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TOTAL KNEE ARTHROPLASTY

(TKA) is a common and safe
procedure typically per-
formed for relief of symptoms

in patients with severe knee arthritis.
Available data suggest that approxi-
mately 600 000 TKA procedures are
performed annually in the United States
at a cost of approximately $15 000 per
procedure ($9 billion per year in
aggregate).1-4 While TKA does not typi-
cally reduce mortality, the procedure
results in marked improvements in
health-related quality of life and func-
tional status and is highly cost-
effective.2,5 Total knee arthroplasty is
now among the most common major
surgical procedures performed in the
United States.6

The increase in TKA can be viewed as
an indication of the success of this pro-
cedure in safely reducing pain and im-
proving functional status for an aging
population.7,8 However, the increase in
TKA can also be viewed as yet another

source of strain on government, insur-
ers, individuals, and businesses strug-
gling with unremitting growth in health
care spending.9-11 Despite the clinical and
economic policy importance of TKA,
there are few analyses evaluating recent
trends over time in use of and out-
comes associated with TKA.1,12-14

Thus, the primary objective of our
study was to evaluate longitudinal

See also pp 1217 and 1266.

Author Video Interview available at
www.jama.com.
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Context Total knee arthroplasty (TKA) is one of the most common and costly sur-
gical procedures performed in the United States.

Objective To examine longitudinal trends in volume, utilization, and outcomes for
primary and revision TKA between 1991 and 2010 in the US Medicare population.

Design, Setting, and Participants Observational cohort of 3 271 851 patients (aged
�65 years) who underwent primary TKA and 318 563 who underwent revision TKA
identified in Medicare Part A data files.

Main Outcome Measures We examined changes in primary and revision TKA vol-
ume, per capita utilization, hospital length of stay (LOS), readmission rates, and ad-
verse outcomes.

Results Between 1991 and 2010 annual primary TKA volume increased 161.5% from
93 230 to 243 802 while per capita utilization increased 99.2% (from 31.2 procedures per
10 000 Medicare enrollees in 1991 to 62.1 procedures per 10 000 in 2010). Revision TKA
volume increased105.9%from9650to19 871whilepercapitautilization increased59.4%
(from 3.2 procedures per 10 000 Medicare enrollees in 1991 to 5.1 procedures per 10 000
in 2010). For primary TKA, LOS decreased from 7.9 days (95% CI, 7.8-7.9) in 1991-1994
to 3.5 days (95% CI, 3.5-3.5) in 2007-2010 (P� .001). For primary TKA, rates of adverse
outcomes resulting in readmission remained stable between 1991-2010, but rates of all-
cause 30-day readmission increased from 4.2% (95% CI, 4.1%-4.2%) to 5.0% (95% CI,
4.9%-5.0%) (P� .001). For revision TKA, the decrease in hospital LOS was accompanied
by an increase in all-cause 30-day readmission from 6.1% (95% CI, 5.9%-6.4%) to 8.9%
(95% CI, 8.7%-9.2%) (P�.001) and an increase in readmission for wound infection from
1.4% (95% CI, 1.3%-1.5%) to 3.0% (95% CI, 2.9%-3.1%) (P� .001).

Conclusions Increases in TKA volume have been driven by both increases in the num-
ber of Medicare enrollees and in per capita utilization. We also observed decreases in
hospital LOS that were accompanied by increases in hospital readmission rates.
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trends in primary and revision TKA vol-
ume, per capita utilization, and out-
comes in the US Medicare population.
The secondary objective was to exam-
ine patient and hospital factors associ-
ated with increased risk for hospital re-
admission given the growing likelihood
of bundled payments for orthopedics
in the near future.15,16

METHODS
Data

We linked 2 sequential Medicare Pro-
vider Analysis and Review (MedPAR)
Part A data files (the first covering the
period from 1991-2005 and the sec-
ond from 2006-2010), each contain-
ing a 100% sample of hospitalizations
for fee-for-service beneficiaries. These
data were used to identify all enrollees
aged 65 years and older who under-
went primary or revision TKA between
1991 and 2010. Patients were identi-
fied using International Classification of
Diseases, Ninth Revision, Clinical Modi-
fication (ICD-9-CM) procedure codes
81.54 for primary and codes 80.06,
81.55, 00.80, 00.81, 00.82, 00.83, and
00.84 for revision TKA.17-20

The Part A files contain a range of
data collected from discharge ab-
stracts for all hospitalized fee-for-
service Medicare enrollees including pa-
tient demographics; ICD-9-CM codes
for primary and secondary diagnoses
and procedures; admission source (eg,
emergency department or transfer from
outside hospital); admission and dis-
charge dates; discharge disposition (eg,
home, nursing home, inpatient reha-
bilitation, transfer to another acute care
hospital, dead); death occurring up to
3 years after discharge; each patient’s
unique Medicare beneficiary number al-
lowing for identification of patient re-
admissions; and each hospital’s unique
6-digit identification number. Comor-
bid conditions present on the index ad-
mission were identified using algo-
rithms described by Elixhauser et al,21,22

which consider 30 specific conditions
and exclude comorbid conditions that
may represent complications of care or
that are related to the primary reason
for hospitalization. This project was ap-

proved by the University of Iowa In-
stitutional Review Board.

Our intention was to examine
changes in volume, utilization, and out-
comes of patients undergoing primary
and revision TKA procedures. To gen-
erate appropriate analytical cohorts, we
applied several inclusion and exclu-
sion criteria (eFigure 1 and eFigure 2,
available at http://www.jama.com).
First, we excluded Medicare HMO en-
rollees because the MedPAR data are in-
complete for enrollees in such plans.

