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Abstract

Background This retrospective study compares the outcomes of unicompartmental medial fixed-bearing knee
arthroplasty (mUKA), involving a cemented metal-backed (MB) or an all-polyethylene (AP) tibial component,
performed in obese patients with a body mass index (BMI) > 30 with a follow-up of at least 5 years.

Methods The institutional database was mined for primary mUKAs involving an MB or an AP tibial component
(MB-UKA and AP-UKA groups, respectively) performed from January 2015 to August 2019. Patient demographics and
patient-reported outcome measures (PROMs) were compared and a propensity score matching (PSM) analysis (1:1)
using multiple variables was conducted.

Results PSM analysis yielded 37 pairs of obese MB-UKA and AP-UKA patients. At 5 years, the Knee Society Function
Score (KSFS) was 75.1 £ 10.6 in MB-UKA and 79.4 + 9.1 in AP-UKA patients (p=0.029), and the Oxford Knee Score (OKS)
was 38.1 = 4.4 in MB-UKA and 40.6 £ 5.7 in AP-UKA patients (p=0.011).

Conclusion At five-year follow-up, in a matched group of obese MB-UKA and AP-UKA patients, the AP-UKA group
achieved better KSFSs and OKSs. Both the AP and the MB tibial components were able to bring about a significant
improvement of the most widely used PROM:s.
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Background

Medial unicompartmental knee arthroplasty (mUKA) is
an effective, well-established treatment for medial symp-
tomatic knee osteoarthritis (KOA) [1, 2].

Compared to total knee arthroplasty (TKA), it provides
better clinical results with less perioperative morbid-
ity, enabling a faster return to activity. For these reasons,
mUKA may be considered as the gold standard treatment
for medial unicompartmental KOA, except in individuals
where extra-articular deformity may require osteotomy
[3] and in those where it is otherwise contraindicated.

Currently debated potential contraindications for
UKA are a high body mass index (BMI) and obesity,
since the abnormal stress on the tibial component typi-
cal of these patients may lead to premature implant
failure [4]. Indeed, some works have reported higher
10-year implant revision rates in obese patients [5, 6]
and a marked, though not statistically significant trend
toward an increased revision rate in obese cohorts [7-9].
However, a mounting body of evidence indicates that
obesity should no longer be viewed as a contraindica-
tion for UKA [10], since several systematic reviews and
meta-analyses have failed to identify significant changes
in revision rates and have in fact described comparable
or even higher functional scores and satisfaction in obese
compared to non-obese patients [7, 9, 11].

Fixed-bearing UKA involves an all-polyethylene (AP)
or a metal backed (MB) tibial component. AP trays are
less expensive and involve more conservative bone cuts,
which is critical in case of revision to primary TKA. On
the other hand, MB tibial components reduce stress at
the bone interface [12] and enable the surgeon to adjust
implant thickness during surgery.

Several studies have demonstrated that AP tibial com-
ponents may be associated with greater stress on the
bone interface, hence greater pain and inferior results,
including the potential early mobilization of the tibial
component [12, 13].

However, while most of the evidence for increased tib-
ial strain stems from finite-element models and preclini-
cal studies, the clinical results are far from conclusive [12,
14]. In fact, some works have reported excellent func-
tional results with AP as well as MB implants [15-18],
whereas other studies, including a meta-analysis, have
failed to demonstrate significant functional differences
between them [19, 20].

In addition, a similar pattern of tibial stress distribu-
tion has been described with radiostereometric analysis
(RSA) in both implant types in TKA patients, and dif-
ferent authors have found that AP TKA is not inferior to
MB TKA, even in patients with a BMI up to 37.5 [21, 22].

We recently reported that patients implanted with
an MB component had less tibial pain, a higher forgot-
ten joint score (FJS), and a better static sway and gait
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symmetry pattern, whereas we failed to demonstrate a
significant difference in functional outcomes and patient-
reported outcomes (PROMs) in comparison to AP
implants [23].

