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The Relationship Between 
Surgeon and Hospital 
Volume and Outcomes 

for Shoulder Arthroplasty
BY NITIN JAIN, MBBS, MSPH, RICARDO PIETROBON, MD, SHAWN HOCKER, MD, ULRICH GULLER, MD, MHS,

ANOOP SHANKAR, MBBS, MPH, AND LAURENCE D. HIGGINS, MD

Investigation performed at the Center for Excellence in Surgical Outcomes and Division of Orthopaedic Surgery, 
Duke University Medical Center, Durham, North Carolina; Department of General Surgery, University of Basel, Basel, Switzerland; 

and Department of Population Health Sciences, University of Wisconsin, Madison, Wisconsin

Background: As far as we know, no previous study has determined the relationship between volume and outcomes
for shoulder arthroplasty. We hypothesized that surgeons and hospitals with higher caseloads of total shoulder ar-
throplasties and hemiarthroplasties have better outcomes as measured by decreased mortality rate, shorter length
of stay in the hospital, reduced postoperative complications, and routine disposition of patients on discharge.

Methods: Data on patients undergoing shoulder arthroplasty were extracted from the Nationwide Inpatient Sample data-
bases for the years 1988 through 2000. Logistic regression with generalized estimating equations and multiple linear re-
gression models were used to estimate the adjusted association between surgeon and hospital volume and outcomes for
total shoulder arthroplasty and hemiarthroplasty after adjusting for comorbidity, age, race, household income, and sex.

Results: The mortality rates for patients who had a total shoulder arthroplasty performed by surgeons who did fewer
than two procedures per year (0.36%) or who did between two and fewer than four procedures per year (0.32%) were
higher than those for patients who had a total shoulder arthroplasty performed by surgeons who did four procedures
or more per year (0.20%). The risk-adjusted rate of postoperative complications after hemiarthroplasty was signifi-
cantly higher for patients managed by surgeons who performed fewer than two procedures per year (1.68%) than for
those managed by surgeons with a volume of five procedures or more per year (0.97%). The possibility of postopera-
tive complications when total shoulder arthroplasty was performed in hospitals with a volume of fewer than five pro-
cedures (1.44%) or in those with a volume of five to ten procedures per year (1.45%) was significantly higher than
that in hospitals where ten procedures or more were performed every year (0.64%). The mean lengths of stay in the
hospital after total shoulder arthroplasty and hemiarthroplasty were significantly longer when the operations were
performed by surgeons who did fewer than two procedures per year or when they were done in hospitals with a vol-
ume of fewer than five procedures per year or with a volume of five to fewer than ten procedures per year than when
they were done in hospitals or by surgeons in the highest volume category (p < 0.001).

Conclusions: Patients who have a total shoulder arthroplasty or hemiarthroplasty performed by a high-volume sur-
geon or in a high-volume hospital are more likely to have a better outcome.

Level of Evidence: Therapeutic study, Level III-2 (retrospective cohort study). See Instructions to Authors for a com-
plete description of levels of evidence.

houlder arthroplasty has become the treatment of choice
for many patients with a glenohumeral injury or disease.
The frequency of shoulder arthroplasties has increased

substantially over the past decade from approximately 10,000
in 1990 to 20,000 in 20001.

An inverse relationship between hospital and surgeon
volume and nonoptimal clinical outcomes after surgery has
been demonstrated for total hip arthroplasty and total knee
arthroplasty2-10. Shoulder arthroplasty is a technically demand-
ing procedure that is not performed routinely, as most sur-

S
A commentary is available with the electronic versions of this article,
on our web site (www.jbjs.org) and on our quarterly CD-ROM (call our
subscription department, at 781-449-9780, to order the CD-ROM).
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geons perform only one or two arthroplasties per year11. The
combination of surgical difficulty and minimal surgeon expe-
rience could influence patient outcomes. To the best of our
knowledge, no study has investigated the relationship between
volume and outcomes for shoulder arthroplasty.

The objective of this study was to examine the relation-
ship between surgeon and hospital volume and outcomes
in shoulder arthroplasty with use of the Nationwide Inpatient
Sample databases. We hypothesized that surgeons and hospitals
with higher caseloads for total and partial shoulder arthroplasty
have better outcomes as measured by a decreased mortality
rate, shorter length of hospital stay, reduced postoperative com-
plications, and routine disposition of patients on discharge.