Second, we limited our cohort to the
first primary (or revision) TKA per-
formed on a given patient during any 30-
day period using methods we have de-
scribed previously.23 We also excluded
bilateral or staged procedures that oc-
curred within the 30-day window; this
exclusion is necessary because Medi-
care data historically have not in-
cluded sidedness for a specific proce-
dure. Thus, for a patient who underwent
2 primary TKA procedures in close tem-
poral proximity, it is impossible to know
if this represented an initial primary pro-
cedure followed by an early complica-
tion requiring a second procedure or a
planned bilateral (ie, staged) procedure.

Third, because primary TKA is most
often an elective procedure whereas re-
vision TKA can be either an elective or
more urgent procedure, we applied
separate exclusion criteria to the pri-
mary and revision TKA populations in
accordance with prior studies as de-
scribed below. For primary TKA (eFig-
ure 1), we sequentially excluded pa-
tients admitted through the emergency
department (n=18 497) and patients
admitted after transfer from another
acute care hospital (n=3295); these ex-
clusion criteria were developed to se-
lect a population of primary elective
TKA patients. The revision TKA popu-
lation (eFigure 2) did not exclude these
types of patients because revision TKA
can be an emergent or unscheduled pro-
cedure and thus exclusion of these
populations would not make sense.

Statistical Analysis

We examined the demographic char-
acteristics and prevalence of key co-

morbid conditions for patients who un-
derwent TKA between 1991 and 2010;
for simplicity, data are presented sepa-
rately for each 4-year period (eg, 1991-
1994, 1995-1998, etc). We examined
changes in the mean number of comor-
bid conditions per patient during each
4-year period. We used analysis of vari-
ance for comparisons of continuous
variables and the �2 test for categori-
cal variables and tested for differences
in linear trends. All analyses were per-
formed separately for primary and re-
vision TKA patients.

We used graphical methods to plot
the annual primary and revision TKA
Medicare volume over time. We calcu-
lated per capita TKA utilization rates by
dividing the number of procedures per-
formed each year by the number of ben-
eficiaries enrolled in the fee-for-
service Medicare program and plotted
these results graphically.

We compared linear trends in sev-
eral important outcomes of interest for
primary and revision TKA: hospital
length of stay (LOS); discharge dispo-
sition; selected arthroplasty complica-
tions resulting in readmission within
30 days of discharge; and all-cause
readmission rates within 30 days of
discharge. Discharge disposition was
categorized as home, skilled or inter-
mediate care (which also incorporated
outpatient rehabilitation), inpatient
rehabilitation, and other. We exam-
ined changes in the rates of 6 separate
adverse outcomes occurring during
the index admission (mortality) or
readmission within 30 days of dis-
charge (mortality, pulmonary embo-
lism, deep vein thrombosis, wound
infection, postoperative sepsis, and
myocardial infarction) that have been
examined in prior studies of arthro-
plasty using administrative data.20,24,25

We also examined changes in rates
of a composite outcome representing
the occurrence of one or more of the
individual adverse outcomes as well as
all-cause readmission within 30 days of
discharge. To evaluate the reasons for
readmission among the primary and re-
vision TKA cohorts, we applied the
Agency for Healthcare Research and
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Quality (AHRQ) Clinical Classifica-
tion Software (CCS).26 This software
synthesizes more than 14 000 ICD-
9-CM codes into 231 mutually exclu-
sive clinically meaningful disease cat-
egories. For each 4-year study period,
we examined the 5 most common cat-
egories associated with readmission and
the proportion of all readmissions dur-
ing each period that were associated
with each category; this allowed us to
examine how the causes of readmis-
sion have changed over time.

We used standard logistic regression
to calculate risk-adjusted 30-day
readmission rates and composite
outcome [(observed/adjus ted)
�unadjusted 20-year rates] and used
standard linear regression to calculate
risk-adjusted hospital LOS [(observed
−adjusted)�unadjusted 20-year LOS].27

These models adjusted for age (catego-
rized as 65-69 years, 70-74, 75-79, and
�80 years), sex, race (categorized as
white, black, and other), and comor-
bidities to account for the changing de-
mographics of the TKA populations over
time.28 Race was included in these mod-
els to allow us to account for previ-
ously documented racial disparities in
joint arthroplasty when calculating stan-
dardized utilization rates for our analy-
sis.29,30 We used graphical methods to
plot discharge disposition, hospital LOS,
readmission rates, and composite out-
come between 1991 and 2010. All analy-
ses were conducted separately for the
primary and revision TKA cohorts.

We conducted several supplemen-
tal analyses of interest. Focusing on the
most recent 4 years of data (2007-
2010), we examined the relationship
between patient and hospital factors and
hospital readmission; as in prior analy-
ses, primary and revision TKA were ex-
amined separately. We used bivariate
methods to compare differences in pa-
tient and hospital factors among pa-
tients who did and did not experience
readmission within 30 days of dis-
charge. We then examined both patient-
level and hospital-level factors that may
have affected the 30-day readmission
rate by employing a series of 4 stan-
dard logistic regression models that pro-
gressively adjusted for an increasing ar-
ray of factors. In all models, the
dependent variable was a binary vari-
able with the value of 1 if a given pa-
tient was readmitted and 0 if not.

Model 1 adjusted for patient demo-
graphics alone (ie, age, race, sex); model
2 added adjustment for the number of
comorbidities; model 3 added adjust-
ment for hospital teaching status (ma-
jor, minor, and nonteaching) and hos-
pital procedural volume (calculated
separately for the primary and revi-
sion TKA cohort and categorized by
hospital volume quartiles); and model
4 added additional adjustment for each
patient’s hospital LOS, modeled in its
log-transformed state. In all 4 models,
we also included calendar year (2007,
2008, 2009, and 2010) to account for
underlying temporal trends. We con-

ducted several sensitivity analyses. In
particular, we repeated our analyses af-
ter adding back excluded populations
(eg, primary TKA cases admitted
through the emergency department).
We also repeated our analyses looking
at 90-day outcomes rather than 30-
day outcomes.

