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Background: The objective of this study was to describe patients receiving each shoulder arthroplasty
procedure and to assess surgical complications, hospital admissions for surgical complications, and surgical revisions among Medicare beneﬁciaries undergoing shoulder arthroplasty.
Methods: Medicare patients receiving shoulder arthroplasty in the United States in 2011 were identiﬁed from Medicare administrative data and classiﬁed by surgery type: shoulder hemiarthroplasty (HA),
anatomic total shoulder arthroplasty (TSA), or reverse shoulder arthroplasty (RSA). Surgical complications, hospital admissions, and revisions were identiﬁed during the year after the index arthroplasty
procedure.
Results: There were 24,441 patients who met all inclusion criteria, and of those, 20.0% received HA, 42.5%
received TSA, and 37.4% received RSA. Compared with RSA and TSA recipients, HA recipients tended to
be older and sicker and were more likely to be Medicaid eligible. The rate of new surgical complications
and related hospital admissions was greatest during the ﬁrst 50 days after surgery but remained significant and stable throughout the remainder of the year. Rates of complications and related hospital
admissions were greatest for HA recipients (17.4% and 6.6%, respectively), followed by RSA (14.2% and
5.1%) and TSA (9.4% and 4.0%).
Conclusions: The rate of adverse surgical outcomes after shoulder arthroplasty differed across populations that received HA, TSA, and RSA and across patients within each group by comorbidity burden.
The ﬁnding that the rate of surgical complications and related hospital admissions remained meaningful during the entire year after surgery suggests that a postoperative follow-up period longer than the
traditional 90 days may be warranted.
© 2017 The Author(s). Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/bync-nd/4.0/).

