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The Association between Hospital Volume and Total
Shoulder Arthroplasty Outcomes

Stephen Lyman, PhD; Edward C. Jones, MD, MA; Peter B. Bach, MD, MA;
Margaret G. E. Peterson, PhD; and Robert G. Marx, MD, MSc, FRCSC

The purpose of this study was to evaluate the relationship
between increasing hospital volume and the following out-
comes for total shoulder arthroplasties done in the state of
New York: length of stay, hospital costs, readmission within
60 days, revision surgery within 24 months, and death within
60 days. The Statewide Planning and Research Cooperative
System (SPARCS) database from the New York State De-
partment of Health, a census of all hospital discharges in the
state, was used to evaluate the relationship between hospital
volume and outcomes for total shoulder arthroplasties for
1996 to 1999. One thousand three hundred seven total shoul-
der arthroplasties were done in New York from 1996 to 1999.
Nearly 1⁄2 were done at the five highest-volume hospitals.
Middle-volume hospitals has the least lengths of stay and
hospital costs. Independent of age and comorbidities, pa-
tients at hospitals with greater volumes of total shoulder
arthroplasties were at reduced risk of patients being read-
mitted within 60 days. No other outcomes were significantly
associated with hospital volume. The finding that greater
hospital volume decreases risk of readmission may have im-
portant public health implications, but additional research is
needed before implementing policy changes.

Level of Evidence: Prognostic study, Level II-1 (retrospective
study). See the Guidelines for Authors for a complete de-
scription of levels of evidence.

Outcomes for total hip and total knee arthroplasties have
been associated with surgeon and hospital procedure vol-
ume.7,11–13,15,16,18 Improved outcomes found to be asso-
ciated with increased volume include decreased risk of
in-hospital complications and mortality, decreased length
of stay, posthospital complications (including dislocation,
infection, and pulmonary embolus), revision surgery, and
posthospital death.7,11–13,15,16,18 Similar associations have
been found for patients admitted for hip fractures.9 Ham-
mond et al evaluated the relationship between surgeon and
hospital volume for total shoulder arthroplasties and hemi-
arthroplasties combined.8 They found that surgeons who
did high volumes of surgeries had fewer complications and
shorter lengths of stay compared with surgeons who did
low volumes of shoulder arthroplasties, but they did not
consider longer-term outcomes such as readmission, reop-
eration, or posthospital mortality.

Although total shoulder arthroplasty is not as common
as total hip or knee replacement, there were approximately
8000 total shoulder arthroplasties done in the US in 1999
according to data from the National Hospital Discharge
Survey provided by the Centers for Disease Control and
Prevention. Previous studies have shown that total shoul-
der arthroplasty improves pain, function, and satisfaction
for patients with various orthopaedic and rheumatologic
diagnoses.17,21,22 The purpose of our study was to evaluate
the relationship between increasing hospital volume and
the following outcomes for total shoulder arthroplasty
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done in New York: length of stay, hospital costs, readmis-
sion within 60 days, revision surgery within 24 months,
and death within 60 days.

MATERIALS AND METHODS

The Statewide Planning and Research Cooperative System
(SPARCS) database from the New York State Department of
Health, a census of all hospital discharges in the state, was used
to evaluate the relationship between hospital volume and out-
comes for total shoulder arthroplasties. The Statewide Planning
and Research Cooperative System has been operational since
1982 and provides more than 20 years of hospital discharge data
for the state. However, unique patient identifiers were not avail-
able until recently. Therefore, this study was restricted to
SPARCS records for 1996 to 1999.

Subjects were enrolled in this study if they had a total
shoulder arthroplasty (ICD-9-CM procedure 81.80) done in a
New York hospital from 1996 to 1999. Hemiarthroplasty of the
shoulder was not included to keep the subjects as similar as
possible. Patients were excluded from the analysis if their total
shoulder arthroplasty was done because of a fracture or other
acute trauma (ICD-9-CM diagnoses of 716.12, 718.31, 727.61,
811.00, 812.00-812.09, 812.20, 812.21, 831.00-831.02, and
840.4 were excluded). All other diagnoses were considered non-
emergent, assuring the study population included only elective
procedures.