Materials and Methods
Design

e performed a secondary analysis of the Nationwide
Inpatient Sample (NIS) databases for the years 1988

through 2000.

Database Description
The NIS database for the years 1988 through 2000 was used
for this study12. The NIS is part of the Healthcare Cost and
Utilization Project (HCUP), sponsored by the Agency for
Healthcare Research and Quality (AHRQ). Only patients who
were admitted to the hospital are included. The NIS is the
largest database for all-payer inpatient care that is publicly
available in the United States, and it contains approximately
five to eight million records of inpatient stays per year from
about 1000 hospitals, which represent a 20% stratified sample
of community hospitals in the United States13. To ensure maxi-
mal representation of hospitals in the United States, the following
sampling strata based on five important hospital character-
istics were used for the creation of the NIS database: geo-
graphic region (Northeast, North Central, West, and South),
ownership (public, private not-for-profit, and private investor-
owned), location (urban and rural), teaching status (teaching
hospital and nonteaching hospital), and size (small, medium,
and large) in terms of the number of beds. Information on
hospital ownership was obtained from the American Hospital
Association (AHA) Annual Survey of Hospitals and includes
categories for government nonfederal (public), private not-for-
profit (voluntary), and private investor-owned (proprietary)14.

NIS datasets provide the following information: hospital
identifiers (AHRQ-sponsored and AHA identifiers), synthetic
surgeon identifiers, unique patient visit identifier, patient
demographic data, and procedure and diagnostic codes clas-
sified according to the International Classification of Diseases,
Ninth Edition, Clinical Modification (ICD-9-CM)15.

The HCUP assigned validation and quality assessment
of these datasets to an independent contractor16. To perform
the validation, the contractor reviewed the univariate sta-
tistics for all numeric data elements and the frequency distri-
butions for all categorical and some continuous data elements,
checked the range against standard norms, and performed
edit checks to identify inconsistencies between related data el-

ements. The NIS database has also been extensively validated
against the National Hospital Discharge Survey and was con-
firmed to perform very well for many estimates17.

The combined datasets (1988 through 2000) contain in-
formation on 12,876 patients who had a total shoulder arthro-
plasty and 17,999 patients who had a hemiarthroplasty.

Sample Selection
Data were extracted separately for total shoulder arthroplas-
ties and hemiarthroplasties. The records with an ICD-9-CM
procedure code for total shoulder replacement (81.80) and for
partial shoulder replacement (81.81) were initially included in
the analysis (see Appendix). Each record in the datasets re-
presents a single patient visit and has a unique identification
number. As our dataset does not contain a unique patient
identifier, patients who were readmitted could not be tracked.
Patients with a procedure code for revision shoulder arthro-
plasty (81.83 – Other repairs of shoulder including revision
shoulder arthroplasty) were not included in the study.

Patients who had a primary or secondary diagnosis of
infection, malignant tumor, or pathological fracture in the
bones of the shoulder region were excluded from the analysis.
Cases of patients with evidence that the present surgery was
performed as a result of complications of previous shoulder
arthroplasty were also excluded (see Appendix). Stratifications
based on the diagnosis of osteoarthritis and fracture of the
humerus, scapula, or glenoid were attempted for both total
shoulder arthroplasty and hemiarthroplasty. There were 12,594
records for total shoulder arthroplasty and 17,452 records for
hemiarthroplasty included in the final analyses.

Outcome Measures
The outcomes of interest included inhospital mortality rate,
length of stay in the hospital, disposition of the patient on
discharge, and inhospital postoperative complications. The
mortality rate was based on whether the patient died during
hospitalization or was discharged alive. Length of stay was cal-
culated in days by subtracting the admission date from the
date of discharge.

The disposition of the patient on discharge was coded
into routine and nonroutine disposition. Nonroutine disposi-
tion included transfer to a short-term hospital, skilled nursing
facility, intermediate care facility, another type of facility, or
home health care. Routine disposition reflected patients who
were discharged home. The variable for postoperative compli-
cations was created on the basis of the information from four-
teen secondary diagnoses included in the datasets. Patients
with a secondary diagnosis of postoperative wound infection,
other infections, a nonhealing surgical wound, disruption of
the operative wound, pulmonary embolism, thrombophlebi-
tis, and other unspecified complications were considered to
have a postoperative complication (see Appendix).

