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Abstract

Background With technologic advances such as locked

periarticular plating, hemiarthroplasty of the humeral head,

and more recently reverse total shoulder replacement,

surgical treatment of proximal humerus fractures has

become more commonplace. However, there is insufficient

information regarding patient outcomes after surgery, such

as the frequency of unplanned hospital readmissions and

factors contributing to readmission.

Questions/purposes We measured (1) the frequency of

unplanned hospital readmissions after surgical treatment of

proximal humerus fractures, (2) the medical and surgical

causes of readmission, and (3) the risk factors associated

with unplanned readmissions.

Methods The State Inpatient Database from seven dif-

ferent states was used to identify patients who underwent

treatment for a proximal humerus fracture with open

reduction and internal fixation (ORIF), hemiarthroplasty of

the humeral head, or reverse total shoulder arthroplasty

from 2005 through 2010. The database was used to mea-

sure the 30-day and 90-day readmission rates and identify

causes and risk factors for readmission. Multivariate

modeling and a Cox proportional hazards model were used

for statistical analysis.

Results A total of 27,017 patients were included with an

overall 90-day readmission rate of 14% (15% for treatment

with ORIF, 15% for reverse total shoulder arthroplasty, and

13% for hemiarthroplasty). The majority of readmissions

were associated with medical diagnoses (75%), but treat-

ment with ORIF was associated with the most readmissions

from surgical complications, (29%) followed by reverse

total shoulder arthroplasty (20%) and hemiarthroplasty

(16%) (p \ 0.001). Risk of readmission was greater for

patients who were female, African American, discharged to

a nursing facility, or had Medicaid insurance.

Conclusions As the majority of unplanned hospital

readmissions were associated with medical diagnoses, it is

important to consider patient medical comorbidities before

surgical treatment of proximal humerus fractures and dur-

ing the postoperative care phase.

Level of Evidence Level III, therapeutic study. See the

Instructions for Authors for a complete description of

levels of evidence.

Introduction

Although results of surgical treatment of proximal humerus

fractures have improved with advancements in implants

and surgical techniques, the proper treatment for these

fractures remains controversial. This is partly the result of

the reported complications associated with many of the

surgical options. Complication rates have been reported as

high with open reduction and internal fixation (ORIF)

despite technologic improvements such as locked plating

[14, 17, 18, 25, 31]. Although surgeons now are using

hemiarthroplasty of the humeral head and reverse total
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shoulder replacement in an attempt to improve functional

outcomes after treatment of comminuted three- or four-part

fractures and fractures that have a head-split component [3,

6, 10, 15, 23], these arthroplasty techniques for fracture

care also have associated complications [3, 39].

Postoperative complications can result in unplanned

hospital readmissions, which can result in harm to patients

and increased healthcare costs. In 2004, nearly one in five

hospitalized patients who was a Medicare beneficiary was

readmitted within 30 days at an estimated annual cost of

USD 17.4 billion [21]. New programs such as the Read-

mission Reduction Program have established metrics to

reduce payments to hospitals with disproportionately high

readmission rates [19]. Additionally, the Centers for

Medicare & Medicaid Services publish hospital readmis-

sion rates and other quality metrics [27]. These regulatory

programs make identification of factors that lead to read-

missions an important area for improvement in healthcare

expense and outcomes [1]. We recently published a report

describing the frequency and risk factors for hospital

readmission for patients who had primary elective shoulder

arthroplasty [34], but we believe it is important to validate

and extend these findings in a population of patients treated

for proximal humerus fractures. As the use of open treat-

ment for shoulder fractures has increased, it is critical to

evaluate the kinds of complications that can arise after

surgical treatment of these injuries. The introduction of

periarticular locked plating and shoulder arthroplasty have

allowed for improved treatment of comminuted proximal

humerus fractures. However, these remain complex and

relatively new procedures with much to be understood

about improving patient selection and indications while

reducing complications.

We therefore sought to evaluate readmission rates

within 90 days of surgical treatment for proximal humerus

fractures and to describe the diagnoses leading to read-

mission and the associated risk factors. Specifically, we

measured (1) the unplanned hospital readmission rate after

surgical treatment of proximal humerus fractures, (2) the

medical and surgical causes of readmission, and (3) the risk

factors associated with unplanned readmissions.

Materials and Methods

The State Inpatient Database [36], produced by the

Healthcare Cost and Utilization Project (HCUP) under the

Agency for Healthcare Research and Quality was used to

identify surgical procedures used to treat proximal humerus

fractures. The database contains inpatient records from

various states from 2005 through 2010. The states and

years used in this analysis were selected based on the

availability of unique identifiers to track patient visits with

time and included California (2005–2010), Florida (2005–

2010), Hawaii (2006–2007), North Carolina (2006–2010),

Nebraska (2006–2010), New York (2006–2009), and Utah

(2006–2009).