Outcomes of interest available in the SPARCS database in-
cluded death, readmission, revision surgery, length of stay, and
hospital costs. Readmission or death within 60 days of discharge
from the index surgical admission and revision total shoulder
arthroplasty within 12 to 24 months of surgery were considered
clinically meaningful outcomes. Secondary outcomes include
length of stay and adjusted cost of hospitalization. Hospital costs
included total hospital charges reported on the inpatient bill for
each patient. Cost adjustments were made using the area wage
index used by Medicare.19 This was done to account for the wide
variation in the cost of hospital care in the state. This variation
is most apparent for New York City compared with the remain-
der of the state. However, the area wage index is based on
selected hospital employee salaries and does not consider the
potentially large differences in other costs, such as real estate,
building maintenance, utilities, and supplies.

Patients residing outside New York state were only included
in the analysis of length of stay and hospitalization cost because
these patients may have had readmission, death, or revision sur-
gery in their home state.

The primary risk factor of interest was the number of total
shoulder arthroplasties done at the hospital during the 4-year
period for which data were collected (1996–1999). This variable
was divided in tertiles. The comparison group (low-volume hos-
pitals) included centers in which fewer than one total shoulder
arthroplasty per quarter year (1–15 cases during study period)
was done. Middle-volume hospitals were those in which one or
more total shoulder arthroplasties were done per quarter, but less
than one per month was done (16–47 cases). High-volume hos-
pitals were those in which at least one total shoulder arthroplasty

was done per month (48 or more cases). These tertiles were
chosen as clinically relevant groupings of the frequency of total
shoulder arthroplasties done in New York hospitals. Because of
the relative rarity of these procedures, surgeons from numerous
hospitals do these procedures less than once per quarter and
others less than once per month. These represented the low-
volume and middle-volume hospitals respectively.

Covariates of interest included age, gender, race/ethnicity,
and comorbidities. Comorbidities were defined using the comor-
bidity scale described by Charlson et al,4 adjusted for use with
administrative data as described by Deyo et al.5 This adjustment
accounts for acute comorbidities that may have occurred during
the admission of interest rather than being part of the preexisting
comorbidity profile. This comorbidity index was developed to
predict death during cardiac admissions, but is used as a measure
of comorbid conditions for various medical outcomes.

Statistical analysis consisted of descriptive and inferential
statistics. Variables were described using means, medians, mini-
mums, maximums, and standard deviations for continuous vari-
ables and counts and percentages for categorical variables. In-
ferential analysis was done using the Fisher’s exact test because
of the small number of events for some outcome variables (eg,
death within 60 days). Skewed continuous outcome measures
(length of stay and adjusted hospital costs) were analyzed using
the Kruskal-Wallis test for nonnormally distributed data with a
post hoc Mann-Whitney U test for pair-wise comparisons. Com-
parisons of ordinal variables with adequate sample size were
done using a Cochran Mantel-Haenszel Nonzero Correlation Co-
efficient to test for linear trend.

A generalized estimating equation was used for multivariable
analysis of the outcome of readmission within 60 days to control
for clustering of a large number of patients in a small number of
hospitals, particularly in the high-volume category. Readmission
at 60 days was the only study outcome that occurred with suf-
ficient frequency to build a stable generalized estimating ques-
tion. Generalized estimating equations were built by forcing the
primary exposure variable of interest (hospital volume) into the
model. All potential covariates were tested using simple gener-
alized estimating equations. These covariates also were included
in bivariable generalized estimating equations with hospital vol-
ume. Those that were significant predictors of readmission in
simple and bivariable models were considered for inclusion in
the full model. The most parsimonious model was that in which
each independent variable in addition to hospital volume was
associated with readmission (p � < 0.10), but in which no
additional measured covariates would be significantly associated
with readmission when placed into the model.

Collinearity was measured for variables that were thought to
be potentially highly correlated such as age and the Charlson
comorbidity score using linear regression plots. R2 values greater
that 0.90 were considered collinear and those variables would
not be placed into the same logistic models. No collinear vari-
ables were identified in this analysis.

