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Cost-Effectiveness of Antibiotic-Impregnated Bone
Cement Used in Primary Total Hip Arthroplasty

By Justin S. Cummins, MD, MS, Ivan M. Tomek, MD, Stephen R. Kantor, MD, Ove Furnes, MD, PhD,
Lars Birger Engesæter, MD, PhD, and Samuel R.G. Finlayson, MD, MPH

Investigation performed at the Department of Orthopaedic Surgery, Dartmouth Hitchcock Medical Center, Lebanon, New Hampshire

Background: Antibiotic-impregnated bone cement is infrequently used in the United States for primary total hip
arthroplasty because of concerns about cost, performance, and the possible development of antibiotic resistance and
because it has been approved only for use in revision arthroplasty after infection. The purpose of this study was to model
the use of antibiotic-impregnated bone cement in primary total hip arthroplasty for the treatment of osteoarthritis to
determine whether use of the cement is cost-effective when compared with the use of cement without antibiotics.

Methods: To evaluate the cost-effectiveness of each strategy, we used a Markov decision model to tabulate costs and
quality-adjusted life years (QALYs) accumulated by each patient. Rates of revision due to infection and aseptic loosening were
estimated fromdata in theNorwegianArthroplastyRegister andwereused todetermine the probability of undergoinga revision
arthroplasty because of either infection or aseptic loosening. The primary outcomemeasure waseither all revisions or revision
due to infection. Perioperative mortality rates, utilities, and disutilities were estimated from data in the arthroplasty literature.
Costs for primary arthroplasty were estimated from data on in-hospital resource use in the literature. The additional cost of
using antibiotic-impregnated bone cement ($600) was then added to the average cost of the initial procedure ($21,654).

Results: When all revisions were considered to be the primary outcome measure, the use of antibiotic-impregnated
bone cement was found to result in a decrease in overall cost of $200 per patient. When revision due to infection was
considered to be the primary outcome measure, the use of the cement was found to have an incremental cost-
effectiveness ratio of $37,355 per QALY compared with cement without antibiotics; this cost-effectiveness compares
favorably with that of accepted medical procedures. When only revision due to infection was considered, it was found
that the additional cost of the antibiotic-impregnated bone cement would need to exceed $650 or the average patient
age would need to be greater than seventy-one years before its cost would exceed $50,000 per QALY gained.

Conclusions: When revision due to either infection or aseptic loosening is considered to be the primary outcome, the use of
antibiotic-impregnatedbone cement results in an overall cost decrease. When only revision due to infection is considered, the
model is strongly influenced by thecost of thecementand theaverageage of the patients.With few patients less thanseventy
yearsofage undergoing total hip arthroplasty with cement in theUnitedStates, the use ofantibiotic-impregnatedbonecement
in primary total hip arthroplasty may be of limited value unless its cost is substantially reduced.

Level of Evidence: Economic and decision analysis, Level II. See Instructions to Authors for a complete description of
levels of evidence.

D
eep infection following total hip arthroplasty is a dev-
astating complication that can require costly revision
surgery and reduce a patient’s functional status. Several

methods to reduce the incidence of infection, including im-
proved surgical technique, improved perioperative preparation,
and use of prophylactic antibiotics, have been introduced since

Disclosure: The authors did not receive any outside funding or grants in support of their research for or preparation of this work. Neither they nor a
member of their immediate families received payments or other benefits or a commitment or agreement to provide such benefits from a commercial
entity. No commercial entity paid or directed, or agreed to pay or direct, any benefits to any research fund, foundation, division, center, clinical practice,
or other charitable or nonprofit organization with which the authors, or a member of their immediate families, are affiliated or associated.

A commentary is available with the electronic versions of this article, on our web site (www.jbjs.org) and on our quarterly CD-ROM/DVD (call our
subscription department, at 781-449-9780, to order the CD-ROM or DVD).
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the 1960s1,2. These changes have been credited with reducing
the infection rate associated with total hip arthroplasty from
nearly 10% to between 0.5% and 2%1,2.