Common sense suggests that the higher tibial strain
associated with an elevated BMI could worsen the poten-
tial downsides of AP implants, thus increasing the differ-
ence with MB implants in terms of clinical and functional
results.

The tested hypothesis was that, among individuals with
a high BMI, functional results and PROMs would be sig-
nificantly worse in AP compared to MB patients. To do
this, health-related quality of life (HRQL) scores, func-
tional outcomes and tibial pain in a selected population
of obese mUKA patients implanted with an AP or an MB
tibial component were compared.

Methods

Patient selection

Following the approval of the Institutional Review Board,
the database of the Orthopedic Department at IRCCS
Sacro Cuore-Don Calabria Hospital (Negrar di Valpo-
licella, Italy) was mined to identify all primary mUKA
procedures conducted between January 2015 and August
2019. All patients provided their signed informed con-
sent. There was a total number of 794 procedures, 429
involving an MB and 365 involving an AP tibial compo-
nent. The data collected included patient demographics,
medical history, American Society of Anesthesiologists
(ASA) classification, intra- and perioperative data, any
revision surgeries and clinical outcomes. Any major com-
plications, including deep infection, pulmonary embo-
lism, and aseptic loosening, were also examined. The
indication for surgery was isolated medial unicompart-
mental symptomatic KOA grades III to IV according to
the Kellgren-Lawrence classification [24]. Further inclu-
sion criteria were a stable knee with an intact/competent
anterior cruciate ligament, an intact or mildly degener-
ated but asymptomatic lateral compartment, patellofem-
oral changes no greater than grade II or III according to
the Albach classification [25]. After physical examination
and radiographic evaluation, these patients were deemed
to be suitable for mUKA [26]. All mUKA procedures
were performed to treat primary medial unicompartmen-
tal KOA refractory to at least 3 months of conservative
treatment and still involving significant pain. Conserva-
tive treatments included physical therapy, intra-articular
cortisone, rest, and anti-inflammatory medications.

Eligibility criteria

The inclusion criteria were: all mUKA patients who had
a BMI>30 and a follow-up of at least 5 years. The exclu-
sion criteria were: Patients with primary bicompartmen-
tal or lateral KOA, a history of complex knee surgery (i.e.
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high tibial osteotomy), significant trauma, inflammatory
arthropathy, a diagnosis of KOA secondary to osteochon-
dritis dissecans or avascular necrosis, symptomatic KOA
in the contralateral knee, bilateral surgery and any revi-
sion surgery were excluded.

Surgical procedures and rehabilitation

The surgical procedure and the rehabilitation proto-
col were conducted following our previous report [23].
Briefly, all patients received a Link-Sled® fixed-bearing
prosthesis (LINK, Hamburg, Germany) with a cemented
MB or AP tibial component under spinal anesthesia com-
bined with an adductor canal nerve block. The proce-
dures were performed with an 8—10 cm limited medial
midvastus approach, using a Link-Mytus® ART (Ana-
tomic Reconstruction Technique) Instrument Set (LINK)
for minimally invasive surgery. The “Cartier technique”
[27] was use for the tibial cut, in order to perform a
kinematic alignment for UKA [28]. Femoral preparation
involved the removal of the cartilage layer using a saw
blade. Then the femoral component was aligned accord-
ing to condylar anatomy to achieve an equal flexion-
extension gap. A tourniquet and a suction drain were
used in all cases. Patients began rehabilitation on the first
postoperative day. The protocol involved a 90-minute
supervised session each morning and a 90-minute unsu-
pervised session in the afternoon.

Clinical assessment

Patients were assessed preoperatively and then at 1 and 5
years using six major PROMs: the Knee Society Function
Score (KSES); the Knee Society Knee Score (KSKS) [29],
the Oxford Knee Score (OKS) [30, 31], and the Physical
Component Summary (PCS) of the Short Form 36 Health
Survey (SF-36), which evaluates HRQL [32]. The FJS-12
[33] and the medial proximal tibial pain were assessed
at 5 years. Key preoperative and postoperative vari-
ables were gathered by trained Orthopedic Department
personnel.