RESULTS

There were 1307 total shoulder arthroplasties used for
these analyses (Table 1). The patients included 57%
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women, 10% were ethnic or racial minorities, and the
mean age at surgery was 65.6 years. Most of the patients
were hospitalized for less than 4 days (63.3%), and most
had adjusted hospital costs less than $10,000 (64.5%).

Nearly 1⁄2 of the patients (46.8%) has surgery at the five
high-volume hospitals, which averaged 41.6 patients per
study year. Comparatively, the low-volume hospitals av-
eraged 2.0 patients per study year and the middle-volume
hospitals averaged 6.6 patients per study year. Seventy-six
percent of the patients had no comorbidities using the
Charlson score with Deyo modification. Eighty-seven pa-
tients were readmitted to the hospital within 60 days of
discharge after total shoulder arthroplasty. Three patients
died within 60 days. Thirty patients required revision total
shoulder arthroplasty within 2 years of the index surgery,
21 of these during the first year.

A trend (p � 0.02) was seen between age and hospital
volume with younger patients having, on average, surgery
at higher-volume centers compared with older patients
(Table 2). This inverse association also was seen between
adjusted Charlson comorbidity score and hospital volume
with patients from low-volume hospitals having more co-
morbid conditions than patients from high-volume hospi-
tals (p < 0.001).

Length of stay was longest for patients in the low-
volume hospitals with a stay length longer than for patients
in middle-volume hospitals, but not longer than for pa-
tients in high-volume hospitals (p < 0.01) (Table 3). Like-
wise, patients in high-volume hospitals had a longer stay
length than patients in middle-volume hospitals (p < 0.01).

Hospital charges were significantly different (p < 0.01)
between low-, middle-, and high-volume hospitals with the
highest charges in the high-volume hospitals and the low-
est charges in the middle-volume hospitals (Table 4).
These associations were maintained when a log transfor-
mation was done to normalize length of stay and hospital
charges and analyzed using a one-way analysis of vari-
ance.

Of all other outcome measures, only readmission within
60 days was associated with (p < 0.01) hospital volume in
bivariable analysis (Table 5). Readmission within 60 days

TABLE 1. Description of Study Subjects

Variables Count Percent

Numerator 1307 –
Age (years)

69 or younger 733 56.1
70–79 445 34.0
80 or older 129 9.9

Gender
Men 566 43.3
Women 741 56.7

Outcome
Readmission within 60 days of TSA 87 6.7
Death within 60 days of TSA 3 0.2
Revision of TSA within 12 months 21 1.6
Revision of TSA within 24 months 30 2.3
Length of stay (mean, 3.6 days)

1–3 days 827 63.3
4–7 days 426 32.6
8–14 days 39 3.0
15–21 days 6 0.5
22–47 days 9 0.7

Adjusted hospital costs (mean, $9120)
$4999 or less 151 11.6
$5000 to $9999 691 52.9
$10,000 to $14,999 397 30.4
$15,000 to $19,999 41 3.1
$20,000 to $33,083 27 2.1

Exposure
Low volume – 1 to 15 TSA (103 hospitals) 463 35.4
Middle volume – 16 to 47 TSA (10 hospitals) 232 17.8
High volume – 48+ TSA (5 hospitals) 612 46.8

Charlson score (comorbidity measure)
0 994 76.1
1 198 15.1
2+ 115 8.8

TABLE 2. Age and Adjusted Charlson Comorbidity Rating by
Hospital Volume

Variable
Low Volume
Number (%)

Middle Volume
Number (%)

High Volume
Number (%)

Age category (years)
69 or younger 243 (52.5) 130 (56.0) 360 (58.8)
70–79 164 (35.4) 81 (34.9) 200 (32.7)
80 or older 56 (12.1) 21 (9.1) 52 (8.5)
p value = 0.02*

Adjusted Charlson score
0 315 (68.0) 178 (76.7) 501 (81.9)
1 87 (18.8) 31 (13.4) 80 (13.1)
2+ 61 (13.2) 23 (9.9) 31 (5.1)

p value < 0.001*

*Cochrane Mantel-Haenszel linear test for trend (Nonzero Correlation Statistic)
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was highest among patients from low-volume hospitals
(9.5%) and lowest among patients from high-volume hos-
pitals (4.6%). However, for revision surgery and death
within 60 days, the high-volume hospitals had lower fre-
quencies than the low- or middle-volume hospitals. No
deaths occurred in the high-volume hospitals despite the
high-volume category representing nearly 1⁄2 of all pa-
tients.