The use of antibiotic-impregnated bone cement has been
advocated as one method to further reduce the need for re-
vision surgery following primary total hip arthroplasty 3. Large
registry databases, such as the Norwegian Arthroplasty Register
and the Swedish Arthroplasty Register, have shown a decreased
rate of revision surgery in patients who received both peri-
operative intravenous antibiotics and antibiotic-impregnated
bone cement at the time of primary total hip arthroplasty4-7.
Proponents of the use of antibiotic-impregnated bone cement
in the United States point to these data as evidence that it should
be used in all primary procedures involving use of cement8.
Opponents of the use of antibiotic-impregnated bone cement
frequently cite its cost as the primary concern, especially given
the already low rates of infection and revision9. Other concerns
include the possible development of antibiotic resistance, al-
lergic reactions, and possible compromise of the mechanical
properties of the cement from the admixture of antibiotics10-12.
Also, since antibiotic-impregnated bone cement has been ap-
proved by the United States Food and Drug Administration
only for second-stage reimplantation after revision due to in-
fection, use of antibiotic-impregnated bone cement in primary
total hip arthroplasty represents an off-label usage in the United
States.

The purpose of this study was to employ a decision
analytic model that accounts for competing risks, benefits, and
costs to assess the cost-effectiveness of the use of antibiotic-
impregnated bone cement for primary total hip arthroplasty.
Specifically, we sought to answer the question of whether the
up-front cost of using antibiotic-impregnated bone cement in
all patients undergoing total hip arthroplasty would be justified
by the expected decrease in future revisions.

Materials and Methods

Markov decision analysis was used to model the clinical
scenario of deciding whether to use antibiotic-impregnated

bone cement or standard polymethylmethacrylate bone cement
without antibiotics for primary total hip arthroplasty. Markov
models are useful when decision problems involve competing
risks over time, or when the timing of events is important, as is the
case with revision surgery after primary total hip arthroplasty13.
Assumptions in the model regarding revision rates, costs, utili-
ties, mortality risks, and all other parameters were drawn from
the literature and are described in detail below.

Model Design
The design of the Markov model is illustrated schematically
in Figure 1 and in detail in the Appendix. The decision tree
represents the potential clinical course of hypothetical patients
in the scenario modeled (i.e., the decision to use antibiotic-
impregnated bone cement or conventional cement). The de-
cision tree includes five main health states, and the arrows
between the health states represent chance events that can
occur over time. The five health states in this model are: well

after total hip arthroplasty with antibiotic-impregnated bone
cement, well after total hip arthroplasty without antibiotic-
impregnated bone cement, well after aseptic revision, well after
revision due to infection, and death. Over the course of the
simulation, hypothetical patients transition from one health
state to another on the basis of transition probabilities asso-
ciated with each chance event modeled. Patients who are well
after total hip arthroplasty can transition to any of the other
health states during each time cycle of the model (one year).
Transition probabilities can change over time (e.g., the risk of
death from all causes increases with the patient’s age). The
model continues to cycle until all hypothetical patients even-
tually reach the death state.

Each health state is assigned a utility. Utilities are defined
as a measure of how a patient defines the value of a specific
health state. Utility values are typically scaled from 0 (death) to
1 (perfect health)13. The value of time in a given health state
is measured in quality-adjusted life years (QALYs), which are
calculated as the time in the health state multiplied by the
utility assigned to the health state (years · utility = QALY).
Costs associated with each strategy are calculated on the basis
of the occurrence of events in the model, such as the cost
of undergoing an aseptic revision when transitioning to the
‘‘well after aseptic revision’’ health state. The model then
tabulates the total utilities and costs accumulated by a hypo-
thetical cohort of patients during their simulated life span
(before they transition to the death state) for both the antibiotic-
impregnated-cement and standard-cement strategies14. All costs
and utilities are discounted at a standard rate of 3% per year.
The cost-effectiveness of using antibiotic-impregnated bone
cement is expressed as the ratio of additional costs attributable
to this strategy to the additional benefits (QALYs). The model
was designed with use of decision analysis software (TreeAge Pro
2005; TreeAge Software, Williamstown, Massachusetts).

