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Abstract

Trunnionosis and taper corrosion have
recently emerged as problems in total
hip arthroplasty (THA). No longer restrict-
ed to metal-on-metal bearings, these
phenomena now affect an increasing
number of metal-on-polyethylene THAs
and are exacerbated by modularity.
Resulting increases in metal toxicity and
patient morbidity, and the added costs of
toxicity surveillance and revision surgery,
will place a substantial economic burden
on many health systems. Although they
are more expensive than cobalt-chrome
heads, ceramic femoral heads make
metal toxicity a nonissue. In this article,
we provide a theoretical framework for
debating whether use of ceramic femoral
heads in all THA patients could represent
a more cost-effective option.

ized the practice of orthopedic surgery. The

number of primary THAs performed in the
United States alone is predicted to rise to 572,000
per year by 2030." Increasing demand requires a
tighter focus on cost-effectiveness, particularly
with regard to expensive postoperative compli-
cations. Trunnionosis and taper corrosion have
recently emerged as problems in THA.?7 No lon-
ger restricted to metal-on-metal bearings, these
phenomena now affect an increasing number of
metal-on-polyethylene THAs and are exacerbated
by modularity.2 The emergence of these complica-
tions adds complexity to the diagnostic algorithm
in patients who present with painful THAs. Further-
more, the diagnosis of either trunnionosis or taper

T otal hip arthroplasty (THA) has revolution-

corrosion calls for revision surgery. In response
to the increase in these complications, a group of
orthopedic professional societies developed an
algorithm for managing suspected metal toxicity
issues.® However, increases in toxicity and patient
morbidity, and the added costs of toxicity surveil-
lance and revision surgery, will place a substantial
economic burden on many health systems at a
time when policy makers are implementing sub-
stantial changes to health delivery in an effort to
contain costs while improving patient outcomes.

Although they are more expensive than co-
balt-chrome heads, ceramic femoral heads make
metal toxicity a nonissue and eliminate the need
for toxicity surveillance protocols. Furthermore,
ceramic femoral heads are thought to have lon-
gevity advantages (this relationship needs to be
confirmed in long-term studies).

In this article, we provide a theoretical frame-
work for debating whether use of ceramic femoral
heads in all THA patients could represent a more
cost-effective option over the long term.

Materials and Methods

Guidelines for the diagnostic algorithm for painful
THA with suspected metal toxicity were obtained
from a recent orthopedic professional society
consensus statement.® The cost of this work-up
was obtained from the finance department at our
institution (Table 1). All costs are uniform across
our health system, from rural primary care clinics
to tertiary referral centers. The aspects of clini-

cal care analyzed in this study included imaging
tests (metal artifact reduction sequence magnetic
resonance imaging [IMARS-MRI], ultrasonography
[US], radiography); serum tests (C-reactive protein,
erythrocyte sedimentation rate, cobalt, chrome);
aspiration tests (synovial fluid aspiration, manual
cell count and differential, synovial fluid culture
and sensitivity testing); clinical appointments and
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procedures (established patient visit, revision THA
with 3-day inpatient stay) (Table 1).

We created 2 metrics to analyze the cost differ
ence between ceramic and cobalt-chrome femoral
heads. The first metric was “ceramic surplus,” the
extra cost of a ceramic femoral head above that of
a cobalt-chrome femoral head, and the second was
“maximum ceramic surplus,’ the ceramic sur
plus cutoff value for which using ceramic femoral
heads in all patients becomes more cost-effective
than using cobalt-chrome heads. Ceramic surplus
was determined for 3 different practice settings
(high-volume academic, high-volume private,
low-volume private) using data from 2 implant
companies (DePuy, Biomet) (Table 2).