A generalized estimating equation was modeled to
evaluate the effect of the available independent variables
on the risk of readmission within 60 days (Table 6). Hos-
pital volume, age, and Deyo-modified Charlson score were
all independent predictors of hospital readmission. It
seems that there is a reduction in readmission risk within
60 days for all hospital with volumes of 16 cases or
greater, although the reduction is not statistically signifi-
cant until the high-volume category is attained (48+
cases). Likewise, patients were more likely to be readmit-
ted as they aged regardless of comorbidities or hospital
volume (p < 0.01). Only patients with comorbidity scores
of 2 or greater were found to have a modest, nonsignificant
increased risk of readmission after adjustment for age and
hospital volume (p � 0.06), but they were included in the
model because of the model building criteria (p < 0.10
were retained). Gender and race were not independent pre-
dictors of readmission.

DISCUSSION

Previous studies have documented that the outcomes of
many operations are related to the volume of that proce-

dure done at an institution.1–3,6,7,11–15,16,18,20 To date,
there are no data on the relationship between institution
volume and posthospital outcomes of total shoulder arthro-
plasty. The other studies evaluating shoulder arthroplasty
volume and outcome only considered length of stay, in-
hospital complications, and death while combining total
shoulder arthroplasties and hemiarthroplasties.9,10

A limitation with any study using administrative data is
the paucity of clinical information available on the pa-
tients. There is no information regarding pain or functional
status of these patients, relying solely on risk of readmis-
sion, revision surgery, and death as proxies for these out-
comes. Furthermore, there is no information available on
the return to activities of daily living or any patient-based
measures of quality of life. However, these limitations are
offset by the enormous volumes available for analysis us-
ing these databases.

Although some information was lost by converting
hospital volume from a continuous to categorical variable,
clinically relevant categories of total shoulder arthro-
plasties were identified. Furthermore, there were a large
number of low-volume hospitals (103) in the state con-
tributing fewer operations (463) than a small number of
high-volume hospitals (612 operations in five hospitals).
However, this was accounted for by using a generalized
estimating equation. Something not accounted for in
this study is surgeon volume. This study reflects hospital
volume only, which may be a more relevant factor if the
volume-outcomes relationship is precipitated by the ability
of the institution and ancillary staff to care for these pa-
tients before and after surgery.

TABLE 3. Length of Stay by Hospital Volume

Length of Stay (in days)
Low Volume

(1–15)
Middle Volume

(16–47)
High Volume

(48+)

Median 3 3 3
Mean*,† 3.9 3.1 3.6
Standard deviation 3.8 2.5 2.1
Minimum - Maximum 1–47 1–23 1–26

*Kruskal-Wallis (p < 0.01); †Mann-Whitney U middle volume versus low and high volume (p < 0.01)

TABLE 4. Adjusted Hospital Costs by Hospital Volume

Adjusted Hospital Costs
Low Volume

(1–15)
Middle Volume

(16–47)
High Volume

(48+)

Median $8793 $7542 $9288
Mean*,†,‡ $9257 $8206 $9364
Standard deviation $4695 $3414 $3580
Minimum - Maximum $583–$33,083 $1279–$22,464 $839–$29,511

*Kruskal-Wallis (p < 0.01); †Mann-Whitney U low volume versus high volume (p = 0.03); ‡Mann-
Whitney U middle volume versus low and high volume (p < 0.01)
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In this study, many of the outcomes were relatively
infrequent such as revision surgery and death. The most
frequent adverse outcome was readmission to the hospi-
tal within 60 days; therefore, this variable was most
suitable for additional analysis. Moreover, this is a very
clinically relevant outcome, as readmission is a major
inconvenience to the patient and often is related to a sig-
nificant adverse health outcome. Furthermore, there are
important cost implications related to readmission to
hospital.