Model Assumptions and Parameters
In constructing the decision model, we used the following
general assumptions: (1) all patients are undergoing primary
total hip arthroplasty for the treatment of osteoarthritis, and a
cemented femoral stem is used in all cases; (2) each patient can
undergo only one revision during his or her lifetime; (3) re-
vision due to a documented infection is performed as a two-
stage procedure, in which the prosthesis is removed, the
patient is treated with intravenous antibiotics for six weeks,
and a new prosthesis is then implanted; and (4) the use of
antibiotic-impregnated bone cement does not affect the utility
(value) of the different health states modeled. The parameters
of the model are discussed below.

Patient Population
The age of the patients in the model was set at sixty-eight years
to coincide with the average age reported in the Norwegian
Arthroplasty Register from 1987 to 20045. Patients were as-
sumed to be of average health for their age and to be under-
going total hip arthroplasty because of degenerative arthritis
and not a fracture.

635

TH E J O U R N A L O F B O N E & JO I N T SU R G E RY d J B J S . O R G

VO LU M E 91-A d NU M B E R 3 d M A R C H 2009
CO S T-E F F E C T I V E N E S S O F A N T I B I O T I C -IM P R E G N AT E D BO N E

CE M E N T US E D I N P R I M A RY TO TA L HI P AR T H R O P L A S T Y



Revision Rates
Revision rates were based on a recent study on the difference in
revision rates, as reported to the Norwegian Arthroplasty Reg-
ister, between patients who had received systemic antibiotics and
antibiotic-impregnated bone cement at the time of primary total
hip arthroplasty and patients who had received systemic antibi-
otics only4,5. The results in that study were divided into revisions
due to a documented infection (positive cultures) and aseptic
revisions (negative cultures). The rate of revision was slightly
higher in the first several years after the arthroplasty, but a linear
rate of revision was assumed for the model. This approach
provides a more conservative estimate of the cost-effectiveness
of antibiotic-impregnated bone cement because revision costs
are shifted further into the future and therefore discounted. The
ten-year revision rates were converted into yearly rates of both
revisions due to infection and those due to aseptic loosening.
For patients treated with antibiotic-impregnated bone cement,
the rate of revision due to infection was set at 0.04% per year
and the rate of revision due to aseptic loosening was set at 0.31%
per year (Table I). The revision rates for the group treated with
standard bone cement were then determined by multiplying the
revision rates for the group treated with antibiotic-impregnated
cement by the increased risk of revision in subgroups in which
antibiotic-impregnated bone cement was not used. The relative
risk of revision due to infection was set at 1.8 and the relative
risk of aseptic revision was set at 1.3 for the standard-cement
branch (Table I). The rates of infection and aseptic loosening
used in the model are on the low end of rates reported in the
literature7,15, again providing a conservative estimate of the cost-
effectiveness of antibiotic-impregnated bone cement.

Mortality Rates
The age-specific probability of death from all causes was esti-
mated from U.S. Life Tables from 2002. The risk of death in-
creased as the hypothetical patients cycled through the model,
and the probability of death was set at 100% at age 101 to
terminate the simulation. The risk of perioperative death for
patients treated with primary total hip arthroplasty was set at
0.23% on the basis of data from the Norwegian Arthroplasty
Register5. Revisions were assumed to be associated with the
same mortality risk.

Utilities
Laupacis et al. used the time-trade-off technique to determine
utility scores for patients before and after primary total hip
arthroplasty16. These patients had a mean age of sixty-four
years, and the utility value averaged 0.80 two years after the
total hip arthroplasty. Rorabeck et al. found a similar result
using the time-trade-off technique17. These data were used to
assign a utility value of 0.80 for patients who had undergone
primary total hip arthroplasty in our model (Table I).