The use of shoulder arthroplasty in the United States is projected to continue to increase.11-13,15,22,34 This trend is due in part to
the aging population and the success of shoulder arthroplasty in
minimizing pain and restoring shoulder function for patients with
shoulder pain.21 Traditionally, 2 shoulder arthroplasty procedures
were used to treat patients with shoulder disability, the
hemiarthroplasty (HA) and anatomic total shoulder arthroplasty
(TSA) procedures. Since 2003, the reverse shoulder arthroplasty (RSA)
has emerged as a third surgical option for patients with complex
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shoulder disease, further driving the increase in shoulder arthroplasty rates.22,27 Originally intended and approved for the treatment
of rotator cuff arthropathy, the indications for RSA have rapidly expanded to include treatment for massive irreparable rotator cuff tears
(RCTs), arthroplasty revision, acute and delayed proximal humeral
fractures,10 and rheumatoid arthritis.16,27
The recent addition of a unique International Classiﬁcation of Diseases, Ninth Edition, Clinical Modiﬁcation (ICD-9-CM) procedure code
in 2011 created the opportunity to distinguish RSA from TSA. Before
this, there had been limited ability to evaluate surgical complications among HA, TSA, and RSA procedures in large claims databases.
Surgical complications, ranging from minor to major complications that require reoperation, have been reported to vary widely
across HA, TSA, and RSA.9,29 However, most studies have been conducted within a single clinic or within select samples in local
areas that may not reﬂect larger populations.2,12,14,17,19,23,27-29,33,36,37
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Furthermore, previous studies were limited to only inpatient hospital data or 90-day postoperative follow-up, which may be
inadequate to measure a broader array of complications. A recent
publication from the Kaiser Permanente Shoulder Arthroplasty Registry assessed adverse outcomes after 4 shoulder arthroplasty
procedures among Kaiser Permanente patients in California; however,
study outcomes were limited to only 3 medical complications, revisions, and death.14 Our study is the ﬁrst to observe a large, national
sample of Medicare shoulder arthroplasty patients during the year
after surgery with a focus on surgical complications. In addition,
no other work to date has described and compared the rates of surgical complications, hospital admissions, and revisions for each
shoulder arthroplasty procedure in the Medicare population.
Therefore, the objective of this study was to describe the patients receiving each shoulder procedure and to assess surgical
complications, hospital admission for surgical complications, and
surgical revisions among all Medicare beneﬁciaries during the year
after surgery. In addition, it is well known that medical comorbidities
inﬂuence the outcomes of all forms of shoulder arthroplasty1,4,5,18,26;
therefore, we also analyzed the association between baseline
comorbidity burden and complication rates. Our study includes an
evaluation of all Medicare administrative data providing information on all health care received in the year after HA, TSA, and RSA
procedures. These results will deﬁne the difference in characteristics of patients receiving each procedure, the adverse outcomes
associated with each operation, and the role of comorbidity burden
on complications after surgery.
Materials and methods
This study used complete Medicare administrative claims data
from the years 2010-2012 for all Medicare beneﬁciaries diagnosed with a shoulder condition in 2011 (N = 2,525,519). Medicare
is the US federal health insurance program for Americans who are
65 years of age or older and provides health coverage to >49 million
Americans, or 15% of the US population.24 Most beneﬁciaries receive
coverage because of age eligibility, although one-sixth of the Medicare population receives beneﬁts because of disability status, such
as end-stage renal failure.35 Medicare administrative data include
extensive information about individual Medicare beneﬁciaries enrolled in traditional fee-for-service Medicare as well as claims for
health care services provided to them and submitted to Medicare
on their behalf. The use of comprehensive Medicare administrative data enabled patient health care utilization to be tracked across
inpatient and outpatient providers.
From these data, individual patients with any record of receiving a HA, TSA, or RSA procedure in 2011 were identiﬁed using
Medicare Part A inpatient claims. The index date of shoulder arthroplasty was deﬁned for each beneﬁciary as the date of ﬁrst
shoulder arthroplasty in 2011. Additional inclusion criteria were
applied to ensure complete data included the following: continuous enrollment in fee-for-service Medicare Part A and Part B from
365 days before to 365 days after the index arthroplasty and no enrollment in Medicare Part C during the study period; aged 66 years
on the surgery date; and survival for the 365 days after the index
arthroplasty. The minimum age criterion of 66 years was used to
ensure enrollment in the Medicare system for a year before the index
surgery. As this study is focusing on surgical complications for new
shoulder arthroplasty, patients with a shoulder arthroplasty or upper
extremity joint arthroplasty revision in the 365 days before their
index arthroplasty in 2011 or a diagnosis of a mechanical complication of an internal orthopedic device implant or graft on their index
shoulder arthroplasty were excluded from the study. Patients with
>1 type of arthroplasty procedure indicated on the index surgery
date were also excluded. The complete sample inclusion process with
sample size is provided in the Appendix.
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The type of arthroplasty procedure that patients received was
identiﬁed using ICD-9-CM procedure codes listed on inpatient hospital records and included HA (81.81), TSA (81.80), and RSA (81.88).
Inpatient hospital records and ICD-9-CM diagnosis codes were used
to assess surgical indications for shoulder arthroplasty. All diagnosis positions on the index inpatient hospital record for surgery were
used. Shoulder-related diagnoses were categorized into 5 groups
based on a diagnosis algorithm and included osteoarthritis, fracture/
dislocation, arthropathy with RCT, rheumatoid arthritis, and aseptic
necrosis.12
In the year after the index shoulder arthroplasty, all claims with
at least 1 diagnosis of a surgical complication or arthroplasty revision were identiﬁed. For each patient, we calculated the days from
1 day after hospital admission for the index shoulder arthroplasty
to the identiﬁed complication. Using this information, short-term
and 1-year postsurgical complications, hospital admissions for a surgical complication, and revisions rates were measured cumulatively
and presented for the periods of 30, 60, 90, 180, and 365 days after
the admission date for arthroplasty. Surgical complication groups
of interest were determined by published guidance29 and clinical
input from clinical research collaborators, which included the
following:
1. Postoperative infection or infection and inﬂammatory reaction
due to internal prosthetic device implant and graft
2. Fracture of scapula
3. Mechanical complication of internal orthopedic device or other
complications due to internal prosthetic device (unspeciﬁed mechanical complication of an internal orthopedic device, dislocation
of prosthetic joint, mechanical loosening of prosthetic joint, mechanical loosening of prosthetic joint, broken prosthetic joint
implant, periprosthetic fracture around prosthetic joint,
periprosthetic osteolysis, articular bearing surface wear of prosthetic joint, and other complications due to other internal
orthopedic or prosthetic device, implant, and graft)
4. Nerve injury or injury to peripheral nerves of shoulder girdle and
upper limb
5. Hematoma
6. Instability and dislocation
Hospital admission for a surgical complication was deﬁned as
an inpatient hospital record with a diagnosis of 1 of the aforementioned surgical complications or a complication requiring revision.
Revision surgery was deﬁned as a Medicare claim with a Healthcare Common Procedure Coding System or ICD-9-CM procedure code
for upper extremity joint arthroplasty revision or removal of implant.
All details regarding speciﬁc codes and algorithms used to deﬁne
study concepts are available in the Appendix.
Demographic characteristics of the patients were measured by
cross-referencing the 2011 Beneﬁciary Summary Files from Medicare. Speciﬁc patient-level variables included age, sex, race, and dual
eligibility status. Previous shoulder-related health care utilization
was used to describe the shoulder health of the arthroplasty population among procedure types. Shoulder-related utilization in the
year before the index shoulder arthroplasty was analyzed using all
Medicare administrative claims from the 365 days before the index
shoulder arthroplasty in 2011. Measured shoulder-related utilization included arthroscopy, open reduction–internal ﬁxation, and
rotator cuff repair. General patient health at index surgery was measured using the Charlson Comorbidity Index (CCI). The CCI is a
validated measure of burden of disease.6,7,25 Comorbidities are
weighted from 1 to 6 for mortality risk and disease severity and then
summed to form the total CCI score.6,7,25 Complication rates were
stratiﬁed by CCI scores to analyze the association between baseline comorbidity burden and surgical complications after shoulder
arthroplasty. Rates of complications, admission for a surgical
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complication, and revisions were calculated for each surgical group
and for combinations of surgical group and comorbidity score. SAS
software (version 9.4; SAS Institute, Cary, NC, USA) was used for data
manipulation and statistical analyses.
Results
A total of 24,441 Medicare patients with shoulder arthroplasty
met our inclusion criteria. Of these patients, 20.0% received HA, 42.5%
received TSA, and 37.4% received RSA (Table I). After application of
inclusion criteria to all shoulder arthroplasty procedures performed in the Medicare population, this sample represented
approximately 85% of all shoulder arthroplasties within the US feefor-service Medicare population in 2011. Two-thirds of all shoulder
arthroplasty recipients were female. HA had the greatest proportion of female recipients. Recipients of HA and RSA were of similar
age but were on average 2 years older than recipients of TSA
(P < .001). A larger proportion of HA recipients (8.1%) were dually
eligible for Medicare and Medicaid during the month of their shoulder arthroplasty compared with RSA (6.1%) and TSA recipients (4.3%)
(P < .001). A larger proportion of RSA recipients had shoulder arthroscopy and rotator cuff repair surgery in the year preceding their
index shoulder arthroplasty compared with HA and TSA recipients (P < .001). Patients undergoing HA had the highest comorbidity
burden, with 21.8% of the HA recipients having a CCI score of 4 or
more compared with only 20.1% of RSA and 15.5% of TSA recipients (P < .001).