All P values are 2-tailed, with P �.05
deemed statistically significant. All sta-
tistical analyses were performed using
SAS version 9.2.

RESULTS
Our final study population included
3 271 851 elective primary TKAs and
318 563 revision TKAs between 1991
and 2010. The total number of fee-for-
service Medicare enrollees increased
from 29 892 351 in 1991 to 39 250 746
in 2010, whereas the number of pri-
mary TKA procedures increased from
93 230 in 1991 to 243 802 in 2010 (an
increase of 161.5%) (FIGURE 1). The
number of revision TKA procedures in-
creased from 9650 in 1991 to 19 871 in
2010 (an increase of 105 .9%)
(Figure 1).

During the same period, the per
capita utilization of primary TKA in-
creased by 99.2% (FIGURE 2) and the
per capita utilization of revision TKA
increased by 56.8% (Figure 2). For pri-
mary TKA, the mean (SD) age in-
creased from 73.8 (5.8) years (95% CI,
73.8-73.8 years) in 1991-1994 to 74.2
(6.2) years (95% CI, 74.2-74.2 years)
in 2007-2010, (P�.001). The preva-

Figure 1. Primary and Revision Total Knee Athroplasty Medicare Volume Between 1991 and 2010
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Y-axis shown in blue indicates range from 0 to 25 000 procedures per year.
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lence of diabetes increased from 10.5%
(95% CI, 10.4%-10.6%) to 21.7% (95%
CI, 21.6%-21.7%) and the prevalence
of obesity increased from 4.0% (95% CI,
3.9%-4.0%) to 11.5% (95% CI, 11.4%-
11.6%; P� .001 for each). Trends were
similar for revision TKA (TABLE 1). In
particular, the mean (SD) age in-
creased from 74.2 (5.9) years (95% CI,

74.1-74.3 years) in 1991-1994 to 74.8
(6.5) years (95% CI, 74.7-74.8 years)
in 2007-2010 (P�.001). The preva-
lence of diabetes increased from 11.0%
(95% CI, 10.7%-11.3%) to 24.2% (95%
CI, 23.9%-24.5%) and the prevalence
of obesity increased from 3.7% (95% CI,
3.5%-3.8%) to 10.1% (95% CI, 9.9%-
10.3%) (P� .001 for each).

For primary TKA, the mean hospi-
tal LOS declined from 7.9 days (95%
CI, 7.8-7.9) in 1991-1994 to 3.5 days
(95% CI, 3.5-3.5) in 2007-2010
(TABLE 2), a relative decline of 55.7%
(P� .001). The percentage of patients
discharged home after primary TKA de-
clined from 67.5% (95% CI, 67.3%-
67.6%) in 1991-1994 to 39.9% (95% CI,

Figure 2. Primary and Revision Medicare Total Knee Athroplasty Utilization Between 1991 and 2010

70.0

40.0

60.0

50.0

30.0

20.0

10.0

0
1991 1993 1995 1997 1999 2001 2003 2005 2007 2009

Year

Primary total knee arthroplasty,
Medicare utilization per 10 000 enrollees

P
ro

ce
du

re
s 

pe
r 

10
 0

00
 E

nr
ol

le
es

 p
er

 Y
ea

r

7.0

4.0

6.0

5.0

3.0

2.0

1.0

0
P

ro
ce

du
re

s 
pe

r 
10

 0
00

 E
nr

ol
le

es
 p

er
 Y

ea
r

1991 1993 1995 1997 1999 2001 2003 2005 2007 2009
Year

Revision total knee arthroplasty,
Medicare utilization per 10 000 enrollees

Y-axis shown in blue indicates range from 0 to 7 procedures per year per 10 000 enrollees. The range of variability (1 SD) in primary total knee arthroplasty (TKA);
procedures per 10 000 Medicare enrollees for 1991 was 31.0 to 31.4; for 2010, 5.0 to 5.1. For revision TKA, the range of variability (1 SD; procedures per 10 000
Medicare enrollees) for 1991 was 3.2 to 3.3; for 2010, 5.0 to 5.1.

Table 1. Characteristics of Medicare Beneficiaries Receiving Primary and Revision Total Knee Arthroplasty (TKA) Between 1991 and 2010a

Characteristics

Primary TKA Revision TKA

1991-1994 1995-1998 1999-2002 2003-2006 2007-2010 1991-1994 1995-1998 1999-2002 2003-2006 2007-2010

No. of hospitalizations 431 050 530 128 578 614 816 497 915 562 44 120 57 785 65 197 76 526 74 935

Age, mean (SD), y 73.8 (5.8) 74.5 (5.9) 74.7 (5.9) 74.7 (5.9) 74.2 (6.2) 74.2 (5.9) 75.2 (6.1) 75.4 (6.2) 75.3 (6.3) 74.8 (6.5)

Women, No. (%) 283 353
(65.7)

346 827
(65.4)

379 650
(65.6)

535 181
(65.5)

592 777
(64.7)

26 772
(60.7)

35 062
(60.7)

38 948
(59.7)

44 654
(58.4)

43 535
(58.1)

Race, No. (%)b
White 389 996

(90.5)
487 200
(91.9)

529 078
(91.4)

744 882
(91.2)

831 082
(90.8)

39 850
(90.3)

52 787
(91.4)

58 781
(90.2)

68 770
(89.9)

66 981
(89.4)

Black 21 515
(5.0)

28 685
(5.4)

30 563
(5.3)

42 442
(5.2)

49 477
(5.4)

2531
(5.7)

3704
(6.4)

4606
(7.1)

5413
(7.1)

5581
(7.4)

Other 7376
(1.7)

10 774
(2.0)

16 654
(2.9)

25 908
(3.2)

32 195
(3.5)

622
(1.4)

975
(1.7)

1586
(2.4)

2078
(2.7)

2158
(2.9)