Statistical analysis

Microsoft Excel (2019) in combination with the XLSTAT
resource pack (XLSTAT- Premium, Addinsoft, New York,
NY, USA) was used for data analysis. Propensity Score
Matching (PSM) analysis, a statistical tool frequently
adopted to minimize selection bias in retrospective
cohort studies [3, 20, 34—42], was employed to reduce
differences in known covariates between the cohorts [43].
The two groups were matched 1:1 by an optimal match-
ing algorithm [44], identifying matched samples with the
smallest average absolute distance across all matched
pairs, to mitigate the impact of potential confounding
variables [45]. Patients were deemed suitable for match-
ing if the propensity score discrepancy between groups
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was within a caliper radius of 0.01 x sigma. The vari-
ables used for matching included gender, ASA (categori-
cal data), age, BMI, preoperative KSFS, KSKS, OKS, and
PCS score (quantitative data). The Shapiro—Wilk test was
used to assess whether the data were normally distrib-
uted. Mean values were calculated for all continuous data
and used percentage frequencies for all quantitative vari-
ables. The standardized mean difference (SMD) was cal-
culated for all continuous and categorical variables used
for matching. A non-parametric test, the Mann—Whit-
ney test for unpaired data and the Wilcoxon signed-rank
test for paired data were applied to evaluate significant
differences in continuous variables between the groups.
Categorical data were analyzed using the chi-square
test. Differences between the MB and AP groups were
assessed by comparing the SMD before and after match-
ing. A group was regarded as imbalanced for a given
covariate if the SMD exceeded 0.2 [43]. A significance
level of p<0.05 was considered statistically significant.

Results

Patient recruitment

A total of 794 mUKA procedures with 5-year follow-up
were found in the institutional database, 429 involving
an MB component (MB-UKAs) and 365 involving an AP
component (AP-UKAs). Application of the inclusion and
exclusion criteria left 63 MB-UKAs and 58 AP-UKAs.
PSM analysis successfully matched 37 patient pairs for
gender, age, BMI, ASA class and preoperative KSEFS,
KSKS, OKS and PCS score. No patient died or was lost
to follow-up. The patient selection flow-chart is reported
in Fig. 1.

Patient demographic

Before PSM the two groups (63 MB-UKA and 58 AP-
UKA patients) showed imbalances in age, gender and
BMI (SMD=0.37, 0.27 and 0.30, respectively), which for
the BMI was statistically significant (p=0.02). PSM analy-
sis, where patients were matched 1:1, yielded two similar
cohorts with an SMD <0.2 for all variables and no signifi-
cant difference in preoperative, perioperative, or postop-
erative features (Table 1).

Results syntheses
In terms of preoperative data, the two groups were bal-
anced both before and after PSM. Their preoperative
KSFSs, KSKSs, OKSs and PCS scores were not signifi-
cantly different either before or after matching (Table 2).
After matching, the 5-year KSFS was 75.1 £ 10.6 (range
44-85) in MB-UKA and 79.4 + 9.1 (range 57-92) in AP-
UKA patients (p=0.029); the 5-year OKS was 38.1 +0.4.4
(range, 29-45) in MB-UKA and 40.6 + 5.7 (range, 26—45)
in AP-UKA group (p=0.011). The differences were both
significant.
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794 medial UKAs from 2015 to 2019