Osteoarthritis, arthropathy/RCT, and fracture/dislocation were the
3 most common diagnoses among patients undergoing shoulder arthroplasty. Approximately 72% of all shoulder arthroplasty patients
had a diagnosis of osteoarthritis and 35% had a diagnosis of
arthropathy/RCT. Approximately 52% of patients receiving HA were
diagnosed with fracture/dislocation. For patients receiving RSA,
arthropathy/RCT and osteoarthritis were the two most common diagnoses, although 16% of RSA recipients had a diagnosis of fracture/
dislocation. Among patients receiving TSA, 93% had a diagnosis of
osteoarthritis and 15% had a diagnosis of arthropathy/RCT (Table II).
Surgical complications
Across all 3 procedures, infection, mechanical complication, and
instability/dislocation were the most common surgical complications occurring after shoulder arthroplasty. HA recipients had the
highest rates of infection and instability/dislocation throughout the
follow-up period. Initially, RSA recipients had the highest rate of mechanical complication at 30 days (1.7%), 60 days (2.8%), and 90 days
(3.4%), but by 1 year, HA recipients had the highest rates of mechanical complication (8.2%). Fracture of the scapula was more
common among RSA and HA patients than among TSA recipients.
In the ﬁrst 6 months after surgery, HA had the highest rate of scapula
fracture, although by the end of the observation period, RSA had a
higher scapula fracture complication rate (Table III).
The rate of surgical complications continued to increase for all
procedures after the 90-day time point. Rates of both short-term

