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Background: Total knee arthroplasty (TKA) relieves pain

and improves quality of life for persons with advanced
knee osteoarthritis. However, to our knowledge, the costeffectiveness of TKA and the influences of hospital volume and patient risk on TKA cost-effectiveness have not
been investigated in the United States.
Methods: We developed a Markov, state-transition, com-

puter simulation model and populated it with Medicare
claims data and cost and outcomes data from national
and multinational sources. We projected lifetime costs
and quality-adjusted life expectancy (QALE) for different risk populations and varied TKA intervention and hospital volume. Cost-effectiveness of TKA was estimated
across all patient risk and hospital volume permutations. Finally, we conducted sensitivity analyses to
determine various parameters’ influences on costeffectiveness.
Results: Overall, TKA increased QALE from 6.822 to 7.957

quality-adjusted life years (QALYs). Lifetime costs rose from
$37 100 (no TKA) to $57 900 after TKA, resulting in an

K

incremental cost-effectiveness ratio of $18 300 per QALY.
For high-risk patients, TKA increased QALE from 5.713
to 6.594 QALY, yielding a cost-effectiveness ratio of $28 100
per QALY. At all risk levels, TKA was more costly and less
effective in low-volume centers than in high-volume centers. Results were insensitive to variations of key input parameters within policy-relevant, clinically plausible ranges.
The greatest variations were seen for the quality of life gain
after TKA and the cost of TKA.
Conclusions: Total knee arthroplasty appears to be costeffective in the US Medicare-aged population, as currently practiced across all risk groups. Policy decisions
should be made on the basis of available local options
for TKA. However, when a high-volume hospital is available, TKAs performed in a high-volume hospital confer
even greater value per dollar spent than TKAs performed in low-volume centers.
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NEE OSTEOARTHRITIS (OA) IS

a common and disabling
condition. Approximately
12% of adults older than 60
years have symptomatic

CME available online at
www.jamaarchivescme.com
and questions on page 1093

Author Affiliations are listed at
the end of this article.

knee OA, with estimated direct medical costs
ranging from $1000 to $4100 (in 2006 US
dollars) per person-year.1-3 Since age and
obesity are important OA risk factors, the
prevalence of knee OA is rising rapidly in
the United States due to both increased life
expectancy and the growing obesity epidemic.4,5 Total knee arthroplasty (TKA) is
a frequently performed and effective procedure that relieves pain and improves functional status in patients with end-stage knee
osteoarthritis.6
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Almost 500 000 TKAs were performed
in the United States in 2005 at a cost exceeding $11 billion.7 Projections indicate
dramatic growth in the use of TKA over the
next 2 decades.8 Because health care expenditures related to TKA are substantial, it is
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critical to understand the value obtained for
the money spent on TKA. Although TKA
is widely considered to be a beneficial intervention, its cost-effectiveness in the general US population of persons with endstage knee OA has yet to be established. To
our knowledge, the cost-effectiveness literature related to TKA has focused only on
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non-US populations,9 referral centers,10 specific prostheses,10 or particular techniques11,12 such as computerassisted surgery13 or unicompartmental knee arthroplasty.14,15 Some of these studies were conducted over a short
time frame.9-11
Outcomes after TKA are not uniformly excellent. Older
age, black race, Hispanic ethnicity, female sex, poverty,
and comorbidities are all associated with poorer TKA outcomes.16,17 A growing body of evidence demonstrates that
the annual volumes of TKA performed by the hospital
and by the surgeon are inversely associated with perioperative complications, postoperative functional impairment levels, prosthesis failure rates, and procedure
costs.16,18,19 Little is known about whether and how patient risk factors for poor surgical outcomes affect the costeffectiveness of TKA compared with nonoperative management of end-stage knee OA. Likewise, to our
knowledge the influence of hospital volume on the economic impact of TKA has not yet been researched.
In this study, we sought to examine whether TKA is
cost-effective in the US Medicare population of persons
65 years or older with end-stage knee OA. We evaluated
the cost-effectiveness of TKA for groups of patients with
different risks for poor perioperative outcomes. Finally,
to investigate the economic and quality of life (QOL) implications of the volume-outcomes relationship, we reported the long-term outcomes and cost-effectiveness of
receiving TKA in high- and low-volume centers in the
US Medicare population.
METHODS

