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Background: Ceramic coatings in total knee arthroplasty have been introduced with the aim of reducing
wear and consequently improving implant survivorship. We studied both cobalt-chrome-molybdenum
(CoCrMo) and ceramic-coated components of the same implant design from a single center to identify
if the ceramic coating conferred any benefit.
Methods: We identified 1641 Columbus total knee arthroplasties (Aesculap AG, Tüttlingen, Germany)
from a prospectively collected arthroplasty database. Of the 1641, 983 were traditional CoCrMo, and 659
had the Columbus AS ceramic coating. Patients were followed up until death or revision of any
component of the implant.
Results: There was no significant difference in implant survivorship using any component revision as the
endpoint between the CoCrMo femur and the ceramic-coated femur at a mean of 9.2 years in follow-up
for the CoCrMo group and 5 years for the ceramic-coated group (37 vs 14; P ¼ .76). There was no
reduction in the proportion of components revised for aseptic loosening or infection in the ceramic-
coated cohort.
Conclusions: At midterm follow-up, there was no benefit in terms of implant survivorship in using a
ceramic coating.
© 2022 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
Background

The demand for total knee arthroplasty (TKA) continues to rise
worldwide. Within the United States, exponential growth has been
predicted, suggesting 1.9 million TKAs per annum in 2030, an in-
crease in annual TKA volume by 182% from 2014 to 2030 [1]. Pro-
jections within Australia anticipate an exponential increase in the
annual incidence of TKA by 276% by 2030 [2].

With increasing demand for primary total knee replacement
and with aseptic loosening and polyethylene wear representing
some of the most common causes for a revision surgery,
rgeon, City Hospital Campus,

Inc. on behalf of The American As
y-nc-nd/4.0/).
manufacturers have looked to improve biomaterial designs to
optimize implant longevity [3].

This has led to the refinement of more traditional bearing sur-
faces such as cobalt-chrome-molybdenum (CoCrMo) TKAs and
ultra-high-molecular-weight polyethylene with respect to their
manufacturing, surface chemistry, and topography in improving
tribological performance [4,5]. Alternative component bearing
surfaces, most commonly in the form of implant coatings, have also
been introduced. These have generally taken the form of a ceramic
coating such as oxidized zirconium; Oxinium (Smith & Nephew,
Memphis, TN) or zirconium nitride as in the case of the Columbus
AS prosthesis (Aesculap AG, Tüttlingen, Germany).

The Columbus AS system was developed with a view to
improving implant longevity. It uses a 7-layer coating encasing the
implant to achieve a ceramic coating of zirconium nitride [6]. The
purported benefits of this coating are increased material hardness
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and a significant reduction in wear in vitro in comparison to the
more standardized CoCrMo prosthesis [7]. A theoretical secondary
gain from the ceramic coating is that it provides additional benefits
of reduction in metal ion release and increased resistance to ma-
terial ablation [8].

We report on a case series from a single institution, evaluating
whether the purported benefits of ceramic coating the bearing
surface are identified in comparison to the more traditional
CoCrMo articulation.
Methods

Using a prospectively maintained arthroplasty database which
is curated by a dedicated audit clerk, we identified all patients
receiving a Columbus TKA prosthesis with either a CoCrMo femur
or a ceramic-coated (AS) femur, with a minimum follow-up period
of 2 years. These operations were performed by or under the su-
pervision of 1 of the senior authors (P.J.R.) who routinely used this
implant as his primary TKA prosthesis. A medial parapatellar
approach was used in all cases, and a cruciate-retaining, fixed-
bearing prosthesis was implanted using a computer navigation
software program (Orthopilot; B. Braun, Sheffield, UK). All com-
ponents were cemented using Palacos R þ G high-viscosity cement
(Hereaus medical GmbH, Wehrheim, Germany). The patella was
resurfaced in 623 of 659 (94.5%) AS and 547 of 982 (55.7%) CoCrMo
TKAs. All patients received intravenous antibiotics and thrombo-
prophylaxis as per local guidelines. Patients were mobilized full
weight bearing on the day of surgery or the day after and dis-
charged home once they were able to mobilize and climb stairs
independently. Patients were routinely followed up in clinic at 6
weeks and 6 months, with x-ray performed at 6 months and then
again at 7 years postoperatively and 3 yearly thereafter. Where
patients had not returned to clinic, they were contacted by tele-
phone to confirm their outcome.