Missing 12 163
(2.8)

3469
(0.7)

2314
(0.4)

3265
(0.4)

2808
(0.3)

1117
(2.5)

319
(0.6)

224
(0.3)

265
(0.3)

215
(0.3)

Comorbidity, No. (%)
Diabetes 45 158

(10.5)
69 141
(13.0)

89 230
(15.4)

152 877
(18.7)

198 241
(21.7)

4863
(11.0)

8660
(15.0)

11 638
(17.9)

16 358
(21.4)

18 129
(24.2)

CHF 14 732
(3.4)

22 041
(4.2)

24 940
(4.3)

37 622
(4.6)

35 652
(3.9)

2173
(4.9)

3966
(6.9)

5147
(7.9)

6909
(9.0)

5893
(7.9)

Obesity 17 092
(4.0)

27 415
(5.2)

35 684
(6.2)

67 120
(8.2)

105 251
(11.5)

1619
(3.7)

2906
(5.0)

3956
(6.1)

6115
(8.0)

7555
(10.1)

Renal failure 1742
(0.4)

2383
(0.4)

3443
(0.6)

12 531
(1.5)

37 335
(4.1)

330
(0.7)

556
(1.0)

950
(1.5)

2525
(3.3)

5088
(6.8)

No. of comorbid conditions,
mean (SD)

1.2 (1.2) 1.4 (1.3) 1.6 (1.3) 1.9 (1.4) 2.1 (1.4) 1.2 (1.2) 1.6 (1.4) 1.8 (1.4) 2.2 (1.5) 2.3 (1.5)

Abbreviation: CHF, congestive heart failure.
aP values (test for trend) are less than .001 for all comparisons except age (primary TKA, P=.56; revision TKA, P=.46).
bThe race category of other includes Asian, Hispanic, North American Native, or other not specified individuals.
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39.8%-40.0%) in 1999-2002 before in-
creasing to 56.2% (95% CI, 56.1%-
56.3%) in 2007-2010 (Table 2 and eFig-
ure 3, available at http://www.jama
.com); alternatively the percentage of
patients discharged to inpatient reha-
bilitation increased from 14.6% (95%
CI, 14.5%-14.7%) in 1991-1994 to
29.4% (95% CI, 29.3%-29.5%) in 1999-
2002 before declining to 11.4% (95%
CI, 11.3%-11.4%) in 2007-20120 and
discharge to outpatient rehabilitation
facilities increased steadily through-
out the study period. Unadjusted mor-
tality within 30 days after discharge
decreased from 0.5% (95% CI, 0.4%-
0.5%) in 1991-1994 to 0.3% (95% CI,
0.3%-0.3%) in 2007-2010, a 40% rela-
tive reduction (P� .001). Unadjusted
rates of most other adverse outcomes
remained relatively stable over the study
period as did the rate of the composite
outcome (Table 2).

In contrast, all-cause 30-day readmis-
sion rates increased from 4.2% (95% CI,
4.1%-4.2%) in 1991-1994 to 5.0% (95%

CI, 4.9%-5.0%) in 2007-2010
(P� .001)(Table 2). In adjusted analy-
ses, we found that although hospital LOS
forprimaryTKAdeclined throughout the
study period (eFigure 4), both 30-day all-
cause readmission rates (eFigure 5) and
rates of the composite outcome (eFig-
ure 6) declined initially, but have been
increasing in recent years. In an analy-
sis of the diagnoses and conditions as-
sociated with readmission after pri-
mary TKA, we observed relatively little
change over time (eTable 1) with surgi-
cal and cardiac complications being rela-
tively common as well as gastrointesti-
nal hemorrhage and infect ion,
particularly in recent years.

For revision TKA, the mean hospi-
tal LOS declined from 8.9 days (95%
CI, 8.8-8.9) in 1991-1994 to 5.0 days
(95% CI, 5.0-5.0) in 2007-2010, a
relative decline of 43.8% (P � .001;
TABLE 3). Trends in discharge dispo-
sition after revision TKA (Table 3
and eFigure 3) demonstrated a similar
pattern to that which was observed for

primary TKA, a decline in discharges
to home or inpatient rehabilitation and
an increase in discharge to skilled care
and outpatient rehabilitation. Mortal-
ity within 30 days of discharge in-
creased modestly from 0.7% (95% CI,
0.6%-0.7%) in 1991-1994 to 0.9% (95%
CI, 0.8%-0.9%) in 2007-2010 (a 28.6%
relative increase) and readmission for
wound infection, hemorrhage, sepsis,
and myocardial infarction each in-
creased by more than 100% (P� .001
for each). For revision TKA, the unad-
justed rate of the composite outcome
increased from 2.7% (95% CI, 2.6%-
2.9%) in 1991-1994 to 5.3% (95% CI,
5.2%-5.5%) in 2007-2010 (P� .001).
All-cause unadjusted readmission rates
within 30 days of discharge increased
from 6.1% (95% CI, 5.9%-6.4%) to
8.9% (95% CI, 8.7%-9.2%) during the
study period (eFigure 5). The most
common causes of readmission after re-
vision TKA are displayed in eTable 2.