ANALYTIC OVERVIEW
We developed a Markov, state-transition, computer-based simulation model of treatment choices for patients with end-stage knee
OA. A state-transition Markov model characterizes the history
of a specific condition in an individual patient as a sequence of
transitions from one health state to another. Health states are defined so as to be descriptive of a person’s current health and prognostic of further disease progression20,21 and are characterized
by QOL and resource utilization. The value assigned to healthrelated QOL as applied to economic evaluation of healthrelated interventions is formulated in terms of utility—the score
ascribed to a given state of health to a patient, usually varying
from perfect health (QOL value = 1.00) to death (QOL
value=0.00). Utility values measure how a person is affected by
a disease in his or her activities of everyday life.
We used the model to examine the incremental clinical impact and cost-effectiveness of 4 treatment strategies: (1) No TKA
performed; (2) TKA performed in a low-volume hospital (1-25
TKAs performed per year on Medicare patients); (3) TKA performed in a medium-volume hospital (26-200 TKAs
performed per year on Medicare patients); and (4) TKA performed in a high-volume hospital (⬎200 TKAs performed per
year on Medicare patients). The choice of strata was guided by
prior work indicating worse outcomes in hospitals with 25 or
fewer cases per year in the Medicare population.16 In the national sample of Medicare beneficiaries who underwent TKA
in 2000, 11% of patients had TKA in a low-volume center and
20% underwent TKA in a high-volume center.16 The analysis
reported herein conformed to the reference case recommendations of the US Panel on Cost-Effectiveness in Health and
Medicine.22 Outcome measures—including perioperative and
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Figure 1. Total knee arthroplasty (TKA) model structure not including the
tenth and absorbing state, death. OA indicates osteoarthritis; straight arrows,
transition from one state to another; curved arrows, no transition to a new
state. A detailed explanation of each state and the movement between states
is available in the “Methods” section.

longer-term clinical measures, quality-adjusted life expectancy, and direct medical cost (in 2006 US dollars)—were assessed from the societal perspective and reported on a presentvalue basis using a 3% annual discount rate. We expressed
comparative value in dollars per quality-adjusted life-year
(QALY) gained and evaluated the stability of findings to variations in the values of input parameters using both deterministic and probabilistic sensitivity analyses.23-25

MODEL STRUCTURE
Figure 1 depicts the conceptual organization of 9 of the 10
health states of the model: 2 acute states (TKA and revision TKA)
and 7 chronic states. After each evaluation cycle (1 year), subjects may either transition to another state or remain in the same
chronic state for another year. Transition probabilities were derived from data from several national and multinational data
sources.16 The model was developed and implemented using
TreeAge Pro 8.0 software (TreeAge Pro Suite 2008, version 2.0,
Williamstown, Massachusetts).
The full model consists of 10 major health states: (1) endstage knee OA (pre-TKA); (2) TKA; (3) full-benefit post-TKA
(successful TKA); (4) limited-benefit post-TKA (unsuccessful
TKA); (5) failed TKA; (6) revision TKA; (7) full-benefit postrevision TKA (successful revision); (8) limited-benefit postrevision TKA (unsuccessful revision); (9) failed revision TKA; and
(10) death. Patients may transition from any health state to the
absorbing death state (Figure 1).
Persons with end-stage knee OA may be unwilling to undergo TKA and therefore continue to experience the diminished
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Limited-benefit
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QOL and costs associated with knee OA until death. Patients who
undergo TKA transition from the end-stage knee OA state to the
TKA state face the risk of postoperative complications and costs
related to the surgery. After a year spent in the TKA state, patients transition to 1 of 2 postoperative states based on their outcomes as measured by their postoperative Western Ontario and
McMaster Osteoarthritis Index (WOMAC)26 scores: full-benefit
post-TKA (successful TKA, WOMAC score, ⱖ60), which indicates a large improvement in QOL; or limited-benefit post-TKA
(unsuccessful TKA, WOMAC score, ⬍60), which indicates little
to no improvement in QOL compared with preoperative QOL.
Patients in both postoperative states are at risk of TKA failure. If this occurs, patients transition to the failed TKA state,
and their diminished QOL will be similar to or worse than the
pre-TKA state. These subjects, however, may choose to undergo revision TKA in a later cycle.
Patients with failed TKA who undergo TKA revision transition to the revision TKA state and thus have a chance of improving QOL. After a year in the revision TKA state, patients
transition to 1 of 2 postoperative revision states: full-benefit
(successful revision TKA) or limited-benefit (unsuccessful revision TKA) postrevision TKA. The model allows for multiple
revision TKAs and for patients to transition back from postrevision states to the revision TKA state. Patients are always at
risk of death from surgery-related and other-cause mortality.

