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A Comparison of Total Hip 
and Knee Replacement in 

Specialty and General Hospitals
By Peter Cram, MD, MBA, Mary S. Vaughan-Sarrazin, PhD, Brian Wolf, MD, 

Jeffrey N. Katz, MD, MS, and Gary E. Rosenthal, MD

Investigation performed at the Division of General Internal Medicine, 
the University of Iowa Carver College of Medicine, Iowa City, Iowa

Background: The emergence of specialty orthopaedic hospitals has generated widespread controversy, but little is
known about the quality of care they deliver. Our objective was to compare the characteristics and outcomes of
patients undergoing major joint replacement in specialty orthopaedic and general hospitals.

Methods: We conducted a retrospective cohort study of 51,788 Medicare beneficiaries who underwent total hip
replacement and 99,765 who underwent total knee replacement in thirty-eight specialty orthopaedic hospitals and
517 general hospitals between 1999 and 2003. We compared demographic data, rates of comorbid illness, and
socioeconomic status of patients treated in specialty and general hospitals. Logistic regression was used to
calculate the odds of an adverse outcome (death or selected surgical complications) after adjustment for patient
characteristics and hospital procedural volume.

Results: The demographic data and the ratio of primary to revision arthroplasties were similar, but patients who re-
ceived care in specialty hospitals had less comorbidity and resided in more affluent zip codes than their counterparts
in general hospitals in 2003. Specialty hospitals had significantly greater mean procedural volumes in 2003 than did
general hospitals for both total hip replacement (thirty-three compared with twenty procedures; p = 0.05) and total
knee replacement (seventy-five compared with forty procedures; p = 0.006). The unadjusted rate of adverse out-
comes was lower in specialty hospitals than in general hospitals for total hip replacement (3.0% compared with 6.9%;
p < 0.001) and total knee replacement (2.1% compared with 3.9%; p < 0.001). After adjusting for patient character-
istics and procedural volume, the odds of adverse outcomes occurring were significantly lower for patients in spe-
cialty hospitals than for those in general hospitals for both primary joint replacement (odds ratio, 0.64; 95%
confidence interval, 0.56 to 0.75; p < 0.001) and revision joint replacement (odds ratio, 0.49; 95% confidence inter-
val, 0.36 to 0.66; p < 0.001).

Conclusions: After adjustment for patient characteristics and hospital volume, the specialty orthopaedic hospitals
had better patient outcomes, as measured by Medicare administrative data, than did the general hospitals.

Level of Evidence: Therapeutic Level III. See Instructions to Authors for a complete description of levels of evidence.
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Center for Research Resources, National Institutes of Health. Neither they nor a member of their immediate families received payments or other 
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he recent emergence of specialty hospitals focusing on
procedural aspects of medicine has generated wide-
spread controversy1,2. Supporters have suggested that

a focused approach improves outcomes and reduces cost3,4,
whereas opponents have countered that specialty hospitals se-
lect patients who are the most profitable and with the lowest
risk of complications without improving outcomes5,6. More-
over, critics have claimed that specialty hospitals focus on effi-
ciency and profitability while forsaking important societal
obligations including the delivery of emergency services and
charity care7,8. This controversy has evolved into a polarizing
debate involving hospital trade groups, the American Medical
Association, and the lay press3,9-12.

Despite the controversy, rigorous data addressing the
quality of care delivered by specialty hospitals remain limited
and largely derived from cardiac hospitals13,14. Only a single
preliminary investigation has assessed outcomes in specialty
orthopaedic hospitals, the single largest category of specialty
hospital6,15. That analysis, performed by consultants for the
Centers for Medicare and Medicaid Services (CMS), found ev-
idence of improved outcomes in specialty orthopaedic hos-
pitals16, but interpretation of these results is complicated by
important methodological limitations17.

Thus, we conducted a retrospective cohort study of all
Medicare beneficiaries who underwent total hip replacement
or total knee replacement in specialty orthopaedic and general
hospitals in the same geographic regions between 1999 and
2003 to compare the demographic data, rates of comorbid ill-
nesses, socioeconomic status, and risk-adjusted outcomes. We
hypothesized that specialty hospitals would care for patients
with a lower prevalence of comorbidities and a higher socio-
economic status than those in the comparison group of gen-
eral hospitals. We also hypothesized that after adjusting for
patient characteristics and hospital procedural volume, out-
comes would be similar in specialty and general hospitals.

Materials and Methods
Data

consecutive series of Medicare beneficiaries who were
sixty-five years of age or older and underwent a major joint

replacement (432,579 who had total hip replacement and
719,482 who had total knee replacement) between 1999 and
2003 were identified from the Medicare Provider Analysis and
Review (MedPAR) Part-A data files with use of the Interna-
tional Classification of Diseases, Ninth Revision, Clinical Modi-
fication (ICD-9-CM) procedure codes (81.51 for primary total
hip replacement, 81.53 for revision total hip replacement, 81.54
for primary total knee replacement, and 81.55 for revision total
knee replacement)18. Data elements included demographic data,
zip code and state of residence, primary and secondary diag-
noses and procedures, admission source (e.g., outside hospital
or emergency department), admission and discharge dates, dis-
charge disposition (e.g., home or another acute care hospital),
date of death up to three years after discharge, the Medicare
beneficiary number of each patient, and the unique Medicare
identifier of each hospital. Socioeconomic measures, including

median home values and per capita income, were determined at
the zip code level for each patient by linking zip code of resi-
dence with zip code-specific United States Census data19.

