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Background: Surgical treatment options for proximal humeral fractures include hemiarthroplasty (HA), reverse shoulder
arthroplasty (RSA), and open reduction and internal fixation (ORIF). The objectives of this study were to analyze the trends
in surgical treatment of proximal humeral fractures across a decade and to compare complications, reoperation rates, and
readmission rates between ORIF and RSA.

Methods: The PearlDiver MUExtr Database was used to identify patients with proximal humeral fractures who were
treated with ORIF, HA, or RSA between 2010 and 2019 and analyze yearly trends. Complications, revision procedures,
demographic characteristics, comorbidities, and emergency room visits and hospital readmissions within 90 days of the
surgical procedure were compared between ORIF and RSA cohorts for patients who had at least 2-year follow-up data.

Results: In this study, 384,158 patients with proximal humeral fractures were identified in the 10-year period between
2010 and 2019. There was a significant increase in the frequency of RSA and a decrease in the frequency of ORIF and HA
over time (p < 0.0001). Compared with patients who underwent ORIF or HA, patients who underwent RSA were more likely
to be older (p < 0.0001), to be female, and to have a higher Charlson Comorbidity Index. Patients who underwent ORIF had
higher complication rates (23.03% compared with 18.62%; p < 0.0001) and higher reoperation rates (20.3% compared
with 10.3%; p < 0.0001) than patients who underwent RSA. Patients who underwent RSA had higher emergency room visit
rates (20.0% compared with 16.7%; p < 0.001) and hospital readmission rates (12.9% compared with 7.3%; p < 0.0001)
within 90 days of the surgical procedure compared with patients who underwent ORIF.

Conclusions: There has been an increasing trend in RSA utilization for the surgical treatment of proximal humeral
fractures, along with a decreasing trend in HA and ORIF, over time. Patients who underwent ORIF for a proximal humeral
fracture had higher complication and reoperation rates compared with patients who underwent RSA. Patients who
underwent RSA had higher emergency room visit and hospital readmission rates within 90 days of the surgical procedure
compared with patients who underwent ORIF, which may be attributable to the RSA cohort being older and having more
comorbidities.

Level of Evidence: Therapeutic Level III. See Instructions for Authors for a complete description of levels of evidence.

P
roximal humeral fractures are common fragility frac-
tures accounting for up to 6% of all fractures, have a peak
incidence in the 60 to 90-year-old age group, and have an

economic impact on all health-care systems1,2. An epidemiologic
study showed that, in 2008, proximal humeral fractures ac-
counted for approximately 185,000 emergency room visits in the
United States alone, as well as an increasing incidence of these
fractures over time3,4. The treatment of proximal humeral frac-

tures depends on patient age, activity level, demands, fracture
pattern, bone quality, and expectations, among other factors.

When surgical treatment is pursued, the decision to treat
with open reduction and internal fixation (ORIF) or reverse
shoulder arthroplasty (RSA) can be dictated by the fracture
pattern, patient functional status, baseline rotator cuff status,
and surgeon preference. In some scenarios, one operation is
clearly more favored and indicated than the other. For example,
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in a geriatric patient who has a severely comminuted proximal
humeral fracture that is not amenable to fixation and has baseline
rotator cuff weakness and low functional demand, surgical treat-
ment in the form of RSA may be preferred, whereas a younger
patient with a less comminuted fracture and a high level of function
at baseline may be better served with ORIF.

In other cases, either surgical treatment option (RSA or
ORIF) may be reasonable and up to patient and surgeon
discretion.

For select proximal humeral fractures, ORIF can be an
appropriate surgical treatment option as it preserves bone and
restores anatomy better compared with RSA, theoretically leading
to more favorable patient outcomes5. Potential complications of
ORIF include osteonecrosis, nonunion, malunion, implant fail-
ure, periprosthetic fracture, infection, and rotator cuff tear, among
others6. Complications of RSA for proximal humeral fractures
include periprosthetic fracture, instability, component loosening,
and infection7. In a recent study, Klug et al. reviewed 60 matched
elderly patients who underwent either ORIF or RSA for proximal
humeral fractures and found that ORIF resulted in numerically
although not significantly greater shoulder range of motion, but
with a higher complication rate (30% compared with 10%) and a
higher revision rate (20% compared with 3%)5. There has been an

increase in shoulder arthroplasties performed in theUnited States,
largely because of increases in RSA, with projections continuing to
rise over the next decade8. RSA has traditionally been a surgical
treatment option for cuff tear arthropathy, massive irreparable
cuff tears, and certain proximal humeral fractures. As shoulder
arthroplasties, specifically RSA, are becomingmore popular, these
procedures are performed on younger patients with expanded
surgical indications9,10.