Main Effects
The primary predictor variables included surgeon and hospi-
tal volume. The databases contained a synthetic primary sur-

W
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geon identifier for each surgeon, which was consistent over
thirteen years. The synthetic surgeon identifier was a fixed-key
(one-to-one) encryption of the primary surgeon number and
served as a unique identifier for each surgeon. Surgeon vol-
ume was calculated by counting the number of total shoulder
arthroplasties of hemiarthroplasties performed for each of the
respective subpopulations during a given year with use of
this unique identifier. Surgeon volume was then divided into
three categories (fewer than two procedures, two to four pro-
cedures, or five procedures or more per year) for both total
shoulder arthroplasty and hemiarthroplasty. Synthetic pri-
mary surgeon identifiers were missing for 41.3% of total
shoulder arthroplasties and 45.5% of hemiarthroplasties. In
order to test the impact of missing surgeon identifiers on our
results, a sensitivity analysis was conducted. Imputation by
best subset regression of missing values for surgeon volume
was used to conduct the sensitivity analysis. We calculated the
value for missing surgeon volume on the basis of other char-
acteristics such as hospital volume, hospital location, teaching
status of hospital, hospital identifier, hospital size in terms of
the number of beds, and year of the operation. The combined
characteristics of these known variables were used to find the
most likely estimate of surgeon volume. The calculation was
based on patterns of other characteristics observed in patients
for whom the information regarding surgeon volume was
available. The method then matched these characteristics to
patients without surgeon volume and imputed the most likely
value. This method is called imputation, which represents an
established and frequently used statistical tool18-23. Addition-
ally, to test the potential impact of missing surgeon identifiers
on our findings, patients with surgeon identifiers were com-
pared with patients without surgeon identifiers in terms of
outcomes and demographic variables. We found that the two
patient subsets were very similar.

Similarly, each hospital had a unique hospital identifier,
and this was used to determine the three categories (fewer
than five procedures, five to nine procedures, and ten proce-
dures or more per year) for hospital volume of total shoulder
arthroplasties and hemiarthroplasties. None of the hospital
identifiers were missing.

We chose surgeon and hospital volume categories to ob-
tain approximately similar percentages of procedures in each
category and also to have clinically meaningful cut-offs. The
terms high volume and low volume for hospitals and surgeons
in this article reflect only surgical volume of either total shoul-
der arthroplasty and hemiarthroplasty and not total surgical
volume. In this article, the term high volume is used for sur-
geons or hospitals in the highest volume category; medium
volume, for the surgeons or hospitals in the middle volume
category; and low volume, for surgeons and hospitals in the
lowest volume category.

Covariates
Covariates that are available from NIS include age, sex, race,
household income, and comorbidity (according to the Charl-
son index as modified by Deyo et al.) of the patient24,25. The

Charlson index measures comorbidity by assigning scores of
1, 2, 3, or 6 to each of the comorbid conditions present in a
patient. These scores are then added to provide a single index
score, which measures the overall comorbidity of the patient.
Income is estimated by the median household income in the
patient’s zip code.

Statistical Analysis
Each of the analyses mentioned below was performed for both
total shoulder arthroplasty and hemiarthroplasty. Univariate
analyses were performed with use of means and proportions
in percentage. Bivariate analyses were performed to measure
the association between surgeon and hospital caseload and the
remaining covariates. This analysis yielded the proportions in
percentage of each surgeon-volume category across hospital-
volume categories. Hospital volume was also tabulated across
hospital size, total hospital charges, and hospital teaching-
status categories. Hospital size categories (small, medium, and
large) were based on the number of hospital beds and are spe-
cific to the hospital’s location and teaching status. The hospi-
tal teaching status was obtained from the AHA Annual Survey
of Hospitals. A hospital is considered to be a teaching hospital
if it has an American Medical Association-approved residency
program of any type, is a member of the Council of Teaching
Hospitals, or has a ratio of full-time-equivalent interns and
residents to beds of 0.25 or higher12.

Multivariate logistic regression models were used to ex-
amine the risk-adjusted association between the surgeon and
hospital volume and the outcomes. The surgeon-volume
models were controlled for hospital volume (as a continuous
variable), but surgeon volume was not used as a confounder
for models with hospital volume as the main effect to avoid
exclusion of records with missing surgeon volume. Each
model was adjusted for age, sex, race, household income, and
comorbidity of the patient.