Each hospital performing total hip replacement or total
knee replacement was assigned to one of 307 unique hospital
referral regions with use of hospital zip code-based algorithms
available from the Dartmouth Atlas of Health Care20. Hospital
referral regions represent distinct regional markets for medi-
cal care. Additional hospital-level information was obtained
from the American Hospital Association Annual Survey Data-
base for fiscal year 2000, including hospital teaching status
and ownership (i.e., for profit or not for profit)21,22.

Definition of Specialty Orthopaedic 
Hospitals and General Hospitals
There is no established definition of a specialty orthopaedic
hospital, but previous studies have identified specialty hospi-
tals with use of the ratio of orthopaedic admissions to total
admissions6. We built on this approach by first developing an
index of orthopaedic specialization, defined for each hospital
as the proportion of all 2003 Medicare admissions catego-
rized as Major Diagnostic Category 8 (diseases of the muscu-
loskeletal system). Thus, each hospital’s specialization index
was between 0 (no admissions within Major Diagnostic Cate-
gory 8) and 1.0 (all admissions within Major Diagnostic Cat-
egory 8), with a higher index correlating with a greater degree
of orthopaedic specialization. The index was used to identify
the 100 hospitals with the greatest orthopaedic specialization
(i.e., highest specialization index). From this list of 100 hospi-
tals, we then excluded all fifty-five general hospitals, defined
as those hospitals that provided obstetric and/or general pe-
diatric services and all seven hospitals with formal medical
school affiliations as defined in the American Hospital Asso-
ciation survey, because we assumed that the new specialty
hospitals generally do not play a major role in the training of
medical students or residents5,6. This resulted in the identifi-
cation of thirty-eight specialty orthopaedic hospitals whose
specialization was verified by a review of hospital web sites
and/or confirmatory telephone calls.

A comparison group of hospitals was identified by se-
lecting all general hospitals performing major joint replace-
ment in the same hospital referral region as the specialty
hospitals. The comparison group was limited to hospitals
within the same hospital referral regions to minimize bias in-
troduced due to regional variations in care23,24.

Outcomes of Interest
We developed a composite end point of death and preventable
surgical complications by combining outcomes assessed in
previous studies with use of administrative data to assess or-
thopaedic outcomes25-28 with selected Patient Safety Indicators
developed by the Agency for Healthcare Research and Quality
(AHRQ) that are most relevant to surgical quality29. The
resulting composite end point consisted of six separate out-
comes occurring within ninety days of surgery: sepsis, hemor-
rhage, pulmonary embolism, deep vein thrombosis, wound
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infection requiring readmission, or death. Secondary out-
comes included postoperative hospital length of stay and the
proportion of patients requiring transfer from the hospital
where they underwent the initial arthroplasty to another acute
care hospital (a potential measure of complications that could
not be managed in the primary hospital). 

Statistical Analyses
Differences between the patients in the specialty hospitals and
those in the general hospitals with regard to demographic data,
the mean number of comorbid conditions as measured by
Elixhauser et al.30, predicted risk of the composite outcome,
unadjusted outcomes, and hospital length of stay were com-
pared with use of the chi-square statistic or Wilcoxon signed-
rank test. The characteristics of the specialty and general hospi-
tals (e.g., procedural volume) were assessed with use of similar
tests on the basis of 2003 Medicare data to reflect the fact that
procedural volume benchmarks set by external agencies (e.g.,
the Leapfrog Group) are usually based on annual volume.

Multivariable models were developed from patient char-
acteristics available in the MedPAR database. Candidate vari-
ables included demographic data, admission source, surgical
priority (i.e., emergent, urgent, or elective), and comorbid
conditions. Comorbid conditions were defined with use of al-
gorithms developed by Elixhauser et al.30. The algorithms were
developed to identify common comorbid medical conditions
that were associated with adverse outcomes for a wide array of
medical and surgical diagnoses and were expressly designed for
use with administrative data. A list of these conditions is pro-
vided in the Appendix. Additional high-risk conditions specific
to joint replacement surgery (prior joint replacement, active
joint infection, acute fracture, and cancer with bone involve-
ment) were identified with use of published algorithms28,31,32.