The objective of this study was to investigate the trends in
treatment selection and compare complication, reoperation,
and readmission rates for proximal humeral fractures treated
with either ORIF or RSA using an up-to-date nationwide cross-
sectional population. Our hypothesis was that RSA increased in
popularity compared with ORIF for the treatment of proximal
humeral fractures and that patients treated with RSA had lower
complication rates and reoperation rates than those who were
treated with ORIF.

Materials and Methods

The PearlDiver database includes 144 million patient rec-
ords from 2010 to the first quarter of 2020 derived from

provider networks and insurance claims. Subsets of the data-
base were created that included patients meeting certain

Fig. 1

Frequency of ORIF, HA, andRSAused for treatment of proximal humeral fractures in all patients between2010and2019. Therewas a significant increasing

trend in RSA rates and decreasing trends in HA and ORIF rates (p < 0.0001).

TABLE I Demographic Information of All Patients with Proximal Humeral FracturesWho Underwent RSA, ORIF, or HA Between 2010 and 2019

RSA Group ORIF Group HA Group P Value

Age* (yr) 71.1 ± 7.6 62.0 ± 14.4 66.2 ± 10.1 <0.0001

Female sex 81.9% 73.5% 74.8% <0.0001

Charlson Comorbidity Index* 3.08 ± 2.83 1.94 ± 2.59 2.26 ± 2.65 <0.0001

*The values are given as the mean and the standard deviation.
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criteria. The PearlDiver MUExtr subset was used for the pre-
sent study, as this subset includes all patients who had
undergone a procedure on the upper extremities. Trends in
treatment were analyzed by gathering the data of patients with a
proximal humeral fracture from the PearlDiver MUExtr subset
from 2010 to 2019 and using procedure codes from the Current
Procedural Terminology (CPT), International Classification of
Diseases, Ninth Revision (ICD-9), and ICD, Tenth Revision
(ICD-10) to identify patients who underwent ORIF, RSA, or
hemiarthroplasty (HA) during that time period (see Appendix
Tables 1 and 2). The year 2020 was excluded, as there were
incomplete data for that year at the time of database query.
Trends in management over those 10 years were then analyzed.

Using ICD-10 diagnosis codes, the database was then
used to retrospectively search for all patients over the age of 20
years with proximal humeral fractures between 2015 and 2018
(see Appendix Table 1). Only the first instance of a patient’s
diagnosis of a proximal humeral fracture was included for
analysis. Patients diagnosed with concomitant isolated greater
tuberosity, humeral shaft, or distal humeral fractures were
excluded. This time period was used because ICD-10 coding
was introduced in 2015 and laterality could then be tracked

with unique codes for left and right shoulders. Given that the
database was active until 2020, only patients with at least 2 years
of active data or follow-up were identified and were selected in
order to track complications. Patients identified from 2015 to
2018 were used for analysis of complications.

Patients who had a proximal humeral fracture were divided
into cohorts with ORIF or RSA treatment on the involved side.
The ORIF and RSA procedures were identified using ICD-10
procedure and CPT codes (see Appendix Table 2).

Complications in patients with 2-year follow-up were
gathered using ICD-10 diagnostic codes (see Appendix Table 3).
Complications for the ORIF cohort included (but were not lim-
ited to) osteonecrosis, nonunion, malunion, mechanical implant
failure, instability, periprosthetic fracture, infection, and rotator
cuff tear. Complications for the RSA cohort included peri-
prosthetic fracture, instability, component loosening, and infec-
tion. Reoperations in patients with 2-year follow-up were also
gathered using ICD-10 procedural codes (see Appendix Table 4).
Reoperations for the ORIF cohort included manipulation under
anesthesia, arthroscopic debridement, revision ORIF, removal of
the implant, rotator cuff repair, revision to arthroplasty, and
irrigation and debridement. Reoperations for the RSA cohort
included explantation and insertion of a spacer, manipulation
under anesthesia, arthroscopic debridement, reduction of a dis-
located implant, revision arthroplasty, and irrigation and
debridement. Hospital readmissions and emergency room visits
within 90 days of the surgical procedure were also obtained for
each ORIF and RSA cohort.