Length of stay in the hospital was examined with use of
multivariate linear regression models. Length of stay, which
was used as a continuous variable, had a skewed distribution
and therefore was modeled with use of a logarithmic transfor-
mation. Estimated mean length of stay was obtained by the ex-
ponentiation of regression coefficients.

Adjusted odds ratios with 95% confidence intervals
were used to express the strength of association between the
surgeon and hospital volume and the outcomes. General-
ized estimating equations were used to control for clustering
of patients within hospitals. Adjusted estimates were calcu-
lated for length of stay with use of linear regression. The
White test26 was performed to determine heteroscedasticity
in the linear regression models. The estimated parameters
were also corrected with use of a smearing factor to adjust
for heteroscedasticity (as the White test was significant, p <
0.001) and logarithmic transformation27,28.

Because of the very low mortality rates in our dataset,
which are in agreement with those in other datasets29 and pre-
vious studies30, the outcome rate of mortality for total shoul-
der arthroplasty was not sufficient to do a regression analysis
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for surgeon volume. Hence, surgeon volume was recatego-
rized (fewer than two procedures, two to fewer than four pro-
cedures, and four procedures or more) to calculate adjusted
odds ratios. A sensitivity analysis with surgeon-volume cate-
gories of fewer than two procedures, two to fewer than three
procedures, and three procedures or more was also conducted
to add robustness and validity to the analysis.

Incremental odds ratios were used to determine whether
every increase in hospital or surgeon volume (category) is as-
sociated with an increased risk of the outcome. This approach
is more stringent and accurate than the Mantel extension
trend statistic31, and it requires that all of the incremental odds

ratio estimates be greater than (less than) 1.0 in order to con-
firm a dose-response relation.

Stratification based on the diagnosis of osteoarthritis or
fracture of the humerus, glenoid, or scapula was attempted. Be-
cause of the extremely small percentage of patients who died,
multivariate logistic regression was conducted only on post-
operative complications and nonroutine disposition of the pa-
tient on discharge as outcome variables.

Statistical analyses were conducted with use of Inter-
cooled Stata for Windows (version 7.0; Stata, College Station,
Texas) and SAS for Windows (version 8.02; SAS Institute, Cary,
North Carolina).

TABLE II Selected Outcomes of Patients Undergoing Shoulder Arthroplasty from 1988 Through 2000 in the United States

Outcome
Total Shoulder Arthroplasty 

(N = 12,594)
Hemiarthroplasty 

(N = 17,452)

Length of stay* (days) 3.9 ± 3.8 4.9 ± 5.3
No. of patients with missing data 21 (0.2%)

Mortality (no. of patients)

Survived 12,550 (99.7%) 17,351 (99.4%)
Died 32 (0.3%) 68 (0.4%)
Data missing 12 (0.1%) 33 (0.2%)

Postoperative complications (no. of patients)

Absent 12,442 (98.8%) 17,219 (98.7%)
Present 152 (1.2%) 233 (1.3%)

Disposition of patient at discharge
Routine 9116 (72.4%) 11,378 (65.2%)
Nonroutine 3466 (27.5%) 6041 (34.6%)
Data missing 12 (0.1%) 33 (0.2%)

*The values are given as the mean and the standard deviation.

TABLE I Selected Characteristics of Patients Undergoing Shoulder Arthroplasty from 1988 Through 2000 in the United States

Baseline 
Characteristics

Total Shoulder Arthroplasty 
(N = 12,594)

Hemiarthroplasty 
(N = 17,452)

Age* (yr) 68.3 ± 11.8 68.4 ± 13.7

Sex (no. of patients)

Male 4885 (38.8%) 5226 (29.9%)
Female 7708 (61.2%) 12,225 (70.1%)
Data missing 1 (0%) 1 (0%)

Race (no. of patients)

White 8427 (66.9%) 11,386 (65.2%)
Black 339 (2.7%) 402 (2.3%)
Hispanic 164 (1.3%) 346 (2.0%)
Other 130 (1.0%) 203 (1.2%)
Data missing 3534 (28.1%) 5115 (29.3)