In this analysis, the high-volume hospitals had a lower
readmission rate compared with the middle- and low-
volume hospitals even after adjustment for age and comor-
bid conditions. There was a trend toward lower readmis-
sion rates in hospitals with higher volumes, although the
relationship was only statistically significant between the
highest- and lowest-volume institutions. The lower read-
mission rates in the middle- and high-volume hospitals
reflects a clinically significant finding.

Other adverse outcomes, such as revision surgery, ma-
jor complications, and death, also had lower rates in the
high-volume hospitals; however, these trends were not sta-
tistically significant because of the infrequency of these
outcomes and the resulting lack of statistical power.

The length of stay overall was not widely different
among the strata of hospital volume (range, 3.1–3.9 days).
The shortest lengths of stay were in the middle-volume
hospitals, which is consistent with the findings from a
previous evaluation of length of stay and hospital volume,9

but not another.10 Not surprisingly, the length of stay was
related to adjusted hospital costs. The middle-volume hos-
pitals had the lowest adjusted hospital costs, as compared
with the low- and high-volume institutions. This also was
consistent with results of a previous study in which inves-
tigators found that middle-volume hospitals had the short-
est length of stay.9 The middle-volume hospitals also had
the shortest mean length of stay, which may account for
some of the difference in adjusted hospital costs. The hos-
pital costs in high-volume hospitals were greater than the
costs in low-volume hospitals despite low-volume hospi-
tals having older patients with more comorbidities. This
disparity may represent a deficiency in the adjustment
method for calculating hospital costs. Four of the five
high-volume hospitals were in Manhattan (the other on
Long Island), which likely would have much higher oper-
ating costs than anywhere else in the state.

Overall, this study showed there were lower, but not
necessarily significant, rates of all adverse outcomesin pa-
tients having a total shoulder arthroplasty in hospitals with
higher volume; but only readmission within 60 days was
statistically significant. Patients in the low-volume insti-
tutions tended to be older and had higher comorbidity
scores, thus indicating that they were less healthy. How-
ever, when readmission rates were adjusted for age and
comorbidity, hospital volume remained a statistically sig-
nificant predictor.

The fact that older patients who were sicker tended to
go to lower-volume institutions as compared with
younger, healthier patients, may reflect a lack of access to
the high-volume centers for patients who are older and
infirm. The inconvenience and costs of travel may reflect
a barrier for these individuals.

Our study is the first to show a relationship between an
increased hospital volume of total shoulder arthroplasties
and improved outcome, particularly a decreased risk of

TABLE 5. Univariate Analyses for Outcome Measures

Outcome
Low Volume

(1–15)
Middle Volume

(16–47)
High Volume

(48+) p Value*

Readmission within 60 days 44 (9.5%) 15 (6.5%) 28 (4.6%) < 0.01
Revision within 12 months 8 (1.7%) 6 (2.6%) 7 (1.1%) 0.33
Revision within 24 months 12 (2.6%) 7 (3.0%) 11 (1.8%) 0.44
Death within 60 days 2 (0.4%) 1 (0.4%) 0 (0.0%) 0.19
Total cases 461 231 612

*Fisher’s exact test for trend

TABLE 6. Generalized Estimating Equation for
Readmission within 60 Days

Variables Odds Ratio 95% C.I. p Value*

Total hospital volume
1–15 Referent – 0.02
15–47 0.74 0.39, 1.40
48+ 0.44 0.21, 0.89

Age of patient (years)
10–69 Referent – < 0.01
70–79 1.72 1,01, 2.93
80+ 3.03 1.50, 6.11

Charlson score
0 Referent – 0.06
1 1.23 0.77, 1.97
2+ 2.19 0.99, 4.83

*Test for trend; C.I. = confidence interval
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readmission within 60 days. This may have important
health policy implications, although the relationship needs
additional study with a larger cohort before implementa-
tion of any policy changes.

References
1. Bach PB, Cramer LD, Schrag D, et al: The influence of hospital

volume on survival after resection for lung cancer. N Engl J Med
345:181–188, 2001.

2. Begg CB, Riedel ER, Bach PB, et al: Variations in morbidity after
radical prostatectomy. N Engl J Med 346:1138–1144, 2002.