Demographic data including age, gender, and comorbid-
ities were collected for the RSA and ORIF cohorts. Comorbid-
ities were identified using ICD-9 and ICD-10 diagnosis codes
and included obesity, diabetes, hypertension, tobacco use,
alcohol use, congestive, ischemic heart disease, pulmonary heart
disease, and coronary artery disease. The Charlson Comorbidity
Index was calculated, as this index has been shown to be a
marker of patients’ general health11.

The R software program (version 4.1.0; The R Foundation
for Statistical Computing) integrated into PearlDiver was used for
statistical analysis. Chi-square analysis was used for the compar-
ison of complications, reoperations, and readmissions between
ORIF and RSA. Logistic regression analysis was used to generate
odd ratios (ORs) to compare the relative frequencies of

Fig. 2

Flow diagram of patients identified between 2015 and 2018 who

sustained a proximal humeral fracture treated with ORIF or RSA and had

2-year follow-up data available.

TABLE II Demographic Information of Patients with Proximal
Humeral Fractures Who Underwent ORIF or RSA with
2-Year Follow-up Data Available

RSA Group ORIF Group P Value

Age* (yr) 70.5 ± 7.6 62.3 ± 14.0 <0.0001

Female sex 83.2% 75.2% <0.0001

Charlson Comorbidity
Index*

3.51 ± 3.14 2.3 ± 2.84 <0.0001

*The values are given as the mean and the standard deviation.
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procedures being performed. The Mann-Kendall trend test was
used to analyze management trends. Significance was defined as p
< 0.05.

Source of Funding
There was no funding source for this study.

Results
Trends in Management

Between 2010 and 2019, 384,158 patients with proximal
humeral fractures were identified, most of whom were

treated nonoperatively. The trends in surgical management of
proximal humeral fractures over the 10 years showed decreasing
frequency of ORIF and HA and increasing frequency of RSA
(Fig. 1). In the 10 years studied, the rates of ORIF decreased from
13.5% to 10.1%, the rates of HA decreased from 3.1% to 0.9%,
and the rates of RSA increased from 0.1% to 3.6%.

The Mann-Kendall trend test confirmed a significant
increasing trend of RSA rates and decreasing trends in HA and
ORIF rates over the time period (p < 0.0001). When comparing
patients with proximal humeral fractures between 2010 and
2019, patients in 2019 were more likely to undergo RSA (OR,
29.57 [95% confidence interval (CI), 21.81 to 40.08]) and less
likely to undergo ORIF (OR, 0.72 [95% CI, 0.69 to 0.76]) or
HA (OR, 0.27 [95% CI, 0.24 to 0.31]).

Comparedwith patients undergoingORIF orHA, patients
undergoing RSAwere more likely to be older, to be female, and
to have a higher CharlsonComorbidity Index (p < 0.0001 for all)
(Table I).

Complications and Reoperations
Between 2015 and 2018, a total of 142,842 patients with proxi-
mal humeral fractures were identified by ICD-10 codes. Only
patients with 2 years of active data were selected, yielding a total

of 65,739 patients. A majority of the patients were treated
nonoperatively, and 8,742 patients (13.3%) underwent ORIF
and 1,928 patients (2.9%) underwent RSA (Fig. 2). Patients who
underwent RSA in that cohort were more likely to be female,
older, and have a higher Charlson Comorbidity Index compared
with those undergoing ORIF (p < 0.0001 for all) (Table II).

Complications were recorded for the ORIF and RSA
cohorts. The complication rate in patients with at least 2 years
of active data was 23.03% (2,013 patients) for the ORIF cohort,
compared with 18.62% (359 patients) for the RSA cohort (p <
0.0001) (Fig. 3). The most common complication after ORIF
was stiffness, followed by nonunion and rotator cuff tear. The
most common complication after RSA was stiffness, followed
by dislocation (Table III).

The reoperation rate for patients who underwent ORIF
was higher (20.3%) than for patients whounderwent RSA (10.3%)
(p < 0.0001) (Fig. 4). Reoperations for patients who underwent
ORIF included the removal of the implant, revision ORIF, revision
to arthroplasty, manipulation under anesthesia, arthroscopic
debridement, explantation and insertion of a spacer, irrigation
and debridement, rotator cuff repair, and reduction of a dislo-
cation. Reoperations for patients who underwent RSA included
explantation and insertion of a spacer, revision arthroplasty,
irrigation and debridement, manipulation under anesthesia, and
reduction of a dislocation. The most common reoperation after
ORIF was the removal of the implant, followed by revision ORIF.
The most common reoperation after RSA was explantation and
insertion of a spacer, followed by revision arthroplasty (Table IV).