Table I
Clinical and demographic characteristics of Medicare beneﬁciaries undergoing shoulder arthroplasty in 2011
Shoulder arthroplasty procedure
All
N = 24,441

HA
n = 4902

RSA
n = 9150

TSA
n = 10,389

P value

76.1
34.9

77.0
26.0

77.1
33.0

74.8
40.9

<.001
<.001
<.001

19.3
33.3
20.1
20.7
6.7

18.6
28.7
19.2
22.7
10.8

13.9
31.7
21.9
24.4
8.0

24.2
36.8
18.9
16.4
3.6

0.3
2.9
0.7
1.1
95.0
5.7

0.4
2.5
0.8
1.2
95.1
8.1

0.3
3.3
0.9
0.9
94.6
6.1

0.3
2.8
0.4
1.1
95.4
4.3

Patient demographics
Mean age (y)
Male
Age group (y)
66-69
70-75
76-79
80-85
86 +
Race
Asian
Black
Hispanic
Other
White
Fully dually eligible* (mean)

<.001

<.001

Patient shoulder health
Previous shoulder surgery†
Shoulder arthroscopy
Open reduction–internal ﬁxation
Rotator cuff repair

<.001
3.7
0.9
2.5

2.1
1.9
1.2

5.9
1.1
4.9

2.5
0.2
0.9

25.8
23.0
18.0
13.1
20.1
$13,534.72

32.3
23.9
16.9
11.3
15.5
$10,655.21

Patient general health
Charlson Comorbidity Index6
0
1
2
3
4+
Previous year Medicare spending‡

<.001
28.7
23.3
17.2
12.3
18.5
$12,217.53

26.4
22.6
16.2
13.0
21.8
$13,069.96

<.001

HA, hemiarthroplasty; RSA, reverse shoulder arthroplasty; TSA, total shoulder arthroplasty.
* Beneﬁciary was fully dually eligible for Medicare and Medicaid during the month of surgery.
† Shoulder-related utilization in the year before the index shoulder arthroplasty was analyzed on the basis of all Medicare administrative claims from the 365 days before
the index shoulder arthroplasty in 2011.
‡ Total payments made by Medicare for the beneﬁciary during the period of 365 days before the index surgery date.
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tinued to increase for all 3 procedures after 90 days (Fig. 2). Within
the ﬁrst 90 days after surgery, RSA recipients had the highest rate
of revision, but by the 1-year mark, HA had the highest rate of surgical revision at 3.7%. TSA recipients had the lowest rate of surgical
revision (Fig. 3).

Table II
Surgical indications for shoulder arthroplasty among Medicare beneﬁciaries undergoing shoulder arthroplasty in 2011
All
N = 24,441

HA
n = 4902

RSA
n = 9150

TSA
n = 10,389

34.8
17.8
71.9
6.3
2.2

19.9
51.7
48.3
5.8
3.6

65.3
16.7
60.1
7.6
1.8

14.9
2.7
93.4
5.4
1.9
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Diagnosis groups*,†
Arthropathy/RCT
Fracture/dislocation
Osteoarthritis
Rheumatoid arthritis
Aseptic necrosis