* MB tibial component, n=429
* AP tibial component, n=365

(2024) 19:651

Page 4 of 8

Excluded: 673 medial UKAs

A 4

121 medial UKAs elegible for PSM analysis

* MB tibial component, n=63
* AP tibial component, n=58

according to the exclusion criteria

1:1 PSM analysis based on gender, age, BMI, ASA class and
preoperative KSFSs, KSKSs, OKSs and PCS scores

y

37 mUKA successfully matched pairs

Fig. 1 Patient selection flow-chart

Table 1 Comparison of preoperative demographics of the medial UKA patients

Variable

Pre-matching cohort

Post-matching cohort

MB-UKA group

AP-UKA group  P-value SMD

MB-UKA group  AP-UKA group P-value SMD

Age, mean (SD) [range]

Gender
Male (%)
Fermale (%)
BMI (kg/m2), mean (SD) [range]

ASA class (%)
ASA1
ASA 2
ASA 3

65.1 (9.1)
[47-87]

21(33.3)
42 (66.7)

33132
[30.1-44.8]

10 (15.9)
46 (73.0)
7(11.1)

61.8 (8.9)
[48-89]

27 (46.6)
31(534)

34.0(2.8)
[30.5-41.3]

8(13.8)
46 (79.3)
4(6.9)

0.093

0.659

0.37

0.27

0.30

0.06

0.15
0.15

633 (7.8) 63.7 (8.5) 0928  0.049
[48-82] [49-89)]

17 (45.9) 17 (45.9) 1 0
20 (54.1) 20 (54.1)

334(32) 33522 0562 0036

[30.1-44.7] (30.7-41.3]

4(108) 4(108) 0923 0
29 (784) 30 (81.1) 0067
4(108) 381 0.092

UKA: unicompartmental knee arthroplasty; MB-UKA: patients implanted with the metal-backed component; AP-UKA: patients implanted with the all-polyethylene
component; SD: standard deviation; BMI: body mass index; ASA: American Society of Anesthesiology; SMD: standardized mean difference
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Table 2 Preoperative and follow-up clinical and functional data and outcomes

Variable and time of Pre-matching cohort

Post-matching cohort

the assessment MB-UKA group AP-UKA group P-value SMD MB-UKA group  AP-UKA group P-value SMD
KSKS
Preoperative, mean 41.2(15.5) 43.7 (17.5) 0.254 0.15 41.8(15.2) 41.1(17.3) 0.889 0.04
(SD) [rangel] [20-62] [15-75] [20-62] [17-70]
12 months, mean 824 (13.6) 85.0(12.8) 0.168 80.6 (14.4) 83.2(13.0) 0418
(SD) [range] [51-96] [59-98] [51-96] [60-98]
5 years, mean (SD) 84.9(8.9) 86.4 (6.0) 0.704 85.0 (8.8) 86.1 (6.4) 0.780
[range] [60-94] [66-94] [60-94] [67-93]
KSFS
Preoperative, mean 539 (16.5) 55.2(16.1) 0.337 0.08 538(16.4) 53.2(16.6) 0.904 0.04
(SD) [range] [32-75] [29-78] [32-74] [29-78]
12 months, mean 739(11.5) 769 (11.2) 0.059 72.7 (11.7) 754 (10.5) 0.156
(SD) [range] [51-89] [48-89] [51-89] [57-89]
5 years, mean (SD) 76.1(11.3) 79.2 (9.1) 0.044 75.1(10.6) 794 (9.1) 0.029
[range] [44-87] [57-89] [44-85] [57-92]
PCS
Preoperative, mean 33.0(10.6) 319(11.8) 0912 0.10 335(10.7) 335(123) 0.952 0.01
(SD) [rangel] [7-46] [9-51] [7-46) [9-51]
12 months, mean 47.8(9.5) 459(7.7) 0.039 479(8.1) 459 (7.0) 0.208
(SD) [range] [20-65] [27-61] [28-65] [28-53]
5 years, mean (SD) 496 (5.8) 516 (64) 0.013 49.8 (5.5) 514(6.8) 0.099
[range] [29-60] [32-62] [29-60] [32-61]
OKS
Preoperative, mean 24.3(8.0) 23.6(8.0) 0497 0.10 24.2 (8.8) 24.0(7.8) 0.984 0.02
(SD) [range] [7-38] (8-39] [7-38] [9-37]
12 months, mean 33.2(7.0) 35.6(5.5) 0.016 33.7(7.2) 35.1(54) 0.363
(SD) [rangel] [20-48] [23-48] [20-48] [24-46]
5 years, mean (SD) 37.7 (43) 40.1(5.1) 0.003 38.1 (44) 40.6 (5.7) 0.011
[range] [28-45] [26-48] [29-45] [26-48]
FJS-12
5 years, mean (SD) 75.0 (21.1) 77.8(22.4) 0.184 73.9(19.9) 76.2 (23.5) 0.549
[range] [28-99] [28-100] [28-96] [28-99]
Tibial pain at 5 years
Present (%) 14 (22.22) 22(37.9) 0.059 9(243) 11(9.7) 0.601
Absent (%) 49 (77.78) 36 (62.1) 28(75.7) 26 (70.3)