Patients who underwent RSA, compared with patients who
underwent ORIF, for proximal humeral fractures had higher rates

Fig. 3

The complication rate was higher for patients with a proximal humeral

fracture who underwent ORIF compared with those who underwent RSA

(23.03% compared with 18.62%; p < 0.0001). Patients included in these

cohorts had at least 2 years of active data.

TABLE III Complications in Patients Who Underwent Initial ORIF
or RSA for Proximal Humeral Fracture Between 2015
and 2018 with 2-Year Follow-up Data Available*

Complication
ORIF Group
(N = 8,742)

RSA Group
(N = 1,928)

Stiffness 1,161 (13.3%) 275 (14.3%)

Nonunion 399 (4.6%) —

Rotator cuff tear 389 (4.5%) —

Implant failure 121 (1.4%) <11

Infection 95 (1.1%) 12 (0.62%)

Osteonecrosis 51 (0.58%) —

Fracture 47 (0.54%) 30 (1.6%)

Instability 44 (0.50%) 18 (0.93%)

Malunion 26 (0.30%) —

Nerve injury <11 —

Hematoma <11 <11

Dislocation — 47 (2.4%)

*The values are given as the number of patients, with or without
the percentage in parentheses. If the number of patients in a
certain cohort of patients in the database is <11 but not 0, the
database does not provide discrete numbers.
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of emergency roomvisits (20.0% comparedwith 16.7%; p< 0.001)
and hospital readmission (12.9% comparedwith 7.3%; p< 0.0001)
within 90 days of the surgical procedure (Fig. 5).

Discussion

In the present study, analysis of trends among almost 400,000
patients with proximal humeral fractures over a decade

(2010 to 2019) using a national database showed decreasing rates of
ORIF and HA and increasing rates of RSA. This finding is con-
sistent with several previous studies showing that RSA has become
increasingly popular in the United States following its Food and
Drug Administration (FDA) approval in 200312. RSA was initially
introduced as a treatment option for pseudoparalytic shoulders
with cuff tear arthropathy, and indications have expanded over the
years to include treatment formassive irreparable rotator cuff tears,
glenoid bone loss, failed anatomic arthroplasty, proximal humeral
tumors, and proximal humeral fractures13. As RSA has grown in
popularity, HA has become a less popular arthroplasty choice for
the treatment of proximal humeral fractures. A similar study
evaluating patients between 2011 and 2013 from the National
Inpatient Sample database showed that the rates of RSA almost
doubled and rates of ORIF and HA decreased during that time
period for the treatment of proximal humeral fractures14. The
present study found similar trends but over a longer time period
and in a larger patient sample. Trends of increased RSA utilization
have also been reported in international data samples from Ger-
many, South Korea, Sweden, and Finland15-18.

Although the overall number of patients undergoing
ORIF is still higher than that of patients undergoing RSA for
fracture management, we believe that, as the trends continue in

this manner, RSA will become the most popular procedure for
the treatment of proximal humeral fractures, especially in the
elderly population. In the elective setting for the treatment of
shoulder arthritis, RSA has recently become more popular than
anatomic total shoulder arthroplasty and is being performed
on younger patients with expanded surgical indications9,10,19.
One of the challenges of ORIF and HA is achieving reliable
tuberosity healing, which is not as much of a concern in RSA as
the implant alters shoulder biomechanics to achieve active
shoulder motion independent of rotator cuff function20,21.

Another aim of this study was to evaluate complications
and reoperations between RSA and ORIF. Patients who un-
derwent ORIF had higher complication rates and double the re-
operation rate compared with patients who underwent RSA. It is
important to note that the majority of the reoperations in the
ORIF cohort were the removal of the implant, and explantation
and insertion of a spacer was the most common reoperation in
the RSA cohort; this suggests that although the reoperation rate
may be higher in theORIF cohort, the severity of reoperationmay
be greater in the RSA cohort. In a retrospective review of 60
matched patients with proximal humeral fractures, Klug et al.5

compared outcomes between ORIF and RSA and found results
that were similar to those in the present study, with higher
complication rates (30% compared with 10%) and revision rates
(20% compared with 3%) in the ORIF cohort. Those authors did
note that ORIF resulted in numerically but not significantly
greater range of motion compared with patients who underwent
RSA, with mixed results when comparing patient-reported out-
comes; the ORIF cohort had better patient-reported outcome
scores with regard to the Oxford Shoulder Score and Disabilities
of the Arm, Shoulder and Hand (DASH) Questionnaire score but
no difference in the American Shoulder and Elbow Surgeons

Fig. 4

The reoperation rate was higher for patients with a proximal humeral

fracture who underwent ORIF compared with those who underwent RSA

(20.3% compared with 10.3%; p < 0.0001). Patients included in these

cohorts had at least 2 years of active data.