The cost of a metal work-up was determined
for a single round of imaging tests (stratified by
MRI and US), serum tests, aspiration tests, and
clinic visit. These data were then combined with
the cost of revision THA (Table 1) to create a
series of maximum ceramic surplus models. In all
these simulations, we assumed that about 7% of
patients with metal-on-polyethylene THA would
present with groin pain 1 to 2 years after surgery,’™
and, working on this assumption, we applied a
series of theoretical incidence ratios (12.5%, 25%,
50%) to both the percentage of patients who
presented with a painful THA and received a metal
toxicity work-up and the percentage of those
who received the toxicity work-up and eventual-
ly needed revision surgery. For example, in the
best-case scenario, the model assumes that 7%
of THA patients present with pain and that 12.5%
of the painful cohort receives a single work-up for
metal toxicity (0.875% of all THAs). The best-case
scenario then assumes that 12.5% of patients
who receive a work-up for metal toxicity are
eventually revised (0.11% of all THAs). By contrast,
in the worst-case scenario, the model continues
to assume that 7% of THA patients present with
pain, but it also assumes that 50% of the painful
cohort receives a single work-up for metal toxicity
(3.5% of all THAs). The worst-case scenario then
assumes that 50% of patients who receive a
work-up for metal toxicity are eventually revised
(1.75% of allTHAs). As preferences and availability
for 3-dimensional imaging differ between centers,
the models were stratified by use of MARS-MRI or
US. The resulting number in all the simulations was
the maximum ceramic surplus (Table 3).

The lowest maximum ceramic surplus values
were calculated from the best-case scenario, and
the highest from the worst-case scenario. These
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steps were taken in keeping with the fact that a
lower incidence of metal toxicity work-ups and
revisions would require the price difference be-
tween ceramic and cobalt-chrome heads (ceramic
surplus) to be small in order for ceramic heads in
all patients to be cost-effective. The inverse is true
for a high incidence of metal toxicity work-ups

and revisions: A larger price difference between
ceramic and cobalt-chrome femoral heads would be
tolerable to still be cost-effective.

Results

A single metal toxicity work-up cost $5085 with
MARS-MRI and $2402 with US (Table 1). Revision

Table 1. Mayo Health System Patient Care Cost Summary

Patient Care Service Cost, $
Imaging tests
MARS-MRI 3182
Ultrasonography 499
Anteroposterior/lateral radiograph series 167
Serum tests
C-reactive protein 64
Erythrocyte sedimentation rate 40
Cobalt 309
Chrome 17
Aspiration tests
Synovial fluid aspiration 780
Manual cell count and differential 69
Synovial fluid culture and sensitivity testing 132
Clinical appointments and procedures
Clinical visit—established patient 225
Revision THA with 3-day inpatient stay? 53,320
Complete metal work-up
Single work-up with MARS-MRI 5085
Single work-up with ultrasonography 2402
Abbreviations: MARS-MRI, metal artifact reduction sequence magnetic resonance imaging; THA, total
hip arthroplasty.
2Does not include cost of implants.
Table 2. Comparison of Ceramic Surplus?® by Practice Setting
Ceramic Surplus, $
Practice Setting DePuy Biomet
High-volume academic 657 500
High-volume private 800 1300
Low-volume private 892 1500

2Extra cost of ceramic femoral head above that of cobalt-chrome femoral head at same institution.
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THA with a 3-day inpatient stay cost $53,320, and
that figure does not include the cost of surgical
implants or perioperative medications and devices,
all of which have highly variable cost structures
(Table 1). Ceramic surplus was as low as $500 in
a high-volume academic practice and as high as
$1500 in a low-volume private practice (Table 2).
Maximum ceramic surplus ranged from $511 to
$2044 in the models integrating MARS-MRI and
from $488 to $1950 in the models integrating US
(Table 3).

Discussion

Trunnionosis, corrosion, and metal toxicity are of
increasing concern in hip implants that incorporate
a cobalt-chrome femoral head, regardless of the
counterpart articulation surface (metal, ceramic,
polyethylene).?® In response to the added diagnos-
tic challenge raised by these phenomena, a group
of orthopedic professional societies developed an
algorithm that can guide surgeons in the manage-
ment of suspected corrosion or metal toxicity.® In
this protocol, toxicity surveillance in conjunction
with potential revision surgery for metal-associ-
ated complications has the potential to increase

Table 3. Maximum Ceramic Surplus Models?

% Painful THAs
Received Metal

% Metal Work-ups Maximum Ceramic

Work-up Required Revision Surplus, $
Model A: MARS-MRI for imaging

12.56 12.56 511

25.0 12.5 556
50.0 12.5 645
12.5 25.0 978
25.0 25.0 1022
50.0 25.0 T

12.56 50.0 1911
25.0 50.0 1955
50.0 50.0 2044

Model B: US for imaging

12.5 12.5 488
25.0 12.5 509
50.0 12.5 551

12.5 25.0 954
25.0 25.0 975
50.0 25.0 1017
12.5 50.0 1887
25.0 50.0 1908
50.0 50.0 1950