Discussion
The objective of this study was to contrast the Medicare patients who underwent different shoulder arthroplasty procedures
in terms of baseline characteristics and adverse surgical outcomes. This study builds on past evidence 12,17,27,29,36 through
assessment of a much larger, nationwide Medicare sample from multiple states and includes a complete analysis of health care utilization
in the year after surgery. Our results show that Medicare patients
undergoing distinct shoulder arthroplasty procedures differ in terms
of socioeconomic and clinical factors. In addition, for the patients
who underwent each arthroplasty procedure, different complication, hospital admission, and revision rates in the 1-year period after
surgery were observed.
Infection, mechanical complication, and instability/dislocation
were the 3 most common surgical complications to occur after shoulder arthroplasty. Our results showed that surgical outcomes varied
by arthroplasty group, with HA having the highest rate of surgical
complications, admission for a surgical complication, and revisions compared with RSA and TSA. More than half of surgical
complications occurred after the 90-day postoperative window;
therefore, limiting follow-up to 90 days provides low estimates of
the true complication rate for each procedure. Furthermore, extended follow-up revealed that the rate of surgical complications
and hospital admissions for surgical complications is similar across
all 3 procedures and continues to increase at the same rate. Study
follow-up must be a minimum of 1 year to fully assess the time line
of surgical complications among shoulder arthroplasty groups. Moreover, the increasing rate of complications has implications for health
care utilization after surgery, within and outside the 90-day postoperative window. Recent policy efforts in the United States have
focused on 90-day episode-based bundled payment models;
however, our study suggests that adverse outcomes continue to occur
after the 90-day episode period, and policymakers should consider extending the episode window.
One-year surgical complication rates were stratiﬁed by CCI score
to assess the association between baseline comorbidity burden and
1-year surgical complications.1,4,5,18,26 Across all 3 arthroplasty groups,
complication rates increased with increasing baseline CCI scores.
Future studies should work to elucidate the relationship between
comorbidity burden and speciﬁc surgical complications. In addition, more work is needed to better understand the relationship

HA, hemiarthroplasty; RSA, reverse shoulder arthroplasty; TSA, total shoulder arthroplasty; RCT, rotator cuff tear.
Numbers are presented as percentages.
* Diagnoses were captured if the diagnosis code for osteoarthritis, arthropathy/
RCT, fracture/dislocation, rheumatoid arthritis, or aseptic necrosis ever appeared in
1 of the 25 ICD-9 diagnosis code positions included on the index hospital stay for
surgery. Patients may appear in >1 group if they had multiple diagnoses on the index
surgery hospital stay; thus, columns will not sum to 100.
† Shoulder-related diagnoses were categorized into 5 groups based on a diagnosis algorithm (Appendix Table S2).

and 1-year complications were highest among patients receiving
HA. Of patients receiving HA, 10.2% experienced 1 or more surgical complications within 90 days of their index shoulder arthroplasty
procedure compared with 7.4% of RSA and 3.5% of TSA recipients.
By 1 year, 17.4% of HA recipients experienced 1 or more surgical
complications compared with 14.2% of RSA and 9.4% of TSA recipients (Fig. 1).
Surgical complications stratiﬁed by CCI score
Rates of any surgical complication occurring within 365 days of
shoulder arthroplasty were stratiﬁed by CCI score to assess the relationship between comorbidity burden and complication rates for
each procedure. Across all 3 arthroplasty groups, complication rates
increased with increasing baseline CCI scores. Using the CochranArmitage 2-sided trend test,3,8 a signiﬁcant positive association was
found between baseline comorbidity burden and complication rates
for all procedures (Table IV).
Trends in hospital admissions for a surgical complication and
surgical revisions
The rate of surgical complication–related hospital admissions was
greatest during the ﬁrst 50 days after surgery but remained significant and stable throughout the remainder of the year. Of HA
recipients, 2.8% were readmitted to the hospital for a surgical complication within 90 days compared with only 2.5% of RSA and 1.2%
of TSA recipients. Hospital admission for a surgical complication con-

Table III
Surgical complication rates by arthroplasty procedure and time among Medicare beneﬁciaries undergoing shoulder arthroplasty in 2011
30 days

60 days

90 days

180 days

365 days

N = 24,441

Infection
Fracture of scapula
Nerve injury
Mechanical complication
Hematoma
Instability/dislocation
Any complication