There are few studies in the orthopaedic literature in
which functional outcome was measured following aseptic
revision of a total hip arthroplasty, and we found no studies in
which a utility score was directly determined for patients who
had undergone that procedure. Hozack et al. used scores on the
Short Form-36 (SF-36) to compare patients treated with pri-
mary total hip arthroplasty with those treated with aseptic
revision total hip arthroplasty18. The patients who underwent
revision had lower scores in every category postoperatively,
despite having had similar preoperative scores. The utility value

Fig. 1

Clinical pathway of patients assumed to have hip arthritis for which medical management has failed. Each

patient receives a total hip arthroplasty with or without antibiotic-impregnated bone cement (ABC). When

patients survive the operation, they are assumed to stay well until they die of other causes or need a

revision. When they have a revision and survive, they are assumed to stay well with that revision until they

die from other causes. The model continues until all patients reach the death state.
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for aseptic revision was conservatively estimated to be 10%
lower than that for primary total hip arthroplasty (0.80 · 90% =
0.72). Comparative functional outcome data following revision
due to infection were not identified in the literature, and a
conservative estimate of a 20% decrease in utility was assigned
to the patients treated with that procedure (0.80 · 80% = 0.64).

Disutilities
Disutilities are a measure of the transient lower quality of life
associated with undesirable events13. They were used in this
model to represent the temporary health state of a patient in the
perioperative period, when patients have increased pain and
decreased mobility, as well as the potential for other complica-
tions (Table I). The disutility is assessed as a one-time toll within

the model, and the assigned amount is deducted from the pa-
tient’s accumulated QALYs at the time that they undergo one of
the procedures. The disutility for primary total hip arthroplasty
was set at 20.1, which is the equivalent of deducting just over
five weeks of perfect health. The disutility for aseptic revision
was set at 20.12, a slight increase to account for the increase in
complexity of a typical revision procedure. For revisions due to
infection, the assigned disutility was 20.20, which takes into
consideration that the majority of patients undergo a two-stage
procedure and thus spend a longer period of time in an unde-
sirable health state.

Costs
All cost estimates are in 2002 U.S. dollars. Cost estimates for pri-
mary total hip arthroplasty were obtained from the orthopaedic
literature as well as from the National Inpatient Survey (NIS) data.
These estimates accounted for the costs associated with the pro-
cedure and the acute hospitalization. Surgeons’ fees, costs for a
rehabilitation stay, and lost wages due to missed workdays were not
included. Estimates ranged from $12,846 to $31,000 for a primary
total hip arthroplasty19,20. The cost assigned to a primary total
hip arthroplasty in our model was $21,654, which was based on
studies, published in 2005, by Bozic et al., who estimated the hos-
pital resources used for primary total hip arthroplasties, aseptic
revisions, and revisions due to infections21,22.

In the literature, estimates of the increase in cost for aseptic
revisions, as compared with the cost for primary arthroplasty,
have ranged from 20% to 60%22, although in many reports it is
unclear whether revisions due to infection were included in the
estimate. In our model, the cost of an aseptic revision was es-
timated to be $34,866, as reported by Bozic et al.21.

Cost estimates for revisions due to infection were based
on the assumption that the majority of patients were treated
with a two-stage revision, with intravenous antibiotics admin-
istered during the period between the removal of the prosthesis
and the revision implant procedure. The cost assigned to revi-
sions due to infection in the model was $96,166, on the basis of
the data reported by Bozic et al.21.

The additional cost of using antibiotic-impregnated bone
cement was estimated by calculating the difference between the
cost of standard polymethylmethacrylate bone cement and the
cost of commercially available premixed gentamicin antibiotic-
impregnated bone cement. Gentamicin antibiotic-impregnated
bone cement is the cement that has been studied the most often,
and its beneficial effects have been shown by data in both the
Swedish and the Norwegian Arthroplasty Register5,6. The esti-
mated cost of a 40-g packet of antibiotic-impregnated bone
cement at our institution is approximately $365, and standard
bone cement costs approximately $65. It was estimated that
two packets of cement are used on the average, resulting in an
additional cost of $600 per primary total hip arthroplasty.