Multivariable models were initially developed indepen-
dently for primary and revision total hip replacement and total
knee replacement cohorts. However, because we found these
models to be similar, patients who had total hip replacement
and those who had total knee replacement were combined with
use of separate indicator variables to represent the surgical pro-
cedure each patient underwent (e.g., primary total hip replace-
ment or revision total hip replacement). Fifty-seven candidate
variables associated with mortality in bivariate analyses (with
use of a statistical criterion of alpha = 0.05) were entered into
stepwise logistic regression analyses; variables were retained in
the model if they demonstrated independent association with
mortality (with use of alpha = 0.01)33,34. The final risk adjust-
ment models contained thirty-three variables that are listed in
the Appendix. These models were used to provide estimates of
the predicted risk of an adverse outcome for each patient, a
composite measure of case complexity.

Generalized estimating equations were used to compare
the occurrence of the composite end point in specialty hospi-
tals relative to general hospitals after accounting for clustering
of patients within hospitals35,36. A series of three sequential
analyses were conducted. First, the unadjusted odds of the
composite outcome was calculated. Second, the odds ratio was

adjusted for the patient characteristics identified above and,
third, it was adjusted for patient characteristics and hospital
procedural volume.

To investigate the possibility that specialty hospital per-
formance differed for specific patient populations, a number
of analyses were conducted with use of the models described
above for defined patient subgroups. First, we conducted anal-
yses for all patients in aggregate, patients who had primary
joint replacement alone, and patients who had revision joint
replacement alone. Second, we stratified all patients into three
subgroups on the basis of the number of comorbid conditions
(zero or one comorbid condition, two or three comorbid con-
ditions, and four or more comorbid conditions), as measured
according to Elixhauser et al.30. In these analyses, we controlled
for the type of procedure (primary total hip replacement, pri-
mary total knee replacement, revision total hip replacement,
or revision total knee replacement) using indicator variables.
Then, we assessed the performance of specialty hospitals and
general hospitals separately for each subgroup to further in-
vestigate whether specialty hospitals performed better (or
worse) for specific patient groups. Third, we compared out-
comes after grouping hospitals into low-volume (fifty or fewer
major joint replacement procedures in 2003), intermediate-
volume (fifty-one to 250 procedures), and high-volume (>250
procedures) strata. Finally, linear regression models were used
to compare unadjusted and adjusted log-transformed hospital
length of stay in specialty and general hospitals.

Sensitivity Analyses
The analyses described above were also conducted separately
for each component of the composite outcome, and the results
were similar to the findings for the composite outcome. Simi-
lar analyses were conducted after excluding patients admitted
as transfers from outside hospitals and patients admitted
through the emergency department, and outcomes were again
similar. To confirm that the effects of specialty hospitals were
similar for patients who had total hip replacement and those
who had total knee replacement, additional models that in-
cluded interactions between specialty hospital status and type
of procedure were developed; none of the interactions were
significant (p > 0.05). All analyses were performed with use of
Stata SE 8.2 (Stata, College Station, Texas).

Results
Patient Characteristics 

or total hip replacement, the thirty-eight specialty ortho-
paedic hospitals performed 4683 procedures, while the

comparison group of 517 general hospitals performed 47,105
procedures on Medicare beneficiaries between 1999 and 2003.
The percentage of total hip replacements that were classified as
revisions was smaller for specialty hospitals (mean, 8.2%;
range, 1.8% to 20.0%) than for general hospitals (mean,
12.8%; range, 1.3% to 33.3%), but this difference was not sig-
nificant (p = 0.19)

The patients who underwent total hip replacement in
specialty hospitals were less likely than the patients in general

F
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hospitals to have diabetes (10.5% and 11.7%, respectively; p =
0.02), congestive heart failure (2.9% and 6.4%; p < 0.001), and
renal failure (0.3% and 0.9%; p < 0.001). The patients in spe-
cialty hospitals also had a smaller number of comorbid condi-
tions, as measured by Elixhauser et al.30, than the patients in
general hospitals (mean, 2.1 [range, zero to nine conditions]
and 2.3 [range, zero to nine conditions], respectively) (p <
0.001), were less likely to have a number of important high-
risk orthopaedic conditions such as an acute fracture (2.7%
and 11.1%; p < 0.001), and were less likely to be admitted
from the emergency department (p < 0.001) (Table I). In ad-
dition, the patients treated in specialty hospitals resided in zip
codes with higher home values and per capita incomes (p <

0.001 for both). The mean predicted risk of the composite
outcome, a summary estimate of case complexity, was lower
for the patients who underwent total hip replacement in spe-
cialty hospitals (4.2%) than for those treated in general hospi-
tals (6.7%) (p < 0.001).