UKA: unicompartmental knee arthroplasty; MB-UKA: patients implanted with the metal-backed component; AP-UKA: patients implanted with the all-polyethylene
component; SMD: standardized mean difference; KSKS: Knee Society Knee Score; SD: standard deviation; KSFS: Knee Society Function Score; PCS: Physical

Component Summary; OKS: Oxford Knee Score; FJS-12: Forgotten Joint Score-12

After matching, the 5-year FJS-12 and tibial pain were
not significantly different. The FJS-12 was 73.9%£19.9
(range 28-96) in MB-UKA and 76.2%23.5 (range 28-99)
in AP-UKA subjects (p=0.549), whereas tibial pain was
reported by 24.3% of MB-UKA and 29.7% of AP-UKA
patients (p=0.601). None of the patients included in the
analysis experienced major complications or surgical
revisions during follow-up.

Discussion

Our main finding is that, in an obese population, the
5-year KSFS and OKS were higher in mUKA patients
with an AP tibial component than in those wearing an
MB component. There were no other significant differ-
ences in the functional outcomes and PROMs analyzed.
To the best of our knowledge, this is the first study using

PSM analysis to highlight differences in PROMs and tib-
ial pain in obese patients subjected to UKA with an AP or
an MB tibial component.

Obesity is a known risk factor for osteoarthritis, con-
tributing to an increased demand for total and partial
knee replacement compared to normal weight status. Yet,
at variance with Kozinn and Scott’s criteria [46], there is
a growing belief that obesity is not an absolute contra-
indication for UKA [47, 48]. It is therefore imperative
to establish which implant is more appropriate for these
patients. Moreover, it is clearly essential to characterize
more precisely the expected functional outcomes of this
population. PROMs, which have become a cornerstone
of UKA outcome assessment, can provide just such infor-
mation. According to our study, both obese AP-UKA and
MB-UKA patients showed significant improvement in all
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the clinical and functional outcomes considered. More-
over, their scores were actually comparable to those of
a population with a lower mean BMI. These data con-
firm that UKA can effectively addresses KOA also in
obese patients. Our findings are consistent with those of
Cavaignac et al., who found no significant differences in
KSKSs and KSFSs between obese and non-obese patients
at an average follow-up of 11.6 years [49].

The higher KSFSs and OKSs found in our AP-UKA
group compared to the MB-UKA counterpart contrast
with a recent publication by Foo et al. [50] who reviewed
347 obese UKA patients, 237 with an AP and 185 with
an MB tibial component. Although the authors found no
significant differences in functional outcomes, subgroup
analysis highlighted that at two years the more severely
obese patients (BMI>35) wearing an AP tibial compo-
nent had a worse KSKS, whereas the KSES, OKS and PCS
score were not significantly different [50]. It is reasonable
to surmise that these differences may partly be due to dif-
ferent implant design and follow-up duration. Moreover,
their populations were non-homogeneous for gender, as
significantly more females were included in the AP sub-
group, whereas in our study gender and BMI were among
the variables matched 1:1.