Patient demographics are shown in Table 1.
The primary outcomewas revision for any cause. Revisions were

identified using our own database, a review of patient records and
radiographs, and cross-checked with the National Joint Registry
(NJR) to capture any revisions performed at other institutions.

Secondary analysis included the proportion revised for aseptic
loosening and infection, as these are theoretical advantages of a
ceramic-coated TKA. These secondary outcomes were chosen
because aseptic loosening may be a result of polyethylene wear and
osteolysis [9], and there is some emerging evidence in total hip
Table 1
Patient demographics.

Patient demographics CoCrMo TKA
(n ¼ 982)

Ceramic-coated
TKA (n ¼ 659)

P value

Age 70.8 68.3 <.0001a

Male 566 (57.63%) 272 (41.27%) <.0001b

ASA grade
ASA 1 111 (11.29%) 20 (%3.04) <.0001b

ASA 2 659 (67.03%) 502 (76.17%) <.0002b

ASA 3 211 (21.46%) 137 (20.79%) .74b

ASA 4 1 (0.22%) 0 -
Diagnosis
Osteoarthritis 969 (98.7%) 649 (98.48%) .70b

Rheumatoid/inflammatory
arthritis

11 (1.12%) 7 (1.06%) .90b

Other 2 (0.18%) 3 (0.46%) .30b

BMI (kg/m2) 30.8 32.3 <.0001a

BMI, body mass index; ASA, American Society of Anaesthesiologists.
a t-test (2-tailed).
b Chi-square test.
arthroplasty that ceramic bearings may be protective against
prosthetic joint infection [10].

Statistics

A survivorship analysis was performed using Graphpad Prism
8.3.0 (Graphpad Software, San Diego, CA). Annual implant survi-
vorship was estimated using the Kaplan-Meier methodology. The
survival analysis curves were compared using a Wilcoxon test.

Results

During the study period, 192 patients died (148 in the CrCoMo
group and 44 in the ceramic-coated group). These patients were
included up until the time of death, and their medical records were
examined, or, if necessary, their general practitioner was contacted
to ensure that their implant had not been revised. Where patients
could not be contacted, they were included until their last follow-
up contact and again their general practitioner was contacted,
and the NJR was checked to ensure the implant had not been
revised. The mean follow-up duration was 5 years (range 1.0-9.3)
for the ceramic-coated group and 9.2 years (range 2.1-17.2) for the
CoCrMo group.

Revision for any cause

Thirty-seven CoCrMo TKAs were revised (3.77%), at a mean of
5.3 years (range 0.1-12.7) postoperatively. Fourteen ceramic-coated
TKAs were revised (2.12%), at a mean of 3.6 years (range 0.9-7.3)
postoperatively. Figure 1 shows the Kaplan-Meier survivorship
with revision as the endpoint. This difference was not statistically
significant (P ¼ .76). Indications for revision can be seen in Table 2.
Table 3 shows the number at risk, numbrer revised and survivor-
ship at each time point.

Kaplan-Meier implant survivorship curves are shown in
Figure 1, with revision for any cause as the endpoint.

Discussion

We present a series of both metal and ceramic-coated implants
of the same design, from a single center. At short-term to midterm
follow-up, we have not identified significant benefits of the ceramic
coating in terms of implant survivorship or reduction in the pro-
portion of implants revised for wear or loosening (Fig. 2). There are
of course limitations with this study, particularly the retrospective
nature of the analysis, the lack of randomization, and the difference
in the length of follow-up. We also accept that the lack of patient-
reported outcome measures is a major limitation.

The theoretical advantages of ceramic coatings are their inert
biochemical properties, reduced friction coefficient, and increased
hardness. In vitro analysis using simulators has demonstrated
improved TKAwear properties using ceramic-coated implants with
Figure 1. Kaplan-Meier implant survivorship analysis using revision as the endpoint
(P ¼ .76, Wilcoxon test).



Table 2
Indications for revision in each cohort.