For total knee replacement, the thirty-eight specialty hos-
pitals performed 10,234 procedures while the 517 general hos-
pitals performed 89,531 procedures. The percentage of total
knee replacements that were classified as revisions was larger for
the specialty hospitals (mean, 6.3%; range, 0.7% to 50.0%) than
for the general hospitals (mean, 5.4%; range, 0.8% to 50.0%),
but this difference was not significant (p = 0.63). The patients in
specialty hospitals had lower rates of most comorbid conditions

TABLE I Demographic Data, Socioeconomic Measures, and Comorbidity of Patients Who Underwent Total Hip Replacement 
and Total Knee Replacement in Specialty Orthopaedic Hospitals and General Hospitals

Characteristic

Total Hip Replacement Total Knee Replacement

Specialty Hospital 
(n = 4683)

General Hospital 
(n = 47,105) P Value

Specialty Hospital 
(n = 10,234)

General Hospital 
(n = 89,531) P Value

Demographic data

Age* (yr) 75.0 ± 6.2 75.0 ± 6.3 0.43 75.0 ± 6.2 75.0 ± 6.2 0.57

Female patients (%) 2958 (63.2) 30,749 (65.3) 0.004 6584 (64.3) 58,678 (65.5) 0.02

Race

Non-Hispanic white 
patients (%)

4393 (93.8) 43,279 (91.8) 0.01 9271 (90.6) 80,621 (90.1) <0.008

Black patients (%) 198 (4.2) 2203 (4.7) 0.17 494 (4.8) 4984 (5.6) 0.002

Comorbidity 

Diabetes†

All patients 494 (10.5) 5520 (11.7) 0.02 1329 (13.0) 14,131 (15.8) <0.001

Patients with complications 17 (0.4) 345 (0.7) 0.004 54 (0.5) 731 (0.8) 0.002

Congestive heart failure† 136 (2.9) 2998 (6.4) <0.001 218 (2.1) 3956 (4.4) <0.001

Renal failure† 12 (0.3) 432 (0.9) <0.001 38 (0.3) 480 (0.5) 0.03

Obesity† 163 (3.5) 1587 (3.4) 0.67 578 (5.6) 5306 (5.9) 0.25

Comorbid conditions 
according to Elixhauser et al.30*

2.1 ± 1.7 2.3 ± 1.6 <0.001 2.1 ± 1.6 2.3 ± 1.6 <0.001

High-risk conditions† 

Previous joint replacement 802 (17.1) 9514 (20.2) <0.001 647 (6.3) 5834 (6.5) 0.45

Joint infection ‡ 269 (0.6) 0.001 46 (0.4) 518 (0.6) 0.10

Fracture 125 (2.7) 5215 (11.1) <0.001 ‡ 103 (0.12) 0.10

Admission source†

Admitted from emergency 
department

‡ 4162 (8.8) <0.001 ‡ 531 (0.6) <0.001

Admitted from outside 
hospital

42 (0.9) 438 (0.9) 0.82 ‡ 106 (0.12) 0.15

Socioeconomic measures*

Home value ($) 105,525 ± 61,350 99,685 ± 58,734 <0.001 101,613 ± 60,235 93,583 ± 52,109 <0.001

Per capita income ($) 21,374 ± 8666 20,855 ± 9398 <0.001 20,599 ± 8409 20,007 ± 7698 <0.001

Predicted risk of adverse 
event (%)

4.2 ± 2.9 6.7 ± 6.9 <0.001 3.2 ± 1.8 3.7 ± 2.9 <0.001

*The data are given as the mean and the standard deviation. †The values are given as the number of patients with the percentage in paren-
theses. ‡Fewer than eleven patients were in this category so cell was suppressed to comply with CMS privacy guidelines. 
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than the patients in general hospitals; these included diabetes
(13.0% and 15.8%, respectively; p < 0.001), heart failure (2.1%
and 4.4%; p < 0.001), and renal failure (0.3% and 0.5%; p =
0.03). The patients in the specialty hospitals had a smaller mean
number of comorbid conditions than the patients in the general
hospitals (2.1 conditions [range, zero to nine conditions] and
2.3 conditions [range, zero to ten conditions], respectively) (p <
0.001), but they had statistically similar rates for all high-risk
orthopaedic conditions (p > 0.05 for all). In addition, the pa-
tients who underwent total knee replacement in the specialty
hospitals were less likely (p < 0.001) to be admitted from the
emergency department and were more likely to live in areas

with higher home values and per capita incomes (p < 0.001).
The mean predicted risk of the composite outcome was also
lower for the patients who had total knee replacement in spe-
cialty hospitals (3.2%) than for those who had the procedure in
general hospitals (3.7%) (p < 0.001).

Hospital Characteristics
The mean number of major joint replacements performed in
2003 was higher in the specialty hospitals (108 replacements;
range, one to 637 replacements) than in the general hospitals
(sixty replacements; range, one to 1045 replacements) (p =
0.01), but the percentage of major joint replacements classi-

TABLE II Characteristics of Specialty Orthopaedic and General Hospitals Performing Total Hip Replacement and Total 
Knee Replacement in 2003

Characteristic
Specialty Hospital 

(n = 38)
General Hospital 

(n = 517) P Value

Major joint replacements* 108 ± 163 60 ± 107 0.01

Total hip replacement volume* 33 ± 61 20 ± 36 0.05

Total knee replacement volume* 75 ± 105 40 ± 72 0.006

Percentage of major joint replacements that were revisions* 5.9 ± 5.0 6.0 ± 10.0 0.92

Total no. of Medicare admissions in 2003* 250 ± 377 2261 ± 2496 <0.001

Proportion of total Medicare admissions within MDC8 in 2003* 0.82 ± 0.18 0.22 ± 0.07 <0.001

For-profit ownership (no. [%] of hospitals) 14 (37) 121 (23) 0.06

*The data are given as the mean and the standard deviation. MDC = major diagnostic category.