In adjusted analyses, revision TKA
demonstrated a steady decrease in hos-

Table 2. Unadjusted Outcomes (LOS, Complication Rates, and 30-Day Readmission Rates) for Primary Total Knee Arthroplasty (TKA)
Between 1991 and 2010a

Mean % (95% CI)

1991-1994 1995-1998 1999-2002 2003-2006 2007-2010

No. of hospitalizations 431 050 530 128 578 614 816 497 915 562

LOS
Mean, d (95% CI) 7.9 (7.8-7.9) 4.9 (4.9-5.0) 4.3 (4.3-4.3) 3.9 (3.9-3.9) 3.5 (3.5-3.5)

Median, d (IQR) 7 (6-9) 4 (4-6) 4 (3-5) 3 (3-4) 3 (3-4)

Discharge disposition
Home 67.5

(67.3-67.6)
46.6

(46.4-46.7)
39.9

(39.8-40.0)
45.3

(45.2-45.4)
56.2

(56.1-56.3)

Outpatient skilled/intermediate
care/rehabilitation

16.6
(16.5-16.7)

29.1
(29.0-29.2)

28.4
(28.2-28.5)

26.1
(26.0-26.2)

30.1
(30.0-30.2)

Inpatient rehabilitation 14.6
(14.5-14.7)

22.8
(22.7-23.0)

29.4
(29.3-29.5)

25.6
(25.5-25.7)

11.4
(11.3-11.4)

Other 1.3 (1.3-1.4) 1.5 (1.4-1.5) 2.4 (2.3-2.4) 3.0 (3.0-3.0) 2.3 (2.3-2.3)

Complications within 30 d of discharge
Mortality 0.5 (0.4-0.5) 0.4 (0.4-0.5) 0.4 (0.3-0.4) 0.3 (0.3-0.3) 0.3 (0.3-0.3)

Pulmonary embolism 0.2 (0.2-0.2) 0.2 (0.2-0.2) 0.2 (0.2-0.2) 0.2 (0.2-0.2) 0.3 (0.3-0.3)

Deep vein thrombosis 0.4 (0.4-0.4) 0.4 (0.4-0.4) 0.3 (0.3-0.3) 0.3 (0.3-0.3) 0.4 (0.4-0.4)

Wound infection 0.7 (0.6-0.7) 0.6 (0.6-0.6) 0.6 (0.5-0.6) 0.4 (0.4-0.4) 0.4 (0.4-0.4)

Hemorrhage 0.1 (0.1-0.1) 0.1 (0.1-0.1) 0.2 (0.2-0.2) 0.2 (0.2-0.3) 0.3 (0.3-0.3)

Sepsis 0.1 (0.1-0.1) 0.1 (0.1-0.1) 0.1 (0.1-0.1) 0.1 (0.1-0.2) 0.2 (0.2-0.2)

Myocardial infarction 0.2 (0.2-0.2) 0.2 (0.2-0.3) 0.3 (0.2-0.3) 0.3 (0.3-0.3) 0.3 (0.3-0.3)

Composite outcomeb 1.9 (1.9-2.0) 1.9 (1.8-1.9) 1.8 (1.7-1.8) 1.7 (1.6-1.7) 1.9 (1.9-1.9)

All-cause readmission at 30 d 4.2 (4.1-4.2) 4.1 (4.1-4.2) 4.0 (4.0-4.1) 4.5 (4.5-4.6) 5.0 (4.9-5.0)
Abbreviations: IQR, interquartile range; LOS, length of stay
aP values (test for trend) are less than .001 for all comparisons except for LOS (P=.001) and deep vein thrombosis (P=.001).
bComposite outcome is the occurrence of one or more of the following within 30 days of discharge: death, pulmonary embolism, deep vein thrombosis, wound infection, hemorrhage,

sepsis, or myocardial infarction.
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pital LOS (eFigure 4) accompanied by
an initial decline in readmissions that
has reversed in recent years (eFigure 5)
and by an increase in both unadjusted
and adjusted rates of the composite out-
come (eFigure 6).

In bivariate comparison of patients
who were and were not readmitted
within 30 days after primary TKA
(TABLE 4), we found that patients who
were readmitted were older than those
who were not readmitted (mean age,
75.6 vs 74.1 years, P� .001), less likely
to be women, more likely to be black,
and had a higher number of comorbid
conditions (mean number of condi-
tions 2.1 among nonreadmitted vs 2.5
among readmitted, P� .001). Find-
ings were generally similar for the re-
vision TKA cohort (Table 4). In our re-
gression analyses focusing on primary
TKA readmissions (TABLE 5), several
patient-level factors were associated
with increased odds of hospital read-
mission including older age, black race,
male sex, greater number of comorbid
conditions, and longer hospital LOS

during the index admission. Hospital
factors including minor teaching and
nonteaching status (as compared with
major teaching) as well as greater pri-
mary TKA hospital volume were asso-
ciated with decreased patient readmis-
sion rates (Table 5). Results for revision
TKA were generally similar (Table 5).
Results of sensitivity analyses (avail-
able by request from the authors) were
similar to the main results described
above.

COMMENT
In an analysis of Medicare administra-
tive data from 1991-2010, we identi-
fied a number of interesting trends
related to TKA. First, we found a
marked increase in the volume of pri-
mary TKA procedures being per-
formed, an increase that appeared to
be driven not only by an increase in
the number of Medicare enrollees but
also a substantial increase in the per-
capita utilization of TKA procedures.
Second, we observed changes in
patients’ discharge disposition over

time with a decline in the use of inpa-
tient rehabilitation and an increase in
the use of outpatient rehabilitation.
Third, we found a significant decrease
in hospital LOS that was accompanied
by increasing readmission rates over
the past decade.