Analysis
Cost-effectiveness analysis is a useful tool for evaluating medical
interventions when one strategy is more costly but also more
effective14. If a treatment strategy is more costly and less ef-

TABLE I Markov Model Variables

Variable Value Reference

Rate of revision due to
infection with antibiotic
cement

0.4% over 10 years 5

Aseptic revision rate with
antibiotic cement

3.1% over 10 years 5

Relative risk of revision
due to infection with
regular cement

1.8 · baseline rate 5

Relative risk of aseptic
revision with regular
cement

1.3 · baseline rate 5

Probability of death
from all causes

U.S. 2002 life tables

Probability of death from
total hip arthroplasty

0.23% increased risk 5

Cost of primary total
hip arthroplasty

$21,654 21

Increased cost of
aseptic revision

1.6 · baseline cost 21

Increased cost of revision
due to infection

4.44 · baseline cost 21

Additional cost of
antibiotic cement

$600

Utility of primary total
hip arthroplasty

0.80 16

Utility of aseptic revision 0.72 (10% decrease) 18

Utility of revision due
to infection

0.64 (20% decrease)

Disutility of total hip
arthroplasty

20.1

Disutility of aseptic
revision

20.12 (20% more)

Disutility of revision
due to infection

20.20

Discount rate per year 3% for cost
and utilities
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fective, it is said to be dominated by the alternative treatment
strategy and should never be chosen13. Similarly, if a strategy is
less costly and more effective, it should always be chosen. The
measure of a treatment’s cost-effectiveness is expressed as an
incremental cost-effectiveness ratio13, which is calculated by
dividing the difference in cost between the two strategies by the
difference in effectiveness (i.e., the net cost divided by net
benefit). The unit of measure for effectiveness in this analysis
is QALYs, resulting in a ratio expressed in dollars per QALY.
Although no specific dollar value has been universally agreed
on as the threshold for cost-effectiveness, a medical intervention
is generally considered to be cost-effective if the incremental cost-
effectiveness ratio is £$50,000 per QALY13. The incremental cost-
effectiveness ratio was determined for this model by calculating
the difference between the costs accumulated by the patients
treated with the antibiotic-impregnated bone cement and those
accumulated by the patients treated with the standard bone
cement. This dollar amount was then divided by the difference
in accumulated QALYs between the two strategies. A second
analysis was performed with use of the same methods but with
the relative risk of aseptic revision set at one to evaluate the cost-
effectiveness of antibiotic-impregnated bone cement when only
documented infections are considered as outcomes. By analyz-
ing revisions due to documented infection separately, we could
compare the minimal expected benefit from antibiotic-
impregnated bone cement with the maximal benefit that could
be expected when all revisions were considered in the model.

Sensitivity analysis was then performed on each of the
parameters within the model. Sensitivity analysis is used to
evaluate how the outcome of the model might change when
cost, benefit, or risk assumptions are varied over a plausible
range of values. For example, if the cost of a primary total hip
arthroplasty is evaluated over the range reported in the liter-
ature ($12,846 to $31,000), we can determine whether un-
certainty surrounding the true cost of total hip arthroplasty
substantially weakens the conclusions drawn from the model.

Source of Funding
No external funding source was used for this study.

Results

When all revisions (those due to infection or aseptic
loosening) were considered to be the primary outcome

measure, the use of antibiotic-impregnated bone cement for
primary total hip arthroplasty was found to be less costly and
more effective (dominant), resulting in an overall cost decrease
of $200 per patient. When only revision due to infection was
considered to be the primary outcome measure, the use of
antibiotic-impregnated bone cement was found to have an
incremental cost-effectiveness ratio of $37,355 per QALY,
which suggests that it is a cost-effective strategy if all of the
model parameters remain constant (Table II).

Revision Rates
Sensitivity analysis revealed that the relative risk of aseptic
revision after the use of standard bone cement would need to

be <1.2 before the use of antibiotic-impregnated bone cement
was no longer the dominant strategy (Table III). Antibiotic-
impregnated bone cement remained cost-effective (<$50,000
per QALY) until the relative risk of aseptic revision after the
use of standard bone cement was <1.0—i.e., antibiotic-
impregnated bone cement would need to be associated with an
increased risk of the patient requiring aseptic revision before it
would no longer be a cost-effective strategy.

When only revisions due to infection were considered, it was
found that the relative risk of revision due to infection with the
use of standard bone cement had to be <1.7 before the use of
antibiotic-impregnated bone cement was no longer a cost-effective
strategy. If the relative risk of infection after the use of standard
bone cement were >2.4, the use of antibiotic-impregnated bone
cement would become the dominant strategy (Table IV).