POPULATIONS UNDER CONSIDERATION
In addition to analyzing the overall Medicare population with
end-stage knee OA, we separately analyzed low-, medium-, and
high-risk groups. Risk categories were developed based on the
likelihood of perioperative complications after TKA and were
derived as a function of age, comorbidities, and poverty status.16 Details of risk group definition are provided in the
eAppendix (http://www.archinternmed.com). The average ages
for low-, medium-, and high-risk groups were 68, 75, and 79
years, respectively (Table 1).

ALTERNATIVE STRATEGIES FOR TKA
DELIVERY—ROLE OF HOSPITAL VOLUME
We considered TKA delivery in low-, medium-, and high-volume
centers (1-25, 26-200, and ⬎200 TKAs per year, respectively).16
Risks of perioperative mortality and complications, likelihood of
unsuccessful TKA, and costs of disease and primary and revision
TKAs were stratified by hospital volume (Table 1).

CLINICAL DATA
Clinical data used in the model were derived from several population-based studies and included data on perioperative mortality and rates of complications, failure rates, functional status, and QOL. Mortality rates were obtained from the latest
available US life tables.30

Perioperative Outcomes
in Patients Undergoing TKA
We used the data from a national cohort of Medicare beneficiaries undergoing TKA in 2000 to derive input parameters on
perioperative outcomes.16 The Medicare data contained information on comorbidities, age, poverty status, and hospital volume status, allowing us to stratify perioperative complications
by hospital volume and patient risk group. For example, the
perioperative mortality rates for medium-risk patients ranged
from about 0.9% of TKAs performed at low-volume centers to
about 0.6% for those performed at high-volume centers

(Table 1). Medical complications, including myocardial infarction, pneumonia, and pulmonary embolism exhibited even stronger volume dependence.16 Medical complication rates for procedures performed on medium-risk patients at low-volume
centers were about 1.6 times higher than those performed at
high-volume centers (3.8% vs 2.4%).

Failure Rates in Patients
Undergoing TKA
Early failures occurring in the same year as the index TKA and
failures occurring in subsequent years were derived from the
longitudinal data of a national cohort of Medicare beneficiaries undergoing TKA.16 Failure rates were stratified by the hospital volume and patient risk groups. For example, for mediumrisk patients, failure rates ranged between 0.9% and 1.2% for
early failure and between 1.3% and 1.5% for later failures depending on hospital volume (Table 1).

Functional Status After TKA
Data on long-term postoperative functional status in persons undergoing TKA were derived from the random sample of the national cohort of TKA recipients selected for more detailed study.16
The functional status was defined by WOMAC score: individuals achieving a WOMAC score of 60 or higher were assumed to
experience a good outcome, and those with a WOMAC score lower
than 60 were assumed to experience a suboptimal outcome. The
proportion of persons with a WOMAC score of 60 or higher differed by hospital volume and patient risk group (Table 1).

QOL Estimates
The national Medicare study did not collect data on QOL; therefore, we derived these estimates from a separate multinational
study of TKA recipients, where investigators collected data on
the Short Form 36-Question Health Survey (SF-36) for both
pre- and post-TKA. We transformed these SF-36 data to standard gamble (SG) utilities using the method proposed by Lingard et al28 and Brazier et al.31 Mean QOL prior to TKA had an
overall value of 0.690. Post-TKA utilities for a successful procedure ranged from 0.832 to 0.837 for high- and low-risk populations, respectively, with an overall value of 0.835 (Table 1).

Costs
In the model we used 2 main cost domains: TKA-related costs
and costs of living with end-stage knee OA. The TKA-related
costs included hospital costs, physician costs, costs of complications, and costs of rehabilitation services following TKA discharge. Details of this cost derivation are outlined in the
eAppendix. Recognizing that charges are an imperfect reflection of true economic resource consumption from the societal
perspective,22,32 we converted charges to costs, using an overall ratio of costs to charges of 0.6 (unpublished data). All costs
were updated to 2006 US dollars using the medical care component of the consumer price index.33 Further details on derivation of cost parameters and data sources used in the model
are presented in the eAppendix.