TABLE IV Reoperations in Patients Who Underwent Initial ORIF
or RSA for Proximal Humeral Fracture Between 2015
and 2018 with 2-Year Follow-up Data Available*

Reoperation
ORIF Group
(N = 8,742)

RSA Group
(N = 1,928)

Removal of implant 913 (10.4%) —

Revision ORIF 223 (2.6%) —

Revision arthroplasty 183 (2.1%) 75 (3.9%)

Manipulation under anesthesia 158 (1.8%) 13 (0.67%)

Arthroscopic debridement 117 (1.3%) <11

Explantation and insertion of spacer 65 (0.74%) 82 (4.3%)

Irrigation and debridement 56 (0.64%) 17 (0.88%)

Rotator cuff repair 36 (0.41%) —

Reduction of dislocation 22 (0.25%) 12 (0.62%)

ORIF — <11

*The values are given as the number of patients, with the per-
centage in parentheses. If the number of patients in a certain
cohort of patients in the database is <11 but not 0, the database
does not provide discrete numbers.
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(ASES) shoulder score or the Constant-Murley shoulder score.
Another recent retrospective series of 125 patients with proximal
humeral fractures also showed higher complication rates (37.8%
compared with 22.0%) and higher reoperation rates (12.1%
compared with 5.1%) in the ORIF cohort compared with RSA
cohort22. A recent systematic review and meta-analysis including
51 studies and around 3,000 patients with proximal humeral
fractures showed that patients who underwent RSA had a lower
risk of complications (relative risk, 0.41), lower reoperation rates
(relative risk, 0.28), higher Constant scores, and improved active
forward elevation compared with patients who underwent HA,
but, because of the studies included, no comparison could bemade
between patients who underwent RSA and those who underwent
ORIF23. In general, a review of the current literature seems to favor
RSA over ORIF for the treatment of proximal humeral fractures,
especially in the elderly population, and RSA may also be associ-
ated with higher quality of life and increased cost-effectiveness24.
Moreover, a retrospective study of 1,624 patients indicated that
there is a higher reoperation rate following arthroplasty for failed
ORIF (19.4%) compared with primary arthroplasty (4.4%) for the
treatment of proximal humeral fractures25.

Although this study showed lower complication and reop-
eration rates for patients with proximal humeral fractures who
underwent RSA, those patients also had higher emergency room

visit and hospital readmission rates within 90 days after the surgical
procedure comparedwith patients who underwentORIF. Thismay
be attributable to patients who underwent RSA being older and
having more comorbidities (Table II) and may not necessarily be
attributable to the shoulder pathology itself. In a retrospective
review of approximately 27,000 patients with proximal humeral
fractures treated with either ORIF or RSA, Zhang et al. demon-
strated that the majority of unplanned hospital readmissions were
associated withmedical diagnoses and not surgical complications26.

This study was not without limitations, most of which
were inherent to large, retrospective database studies. Given
that practitioners and coders are submitting diagnostic and
procedural codes, there is a potential for human error involving
coding and billing. This study showed trends in the choice
among different treatments and differences in complication
rates, but, because it was a retrospective database study, it was
inclusive of all proximal humeral fractures and thus all fracture
types were analyzed together; different fracture patterns may be
best suited by certain treatments. Furthermore, this database
includes data only from the United States and may not be
reflective of global or other international trends and outcomes.

In conclusion, from 2010 to 2019, there was a trend of
increasing RSA and decreasing HA and ORIF for the surgical
treatment of proximal humeral fractures. Patients who under-
went RSA had lower complication and reoperation rates within 2
years after the surgical procedure compared with patients who
underwent ORIF. Patients who underwent RSAdid have a higher
hospital readmission rate after the surgical procedure, which
may be attributable to patients who underwent RSA being rel-
atively older and having more comorbidities.
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with the online version of this article as a data supplement
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