TABLE III Data on Patients Undergoing Total Hip Replacement or Total Knee Replacement Who Experienced Selected Adverse 
Outcomes in Specialty and General Hospitals

Outcome

Total Hip Replacement* Total Knee Replacement*

Specialty Hospital 
(n = 4683)

General Hospital 
(n = 47,105) P Value

Specialty Hospital 
(n = 10,234)

General Hospital 
(n = 89,531) P Value

Postoperative sepsis 11 (0.2) 350 (0.7) <0.001 26 (0.2) 300 (0.3) 0.17

Postoperative hemorrhage 17 (0.4) 437 (0.9) <0.001 36 (0.3) 442 (0.5) 0.05

Deep vein thrombosis 56 (1.2) 655 (1.4) 0.28 76 (0.7) 767 (0.9) 0.23

Pulmonary embolism 24 (0.5) 258 (0.5) 0.76 40 (0.4) 429 (0.5) 0.21

Postoperative wound infection 31 (0.7) 615 (1.3) <0.001 66 (0.6) 937 (1.0) <0.001

Patients who died within 90 days 37 (0.8) 1418 (3.0) <0.001 43 (0.4) 752 (0.8) <0.001

Primary joint replacement† 25 (0.6) 1076 (2.7) <0.001 42 (0.4) 665 (0.8) <0.001

Revision joint replacement† 12 (1.7) 342 (4.6) <0.001 ‡ 87 (1.5) 0.006

Composite outcome for all patients 138 (3.0) 3245 (6.9) <0.001 219 (2.1) 3500 (3.9) <0.001

Primary joint replacement 113 (2.8) 2466 (6.2) <0.001 204 (2.1) 3150 (3.8) <0.001

Revision joint replacement 25 (3.5) 779 (10.0) <0.001 15 (2.4) 350 (6.0) <0.001

*The values are given as the number of patients, with the percentage in parentheses. †Primary and revision total hip replacements were
done in 3978 and 705 patients, respectively, in the specialty hospitals and in 39,676 and 7429 patients, respectively, in the general hospi-
tals. Primary and revision total knee replacements were done in 9598 and 636 patients, respectively, in the specialty hospitals and in
83,713 and 5818, respectively, in the general hospitals. ‡Fewer than eleven patients were in this category so cell was suppressed to comply
with CMS privacy guidelines.
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fied as revision procedures was similar in specialty and general
hospitals (5.9% and 6.0%, respectively; p = 0.92) (Table II). As
expected, the mean specialization index (i.e., the proportion
of Medicare admissions categorized as Major Diagnostic Code
8) was higher for the specialty orthopaedic hospitals than for
the general hospitals (0.82 and 0.22; p < 0.001). In addition,
specialty hospitals were more likely than general hospitals to
be for profit (36% and 23%, respectively), although this dif-
ference was not significant (p = 0.06).

Outcomes
For both total hip and total knee replacement, the patients
treated in specialty hospitals were less likely than those treated
in general hospitals to experience adverse outcomes such as
postoperative hemorrhage, wound infection, and death (Table
III). Thus, the composite outcome (defined as the proportion

of patients experiencing one or more of the individual out-
comes) was less common in the specialty hospitals than in the
general hospitals with regard to primary total hip replacement
(2.8% and 6.2%, respectively; p < 0.001), revision total hip re-
placement (3.5% and 11.0%; p < 0.001), primary total knee
replacement (2.1% and 3.8%; p < 0.001), and revision total
knee replacement (2.4% and 6.0%; p < 0.001).

In the regression analyses, the unadjusted odds of the
composite outcome among all patients in the specialty hospi-
tals compared with the general hospitals was 0.47 (95% confi-
dence interval, 0.41 to 0.54; p < 0.001) (Table IV). After
adjustment for patient characteristics, the odds of the com-
posite adverse outcome were 0.57 (95% confidence interval,
0.48 to 0.68; p < 0.001), and they remained significant after
further adjustment for patient characteristics and hospital
procedural volume (odds ratio, 0.62; 95% confidence inter-

TABLE IV Unadjusted and Adjusted Odds Ratios of the Composite Adverse Outcome for Patients Who Underwent Total Hip or 
Total Knee Replacement in Specialty Hospitals Relative to Patients in General Hospitals as Determined by General-
ized Estimating Equations

All Hospitals

All*
Primary Joint 

Replacement† Revision Joint Replacement‡

Odds Ratios 
(95% Confidence 

Interval) P Value

Odds Ratios 
(95% Confidence 

Interval) P Value

Odds Ratios 
(95% Confidence 

Interval) P Value

Unadjusted 0.47 (0.41-0.54) <0.001 0.50 (0.44-0.58) <0.001 0.32 (0.25-0.42) <0.001

After adjustment for patient characteristics 0.57 (0.48-0.68) <0.001 0.59 (0.51-0.69) <0.001 0.42 (0.30-0.57) <0.001

After adjustment for patient characteristics 
and procedural volume

0.62 (0.54-0.72) <0.001 0.64 (0.56-0.75) <0.001 0.49 (0.36-0.66) <0.001

*The values are based on 14,917 patients with 357 adverse conditions in specialty hospitals and 136,636 patients with 6745 adverse con-
ditions in general hospitals. †The values are based on 13,576 patients with 317 adverse conditions in specialty hospitals and 123,389 pa-
tients with 5616 adverse conditions in general hospitals. ‡The values are based on 1341 patients with forty adverse conditions in specialty
hospitals and 13,247 patients with 1129 adverse conditions in general hospitals.