Charlson Index† 1.5 ± 3.2 1.6 ± 3.6

No. of diagnoses on this discharge† 4.0 ± 2.4 4.6 ± 2.7

*The values are given as the mean and the standard deviation. Data were missing for one patient. †The values are given as the mean and
the standard deviation. There were no missing values.
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Results
atients included in our analysis were predominantly
white (66.9% for total shoulder arthroplasty and 65.2%

for hemiarthroplasty) and female (61.2% for total shoulder
arthroplasty and 70.1% for hemiarthroplasty), and they had
a mean age of approximately sixty-eight years for both pro-
cedures. The mean Charlson index was 1.5 ± 3.2 for total
shoulder arthroplasty and 1.6 ± 3.6 for hemiarthroplasty, and
the mean number of diagnoses on discharge was 4.0 ± 2.4 for
total shoulder arthroplasty and 4.6 ± 2.7 for hemiarthro-
plasty (Table I).

On the average, patients undergoing hemiarthroplasty
had a longer stay in the hospital (4.9 ± 5.3 days) than those
who had a total shoulder arthroplasty (3.9 ± 3.8 days). Post-
operative complications were uncommon, affecting 1.2% of
the patients who had a total shoulder arthroplasty and 1.3%
of the patients who had a hemiarthroplasty. Nonroutine
disposition was recorded for 27.5% of the patients who had a
total arthroplasty and 34.6% of patients who had a hemiar-
throplasty (Table II).

Surgeons in the low-volume category performed 33.5%
of the total shoulder arthroplasties and 42.0% of the hemi-
arthroplasties; those in the medium-volume category, 37.6%
and 44.0%, respectively; and those in the high-volume cate-
gory, 28.9% and 14.1%. The percentage of procedures per-
formed consistently decreased for low-volume surgeons across
low to high-volume hospitals for total shoulder arthroplasty
(21.5% to 4.5%) and hemiarthroplasty (24.5% to 6.0%). In

contrast, for surgeons with a higher caseload, the proportion
of procedures performed consistently increased across low to
high-volume hospitals for total shoulder arthroplasty (0.3% to
20.8%) and hemiarthroplasty (0.4% to 9.4%) (see Appendix).
In an attempt to better understand the distribution of surgeon
volume across hospital volume, a bar graph was drawn that
displays the distribution of surgeon volume as a proportion of
individual hospital-volume categories (Fig. 1).

Bivariate analysis of hospital volume and hospital char-
acteristics was performed. These results are displayed in the
Appendix.

The multivariate logistic regression modeling demon-
strated that patients undergoing total shoulder arthroplasty
were 4.4 times (95% confidence interval, 0.6 to 31.2) more
likely to die during the hospital stay if the operation was done
by a surgeon who performed fewer than two procedures per
year and 4.2 times (95% confidence interval, 0.6 to 29.6)
more likely to die if the operation was performed by a sur-
geon who did two to fewer than four procedures per year than
were patients managed by surgeons who performed at least
four procedures every year (Table III). The trends analysis
also yielded incremental odds ratios of 4.2 and 1.04 for de-
creasing surgeon-volume categories compared with surgeons
with volume of at least four procedures (see Appendix). The
sensitivity analysis performed with use of hospital-volume
categories of fewer than two procedures, two to fewer than
three procedures, and three procedures or more per year also
yielded similar results. The results obtained for hospital vol-

P

TABLE III Associations Between Surgeon Volume and Selected Outcomes of Shoulder Arthroplasty from 1988 Through 2000 in 
the United States Determined with Use of Generalized Equation Models

Outcome
Procedure 
Volume

Outcome 
Rate

Adjusted Odds Ratio 
(95% Confidence Interval)

Total shoulder arthroplasty
Mortality <2 0.36% 4.4 (0.6-31.2)

≥2 to <4 0.32% 4.2 (0.6-29.6)
≥4 0.20% 1.0

Postoperative complications <2 1.46% 1.4 (0.6-3.0)
≥2 to <5 1.34% 1.5 (0.7-3.0)

≥5 0.80% 1.0

Nonroutine disposition of patient on discharge <2 30.9% 1.1 (0.8-1.4)
≥2 to <5 28.7% 0.98 (0.8-1.2)

≥5 26.8% 1.0

Hemiarthroplasty
Mortality <2 0.50% 0.9 (0.3-2.3)