MODEL ASSUMPTIONS
To ensure a conservative approach, where the data were limited, we used the following assumptions based on expert panel
consensus: We assumed that a failed TKA (loosening of prosthesis) would result in a 25% reduction in QOL and a 50% in-
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Table 1. Base Case Parameter Estimates for TKA Patients
Primary TKA, Risk Category, Base Case
Characteristic a

Overall

Age, mean, y

Low

74

Medium

68

75

High
79

Mortality
Low
Medium
High
Surgical complications
Low
Medium
High
Medical complications
Low
Medium
High
Early failure
Low
Medium
High
Late failure
Low
Medium
High

Annual Probability of Specific Perioperative Outcome Events
0.0063
0.0025
0.0062
0.0114
0.0037
0.0089
0.0145
0.0029
0.0059
0.0113
0.0007
0.0059
0.0087
0.0037
0.0024
0.0037
0.0050
0.0037
0.0054
0.0050
0.0025
0.0039
0.0050
0.0014
0.0021
0.0050
0.0275
0.0160
0.0277
0.0412
0.0160
0.0383
0.0412
0.0160
0.0272
0.0412
0.0160
0.0237
0.0412
0.0105
0.0115
0.0100
0.0115
0.0118
0.0118
0.0146
0.0105
0.0100
0.0109
0.0148
0.0094
0.0113
0.0134
0.0172
0.0131
0.0103
0.0192
0.0152
0.0113
0.0172
0.0130
0.0104
0.0164
0.0126
0.0090

WOMAC ⬍60 b
Low
Medium
High

Annual Probability of Specific Longer-term Outcome Events
0.1200
0.0938
0.1187
0.1622
0.1148
0.1797
0.1892
0.0840
0.0867
0.1351
0.0840
0.0867
0.1351

WOMAC, pre-TKA b
WOMAC ⱖ60, post-TKA b
WOMAC ⬍60, post-TKA b

0.690 (0.120)
0.835 (0.120)
0.760 (0.143)

End-stage osteoarthritis
TKA and rehabilitation
Low
Medium
High
Perioperative complications
Revision TKA and rehabilitation
Low
Medium
High

3800
20 700

Utility Score, Mean (SD)
0.690 (0.120)
0.690 (0.120)
0.873 (0.147)
0.832 (0.129)
0.760 (0.143)
0.760 (0.143)
2000
18 500
19 200
18 500
18 100
12 600
22 200
22 900
22 200
21 800

12 600
24 500

Annual Costs, 2006 US$
2100
21 000
21 300
21 100
20 200
12 600
24 700
25 000
24 800
23 900

Source
Katz et al,16 2004
Katz et al,16 2004

Katz et al,16 2004

Katz et al,16 2004

Losina et al,27 2006

Losina et al,27 2006

Katz et al,16 2007

0.690 (0.120)
0.832 (0.129)
0.760 (0.143)

Lingard et al,28 2004

10 500
22 200
21 400
21 800
24 600
12 600
26 000
25 100
25 500
28 300

Lanes et al,3 1997, and NHANES,29 2009
eAppendix (http://www.archinternmed.com)

HCUP7
eAppendix

Abbreviations: TKA, total knee arthroplasty; WOMAC, Western Ontario and McMaster Osteoarthritis Index.26
a Low, medium, and high in this column refer to volume of TKA procedures (1-25, 26-100, and ⬎200) performed annually in the evaluated hospitals.
b A WOMAC score of 60 or higher indicates a high level of functioning; a WOMAC score lower than 60 indicates worse functioning. We normalized WOMAC
scores to a 0 to 100 range where 100 represents the best possible score.

crease in direct medical costs compared with pre-TKA (endstage knee OA state). We assumed that 100% of patients with
an early TKA failure (within the first postoperative year) would
elect revision, while 50% of patients with a late TKA failure (after the first postoperative year) would elect revision. We also
assumed that a successful TKA would reduce direct medical
costs due to symptomatic OA by $512 (eAppendix). Sensitivity of our results to these assumptions was examined in sensitivity analyses with a wide variation in input parameters.