Indication CoCrMo TKA AS TKA

Infection 14 (38%) 4 (29%)
Aseptic loosening 7 (20%) 6 (43%)
Instability 10 (27%) 3 (21%)
Malalignment 0 1 (7%)
Polyethylene wear 1 (2.5%) 0
Patellar resurfacing 2 (5%) 0
Stiffness 2 (5%) 0
Pain 1 (2.5%) 0
Total 37 (100%) 14 (100%)
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polyethylene bearings [11e13]. However, conflicting survivorship
data for such implants in comparison to their equivocal CoCrMo
counterparts exist within the literature [14]. In vivo case-matched
retrieval analysis of such ceramic bearing surfaces has demon-
strated both reductions in ultra-high-molecular-weight poly-
ethylene wear of the tibial inserts as well as reduced damage to
femoral components themselves in direct comparison to their
CoCrMo femoral counterparts [15]. While theoretically, and as
demonstrated by implant retrieval, such coatings can reduce ma-
terial wear, this has not yet been shown to have a clinical benefit in
case comparisons. Vertullo et al. assessed 12-year survivorship of
the Genesis II (Smith & Nephew, Memphis, TN) femoral compo-
nents in both standard CoCrMo and Oxinium coating [14]. There
was no identifiable reduction in revision rate of the Oxinium-
coated Genesis II femoral component when compared to the
CoCrMo Genesis II component for all-cause revision (loosening/
lysis, infection) [14].

Registry data can also be used to examine survivorship of
ceramic-coated andmetal implants of the same design [3]. The 18th
edition of the NJR demonstrates ceramic coatings are associated
with significantly higher revision rates at 15 years of follow-up;
3.49% for the CoCrMo Genesis II vs 7.67% for the Oxinium Genesis
II. There are significant differences in numbers between the
CoCrMo and Oxinium cohorts; 85,534 vs 11,362, respectively. The
median age and interquartile range (IQR) are also significantly
different between the 2 cohorts, with the Oxinium Genesis II hav-
ing a median age of 59 (IQR 54-65) vs 71 (IQR 65-77) for the
CoCrMo Genesis II [3]. This age variation may account for the
reduced survivorship of the Oxinium Genesis II as younger patients
are known to have an increased revision rate following primary
TKA [16].

There are few outcome studies of the Columbus AS TKA pub-
lished, but the 18th NJR demonstrates little early survivorship
benefit for the Columbus AS in comparison to the Columbus
CoCrMo prosthesis [3]. While it should be noted that again there
are significant variations in cohort size, 1260 vs 15,909 (AS vs
CoCrMo), and age between the 2 cohorts, 65 (IQR 59 e 71.5) vs 70
(IQR 64 e 76), the IQRs overlap, so this is not statistically significant
[3]. As the AS Columbus was released to the market after the
CoCrMo component, the follow-up period became shorter within
the NJR. A 5-year revision analysis demonstrates a slightly, but not
statistically significantly, higher revision rate between the AS Co-
lumbus at 2.42% (95% confidence interval 1.46-3.98) and CoCrMo
Columbus at 2.05% (95% confidence interval 1.82-2.32) [3]. The
anticipated benefit of ceramic coatings is the long-term survivor-
ship secondary to aseptic loosening, and therefore, variations in
implant survivorship between the cohorts may not be appreciated
until results are obtained with longer term follow-up.

We have identified similar differences between the cohorts in
our own series. The cohort sizes were different, with 982 patients
receiving a CoCrMo Columbus and 659 patients receiving an AS
Columbus. The series predominantly represents a single surgeon's



Figure 2. An explanted Columbus TKA with AS ceramic coating. This TKA was revised
for aseptic loosening.
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experience, who routinely used both the CoCrMo and AS Colum-
bus; therefore, issues of implant familiarity and learning curve are
not relevant. We also report differences in patients' age and body
mass index between the 2 cohorts. This was due to the initial
preferential use of the AS Columbus in the younger patient cohort,
where increased implant cost (approximately £200 more per case)
was offset against the expected increase in implant survivorship.
Within our cohort, the mean age of the patients receiving CoCrMo
Columbus was 70.8 vs 68.3 years for the AS Columbus. Over time,
the use of the AS Columbus became more universal, so the mean
age groups in our 2 cohorts are closer than those in the NJR. The
primary diagnosis and proportion of American Society of Anaes-
thesiologists-III grade patients were similar between the groups.
There was a higher body mass index in the AS group (32.3 vs 30.8);
this difference was also statistically significant.