≥2 to <5 0.36% 0.7 (0.2-1.9)
≥5 0.38% 1.0

Postoperative complications <2 1.68% 2.2 (1.1-4.4)
≥2 to <5 1.29% 1.5 (0.7-3.2)

≥5 0.97% 1.0

Nonroutine disposition of patient on discharge <2 37.8% 1.3 (1.1-1.5)
≥2 to <5 38.1% 1.3 (1.1-1.6)

≥5 29.8% 1.0
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ume were similar, as patients managed at low-volume and
medium-volume hospitals were 2.1 times (95% confidence
interval, 0.7 to 6.6) and 1.5 times (95% confidence interval,
0.4 to 5.5), respectively, more likely to die compared with those
managed at high-volume hospitals (Table IV). Incremental

odds ratios of 1.5 and 1.4 showed a positive trend effect (see
Appendix).

Patients undergoing hemiarthroplasty performed by
surgeons who did fewer than two procedures and by those who
did between two and four procedures were 2.2 times (95%

TABLE IV Associations Between Hospital Volume and Selected Outcomes of Shoulder Arthroplasty from 1988 Through 2000 in 
the United States Determined with Use of Generalized Equation Models

Outcome
Procedure 
Volume

Outcome 
Rate

Adjusted Odds Ratio 
(95% Confidence Interval)

Total shoulder arthroplasty
Mortality <5 0.36% 2.1 (0.7-6.6)

≥5 to <10 0.29% 1.5 (0.4-5.5)
≥10 0.08% 1.0

Postoperative complications <5 1.44% 2.5 (1.5-4.2)
≥5 to <10 1.45% 2.1 (1.2-3.6)

≥10 0.64% 1.0

Nonroutine disposition of patient on discharge <5 29.7% 1.2 (1.0-1.4)
≥5 to <10 25.9% 1.1 (0.9-1.3)

≥10 26.3% 1.0

Hemiarthroplasty
Mortality <5 0.49% 1.2 (0.6-2.5)

≥5 to <10 0.32% 0.9 (0.4-1.9)
≥10 0.33% 1.0

Postoperative complications <5 1.29% 1.1 (0.7-1.8)
≥5 to <10 1.37% 1.2 (0.8-1.9)

≥10 1.37% 1.0

Nonroutine disposition of patient on discharge <5 35.1% 1.1 (0.9-1.3)
≥5 to <10 35.7% 1.2 (1.02-1.4)

≥10 32.8% 1.0

Fig. 1

Distribution of surgeon 
volume as a proportion of 
hospital-volume catego-
ries from the year 1988 
through 2000 in the 
United States. TSA = total 
shoulder arthroplasty and 
HA = hemiarthroplasty.
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confidence interval, 1.1 to 4.4) and 1.5 times (95% confidence
interval, 0.7 to 3.2), respectively, more likely to have postoper-
ative complications than were those managed by higher-volume
surgeons. Trends analysis also showed a dose-response rela-
tionship with incremental odds ratios of 1.5 for both catego-
ries of decreasing surgeon volume. Significant results were
obtained for the relationship between hospital volume for total
shoulder arthroplasty and postoperative complications. Odds
ratios of 2.5 (95% confidence interval, 1.5 to 4.2) for low-volume
hospitals and 2.1 (95% confidence interval, 1.2 to 3.6) for
medium-volume hospitals compared with high-volume hos-
pitals with a positive trends analysis (odds ratio, 2.1 and 1.2 for
decreasing hospital volume) were obtained.

The risk-adjusted odds ratios of nonroutine discharge
after hemiarthroplasty were 1.3 (95% confidence interval, 1.1
to 1.5) and 1.3 (95% confidence interval, 1.1 to 1.6) for pa-
tients managed with surgeons who performed fewer than two
procedures per year and for those managed by surgeons who
performed two to less than five procedures per year, respec-
tively, compared with those managed by surgeons with a case-
load of at least five procedures per year. These results were
significant (p = 0.01) (Table III). Similar results were obtained
for hospitals that had a low or medium volume of total shoul-
der arthroplasties and hemiarthroplasties compared with those
that had a high volume (Table IV).