SENSITIVITY ANALYSES
We performed 2 types of sensitivity analysis: We used deterministic 1-way and 2-way sensitivity analysis (systematically

varying 1 or 2 parameters at a time across wide intervals) to
identify instances where small input changes produced large
output swings and to illustrate the relative impact of each
individual assumption on the cost-effectiveness of TKA.25 And
we used probabilistic sensitivity analysis (varying multiple
model parameters simultaneously using a second-order Monte
Carlo technique23,24) to understand the aggregate impact of
uncertainties in the model’s underlying parameters on overall
estimates of cost-effectiveness. This second method involves
the estimation of expected costs and effects for program alternatives using a random sampling of model parameter values
drawn from joint probability distributions.34 The analysis is
repeated over large numbers of samples to produce a distribution of cost-effectiveness ratios, thus permitting the analyst
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Table 2. Cost-effectiveness of TKA a

TKA Status b

Cost

QALYs, No. c

No TKA
TKA

37 100
57 900

ICER Compared With Next
Least Expensive Strategy d

Overall Population
6.822
7.957

ICER Compared With No TKA d

NA
18 300

NA
NA

Stratified by Risk e of Perioperative Comorbidities
Low-risk population
No TKA
TKA
Medium-risk population
No TKA
TKA
High-risk population
No TKA
TKA

25 800
44 000

8.716
10.589

NA
9700

NA
NA

19 800
39 900

6.574
7.649

NA
18 700

NA
NA

86 800
111 500

5.713
6.594

NA
28 100

NA
NA

Stratified by Risk e of Perioperative Comorbidities and Hospital Volume
Low-risk population
No TKA
High
Medium
Low
Medium-risk population
No TKA
High
Medium
Low
High-risk population
No TKA
Medium
Low
High

25 800
43 300
43 900
45 500

8.716
10.623
10.597
10.537

NA
9200
Dominated f
Dominated f

NA
9200
9600
10 800

19 800
38 900
40 100
41 700

6.574
7.672
7.670
7.585

NA
17 400
Dominated f
Dominated f

NA
17 400
18 500
21 700

86 800
110 600
111 900
113 600

5.713
6.608
6.556
6.630

NA
26 600
Dominated f
135 700

NA
26 600
29 800
29 200

Abbreviations: ICER, incremental cost-effectiveness ratio (ratio of additional costs to additional benefits); NA, not applicable; TKA, total knee arthroplasty; QALY,
quality-adjusted life year.
a All costs are reported as 2006 US dollars. All costs and QALYs are discounted at 3% annually.
b Low, medium, and high in this column refer to volume of TKA procedures (1-25, 26-100, and ⬎200, respectively) performed annually in the evaluated
hospitals.
c The QALY is a health outcome measure that combines quality of life, as determined by some preference-based valuation process, and length of life. One year in
perfect health equals 1 QALY. One year in a health state rated as 70% of perfect health equals 0.7 QALY.
d For analyses stratified by more than 1 strategy, we present ICERs that compare each strategy with the next less expensive strategy and with the no-TKA
strategy.
e Risk is defined as risk for complications.
f By convention, a strategy that is both more costly and less effective than another strategy (or combination of other strategies) is called dominated.

to estimate the probability that an intervention’s costeffectiveness ratio will fall below any given threshold.35 The
parameters to which the distributions were fitted included
perioperative outcomes, cost of TKA, cost of living with endstage OA, QOL improvements, and probability of TKA failure
(eTable 5).
The study protocol was approved by the Partners HealthCare human subjects committee.
RESULTS

BASE CASE ANALYSIS: OVERALL MEDICARE
POPULATION WITH END-STAGE KNEE OA
In the overall Medicare population with end-stage knee
OA (average age, 74 years), TKA was associated with a
projected discounted quality-adjusted life expectancy of
7.957 years compared with 6.822 years for patients not
undergoing TKA. Lifetime costs varied from $37 100 per
person for no TKA to $57 900 per person undergoing

TKA. The incremental cost-effectiveness ratio of TKA was
$18 300 per QALY (Table 2).
COST-EFFECTIVENESS OF TKA
AS A FUNCTION OF PATIENT RISK
Table 2 summarizes the results of the cost-effectiveness
analyses for patients at increasing levels of risk for perioperative complications. Incremental cost-effectiveness
estimates ranged from $9700 per QALY in the low-risk
group to $28 100 per QALY in the high-risk group.
EFFECTS OF HOSPITAL VOLUME
ON COST-EFFECTIVENESS OF TKA
We further stratified the perioperative risk categories by
hospital volume (Table 2). For low- and medium-risk patients, cost-effectiveness findings for TKA in a highvolume center were $9200 per QALY and $17 400 per
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QOL After TKA with full benefits
(Decreased by 15%)
Probability of late revision after
primary TKA

(Increased 10-fold over base case probability)

Cost of TKA

(Decreased by 50% and increased by 100%)

QOL After TKA with limited benefits

(Decreased by 25%)