All

HA

RSA

TSA

All

HA

RSA

TSA

All

HA

RSA

TSA

All

HA

RSA

TSA

All

HA

RSA

TSA

0.6
0.4
0.1
1.2
0.4
1.7
3.8

1.0
1.3
0.1
1.4
0.6
3.7
7.1

0.5
0.4
0.1
1.7
0.4
2.0
4.4

0.4
0.1
0.0
0.6
0.3
0.6
1.7

0.9
0.6
0.1
1.9
0.5
2.3
5.3

1.4
1.4
0.1
2.2
0.8
4.2
9.0

0.8
0.6
0.1
2.8
0.5
2.8
6.3

0.6
0.1
0.1
1.1
0.4
1.0
2.7

1.1
0.7
0.1
2.5
0.5
2.5
6.3

1.8
1.5
0.1
2.8
0.8
4.5
10.2

1.0
0.8
0.2
3.4
0.5
3.1
7.4

0.8
0.1
0.1
1.7
0.5
1.1
3.5

1.5
0.9
0.3
4.3
0.7
3.1
8.9

2.2
1.6
0.3
5.1
1.0
5.4
13.2

1.5
1.2
0.3
5.0
0.7
3.6
10.1

1.1
0.2
0.2
3.3
0.5
1.6
5.7

2.4
1.2
0.4
7.0
1.0
3.7
12.8

3.0
1.8
0.4
8.2
1.3
6.3
17.4

2.4
2.0
0.4
7.4
1.1
4.2
14.2

2.0
0.3
0.3
6.0
0.8
2.1
9.4

HA, hemiarthroplasty; RSA, reverse shoulder arthroplasty; TSA, total shoulder arthroplasty.
Numbers are presented as percentages. Bold indicates statistically signiﬁcant differences between groups (P value < .05).
Complications are presented as percentage of surgical cohort with a complication in 30, 60, 90, 180, or 365 days after shoulder arthroplasty; 4902 beneﬁciaries received
HA, 9150 beneﬁciaries received RSA, and 10,389 beneﬁciaries received TSA.
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Figure 1 Cumulative surgical complication rates after shoulder arthroplasty in days after index surgery for Medicare beneﬁciaries undergoing shoulder arthroplasty in 2011
(N = 24,441).

Table IV
One-year any surgical complication rate among Medicare beneﬁciaries undergoing
shoulder arthroplasty in 2011 stratiﬁed by Charlson Comorbidity Index
Charlson Comorbidity Index (CCI)
CCI 0

CCI 1

CCI 2

CCI 3

CCI 4

P value*

14.4
7.2
13.7
10.7

16.9
9.3
12.5
12.0

17.0
10.0
14.5
13.1

18.6
11.1
14.9
14.2

21.2
12.2
16.1
15.9

<.0001
<.0001
.0011
<.0001

Surgical groups
HA
TSA
RSA
All procedures

HA, hemiarthroplasty; RSA, reverse shoulder arthroplasty; TSA, total shoulder
arthroplasty.
Numbers are presented as percentages.
* Cochran-Armitage 2-sided trend test [3, 8].

between primary diagnosis and surgical complications. Knowledge of this trend in complications may better prepare physicians
and patients for adverse surgical outcomes.
Patient groups receiving each shoulder arthroplasty procedure
differed in age, socioeconomic status, diagnoses, and shoulderspeciﬁc and general health. Our results suggested that HA was
associated with the highest rates of adverse outcomes after surgery,
although the HA population was meaningfully different from the
RSA and TSA populations; therefore, outcome comparisons across
surgery types may be misleading. The HA population, composed
mostly of women, had the most patients with a comorbidity burden
of 4 or more and had the largest proportion of concurrently eligible Medicaid patients. In addition, half of HA patients had a diagnosis
of fracture. RSA patients were on average of similar age to HA recipients but had signiﬁcantly higher previous shoulder-related
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Figure 2 Cumulative hospital admission rates for a surgical complication after shoulder arthroplasty in days after index surgery for Medicare beneﬁciaries undergoing shoulder arthroplasty in 2011 (N = 24,441).