Surgeons who performed five total shoulder arthro-
plasties or more per year discharged their patients an average
of seventeen hours earlier than did surgeons who performed
fewer than two procedures per year (p < 0.001). Similarly, pa-
tients who had the operation in hospitals with a volume of
ten procedures or more per year were discharged an average
of twelve hours earlier than those who had the operation in
hospitals with caseloads of between five and nine procedures
per year and 1.1 days earlier than those who had the opera-
tion in hospitals with fewer than five procedures per year
(p < 0.001). The mean length of stay for patients managed
by surgeons who performed fewer than two hemiarthroplas-
ties per year (5.4 ± 1.3 days) was significantly higher than
that for those managed by surgeons who performed five or
more procedures (4.1 ± 1.1 days) (p < 0.001). On the aver-
age, patients managed in hospitals where ten hemiarthro-
plasties or more were performed every year were discharged
twelve hours before patients managed in hospitals with a
volume between five and nine procedures per year and 1.1 days
before patients managed in hospitals with a caseload of fewer
than five procedures per year; the difference was significant
(p < 0.001) (Table V).

The sensitivity analysis performed with use of impu-
tation by best-subset regression for missing surgeon volume
revealed a variation of up to 13.6% in the odds ratios for all
outcomes with a positive trends analysis, except mortality rate
for patients managed with total shoulder arthroplasty, which
still had odds ratios of >1.0 for both medium and low-volume
surgeons and a positive trends analysis. Hence, we concluded
that our analysis is robust and valid.

Stratification was performed on the data for patients

with a diagnosis of osteoarthritis and those with fractures of
bones in the shoulder region. Similar to the observations made
on analysis of the results of total shoulder arthroplasty and
hemiarthroplasty, associations between better outcomes and
higher surgeon and hospital volume were observed for some
of the variables (see Appendix).

Discussion
o the best of our knowledge, this study is the first attempt
to investigate the relationship between volume and out-

comes for shoulder arthroplasty. We used thirteen years of
data from a 20% stratified probability sample of community
hospitals in United States to examine whether surgeon and
hospital volume were related to patient outcomes such as
mortality, postoperative complications, disposition of pa-
tient on discharge, and length of stay. The multivariate logis-
tic regression modeling demonstrated that the likelihood of
mortality during hospitalization associated with both total
shoulder arthroplasty and hemiarthroplasty increases as the
volume of such procedures performed by the surgeons de-
creases and that the likelihood of postoperative complica-
tions associated with hemiarthroplasty is higher in patients
managed by low-volume surgeons. An incremental pattern in
the possibility of postoperative complications and nonroutine

T

TABLE V Adjustment Estimates of Length of Stay 
According to Surgeon and Hospital Volume 
for Patients Undergoing Shoulder Arthroplasty 
from 1988 Through 2000 in the United States 
After Accounting for Smearing

Procedure Volume
Length of Stay* 

(days)

Surgeon
Total shoulder arthroplasty

<2 4.0 ± 0.7†
≥2 to <5 3.6 ± 0.7
≥5 3.3 ± 0.7

Hemiarthroplasty
<2 5.4 ± 1.3†
≥2 to <5 4.6 ± 1.2
≥5 4.1 ± 1.1

Hospital
Total shoulder arthroplasty

<5 4.1 ± 0.7†
≥5 to <10 3.7 ± 0.7†
≥10 3.3 ± 0.6

Hemiarthroplasty
<5 5.3 ± 1.3†
≥5 to <10 4.7 ± 1.1†
≥10 4.2 ± 1.0

*The values are given as the mean and the standard deviation.
†Compared with the highest volume category, the difference was
significant, according to the linear regression model (p = 0.001). 
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disposition of the patient on discharge after total shoulder ar-
throplasty was also observed in association with declining
hospital volume. The mean length of stay was significantly
lower for patients of high-volume surgeons and those treated
in high-volume hospitals compared with those managed by
low-volume surgeons and those treated in low and medium-
volume hospitals.

In the risk-adjusted analysis, the likelihood of inhospital
mortality after total shoulder arthroplasty was found to be low
for high-volume surgeons and for high-volume hospitals with
a confirmatory trends analysis; however; these findings need
to be interpreted with caution. Wide confidence intervals as a
result of the small percentage of patients who died necessitate
further investigation of this outcome. Similar observations
were made in the study by Kreder et al., who attempted to de-
termine the relationship between surgeon and hospital vol-
ume and mortality for total hip arthroplasty during initial
elective hospitalization5.