TABLE V Unadjusted and Adjusted Odds of the Composite Adverse Outcome for Patients Who Underwent Total Hip Replacement 
or Total Knee Replacement in Specialty Hospitals Relative to General Hospitals, Stratified According to Number of Co-
morbid Conditions

0-1 Comorbid Condition* 2-3 Comorbid Conditions† >3 Comorbid Conditions‡

Odds Ratios 
(95% Confidence 

Interval) P Value

Odds Ratios 
(95% Confidence 

Interval) P Value

Odds Ratios 
(95% Confidence 

Interval) P Value

Unadjusted 0.53 (0.43-0.66) <0.001 0.47 (0.39-0.57) <0.001 0.43 (0.34-0.54) <0.001

After adjustment for patient characteristics 0.62 (0.50-0.77) <0.001 0.56 (0.47-0.67) <0.001 0.52 (0.40-0.68) <0.001

After adjustment for patient characteristics 
and procedural volume

0.67 (0.54-0.84) <0.001 0.62 (0.52-0.73) <0.001 0.57 (0.45-0.73) <0.001

*The values are based on 5287 patients with 115 adverse outcomes in specialty hospitals and 43,139 patients with 1726 adverse out-
comes in general hospitals. †These values are based on 6479 patients with 158 adverse outcomes in specialty hospitals and 61,700 pa-
tients with 3115 adverse outcomes in general hospitals. ‡These values are based on 3151 patients with eighty-four adverse outcomes in
specialty hospitals and 31,797 patients with 1904 adverse outcomes in general hospitals.
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val, 0.54 to 0.72; p < 0.001). In stratified analyses, specialty
hospitals demonstrated improved outcomes for both primary
joint replacement (odds ratio, 0.64; 95% confidence interval,
0.56 to 0.75; p < 0.001) and revision joint replacement (odds
ratio, 0.49; 95% confidence interval, 0.36 to 0.66; p < 0.001)
after adjusting for patient characteristics and hospital proce-
dural volume (Table IV). When patients were stratified ac-
cording to the number of comorbid conditions, as measured
by Elixhauser et al.30, the risk of adverse outcomes was again
lower for patients treated in specialty hospitals for each of the
patient subgroups (Table V).

Moreover, adverse outcomes were less common for pa-
tients in both high-volume and intermediate-volume specialty
hospitals after adjustment for patient characteristics and hos-
pital procedural volume but were statistically similar in low-
volume hospitals (Table VI). Additional analyses comparing
the occurrence of individual outcomes (e.g., death and joint
infection) yielded similar results.

In secondary analyses, patients who were treated in spe-
cialty orthopaedic hospitals were more likely than those in gen-
eral hospitals to require transfer to another acute-care hospital
for primary total hip replacement (3.1% and 1.6%, respectively;
p < 0.001), revision total hip replacement (4.0% and 1.7%; p <
0.001), primary total knee replacement (3.0% and 1.6%; p <
0.001), and revision total knee replacement (3.6% and 1.0%; p
< 0.001). The mean length of hospitalization was statistically
similar for the patients in specialty and general hospitals for
both total hip replacement (4.53 and 4.54 days, respectively; p =
0.80) and total knee replacement (4.54 and 4.52 days; p = 0.64).
After adjustment for patient characteristics and hospital proce-
dural volume, the patients in the specialty hospitals had a 0.6%
shorter length of stay for total hip replacement and a 0.5%
shorter length of stay for total knee replacement, although nei-
ther of these differences was significant.

Discussion
edicare patients undergoing joint replacement in spe-
cialty orthopaedic hospitals had a 50% lower risk of

adverse outcomes than patients in a comparison group of
general hospitals as measured by administrative data. The
differences in outcomes remained after adjustment for pa-
tient characteristics and were consistent among both the pa-
tients who had a primary total joint replacement and those
who had a revision. Specialty hospitals also had higher pro-
cedural volumes, but after accounting for this difference as
well, the risk of adverse outcomes in specialty hospitals re-
mained 40% lower. The consistency of these findings sug-
gests that specialty orthopaedic hospitals may deliver care
that leads to improved outcomes, although interpretation of
these findings is limited by our lack of access to important
clinical outcomes.