Primary Medicare TKA volume in-
creased approximately 162% from
93 230 in 1991 to 243 802 in 2010 and
revision volume increased 106% from
9650 in 1991 to 19 871 in 2010. These
figures suggest that growth in primary
and revision TKA volume is being
driven by both an increase in the num-
ber of Medicare enrollees and an in-
crease in per capita arthroplasty utili-
zation. Our findings extend those of a
limited body of prior research that has
demonstrated increasing volume and
per capita utilization of knee arthro-
plasty.1,31,32 This growth is likely driven
by a combination of factors including
an expansion in the types of patients
considered likely to benefit from TKA,
an aging population, and an increas-
ing prevalence of certain conditions that

Table 3. Unadjusted Outcomes (LOS, Complication Rates, and 30-Day Readmission Rates) for Revision Total Knee Arthroplasty (TKA)
Between 1991 and 2010a

Mean % (95% CI)

1991-1994 1995-1998 1999-2002 2003-2006 2007-2010

No. of hospitalizations 44 120 57 785 65 197 76 526 74 935

LOS
Mean, d (95% CI) 8.9 (8.8-8.9) 6.0 (5.9-6.0) 5.5 (5.5-5.6) 5.3 (5.3-5.3) 5.0 (5.0-5.0)

Median, d (IQR) 7 (5-10) 5 (4-6) 4 (3-6) 4 (3-6) 4 (3-5)

Discharge disposition
Home 70.0 (69.6-70.4) 50.8 (50.4-51.2) 43.3 (43.0-43.7) 44.9 (44.5-45.2) 50.2 (49.8-50.5)

Outpatient skilled/intermediate
care/rehabilitation

17.5 (17.1-17.8) 29.3 (28.9-29.7) 30.0 (29.6-30.3) 29.8 (29.4-30.1) 33.8 (33.5-34.2)

Inpatient rehabilitation 10.9 (10.6-11.2) 18.2 (17.9-18.5) 24.1 (23.7-24.4) 20.7 (20.4-20.9) 11.1 (10.9-11.3)

Other 1.7 (1.5-1.8) 1.7 (1.6-1.8) 2.7 (2.5-2.8) 4.7 (4.6-4.9) 4.9 (4.7-5.0)

Complications within 30 d of discharge
Mortality 0.7 (0.6-0.7) 0.7 (0.6-0.7) 0.8 (0.7-0.9) 0.8 (0.7-0.9) 0.9 (0.8-0.9)

Pulmonary embolism 0.2 (0.1-0.2) 0.2 (0.1-0.2) 0.2 (0.1-0.2) 0.2 (0.1-0.2) 0.3 (0.2-0.3)

Deep vein thrombosis 0.3 (0.2-0.3) 0.3 (0.2-0.3) 0.3 (0.2-0.3) 0.3 (0.3-0.4) 0.4 (0.4-0.5)

Wound infection 1.4 (1.3-1.5) 1.5 (1.4-1.6) 1.7 (1.6-1.8) 2.2 (2.1-2.3) 3.0 (2.9-3.1)

Hemorrhage 0.1 (0.1-0.2) 0.3 (0.3-0.4) 0.5 (0.5-0.6) 0.6 (0.6-0.7) 0.7 (0.6-0.8)

Sepsis 0.2 (0.1-0.2) 0.3 (0.2-0.3) 0.3 (0.3-0.4) 0.6 (0.5-0.6) 0.8 (0.7-0.8)

Myocardial infarction 0.2 (0.2-0.3) 0.3 (0.3-0.4) 0.4 (0.3-0.4) 0.4 (0.4-0.5) 0.5 (0.4-0.5)

Composite outcomeb 2.7 (2.6-2.9) 3.0 (2.9-3.2) 3.6 (3.4-3.7) 4.3 (4.2-4.5) 5.3 (5.2-5.5)

All-cause readmission at 30 d 6.1 (5.9-6.4) 6.2 (6.0-6.4) 6.5 (6.3-6.7) 7.7 (7.5-7.9) 8.9 (8.7-9.2)
Abbreviations: IQR, interquartile range; LOS, length of stay
aP values (test for trend) are less than .001 for all comparisons except LOS (P=.005).
bComposite outcome is the occurrence of one or more of the following within 30 days of discharge: death, pulmonary embolism, deep vein thrombosis, wound infection, hemorrhage,

sepsis, or myocardial infarction.
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predispose patients to osteoarthritis,
most notably obesity.33

It is important to note the apparent
stabilization of joint arthroplasty uti-
lization in recent years. Our findings ex-
tend the work of Bini and colleagues34

who found evidence of slowing growth
in joint arthroplasty utilization within
the Kaiser-Permanente health care sys-
tem between 2000 and 2009. It is un-
clear whether this slowing of joint ar-
throplasty growth is the result of the
protracted US economic downturn,
saturation of patient demand for ar-
throplasty, changes in reimburse-
ment, or changes in provider beliefs
about the risks and benefits of arthro-
plasty.35,36

The growth in TKA should prompt
consideration of whether too many
(or too few) of these procedures are
being performed both in aggregate
and among key patient subgroups
defined by race, sex, or age.30,37,38 Any
effort to answer this question raises
the issues of TKA indications and
appropriateness. A number of clinical
practice guidelines for TKA have
been developed to guide clinicians
and policy makers in evaluating
appropriateness.39-43 These guidelines
typically suggest consideration of
TKA for patients with severe func-

tional limitation unresponsive to con-
servative management (ie, medica-
tions and physical therapy).

While Cobos et al44 estimated that
as many as 25% of TKA procedures
performed in Spain might be consid-
ered inappropriate, few such studies
have been performed in the United
States.12 Conducting studies investi-
gating appropriateness has historically
been difficult because of a lack of a
national joint arthroplasty registry,
although there have been encouraging
developments recently to suggest that
this may change.45,46 Thus, it is diffi-
cult to determine the extent to which
the growth in TKA utilization repre-
sents growth in appropriate use of a
highly effective procedure or overuse
of a highly reimbursed procedure for
which indications still depend on
clinical judgment. It is likely that both
factors are at play.

Our finding of significant changes
in patient’s discharge dispositions fol-
lowing TKA over the 20-year study
period is important and hints at the
complexities of restraining cost
growth. The increase in the percentage
of TKA patients discharged to inpa-
tient rehabilitation and skilled care
during the 1990s is consistent with
prior reports.47 These reports typically

relate the increased use of post–acute
care to the implementation of the pro-
spective payment system for acute care
hospitals in 1983, which in turn cre-
ated a powerful incentive for hospitals
to reduce hospital LOS by rapidly dis-
charging patients to post–acute care
settings when patients were too ill to
safely be discharged home.48,49 How-
ever, the rapid increase in Medicare
post–acute care spending in the 1990s
prompted passage of the Balanced
Budget Act (BBA) of 1997 and imple-
mentation of a prospective payment
system for outpatient skilled care in
1998 and inpatient rehabilitation in
2002.48,50 Our results are consistent
with the anticipated effects of these
policy changes, a reduction in the use
of post–acute care and an increase in
the percentage of patients being dis-
charged home after TKA since 2004.