3. Birkmeyer JD, Siewers AE, Finlayson EV, et al: Hospital volume
and surgical mortality in the United States. N Engl J Med 346:1128–
1137, 2002.

4. Charlson ME, Pompei P, Ales KL, MacKenzie CR: A new method
of classifying prognostic comorbidity in longitudinal studies: De-
velopment and validation. J Chronic Dis 40:373–383, 1987.

5. Deyo RA, Cherkin DC, Ciol MA: Adapting a clinical comorbidity
index for use with ICD-9-CM administrative databases. J Clin Epi-
demiol 45:613–619, 1992.

6. Grumbach K, Anderson GM, Luft HS, Roos LL, Brook R: Region-
alization of cardiac surgery in the United States and Canada: Geo-
graphic access, choice, and outcomes. JAMA 274:1282–1288, 1995.

7. Hamilton BH, Ho V: Does practice make perfect? Examining the
relationship between hospital surgical volume and outcomes for hip
fracture patients in Quebec. Med Care 36:892–903, 1998.

8. Hammond JW, Queale WS, Kim TK, McFarland EG: Surgeon ex-
perience and clinical and economic outcomes for shoulder arthro-
plasty. J Bone Joint Surg 85A:2318–2324, 2003.

9. Hughes RG, Garnick DW, Luft HS, McPhee SJ, Hunt SS: Hospital
volume and patient outcomes: The case of hip fracture patients. Med
Care 26:1057–1067, 1988.

10. Jain N, Pietrobon R, Hocker S, et al: The relationship between
surgeon and hospital volume and outcomes for shoulder arthro-
plasty. J Bone Joint Surg 86A:496–505, 2004.

11. Katz JN, Losina E, Barrett J, et al: Association between hospital and
surgeon procedure volume and outcomes of total hip replacement in
the United States Medicare population. J Bone Joint Surg
83A:1622–1629, 2001.

12. Kreder HJ, Deyo RA, Koepsell T, Swiontkowski MF, Kreuter W:
Relationship between the volume of total hip replacements per-
formed by providers and the rates of postoperative complications in
the state of Washington. J Bone Joint Surg 79A:485–494, 1997.

13. Lavernia CJ, Guzman JF: Relationship of surgical volume to short-
term mortality, morbidity, and hospital charges in arthroplasty. J
Arthroplasty 10:133–140, 1995.

14. Luft HS, Bunker JP, Enthoven AC: Should operations be regional-
ized? The empirical relation between surgical volume and mortality.
N Engl J Med 301:1364–1369, 1979.

15. Luft HS, Hunt SS, Maerki SC: The volume-outcome relationship:
Practice-makes-perfect or selective-referral patterns? Health Serv
Res 22:157–182, 1987.

16. Maerki SC, Luft HS, Hunt SS: Selecting categories of patients for
regionalization: Implications of the relationship between volume
and outcome. Med Care 24:148–158, 1986.

17. Norris TR, Iannotti JP: Functional outcome after shoulder arthro-
plasty for primary osteoarthritis: A multicenter study. J Shoulder
Elbow Surg 11:130–135, 2002.

18. Norton EC, Garfinkel SA, McQuay LJ, et al: The effect of hospital
volume on the in-hospital complication rate in knee replacement
patients. Health Serv Res 33:1191–1210, 1998.

19. Pope G: Occupational adjustment of the prospective payment sys-
tem wage index: 1989. Health Care Financ Rev 11:49–61, 1989.

20. Showstack JA, Rosenfeld KE, Garnick DW, et al: Association of
volume with outcome of coronary artery bypass graft surgery:
Scheduled vs nonscheduled operations. JAMA 257:785–789, 1987.

21. Sperling JW, Antuna SA, Sanchez-Sotelo J, Schleck C, Cofield RH:
Shoulder arthroplasty for arthritis after instability surgery. J Bone
Joint Surg 84A:1775–1781, 2002.

22. Trail IA, Nuttall D: The results of shoulder arthroplasty in patients
with rheumatoid arthritis. J Bone Joint Surg 84B:1121–1125, 2002.

Number 432
March 2005 Hospital Volume versus Total Shoulder Arthroplasty Outcomes 137