The finding that better outcomes in specialty hospitals
persist after adjusting for procedural volume suggests that
there may be benefits to the orthopaedic specialization of a
hospital above and beyond the benefits of increased proce-
dural volume alone. While the association between increased
procedural volume and improved clinical outcomes has been
well established28,37-39, the relationship between hospital spe-
cialization and clinical outcomes is unclear40-42. The current
findings suggest that hospital specialization may lead to im-
proved patient outcomes, although the mechanism through
which this might occur is currently unknown. Possible mecha-
nisms may include the procedural volumes performed by in-
dividual orthopaedic surgeons, the expertise and experience
of ancillary staff, or organizational factors including the use
of clinical pathways or communication among the clinical
teams43. Future studies are required to clarify which of these
factors are most important.

The finding that patients admitted to specialty hospitals

M

TABLE VI Unadjusted and Adjusted Odds of the Composite Adverse Outcome for Patients Who Underwent Total Hip Replace-
ment or Total Knee Replacement in Specialty Hospitals Relative to Those in General Hospitals, Stratified by Hospital 
Procedural Volume*

Low-Volume Hospital†
Intermediate-Volume 

Hospital‡ High-Volume Hospital§

Odds Ratio 
(95% Confidence 

Interval) P Value

Odds Ratio 
(95% Confidence 

Interval) P Value

Odds Ratio 
(95% Confidence 

Interval) P Value

Unadjusted 0.43 (0.28-0.65) <0.001 0.47 (0.36-0.63) <0.001 0.49 (0.42-0.59) <0.001

After adjustment for patient characteristics 0.60 (0.40-0.89) 0.01 0.67 (0.51-0.87) 0.003 0.52 (0.42-0.66) <0.001

After adjustment for patient characteristics 
and procedural volume

0.80 (0.51-1.26) 0.34 0.70 (0.55-0.88) 0.003 0.56 (0.46-0.68) <0.001

*Low-volume hospitals are those that performed ≤50 major joint replacements in 2003; intermediate-volume hospitals, those that per-
formed fifty-one to 250 major joint replacements in 2003; and high-volume hospitals, those that performed ≥251 major joint replacements in
2003. †The values are based on 2450 patients with sixty-three adverse outcomes in twenty-two specialty hospitals and 29,531 patients
with 1715 adverse outcomes in 343 general hospitals. ‡The values are based on 4731 patients with 107 adverse outcomes in eleven spe-
cialty hospitals and 71,445 patients with 3331 adverse outcomes in 150 general hospitals. §The values are based on 7736 patients with
187 adverse outcomes in five specialty hospitals and 35,660 patients with 1699 adverse outcomes in twenty-four general hospitals.
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for either total hip replacement or total knee replacement were
significantly more likely than patients admitted to general
hospitals to be transferred to another acute-care hospital fol-
lowing their procedures is also important. The fact that spe-
cialty hospitals had higher transfer rates for both primary and
revision procedures suggests that this finding should not be
attributed solely to the differences in the patient populations
served by specialty and general hospitals. There are a number
of potential explanations for this finding. Specialty hospitals
claim that they are expressly designed to provide care to low-
risk patients and that they are not designed to manage all
complications that arise; thus, from this standpoint, the
higher transfer rate from specialty hospitals may be justified
for optimal patient outcomes. Alternatively, prior studies have
demonstrated that hospitals may have financial incentives to
transfer patients with more complicated (and more expensive)
cases to other hospitals under the current Medicare prospec-
tive payment system44,45. From this perspective, it is possible
that specialty hospitals might have other reasons to transfer
patients with complications to other hospitals rather than
manage such complications on-site.

Our finding that hospital length of stay was similar in
specialty and general hospitals is somewhat unexpected,
given the fact that specialty hospitals admit less complicated
cases and these patients have lower complication rates, both
of which would be expected to result in a longer length of
stay at general hospitals. Moreover, our recent analysis of
specialty cardiac hospitals demonstrated a similar finding14.
One possible explanation is that general hospitals, under in-
tense financial pressure, have already reduced hospital length
of stay as much as possible, resulting in this small difference.
Alternatively, it is possible that many new specialty hospitals,
having opened relatively recently, have yet to optimize their
hospital length of stay, resulting in a higher than expected
length of stay.

The current findings add to our understanding of the
relative quality of care provided by specialty hospitals in a
number of ways. Most prior studies have focused on spe-
cialty cardiac hospitals. To our knowledge, the sole previous
investigation of quality of care in specialty orthopaedic hos-
pitals was performed by consultants under contract for
CMS; the analysis found that after stratifying patients ac-
cording to severity of illness (with use of the All-Patient
Refined Diagnosis-Related Group methodology)46, specialty
orthopaedic hospitals had lower mortality rates than did
general hospitals16. However, that prior analysis had a num-
ber of methodological limitations, which were addressed by
the current study, including our use of a more refined risk-
adjustment model, examination of a more robust set of adverse
outcomes, and our assessment of outcomes in important
subpopulations (e.g., patients undergoing primary and revi-
sion joint replacement). Moreover, our results suggest that the
improved outcomes in specialty orthopaedic hospitals persist
after adjustment for differences in hospital volume.