Infection after shoulder arthroplasty has been well docu-
mented in previous studies32-34, and, although pulmonary em-
bolism is not frequently associated with shoulder arthroplasty,
it has been reported35,36. Katz et al. 7 examined the association
between surgeon and hospital volume of total hip arthroplas-
ties and pulmonary embolus and found no significant associa-
tion; however, in agreement with our findings, they concluded
that lower rates of deep infection following total hip arthro-
plasty were associated with greater hospital volumes. With use
of data from the Washington State Department of Health, Kre-
der et al. found that patients managed by low-volume surgeons
had more infections after total hip arthroplasty than did pa-
tients managed by high-volume surgeons5.

The effect of length of stay on patient outcome is an
important area of research37-41. Our results are in conformity
with those of Kreder et al., who found an association be-
tween patients managed with a total hip arthroplasty by high-
volume surgeons and a shorter length of hospital stay6. Lavernia
and Guzman, in a study of arthroplasty procedures, noted a
similar association between a prolonged length of stay and
low-volume surgeons2. Length of stay is an important deter-
minant of cost42,43. Hence, this finding is very relevant to
health care today in light of the pressure placed on hospitals
to reduce costs. Additionally, surgeons and hospitals with
higher caseloads are more likely to discharge their patients
routinely. These results imply that high-volume surgeons and
hospitals not only discharge patients earlier but also dis-
charge them with a reduced chance of postoperative com-
plications that would necessitate transfer of the patient to
another facility.

It is evident from the results that patients treated by
high-volume surgeons or in high-volume hospitals have better
outcomes than do patients treated by low-volume surgeons or
in low-volume hospitals. Halm et al., in a recently published
systematic review of studies on the relationship between vol-
ume and outcome, noted that 71% of the studies on hospital
volume and 69% of the studies on physician or surgeon vol-
ume reported associations between higher volume and better

health outcomes44. Other studies of the volume and outcome
relationship with respect to musculoskeletal disorders2,3,6,7, cor-
onary artery bypass8,45, coronary angioplasty46,47, cardiac trans-
plantation48,49, cancer surgery50,51, gastrointestinal surgery52,53,
liver transplantation54,55, and postoperative wound infection56

have described similar findings.
Despite the improvements seen in the findings in the

present study compared with those in previous volume-
outcome studies, our analysis has limitations. First, primary
synthetic surgeon identifiers were missing for 41.3% of the
total shoulder arthroplasties and for 45.5% of the hemiar-
throplasties. However, sensitivity analyses and a comparison
of the cases of patients with and without surgeon identifiers
indicated that this missing information did not impact our
findings. Several investigations have compared the results
obtained from actual data and from imputation, and they
concluded that imputation is an appropriate method for
dealing with missing data18-23. Second, the NIS does not pro-
vide information with regard to the severity grading for
patients requiring shoulder arthroplasty, which prevents ad-
ditional risk-adjusting of outcomes. Third, complications
(e.g., postoperative wound infections and dislocations) oc-
curring after hospital discharge cannot be ascertained, even
if patients were readmitted to the hospital. Fourth, clinical
outcome indicators on function, strength, range of motion,
and patient satisfaction are not available. Last, there is no
evidence that the coding of diagnoses in the NIS has been
validated against clinical data. However, it is unlikely that
miscoding would occur systematically in a certain volume
group of hospitals or surgeons, and thus bias can be assumed
to be minimal. 

Our study showed that better outcomes can be achieved
for shoulder arthroplasty when patients are referred to high-
volume surgeons and hospitals. This additional evidence may
help in the formulation of health policies to encourage better
outcomes.

Appendix
Inclusion and exclusion criteria categorized by ICD-9-CM
codes, the algorithm used for case inclusion or exclusion,

and tables showing the bivariate analysis of hospital volume and
hospital characteristics, the trend analysis of surgeon and hospi-
tal volume, and stratification of data by diagnosis (osteoarthri-
tis or fracture) are available with the electronic versions of this
article, on our web site at www.jbjs.org (go to the article citation
and click on “Supplementary Material”) and on our quarterly
CD-ROM (call our subscription department, at 781-449-9780,
to order the CD-ROM). !
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