Utilities
Sensitivity analysis of the utility values assigned to the different
health states revealed that, when all revisions are considered to
be the primary outcome measure, antibiotic-impregnated
bone cement remains the dominant strategy even when the
utility of life after a single primary total hip arthroplasty is
equal to the utility of life after a revision due to aseptic loos-
ening or infection (Table III). If only revision due to infection
is considered as the primary outcome measure, the utility of a
revision due to infection would need to be >0.70 (close to the
value of life after primary total hip arthroplasty) before the use
of antibiotic-impregnated bone cement would no longer be
cost-effective (Table IV).

Disutilities
In the sensitivity analysis, the disutility values assigned to the
procedures were found to have essentially no effect on the model
over a broad range of values. This held true when all revisions
were considered to be the primary outcome measure as well as
when only revision due to infection was considered to be the
primary outcome measure.

Costs
Sensitivity analysis of costs revealed that the model is much more
sensitive to cost parameters than it is to the other parameters

TABLE II Total Cost and QALYs

Primary
Outcome

Measure/Cement
Type Cost QALYs

Cost
per

QALY

Incremental
Cost-

Effectiveness
Ratio

All revisions
Antibiotic cement $23,900 9.454 $2533 Dominant
Regular cement $24,100 9.439 $2551 —

Revisions due
to infection

Antibiotic cement $23,900 9.454 $2533 $37,355
Regular cement $23,700 9.445 $2509 —
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analyzed. When all revisions were considered to be the primary
outcome measure, it was found that the cost of a primary total
hip arthroplasty would need to be <$17,000 before the use of
antibiotic-impregnated bone cement is no longer the dominant
strategy. The use of antibiotic-impregnated bone cement remains
cost-effective for all possible values of the cost of a primary total
hip arthroplasty. The cost of an aseptic revision would need to
be <1.1 times the cost of a primary total hip arthroplasty before
the use of antibiotic-impregnated bone cement is no longer the
dominant strategy. The additional cost of antibiotic-impregnated
bone cement would need to be >$700 before the use of antibiotic-
impregnated bone cement is no longer the dominant strategy,
and the use of antibiotic-impregnated bone cement would re-
main cost-effective (<$50,000 per QALY) until its additional cost
was >$1500 (Table III).

When only revisions due to infection were evaluated, it
was found that the cost of a primary total hip arthroplasty would
need to be >$35,000 before the use of antibiotic-impregnated
bone cement becomes the dominant strategy. The cost of a
primary total hip arthroplasty would need to be <$17,000 be-

fore the use of antibiotic-impregnated bone cement is not cost-
effective. The cost of a revision due to infection would need to
be more than seven times the cost of a primary total hip ar-
throplasty before the use of antibiotic-impregnated bone cement
becomes the dominant strategy. The additional cost of using
antibiotic-impregnated bone cement would need to be <$400
before the use of antibiotic-impregnated bone cement becomes
the dominant strategy. The use of antibiotic-impregnated bone
cement remains cost-effective until the additional cost of antibiotic-
impregnated bone cement is >$650 (Table IV).

Age
The average age of the patients within the model also influenced
the outcome. As the average age at surgery becomes older, pa-
tients are less likely to live long enough to need a revision, so the
use of antibiotic-impregnated bone cement becomes less cost-
effective. When all revisions were considered as the primary
outcome, it was found that the average age of patients would
need to be greater than seventy-three years before the use of
antibiotic-impregnated bone cement is no longer the dominant

TABLE III Sensitivity Analysis with All Revisions as Primary Outcome

Variable

Threshold at Which Antibiotic Cement
No Longer Dominant Strategy (Still Cost-
Effective, Incremental Cost-Effectiveness

Ratio <$50,000 per QALY)

Threshold at Which Antibiotic Cement
No Longer Cost-Effective

(Incremental Cost-Effectiveness
Ratio >$50,000 per QALY)

Cost of antibiotic cement >$700 >$1500

Cost of total hip arthroplasty <$17,000 <$0

Cost of revision due to infection <2.9 · total hip arthroplasty cost <0

Cost of aseptic revision <1.1 · total hip arthroplasty cost <0

Utility of aseptic revision >0.85 >0.9

Utility of revision due to infection >1.0 >1.0

Age >73 yr >83 yr

Relative risk of aseptic revision <1.2 <1.0

Relative risk of revision due to infection <1.6 <0.8

TABLE IV Sensitivity Analysis with Only Revisions Due to Infection as Primary Outcome