Abbreviations: MARS-MRI, metal artifact reduction sequence magnetic resonance imaging; THA, total
hip arthroplasty; US, ultrasonography.
2Both models assume 7% of all patients present with painful THA within 2 years.
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patient morbidity and place a significant economic
burden on many health systems. Given the recent
emergence of trunnionosis, epidemiologic data on
this complication are lacking.’® However, there is a
substantial body of evidence showing devastating
complications associated with adverse reactions to
metal debris. "7

Given the potential complications specific to
cobalt-chrome femoral heads, we wanted to provide
a theoretical framework for debating whether use
of ceramic heads in all patients has the potential to
be a more cost-effective option over the long term.
Ceramic femoral heads are premium implants,
certainly more expensive at initial point of care. One
study based on a large community registry showed
premium implants (eg, ceramic femoral heads) add
a surplus averaging $1000." In our investigation,
ceramic surplus varied with practice setting, from
$500 to $1500. Lower costs were discovered in
high-volume practice settings, indicating that a shift
to increased use of ceramic femoral heads would
likely decrease ceramic surplus for most institutions.

We used a series of simulations to predict
maximum ceramic surplus after manipulation of
theoretical incidence ratios. The main limitation of
this study was our use of 7% as the incidence of
painful THA within 1- to 2-year follow-up. This point
estimate was derived from a manuscript that to our
knowledge provides the most realistic estimate
of this complication™; with use of more complete
data in upcoming studies, however, the 7% figure
could certainly change. As data are also lacking on
the proportion of painful THAs that receive a metal
work-up and on the proportion of metal work-ups
that indicate revision surgery, we modeled values
of 12.5%, 25%, and 50% for each of these metrics
to cover a wide range of possibilities.

It is also true the model did not incorporate
scenarios to account for the law of unintended
consequences, which would caution that using
ceramics for all patients may bring a new set of
complications. Zirconia ceramic bearings have
tended to fracture, with the vast majority of frac-
tures occurring in the liner of ceramic-on-ceramic
articulations. Midterm reports and laboratory data
suggest this issue has largely been solved with the
advent of delta ceramics, a composite containing
only a small fraction of zirconia.’®?° Nevertheless,
longer term in vivo data are needed to confirm
the stability, longevity, and complication profile of
these materials.

A final limitation of the present study is that
the cost of a single metal toxicity work-up was
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based on just one institution. Grossly differing
cost structures in other markets could alter the
economic risk-benefit analysis we have described.
However, we should note that the costs of tests,
procedures, and appointments at our institution
were uniform across a wide variety of practice
settings in multiple regions of the United States,
and thus are likely similar to the costs at a majority
of practices.

Although our model took some liberties by
necessity, it was also quite conservative in many
respects. Many patients who undergo surveillance
for metal toxicity undergo serial follow-ups; for this
analysis, however, we considered the cost of only
a single work-up. In addition, our proposed cost
of revision surgery accounts only for facility and
personnel costs during a 3-day inpatient stay and
does not include the costs of implants, periopera-
tive medications and devices, follow-up care, and
potentially longer hospital stays or subsequent pro-
cedures, all of which can be highly variable and add
considerable cost. Had any or all of these factors
been incorporated into more complex modeling,
the potential economic benefits of ceramic femoral
heads would have been significantly greater.

After taking all these factors into account, our
model found that maximum ceramic surplus
ranged from $488 to $2044, depending on theoret-
ical incidence ratio and imaging modality (Table 3).
The lowest maximum ceramic surplus values ($511
for MARS-MRI protocol, $488 for US protocol)
were based on the assumption that only 12.5% of
patients who present with a painful THA receive a
single metal work-up (0.875% of all THAs) and that
only 12.5% of those patients are eventually revised
(0.11% of all THAs). This outcome suggests ceram-
ic femoral heads could be more cost-effective than
cobalt-chrome femoral heads under these con-
servative projections when considering ceramic
surplus is already as low as $500 at some high-vol-
ume centers. This figure would likely decline fur
ther in parallel with widespread growth in demand.
Further study on the epidemiology of trunnionosis,
corrosion, and metal toxicity in metal-on-polyeth-
ylene THA is needed to evaluate the economic
validity of this proposal. Nevertheless, the superior
safety profile of ceramic femoral heads with regard
to metal toxicity indicates that wholesale use in
THAs may in fact provide the most economical
option on a societal scale.
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