Direct medical costs after TKA with
limited benefits

(Increased and decreased by 33%)

Probability of early revision after
primary TKA

(Increased 10-fold over base case probability)

Direct medical costs decrement after
TKA with full benefits

(Decreased decrement by 75%)

Probability of late re-revisions

(Increased 10-fold over base case probability)
5000

15 000

25 000

35 000

45 000

55 000

65 000

75 000

85 000

95 000

105 000

Incremental Cost-effectiveness, $/QALY

Figure 2. Sensitivity analysis of potentially important model parameters. The bars represent ranges of incremental cost-effectiveness ratio values when the value
of indicated parameter is changed over the range shown in parentheses. QOL indicates quality of life; TKA, total knee arthroplasty; QALY, quality-adjusted life
years. Varying the proportion of persons who lacked substantial functional improvement after revision (reduced by 50% and increased by 100%) did not have a
significant impact on incremental cost-effectiveness ratios.

QALY, respectively, compared with no TKA. Incremental analysis revealed that delivery of TKA in either medium- or low-volume centers was a dominated strategy
(higher costs and less health benefit) compared with TKA
in high-volume centers for low- and medium-risk populations. Compared with no TKA, surgery in medium- and
low-volume centers had cost-effectiveness ratios ranging between $9600 per QALY and $21 700 per QALY.
For high-risk patients, the cost-effectiveness ratio for TKA
in a medium-volume center was $26 600 per QALY compared with no TKA. For these high-risk patients, TKA in a
high-volume center compared with TKA in a mediumvolume center increased quality-adjusted life expectancy
from 6.608 to 6.630 years at an additional cost of $3000,
resulting in an incremental cost-effectiveness ratio of
$135 700 per QALY. For high-risk patients, performing TKA
in low-volume centers cost more and produced worse outcomes than TKA performed in either high- or mediumvolume centers. Compared with no TKA, surgery in lowvolume centers had a cost-effectiveness ratio of $29 800 per
QALY for high-risk persons.
SENSITIVITY ANALYSES
In general, results from the 1-way sensitivity analyses for
the overall population were insensitive to variations within
policy-relevant ranges (ⱕ$100 000 per QALY)
(Figure 2). Taking the cost-effectiveness ratio of the overall population as the baseline value ($18 300 per QALY),
the ratio varied between $9200 per QALY and $106 700
per QALY. The greatest variation in the costeffectiveness ratio was seen with changes in 2 parameters: the QOL gain following TKA and the cost of TKA.
Reducing the base case QOL utility score for successful
post-TKA from 0.835 to 0.710 (85% of the base case value)
resulted in a cost-effectiveness ratio ranging from $18 300

per QALY (base case) to $106 700 per QALY. Varying the
cost of TKA from $10 300 (half of the base case cost) to
$41 400 (twice the base case cost) resulted in costeffectiveness ratios ranging from $9200 per QALY to
$36 500 per QALY. Varying other assumptions did not
have substantial effects on the cost-effectiveness ratios
(Figure 2).
To further bias against TKA and to address the impact of subsequent revisions on the cost-effectiveness of
TKA, we performed a 2-way sensitivity analysis varying
revision rates and the proportion of patients undergoing revisions who will achieve satisfactory improvements in functional status (WOMAC ⬎60). The costeffectiveness of TKA was below $50 000 per QALY until
the rates of failure were increased by more than 5-fold
simultaneously with rates of satisfactory improvement
in functional status decreased to as low as 10%. The ratios remained below $100 000 per QALY with up to 10fold increases in failure rates and 10% improvement in
functional status (eTable 1).
We also performed a 2-way sensitivity analysis examining the impact of pre-TKA QOL and post-TKA improvements in QOL on cost-effectiveness of TKA. We considered percentage improvement in QOL for TKA leading
to satisfactory improvement in functional status ranging from 0.79 to 0.862 (0%-25% increase of base case).
We also examined ranges in preoperative QOL varying
from 25% reduction to 20% increases. The costeffectiveness ratio of TKA remained below $50 000 per
QALY for all considered scenarios if post-TKA QOL improvements reach at least a 15% increase from pre-TKA.
For example, in the worst case scenario considered where
pre-TKA QOL is reduced to 75% of the baseline value
(0.518) and TKA yields only a 15% improvement in QOL
(0.596), the cost-effectiveness of TKA is still below
$50 000 per QALY (eFigure 2).
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Table 3. Cost-effectiveness of Selected Health Care Interventions a