Variable

Threshold at Which Antibiotic
Cement Becomes the Dominant

Strategy (Less Costly, More Effective)*

Threshold at Which Antibiotic Cement No Longer
Cost-Effective (Incremental Cost-Effectiveness

Ratio >$50,000 per QALY)*

Cost of antibiotic cement <$400 >$650

Cost of total hip arthroplasty >$35,000 <$17,000

Cost of revision due to infection >7.3 · cost of primary total hip arthroplasty <3.5

Cost of aseptic revision NA NA

Utility of aseptic revision NA NA

Utility of revision due to infection <0 >0.7

Age <46 yr >71 yr

Relative risk of revision due to infection >2.4 <1.7

*NA = not applicable.
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strategy. The use of antibiotic-impregnated bone cement remains
cost-effective until the average age of the patients is greater than
eighty-three years (Table III).

When only revisions due to infection were considered, it
was found that the average age of the patients needs to be less than
forty-six years before the use of antibiotic-impregnated bone
cement becomes the dominant strategy. The use of antibiotic-
impregnated bone cement remains cost-effective until the aver-
age age of patients exceeds seventy-one years (Table IV).

Age and Cost
Age and cost were the two parameters in the model that had the
greatest influence on the outcome, with changes over a reasonable
range of values. Two-way sensitivity analysis was performed on
these parameters to demonstrate their interactionwith each other.

When all revisions were considered to be the primary
outcome measure, it was found that the cost has to decrease
substantially as the average age of the population increases. For
example, if the average age is eighty-five, the cost of antibiotic-
impregnated bone cement must be <$500 per case to remain a
cost-saving strategy. The range for cost-effectiveness (<$50,000
per QALY) is much broader, as demonstrated in the Appendix.

When only revisions due to infection were used as the
primary outcome measure, the parameters were much tighter.
With an average age of seventy years, the cost of antibiotic-
impregnated bone cement would need to be <$350 per case to
provide cost-savings. If the average age increases to eighty-five
years, the cost of antibiotic-impregnated bone cement would
need to be <$200 to provide cost-savings and would need to
be <$400 per case to remain cost-effective (see Appendix).

Discussion

This decision model demonstrated that the off-label use of
antibiotic-impregnated bone cement is a strategy that is very

dependent on the average age of the patients as well as the cost of
the antibiotic-impregnated bone cement that is being used. This
model showed antibiotic-impregnated bone cement to be cost-
effective when the patient population is young (less than seventy-
one years old) and the cost of the cement is low (<$650). With the
cost of antibiotic-impregnated bone cement still being relatively
high in the United States and most American patients under the
age of seventy being treated with an uncemented femoral stem,
use of antibiotic-impregnated bone cement in primary total hip
arthroplasty may be of limited value at this time.

The model is quite sensitive to changes in key parameters
when only revision due to documented infection is considered
to be the primary outcome measure. The cost of antibiotic-
impregnated bone cement in this setting only needs to exceed
$650 before it becomes cost-inefficient to use it for all primary
total hip arthroplasties. Similarly, if the use of antibiotic-
impregnated bone cement does not reduce the risk of deep infec-
tion by at least 70%, then it is no longer a cost-effective intervention.
It is important to keep in mind that the infection rates used in the
model were very low (0.7% over ten years for patients treated
with standard bone cement and 0.4% over ten years for those
treated with antibiotic-impregnated bone cement) compared

with some rates reported in the literature7. If infection rates are
actually higher, the use of antibiotic-impregnated bone cement
would be a more cost-effective option over a wider range of
assumptions regarding costs and outcomes. Also, the risk of in-
fection was assumed to be a linear function over time, as opposed
to an exponential function with the majority of infections oc-
curring within two years after the initial arthroplasty. The as-
sumption of linearity results in a more conservative estimate of
the cost-effectiveness of antibiotic-impregnated bone cement by
displacing the costs and utility declines associated with revision
into the future. The use of antibiotic-impregnated bone cement
would become more cost-effective if more infections occurred
within two years, which is likely the case given that the antibiotics
are generally fully eluted within four weeks.