Our finding of significantly improved outcomes in
specialty orthopaedic hospitals contrasts with the available

data assessing outcomes in specialty cardiac hospitals. While
some studies have described mortality rates that were 20% to
50% lower in specialty cardiac hospitals16, we found that
mortality rates in specialty cardiac and general hospitals
were similar for percutaneous coronary interventions and
coronary artery bypass graft surgery after adjustment for pa-
tient characteristics and hospital volume14. This led us to
conclude that there was no inherent advantage to specialty
cardiac hospitals.

There are several possible explanations for the differ-
ences between the results of the current study and our prior
analysis of cardiac hospitals. One possibility is that the bene-
fits of specialization are greatest in surgical settings. Thus, spe-
cialty orthopaedic hospitals receive substantial benefit from
their specialization, while specialty cardiac hospitals that typi-
cally perform a combination of surgical procedures (e.g., by-
pass surgery), medical procedures (e.g., angioplasty), and
general cardiac care may receive less benefit from specializa-
tion. Alternatively, it is possible that the stringent regulation of
cardiac care in many states through certificate-of-need pro-
grams has resulted in regionalization of cardiac care to a rela-
tively smaller number of hospitals, thereby minimizing the
differences in outcomes between specialty and general cardiac
hospitals; since major joint replacement has generally not
faced such regulatory oversight, differences in outcomes be-
tween specialty and general hospitals may be larger47.

The policy implications of the current study are im-
portant, particularly given the recent decision by the United
States Congress to allow a temporary moratorium on spe-
cialty hospital growth to expire, thereby setting the stage
for further specialty hospital expansion1,2. Our results sup-
port the contention that specialty hospitals focus primarily
on low-risk patients, thus taking advantage of well-documented
inconsistencies in Medicare’s diagnosis-related-group-based
reimbursement system that effectively overreimburses hospi-
tals for providing care to low-risk patients while underreim-
bursing them for high-risk patients48. CMS is aware of this
potential problem and is taking steps to update the pros-
pective payment system49. By demonstrating improved out-
comes in orthopaedic specialty hospitals, the current study is
likely to add to the momentum favoring the growth of spe-
cialty orthopaedic hospitals. It will be important for general
hospitals to investigate the clinical factors (e.g., the use of
clinical pathways) and organizational factors (e.g., the com-
position of patient-care teams) that specialty orthopaedic
hospitals are using and consider adapting them to their own
institutions.

It is important to acknowledge the potential limitations
to our work. First, our analysis was limited to Medicare bene-
ficiaries so extrapolation of the results to other patients must
be done with caution; future analyses should include a more
heterogeneous mix of patients such as those with Medicaid or
private insurance. Second, our analysis relied on claims data,
which may underestimate differences in patients treated in
specialty and general hospitals. Even though our findings
were consistent among patients having primary and revision

Cram.fm  Page 1682  Wednesday, July 11, 2007  1:10 PM



1683

 THE JOU R N A L OF BO N E & JO I N T SU RG ER Y ·  JB JS .ORG

VO LUM E 89-A ·  NUM B E R 8 ·  AUG U S T 2007
A CO M P A R IS O N OF TO TA L HI P A N D KN E E RE P L A CE M E N T 
I N SP E C IA L T Y A N D GE N ER AL HO SP I TA L S

joint replacement, it is possible that our models were unable
to adequately adjust for differences between the patients in
specialty hospitals and those in general hospitals. In addition,
our reliance on administrative data may have resulted in the
underestimation of the rates of certain adverse outcomes
(e.g., deep vein thrombosis)27. Third, our results may be sub-
ject to systematic differences between specialty and general
hospitals in the capture of ICD-9-CM diagnosis and proce-
dure codes, resulting in biased estimates of risk-adjusted dif-
ferences in outcomes; however, it is unlikely that unadjusted
risk would fully account for the 40% reduction in adverse
outcomes that was observed in specialty orthopaedic hospi-
tals. Fourth, the study examined a limited number of out-
comes and did not consider important clinical outcomes such
as functional status or patient satisfaction. Finally, while our
definition of specialty orthopaedic hospitals is consistent
with definitions used by both policy makers and other inves-
tigators, there remains debate over precisely how to define
specialty hospitals. In particular, it is unclear to what extent
specialty hospitals should be defined by the presence of phy-
sician owner-investors and for-profit or not-for-profit status.
Future research is needed to clarify these issues.

In summary, the current findings demonstrate lower
rates of adverse outcomes in specialty orthopaedic hospitals
relative to general hospitals after adjustment for patient char-
acteristics and hospital procedural volume. This suggests that
orthopaedic specialization may lead to better patient out-
comes. Further analyses with use of clinical registries are war-
ranted to verify our findings.

Appendix
Tables showing comorbid conditions, as measured ac-
cording to Elixhauser et al.30, and the independent vari-

ables included in the final risk adjustment model 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-ROM (call our subscrip-
tion department, at 781-449-9780, to order the CD-ROM). 
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