surgical care. In comparison to RSA and HA recipients, TSA patients were younger and healthier and had less previous shoulder
surgical care.
Given the meaningful differences observed between shoulder arthroplasty groups, our ﬁndings should not be generalized to make
causal statements across arthroplasty procedures. Because the characteristics of the patient populations differ greatly across the
operations, further analysis is required to assess whether there are
opportunities to alter the mix of HA, RSA, and TSA utilization in the
Medicare population to improve patient outcomes. Furthermore, our
analysis did not include information on surgeon caseloads or the
facility where each procedure was performed. Surgeon acumen of
each procedure may contribute to some of the variation in outcomes observed for each procedure.20 Similarly, lower rates of
infection and death after shoulder arthroplasty were found for patients receiving surgery at regional high-volume hospitals.31,32

Considering the importance of surgeon caseloads and procedure location, our ﬁndings should not be interpreted as causal statements
about arthroplasty procedures.
Future studies should assess the relationship between arthroplasty procedure and surgical complications among clinically similar
patients. For example, in other published reports, clinical evidence shows improved outcomes for patients with humerus fracture
treated with RSA compared with HA.28,30 Future studies should consider long-term comparative studies of HA and RSA among a
representative sample of patients with humerus fracture. Such
studies are needed to inform physicians about the best arthroplasty option for fracture patients and whether, in fact, RSA is
superior to HA.
There are limitations associated with the nature of administrative claims data, including the lack of clinical information, such as
condition severity, insight into clinical decision-making, and patient-
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Figure 3 Cumulative surgical revision rates after shoulder arthroplasty in days after index surgery for Medicare beneﬁciaries undergoing shoulder arthroplasty in 2011
(N = 24,441).

reported outcomes; therefore, our results must be interpreted within
the limits of the data. We recognize that coding limitations are inherent to administrative databases, and diagnosis codes may not
reﬂect the entirety of a patient’s shoulder complexity. Furthermore, we cannot account for bilaterality because of the limitations
in the ICD-9-CM coding system. To minimize the occurrence of complications from a separate, previous joint replacement procedure,
we excluded patients who had multiple procedures on the index
date and those patients who had shoulder replacement in the 365
days before their index procedure in 2011. It is possible we are underestimating complication rates in that we began our follow-up
period 1 day after admission for the index shoulder arthroplasty.
Surgical complications occurring on the day of surgery may be
omitted from this analysis; thus, our ﬁndings represent a lower
bound for surgical complications. More work is needed to better
understand the relationship between primary diagnosis, comorbidity

burden, and surgical complication rates in addition to socioeconomic, clinical, and treatment preference differences that go far
beyond what is observable in administrative claims.
However, Medicare data represent one of the most robust data
sets on which to perform orthopedic research as an entire population of patients is reﬂected, as opposed to other claims databases,
which have a varying sample that may be biased in terms of patient
inclusion. Thus, the Medicare claims are ideal for certain types of
questions, including data on complete large-scale surgical outcomes. Administrative claims data beneﬁt from large, representative
samples of patients and allow researchers to observe patients longitudinally throughout encounters irrespective of the location of the
institution delivering care. In addition, our analysis was based on
claims from 2011, which allowed us to study each procedure using
distinct ICD-9-CM procedure coding, which is an advancement over
previous work.29
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Conclusion
These results represent the ﬁrst study in which a representative sample of Medicare shoulder arthroplasty patients receiving
each of the 3 shoulder procedures are observed to 1 year. Our results
suggest that short-term follow-up through 90 days tells an incomplete story and that 1-year follow-up, or longer, is necessary to
understand surgical complications after shoulder arthroplasty. We
found that surgical complication rates were the highest for HA, with
17.4% of HA recipients experiencing 1 or more surgical complications by 1 year compared with 14.2% for RSA and 9.4% for TSA. The
observed variation in the outcomes of HA, TSA, and RSA may suggest
that there are opportunities to optimize the indications for these
approaches to achieve more consistent outcomes for patients undergoing shoulder arthroplasty.
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