Age also strongly influenced the results of the model. In the
analysis in which all revisions were considered to be the primary
outcome measure, the use of antibiotic-impregnated bone cement
was found to cross the $50,000 per QALY threshold when the age
of the patients undergoing the primary total hip arthroplasty was
greater than eighty-three years. The average age was lower when
only revision due to infection was considered as the primary
outcome measure, with an average age of greater than seventy-one
being the threshold. With the majority of total hip arthroplasty
implants in the United States being uncemented, the average age
for the use of a cemented prosthesis may be above these thresh-
olds. If the true average age for the use of cement is higher than
the thresholds noted above, then perhaps the use of antibiotic-
impregnated bone cement is not justified in that population.

The results of this model were more stable over a broader
range of parameter estimates when all revisions were consid-
ered to be the primary outcome measure. Those analyses
demonstrated that the cost of using antibiotic-impregnated
bone cement would need to be >$1500 before it becomes cost-
inefficient, which is well above the current cost estimates.

A potential concern is that antibiotic-impregnated bone
cement has been shown to decrease the rate of aseptic revisions
as well as revisions due to infection5. One potential explanation
is that a low-grade infection that is not detectable by culture is
the cause of some aseptic revisions5. The reason for the de-
crease in aseptic revisions is not entirely clear, which is why we
also evaluated the model with only revisions due to infection as
the outcome measure.

Limitations of the model are generally related to the quality
of the data that are used to evaluate the efficacy of antibiotic-
impregnated bone cement. The estimations of the revision rates
used in this model were based on data from registers, which could
have introduced bias into the data. The Norwegian and Swedish
Arthroplasty Registers have continued to show a substantial dif-
ference in infection rates with the use of antibiotic-impregnated
bone cement5,6, but to date no high-quality randomized con-
trolled trials have been performed to evaluate the efficacy of
antibiotic-impregnated bone cement23,24, probably because of the
large number of patients and extended follow-up that would be
needed for such an investigation.

Other concerns about the use of antibiotic-impregnated
bone cement are the potentials for an allergic reaction as well
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as for the development of antibiotic-resistant organisms10,12. To
our knowledge, no allergic reactions have been documented to
date, but gentamicin, which rarely causes allergic reactions, has
been the antibiotic primarily used in bone cement in Europe.
The possibility of an allergic reaction may become greater if
other antibiotics such as the cephalosporins are used. Although
antibiotic resistance is a theoretical concern, there have not
been reports of a greater percentage of resistant infections in
Europe, where antibiotic-impregnated bone cement is used
extensively. These concerns certainly warrant continued sur-
veillance, but currently there is no evidence that should deter
one from using antibiotic-impregnated bone cement for pri-
mary total hip arthroplasty on those grounds.

In summary, the off-label use of antibiotic-impregnated
bone cement for primary total hip arthroplasty with cement
appears to be a cost-effective strategy if the patient population is
young and the cost of the cement is relatively low. This may limit
the usefulness of antibiotic-impregnated bone cement in pri-
mary total hip arthroplasty in the United States, given its current
cost and the older average age of patients being treated with
cemented femoral stems. In our model, we evaluated costs from
a hospital resource-use perspective, which was chosen to deter-
mine if the additional up-front cost of antibiotic-impregnated
bone cement was justified by a future decrease in costs for
revisions. The results can potentially be used by surgeons and
policy-makers to help decide whether the use of antibiotic-
impregnated bone cement for primary total hip arthroplasty is

justified in view of the additional costs, current infection rates,
and average age of the population in which a cemented pros-
thesis is used.

Appendix
A figure showing the Markov model and figures dem-
onstrating the results of the sensitivity analyses of age

versus cost are available with the electronic versions of this
article, on our web site at jbjs.org (go to the article citation and
click on ‘‘Supplementary Material’’) and on our quarterly CD/
DVD (call our subscription department, at 781-449-9780, to
order the CD or DVD). n
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