The finding of declining hospital LOS
accompanied by increasing readmis-
sion rates mirrors results of a number
of recent studies.51,52 The results of our
study as well as other publications sug-
gest that there are limitations to what
extent LOS can be reduced and that cost
savings from further LOS reductions are
unlikely to materialize.51,52 In particu-
lar, there is an inherent tradeoff be-
tween shorter hospital LOS, greater

Table 4. Characteristics of Medicare Beneficiaries Receiving Primary and Revision Total Knee Arthroplasty (TKA) Who Did and Did Not
Experience Readmission Within 30 Days of Discharge (2007-2010)a

Characteristics

Primary TKA Revision TKA

No Readmission Readmission No Readmission Readmission

Hospitalizations, No. (%) 869 867 (95.0) 45 695 (5.0) 68 231 (91.1) 6704 (8.9)

Age, yb 74.1 (74.1-74.1) 75.6 (75.6-75.7) 74.7 (74.6-74.7) 75.7 (75.5-75.9)

Sex, womenc 65.0 (64.9-65.1) 60.5 (60.0-60.9) 58.3 (57.9-58.6) 56.3 (55.1-57.5)

Racec

White 90.8 (90.8-90.9) 89.7 (89.4-90.0) 89.5 (89.3-89.7) 88.3 (87.5-89.0)

Black 5.3 (5.3-5.4) 6.6 (6.4-6.9) 7.3 (7.1-7.5) 8.6 (7.9-9.2)

Other 3.5 (3.5-3.6) 3.3 (3.2-3.5) 2.9 (2.8-3.0) 2.9 (2.5-3.3)

Missing 0.3 (0.3-0.3) 0.3 (0.3-0.4) 0.3 (0.2-0.3) 0.3 (0.1-0.4)

Comorbidityc

Diabetes 21.5 (21.4-21.5) 25.4 (25.0-25.8) 24.0 (23.7-24.3) 26.3 (25.2-27.3)

CHF 3.7 (3.7-3.8) 7.4 (7.1-7.6) 7.3 (7.1-7.5) 13.7 (12.8-14.5)

Obesity 11.5 (11.4-11.6) 11.1 (10.8-11.4) 10.2 (10.0-10.4) 8.8 (8.1-9.5)

Renal failure 3.9 (3.9-4.0) 7.0 (6.8-7.2) 6.4 (5.7-7.1) 10.7 (8.4-12.9)

No. of comorbid conditionsb 2.1 (2.1-2.1) 2.5 (2.5-2.5) 2.3 (2.3-2.3) 2.7 (2.6-2.7)
Abbreviation: CHF, congestive heart failure
aP values test for bivariate association are less than .001 for all comparisons except obesity (primary TKA, P� .01), and sex (revision TKA, P� .002).
bAge and number of comorbid conditions are presented as mean (95% CI) unless otherwise specified.
cSex, race, and comorbidity are presented as % (95% CI). The race category of other includes Asian, Hispanic, North American Native, or other not specified individuals.
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need for post–acute care, and higher re-
admission rates.

Anumberofother findingsmeritmen-
tion. Our finding of increased comor-
bidity over time likely reflects a combi-
nation of factors including increasingly
aggressive coding practices and increas-
ing prevalence of certain comorbidities
(eg, diabetes and obesity).53,54 The in-
creasing rates of many surgical compli-
cations including myocardial infarc-
tion, infection, and hemorrhage
particularly after revision TKA accom-
panied by a much smaller increase in
mortality is interesting. It seems likely
that many of these increases reflect more
aggressive testing combined with detec-
tion bias resulting from newer more sen-

sitive diagnostic tests (eg, troponin for
myocardial infarction or D-dimer for
deep vein thrombosis) rather than a true
increase in surgical complications.55

However it is also possible that the in-
cidence of certain complications such as
myocardial infarction may be increas-
ing, perhaps as a consequence of a greater
burden of obesity and diabetes.

Arguably, the most concerning com-
plication is the increase in readmis-
sions for infection in the revision TKA
cohort. While there are well recog-
nized limitations in administrative data
for identifying surgical site infec-
tions,56,57 our findings should not be
discounted prematurely.58,59 There are
several potential explanations for in-

creasing infection rates in the revision
TKA population. One possibility is that
the increase in infections represents an
increase in revision TKAs being per-
formed specifically to treat infected pros-
theses. If this were the case, the in-
crease in revision TKA procedures
performed would constitute infections
that were “present on admission.”60,61 Al-
ternatively, it is possible that the increase
in infections represents a real increase
in postoperative surgical infections af-
ter revision TKA perhaps as a conse-
quence of the increasingly resistant or-
ganisms colonizing hospitals. It is also
possible that reduced hospital LOS may
lead to reduced vigilance for early signs
of superficial wound infection in the

Table 5. Factors Associated With Increased Odds of Readmission for Primary and Revision Total Knee Arthroplasty (TKA) (2007-2010)

OR (95% CI)

Primary TKA Revision TKA

Model 1 Model 2 Model 3 Model 4 Model 1 Model 2 Model 3 Model 4

Age, y
65-74 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

75-84 1.5 (1.4-1.5) 1.4 (1.4-1.5) 1.4 (1.4-1.5) 1.4 (1.4-1.4) 1.2 (1.2-1.3) 1.2 (1.2-1.3) 1.2 (1.2-1.3) 1.2 (1.1-1.2)