A secondary hypothetical benefit of the ceramic coating includes
the potential to reduce periprosthetic joint infection (PJI). The
theoretical advantage of ceramic is the reduction in asperity size of
ceramic material surfaces in comparison to that of CoCr, making the
formation of biofilm less likely as well as wear debris being more
biotolerant. This is thought to reduce the immune response in
comparison to metal articulations, thereby reducing periarticular
inflammation and its associated increased vascularity, which may
in turn reduce the probability of hematogenous spread from other
sources of infection. There have been suggestions within the total
hip arthroplasty literature that ceramic bearings, both ceramic-on-
ceramic (CoC) and ceramic-on-polyethylene (CoP), showed
demonstrable reduction in the incidence of PJI in comparison to
more traditional metal-on-polyethylene articulations. This litera-
ture does include some potential patient selection biases. The
Australian Registry analysis by Madanat et al. identified reported
benefits of PJI reduction in patients younger than 70 years with a
CoC articulation [10]. A more comprehensive review has been
performed by Holleyman et al. assessing PJI risk by bearing surface
within the NJR database [17]. This demonstrated risk reduction in
both CoC and CoP bearing surfaces. As with all registry analyses,
there is no evaluation of patient comorbidities, which will play a
significant role in the risk of PJI [17]. Selection bias also impacts the
interpretation of these data sets as typically CoC and CoP articula-
tions are used more often in the younger, fitter patient where the
cost-benefit assessment supports their use.

Studies assessing PJI with ceramic bearing surfaces in TKA have
failed to demonstrate similar correlations. Grimberg et al. assessed
117,660 TKAs performed in the German arthroplasty registry, pro-
portionally one of the largest consumers of ceramic-coated im-
plants [18]. They analyzed outcomes up to a maximum of 3 years
postoperatively and failed to identify any significant difference in
PJI reduction of the ceramic TKA cohort in comparison to the
CoCrMo cohort. The ceramic-coated group had a slightly higher
incidence of revision for PJI within 3 years (1.2% compared to 1% for
the CoCrMo cohort) [18]. There was also a higher all-cause revision
rate for ceramic TKA, which was thought to be associated with
nonroutine use and patient risk factors.

The third potential benefit of ceramic-coated TKA is in the
avoidance of metal allergy. This is a controversial topic with mixed
evidence regarding its significance and an unclear correlation be-
tween cutaneous allergic response and deep tissue reaction [19].
The NJR demonstrates that 11,030 revision TKAs were performed
for unexplained pain and that potentially these could include re-
visions due to metal hypersensitivity [3]. Histologically, synovial-
like interface membrane (SLIM), specifically SLIM-VI, suggests
that adverse tissue reactions can occur as a result of implanted
materials demonstrating histological features consistent with al-
lergy and/or hypersensitivity [20]. However, within the group of
patients demonstrating SLIM-VI histological changes, it is difficult
to differentiate whether the formation of this membrane is due to a
true immunological allergic process or whether it is secondary to
the particulate toxicity produced by wear, as seen in metal-on-
metal articulations. In a recent systematic review of the literature,
Matar et al. concluded that while hypoallergenic implants are
viable alternatives for patients with self-reported or confirmed
metal hypersensitivity if declared preoperatively, concerns
remained over their long-term outcomes with ceramic implants
outperforming titanium nitrideecoated implants [21]. However, a
recent study using a revision implant with a metal-on-metal hinge
articulation did not show any decrease in Co or Cr blood metal ion
levels when a ceramic coating was applied [22].

While the use of coated and ceramic implants seems an
appealing proposition within this patient cohort, they do not
appear to infer survivorship benefits [3]. This is not only demon-
strated by inferior NJR survivorship of ceramic-coated TKAs but also
by published case series demonstrating variable results. These
variations have been demonstrated in most coated and ceramic
implants including titanium nitride, zirconia (Oxinium), and tita-
nium Ti6Al-4V alloy [18,23,24].

Conclusions

While there are several theoretical advantages to ceramic-
coated TKA components, these are not translating to survivorship
benefits within the published literature thus far. With the principal
benefit of implant ceramic coating being improved bearing prop-
erties, longer term review of these implants is required to see
whether they do have advantages over conventional TKAs that
cannot be identified within this current follow-up window. How-
ever, this series to date demonstrates minimal additional benefits
of the ceramic coating.
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