Our study is the first to compare the FJS in obese AP-
UKA and MB-UKA patients. Interestingly our FJS-12
values are comparable to those of other works that did
not address specifically an obese population. Indeed,
Kim et al. compared the FJS scores of 100 TKAs and
100 UKAs at a mean follow-up of two years, reporting a
score of 67.3 = 19.8 in UKA patients [51]. In a similarly
designed study, Zuiderbaan et al. found an FJS score of
73.9+22.8 at one year and of 74.3+24.8 at two years in a
cohort 65 UKA patients, with no statistically significant
difference between them [52].

Unlike the data reported for TKA by Singh et al. [53],
Dai et al. recently found that the preoperative BMI nega-
tively correlated with the FJS, suggesting that patients
with more severe obesity had greater difficulty forgetting
their UKA. The authors reported an FJS of 78.9 + 12.5 in
188 UKA patients with a maximum follow-up of three
years. The relationship between FJS and BMI was sig-
nificant both one and three years after surgery, where an
increase in FJS was associated with a BMI< 30.

With regard to tibial pain, even though the AP-UKA
patients described a higher incidence of pain, the differ-
ence between the groups was not significant. This finding
is apparently in contrast with our previous data regard-
ing the general population [23]. Although the authors are
unable to explain this difference, it might be due to the
higher bone mineral density that obese patients display in
several bone districts, including the proximal tibia [54],
which may reduce the difference in strain patterns.
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The main strength of our study is that all procedures
were performed by highly experienced surgeons work-
ing at a specialized, high-volume knee prosthetic surgery
center. All patients followed identical preoperative and
postoperative protocols, underwent the same implanta-
tion procedure with the same prosthetic implant, and fol-
lowed a standardized rehabilitation protocol. Moreover,
despite its retrospective design, selection bias and poten-
tial confounders were minimized by PSM. The study is
not without limitations. First of all, patient number and
follow-up duration. Secondly, patients’ BMI was recorded
only before surgery, so any postoperative weight changes
are not considered, unlike other studies [55, 56]. Weight
may well have affected patient outcomes, even though the
literature indicates that most hip or knee surgery patients
largely maintain their weight [57, 58]. In addition, the ret-
rospective nature of the analysis is in itself a limitation,
despite the application of PSM analysis.

Our findings do not bear out our working hypothesis,
since tibial pain and PROMs were not worse in obese
mUKA patients wearing an AP compared to an MB tib-
ial component. Rather, our data demonstrate that both
components afford similar improvement in functional
outcomes, even though the AP-UKA group had better
KSFSs and OKSs. The authors feeling is that our find-
ings can help characterize a population where AP UKA
can be performed most cost-effectively. Larger sample
sizes and longer follow-ups are needed to establish which
tibial component provides better clinical results in obese
patients in the short, medium, and long term.

Conclusions

At five-year follow-up, in a matched group of obese MB-
UKA and AP-UKA patients, the AP group achieved bet-
ter KSFSs and OKSs. Despite this difference, both the
AP and the MB tibial components were able to bring
about a significant improvement of the most widely used
PROMs.

Abbreviations

mUKA Medial unicompartmental knee arthroplasty
MB Metal-backed

AP All-polyethylene

BMI Body mass index

PROMs  Patient-reported outcome measures
PSM Propensity score matching

KSFS Knee Society Functional Score

OKS Oxford Knee Society

KOA Osteoarthritis of the knee

TKA Total knee arthroplasty

RSA Radiostereometric analysis

FJS-12 Forgotten Joint Score-12

HRQL Health-related quality of life

ASA American Society of Anesthesiologists
KSKS Knee Society Knee Score

PCS Physical component summary

SF Short Form

SMD Standardized mean difference

SD Standard deviation
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