
OKS was calculated by Beard et al*' to be 4.84 points, a
value representing the score difference needed for it to be
clinically significant. Though our difference in OKS was
larger than previously published series, the difference
was still less than the MID.”"”32 However, using the MID
on these data at group level is not considered optimal,
as pointed out by Copay et al.** An alternative inter-
pretation is to look at the change score for each group
and determine if the two groups on average experience
different levels of improvement. The tool categorized
the change in OKS on a group level into four categories:
‘much worse’, ‘about the same’, ‘a little better’, ‘much
better’ based on a transition anchor question.** Our UKA
group had a mean adjusted change of 18.57 (10.42 to
26.72) and the TKA patients had one of 15.55 (7.39 to
23.71). The cut-off between ‘a little better’ and ‘much
better’ is 16 points, thus the UKA patients on a group
level reported greater improvements than TKA patients
one year after their surgery. That being said, the tool is
developed on six months’ follow-up, making us cautious
when forming any conclusions based on this.

Regarding the secondary outcome, PASS was chosen
as a means of interpreting the final score. It gave us an
opportunity to illustrate the difference between the two
strategies in a way that was easier to interpret and convey
to patients as part of the shared decision-making process.
Communicating a three-point difference in mean adjusted
change score to a patient can be challenging, but commu-
nicating an OR and a percentage is much more intuitive
to patients and other non-healthcare professionals. We
found, on average, the UKA strategy gave more than three
times higher odds of reaching an acceptable symptom
state at one-year follow-up (Table Ill). The use of inter-
pretative tools for PROMs is relatively new, and a field
where methods for determining these values is still being
discussed, which means that we need to be careful when
disregarding or praising results based on these tools. We
have used the current best guess for MID, PASS, and the
chance score categories. However, it is likely that these
will change over the coming years.

The focus of this study was on the overall strategy
implemented in the treatment of these patients. The

design ensured that the entire course of treatment for
each strategy took place under the optimal conditions.
This was achieved, as both strategies were delivered by
high-volume surgeons working in high-volume centres,
using well-established protocols. Perioperative and post-
operative care was delivered at each centre by experi-
enced multidisciplinary teams familiar with their centres’
strategy, limiting the risk of bias.' This strategy in the
design of our study eliminated the key external factors
previously reported for UKA outcome, such as patient
selection, the surgeons’ UKA usage, and surgical UKA
volume.™?

We chose to include TKA patients based on the wear
pattern on preoperative radiographs to ensure patients
had similar pathology in both strategy groups. This
allowed us to limit the confounding effect of extent and
pattern of OA, which has been demonstrated to affect the
outcome of arthroplasty.? Outside of RCT data, we have
been unable to find other studies that control for the OA
wear pattern. To further limit confounding factors, we
propensity score-matched the cohorts, and included
available confounders as covariates in the regression
analysis, thereby adjusting for any residual preoperative
differences between the two groups.

The two-centre design made this study vulnerable
to confounding by different thresholds for indication
for surgery, and selection bias. To address this, we only
included TKA patients with AMOA, and propensity score-
matched the groups.® Despite this, we expect there to
be residual selection bias from the design on known and
unknown confounders. The study relied on pre-existing
data from the two centres’ databases. The database at the
TKA centre had a low response rate in 2013 of 30% during
the implementation of the database, corresponding to
38 included TKA patients (19%). The low response rate
made attrition bias a concern, but the high level of simi-
larity in the non-responder analysis supported the deci-
sion to include the 2013 patients (Supplementary Table
i).

Further to this, the two centres employed multiple
outcome measures for their arthroplasty patients,
however they only had one PROM in common, limiting
us to the OKS. Both groups had a mean BMI over 30;
previous studies have demonstrated that patients under-
going TKA with a BMI over 30 have an increased risk
of complications, but will see improvements similar to
those seen in non-obese patients.’¢*” Lastly, we only
had one-year follow-up available, and were unable to
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evaluate long-term differences. However, the magnitude
of difference we found between the strategies exceeds
those previously reported in the literature for this stage of
recovery.'®'” We argue this increased difference is due to
the UKA strategy being carried out with strict adherence
to the current recommendations for UKA practice.

In conclusion, this study demonstrated good one-year
outcomes for the treatment of AMOA with both TKA and
UKA. We found a more significant difference than previ-
ously reported in terms of change of OKS score between
UKA and TKA, in favour of using a strategy of UKA where
possible over TKA for all AMOA patients. Additionally,
patients from the UKA strategy group were significantly
more likely to achieve the PASS at one-year follow-up.
We argue these findings further contextualize this area
of research, and are presented in a way that aids further
understanding of the potential of the UKA strategy.

A Take home message

’) - Unicompartmental knee arthroplasty (UKA) as a strategy
provides more than three times higher odds for patients of
reaching the patient-acceptable symptom state one year after

surgery compared to total knee arthroplasty (TKA).

- Ensuring UKA surgery is performed in its optimal set-up produces

larger differences between UKA and TKA in Oxford Knee Scores.

Supplementary material

Non-responder analysis of all total knee arthro-
e plasty patients from centre one during the inclu-
sion period.
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