Condition
Lumbar disk protrusion
Degenerative
spondylolisthesis

ACL tears
Hip OA
Knee OA

Cost-effectiveness,
$/QALY

Treatment Method
Lumbar diskectomy vs nonoperative management in patients with lower
back pain
Laminectomy with noninstrumental fusion vs nonoperative management
in patients with lower back pain
Laminectomy with instrumental fusion vs laminectomy without
instrumental fusion in patients with lower back pain
Reconstructive ACL surgery vs nonoperative management in patients
with ACL tears
THA vs nonoperative management for 60-year-old women with hip OA
THA vs nonoperative management for 85-year-old men with hip OA
TKA vs no TKA for low-risk patients with knee OA
TKA vs no TKA for high-risk patients with knee OA

Source b

20 000

Malter et al,36 1996

81 100

Kuntz et al,37 2000

4 460 900
8400
Cost-saving
8700
9700
28 100

Gottlob et al,38 1999
Chang et al,39 1996
Present study

Abbreviations: ACL, anterior cruciate ligament; OA, osteoarthritis; QALY, quality-adjusted life year; THA, total hip arthroplasty; TKA, total knee arthroplasty.
a All costs are reported in 2006 US dollars.
b All sources discounted the QALY at 3% except for Gottlob et al,38 who used a 5% discount.

We conducted additional sensitivity analysis showing that delaying TKA in patients who have reached endstage knee OA that severely limits their functions for any
period is never efficient because it leads to a lesser value
per dollar spent (eFigure 3).
Results of the probabilistic sensitivity analysis revealed that if willingness to pay (WTP) to improve QOL
were set at $50 000 per QALY, TKA had a 93% chance
of being the preferred choice (ie, TKA had the highest
net benefit) compared with no TKA. Further analysis revealed that for low-risk patients, there was a 96% chance
that TKA would be preferred to no TKA if the societal
WTP were set at $50 000 per QALY. For high-risk patients, there was an 83% chance that TKA would be preferred to no TKA if societal WTP were $50 000 per QALY.
If WTP were set at $100 000 per QALY, TKA had a greater
than 97% chance of being the preferred choice; this value
was insensitive to patient risk.
COMMENT

Our analyses showed that, at an incremental cost of
$18 300 per QALY gained, TKA is a highly costeffective procedure for management of end-stage knee
OA among Medicare-aged persons compared with nonoperative management. This result is robust across a
broad range of assumptions regarding both patient risk
and hospital volume. For patients who choose to
undergo TKA, hospital volume plays an important role:
regardless of patient risk level, higher-volume centers
consistently deliver better outcomes. But the additional
survival benefits associated with high-volume centers
provide limited cost-effectiveness benefits for high-risk
patients deliberating between medium- and highvolume centers. Across all levels of patient risk and hospital volume, the cost-effectiveness of TKA lies well
within the range of accepted cost-effectiveness for other
musculoskeletal procedures, such as lumbar diskectomy36 and fusion of the spine for spondylolisthesis
(Table 3).37
Several studies have evaluated the cost-effectiveness of
TKA, but none to our knowledge have used data from na-