�85 2.0 (1.9-2.1) 1.9 (1.9-2.0) 1.9 (1.9-2.0) 1.8 (1.8-1.9) 1.6 (1.5-1.8) 1.6 (1.5-1.7) 1.6 (1.5-1.7) 1.4 (1.3-1.5)

Race
White 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

Black 1.4 (1.3-1.4) 1.3 (1.2-1.3) 1.3 (1.2-1.3) 1.2 (1.2-1.3) 1.3 (1.1-1.4) 1.2 (1.1-1.3) 1.2 (1.1-1.3) 1.1 (1.0-1.2)

Other 1.0 (0.9-1.0) 1.0 (1.0-1.1) 1.0 (0.9-1.0) 0.9 (0.9-1.0) 1.0 (0.9-1.2) 1.0 (0.9-1.2) 1.0 (0.9-1.2) 0.9 (0.8-1.1)

Sex
Women 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

Men 1.2 (1.2-1.3) 1.3 (1.2-1.3) 1.3 (1.2-1.3) 1.3 (1.2-1.3) 1.1 (1.0-1.2) 1.1 (1.1-1.2) 1.1 (1.1-1.2) 1.1 (1.0-1.2)

No. of comorbidities
0 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

1-2 1.3 (1.3-1.4) 1.3 (1.3-1.4) 1.3 (1.2-1.3) 1.2 (1.1-1.4) 1.2 (1.1-1.4) 1.2 (1.0-1.3)

3-4 1.9 (1.9-2.0) 1.9 (1.8-2.0) 1.8 (1.7-1.8) 1.7 (1.5-1.9) 1.7 (1.5-1.9) 1.4 (1.3-1.6)

�4 2.7 (2.6-2.8) 2.7 (2.5-2.8) 2.3 (2.2-2.5) 2.3 (2.0-2.6) 2.3 (2.0-2.6) 1.8 (1.6-2.1)

Teaching status
Major 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

Minor 0.9 (0.9-1.0) 0.9 (0.9-1.0) 0.9 (0.8-0.9) 0.9 (0.9-1.0)

Nonteaching 0.9 (0.9-0.9) 0.9 (0.9-0.9) 0.8 (0.8-0.9) 0.9 (0.9-1.0)

Hospital volumea

Quartile 1 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

Quartile 2 0.8 (0.8-0.9) 0.9 (0.8-0.9) 0.9 (0.8-1.1) 1.0 (0.8-1.1)

Quartile 3 0.8 (0.7-0.8) 0.8 (0.8-0.9) 0.9 (0.8-1.0) 1.0 (0.8-1.1)

Quartile 4 0.7 (0.7-0.7) 0.8 (0.7-0.8) 0.8 (0.7-1.0) 0.9 (0.8-1.1)

Ln (LOS) 1.9 (1.9-2.0) 2.1 (2.0-2.2)

Year
2007 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

2008 1.0 (1.0-1.0) 1.0 (1.0-1.0) 1.0 (1.0-1.0) 1.0 (1.0-1.0) 1.0 (1.0-1.1) 1.0 (1.0-1.1) 1.0 (1.0-1.1) 1.1 (1.0-1.1)

2009 1.0 (0.9-1.0) 0.9 (0.9-1.0) 0.9 (0.9-1.0) 1.0 (1.0-1.0) 1.0 (1.0-1.1) 1.0 (1.0-1.1) 1.0 (1.0-1.1) 1.1 (1.0-1.2)

2010 1.0 (0.9-1.0) 1.0 (0.9-1.0) 1.0 (0.9-1.0) 1.0 (1.0-1.0) 1.0 (0.9-1.1) 1.0 (0.9-1.1) 1.0 (0.9-1.1) 1.0 (1.0-1.1)
Abbreviation: LOS, length of stay; OR, odds ratio
aeTable 3 lists hospital volume by quartile (available at http://www.jama.com).
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postoperative period resulting in higher
rates of serious infectious complica-
tions. In either case, the increase in in-
fection rates associated with revision
TKA warrants close attention.

In addition, the increase in primary
TKA utilization (99%) has been larger
than the increase in revision TKA uti-
lization (51%) over the past 20 years.
It is possible that this reflects the du-
rability of modern implants and im-
proved surgical technique resulting in
a reduced likelihood that patients un-
dergoing primary TKA will require a re-
vision procedure in the future.62 Alter-
natively, it is possible that the rapid
increase in primary TKA over the past
20 years will eventually result in a sub-
stantial increase in demand for revi-
sion TKA procedures as prosthetic de-
vices wear over time, a possibility that
would have significant clinical and eco-
nomic implications.35

Our study has a number of limita-
tions. First, our study was limited to fee-
for-service Medicare beneficiaries who
constitute approximately 60% of the
TKA population.14,31 Our findings
should be extrapolated with caution to
other populations including younger
patients and Medicare managed care en-
rollees. Second, our study relied upon
administrative data and thus we were
unable to evaluate a number of impor-
tant arthroplasty outcomes including
functional status and patient satisfac-
tion. Third, we lacked clinical detail and
therefore were unable to determine the
indications for TKA at the level of the
individual patient. Likewise, we lacked
chart review data for identification of
TKA outcomes and complications.
Fourth, we focused our analysis on TKA
adverse outcomes resulting in hospi-
tal readmission within 30 days of dis-
charge. We were unable to identify
complications that did not result in an
inpatient admission and our 30-day fol-
low up interval would not capture cer-
tain late complications (eg, infection)
that may become apparent over a lon-
ger time period.25

In summary, over the past 20 years,
increases in TKA volume have been
driven by both an increase in the num-

ber of Medicare enrollees and increase
in per capita utilization. We also ob-
served decreased hospital LOS that was
accompanied by increased hospital re-
admission rates and rising rates of in-
fections complications.
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