tionally representative US cohorts and evaluated costeffectiveness over the long term. One single-center study
estimated the cost-effectiveness of TKA over 1 year to be
$14 000 per QALY (inflated to 2006 US dollars) for all TKA
recipients.10 A study conducted in Finland also reached favorable conclusions about the cost-effectiveness of TKA,
though differences in method and setting make the study
difficult to compare with ours.9 It is notable, however, that
our general conclusions regarding cost-effectiveness of TKA
are consistent with these prior findings.
For patients at highest risk, shifting from medium- to
high-volume hospitals had a cost-effectiveness ratio of
$135 700 per QALY. This comparatively unfavorable figure arises from the increased rates at which high-risk patients undergo TKA in high-volume centers, potentially
distant from their places of residence, and the patients
are then referred to costly inpatient rehabilitation centers. By contrast, low- and medium-risk patients who are
shifted to hospitals with greater volume experience reduced costs and lower complication rates. Discharge to
costly inpatient rehabilitation facilities is less common
for these patients.
Our study had several limitations. We found no published literature on costs of TKA that provided estimates stratified by disease severity and patient risk. Thus,
we used data from NHANES III29 to assist in building our
cost estimates. Notably, the results of our sensitivity analyses suggest that TKA remains cost-effective under wide
variations in costs and disease severity. We could not incorporate willingness to undergo TKA as a model input
and did not consider the disutility of having surgery in
an unfamiliar high-volume center vs a familiar lowvolume center. We estimated the rate of TKA failure by
using data on revisions of TKA. We acknowledge that
revision may be an insensitive proxy for prosthesis failure because patients with a failed TKA may not be offered or may decline revision. Our sensitivity analyses
showed that cost-effectiveness estimates were not sensitive to the proportion of persons with failed TKA who
underwent revision. We also note that the QOL and annual cost associated with the no-TKA option did not account for continuing worsening of functional limita-
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tions related to end-stage knee OA. This assumption biased
results against TKA, making the analysis more conservative.
For patients with symptomatic end-stage knee OA,
TKA was very cost-effective. This finding applied even
to the highest-risk patients. While having TKA in lowvolume centers cost more and produced worse outcomes than having TKA in higher-volume centers, having TKA even in low-volume centers was cost-effective
compared with no TKA for patients at all levels of risk
for perioperative complications. On a societal level, it is
more cost-effective for the population with end-stage knee
OA to undergo TKA than to not have TKA, regardless of
hospital TKA volume.
Clinicians, patients, and policy makers should consider the relative cost-effectiveness of TKA in making decisions about who should undergo TKA, where, and when.
Cost-effectiveness analysis is useful in estimating the value
of medical practices when randomized controlled trials
are logistically or ethically difficult to implement. Lack
of physician and patient equipoise regarding randomization would make the conduct of a trial of TKA difficult, and blinding would be nearly impossible. Costeffectiveness analysis in this setting is particularly valuable
in informing policy and practice.
Based on the data derived from TKA recipients of various risk groups, we showed that TKA is effective and costeffective across all risk groups.40,41 Further analysis on
the timing of TKA is necessary. While regionalization efforts to consolidate TKAs in high-volume centers are currently under consideration, our analysis showed that hospital volume above 25 TKA per year is sufficient to assure
cost-effective delivery of TKA in the situations where there
is a choice among different hospital settings. Even in the
absence of such choice, TKA remains a cost-effective treatment compared with no TKA for patients with endstage knee OA, regardless of setting and patient risk for
complications and postoperative mortality.
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INVITED COMMENTARY

T

otal knee arthroplasty (TKA) has proven to be a
highly successful and reproducible intervention for patients with disabling arthritis of the
knee that is refractory to nonoperative management.1,2
More than 500 000 TKA procedures are performed annually in the United States, and that number is expected
to increase exponentially over the next 2 decades owing
to an aging US population and an expansion of the indications for TKA to include younger, more active patients.3 Although the success of TKA has been well documented, concerns about increasing procedure volumes
and rising costs per case, in part related to the use of newer,
more expensive TKA implant technologies, have led to
an increased interest in evaluating the cost-effectiveness of
TKA.4
A growing body of literature has suggested that
TKA outcomes are related to hospital and surgeon
procedure volumes,5,6 with better patient outcomes
and fewer complications reported among high-volume
hospitals and surgeons. These findings have prompted
some clinicians and policy makers to call for regionalization of TKA.
In their study, Losina et al provide an interesting assessment of the cost-effectiveness of TKA in the United
States, stratified by patient risk factors and hospital setting. Using a Markov decision model, they found that for
most patients, regardless of the hospital setting, TKA was

associated with a modest increase in lifetime costs and a
corresponding increase in quality-adjusted life expectancy, which resulted in a highly favorable incremental
cost-effectiveness ratio. Their conclusion was that TKA
is a cost-effective procedure in most settings, although
TKA in a high-volume hospital appears to be more costeffective than TKA in a low-volume hospital. Another important finding was that delaying TKA in patients who
have reached end-stage osteoarthritis that is severely limiting their function is never efficient because it leads to
a lesser value per dollar spent.
When interpreting the results of a cost-effectiveness
analysis, it is important to consider the perspective of
the analysis. The US Panel on Cost-Effectiveness in
Health and Medicine recommends the use of a societal
perspective, which takes into consideration both
direct medical costs and other nonmedical and social
service costs borne by patients, their families, and
other stakeholders within the health care system. 7
Although the analysis by Losina et al incorporates the
lifetime direct medical costs associated with TKA, it
does not consider other nonmedical costs borne by
patients and their families in terms of lost work and
productivity, and therefore the perspective of the
study would be more accurately described as a health
care system or payer perspective rather than a true
societal perspective.
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