We recently performed a related study in the elective

shoulder arthroplasty population [34]. Although the num-

ber of patients whose records were evaluated in that study

was similar to those studied here (26,218 and 27,017,

respectively), and although some patients in this series

were treated with arthroplasties, we are certain that no

patient was counted twice; that is, there was no overlap of

patient data between the two reports. We were able to

ensure this by selecting for patients who had a unique ICD-

9 diagnosis code for proximal humerus fracture (812.00,

812.01, 812.02, 812.03, 812.09, 812.10, 812.11, 812.12,

812.13, 812.19) for this study while only selecting for

patients who had ICD-9 codes for arthritis or cuff tear

arthropathy in the previous study. This way, patients who

had a hemiarthroplasty or a total shoulder arthroplasty

would be counted only in this study if the surgery was used

to treat a proximal humerus fracture and not if it was used

to treat arthritis or any other diagnosis.

Patients who underwent surgical treatment for proximal

humerus fractures were tracked through the database to

measure the 30-day and 90-day readmission rates and to

identify the causes and risk factors associated with read-

mission within 90 days of surgery. Procedures evaluated in

this study were the ORIF, hemiarthroplasty of the humeral

head, and reverse total shoulder arthroplasty.

Procedures and diagnoses were identified by ICD-9

Clinical Modification (ICD-9-CM) and ICD-9 codes,

respectively (Appendix 1). Although ORIF (79.31) and

hemiarthroplasty of the humeral head (81.81) have unique

codes, total shoulder arthroplasty and reverse total shoulder

arthroplasty shared the same code (81.80) until fiscal year

2010 when reverse total shoulder arthroplasty was assigned

a unique code (81.88). All total shoulder arthroplasty codes

with an accompanying proximal humerus fracture diagno-

sis were assumed to be a reverse total shoulder arthroplasty

because the majority are treated with a reverse total

shoulder arthroplasty rather than a standard total shoulder

arthroplasty (Fig. 1). We excluded any hemiarthroplasties

or reverse total shoulder arthroplasties performed for

arthritis or rotator cuff tear arthropathy and included only

those performed for the treatment of proximal humerus

fractures. Patients with polytrauma with concomitant

diagnoses such as pneumothorax, hemothorax, cranial

injury, or exploratory laparotomy also were excluded from

this study. Finally, we excluded patients who did not have

at least 90 days followup and who identified their home

state as different from that of where they underwent sur-

gery to ensure that all readmissions could be tracked

accurately.
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Patient medical comorbidities were assessed using the

definitions of Elixhauser et al. used for administrative

claims data [11], which provides a comprehensive set of 30

comorbidity measures for use with large administrative

inpatient datasets. Primary diagnoses at readmission were

reviewed and grouped as surgical (directly attributable to

the index procedure) or medical. Medical diagnoses were

further grouped according to the Clinical Classifications

Software as defined by the HCUP [16]. Hospital volume

was calculated for each procedure and classified as low

(less than one procedure per quarter), medium (less than

one procedure per month), or high (greater than one pro-

cedure per month) [29].

Multivariate modeling was performed to evaluate fac-

tors associated with hospital readmission within 90 days.

Risk was calculated using a Cox proportional hazards

model from a time-to-readmission analysis. Variables

included procedure, age, sex, hospital procedure volume,

and medical comorbidities. Statistical significance was set

at p less than 0.05.

Results

Demographics

A total of 27,017 patients who were treated for a proximal

humerus fracture were included in this study (Table 1).

There were 18,392 patients who underwent ORIF for

proximal humerus fractures, 7765 who underwent hemi-

arthroplasty of the numeral head, and 860 who underwent

reverse total shoulder arthroplasty.

Frequency of Readmission

The 30-day readmission rate was 8% and the overall 90-

day readmission rate was 14% (3887 of 27,017). Further

analysis revealed rates of 15% for ORIF and reverse total

shoulder arthroplasty and 13% for hemiarthroplasty.

Patients who underwent hemiarthroplasty had fewer read-

missions compared with patients who had ORIF or reverse

total shoulder arthroplasty (p \ 0.001) (Fig. 2). Further-

more, 29% of patients were readmitted to a different

hospital than where the original surgery was performed.

Patients who underwent ORIF at low-volume hospitals had

a 90-day readmission rate of 16% compared with medium-

volume (15%) and high-volume hospitals (14%) (p =

0.002). Patients who had hemiarthroplasties or reverse total

shoulder arthroplasties showed no differences in readmis-

sion rates when their surgery was performed at low-,

medium-, or high-volume hospitals (p = 0.33 and p = 0.80,

respectively). A subgroup of 1378 patients were classified

as patients with polytrauma and were excluded from the

main arm of the study. In this polytrauma subgroup, the 30-

day readmission rate was 11% and the overall 90-day

readmission rate was 20%, which was higher than the rate

for the main cohort (p \ 0.0001).

Causes of Readmission

The majority of readmissions were the result of medical

complications (75% [2901 of 3887]), whereas surgical

complications contributed to 25% of total readmissions

(Table 2). With respect to each procedure, ORIF was

Fig. 1 Patients were selected from the State Inpatient Database using

ICD-9 procedure codes. Proximal humerus fractures were selected

after excluding patients with polytrauma and then stratified based on

treatment with open reduction internal fixation (ORIF), hemiarthro-

plasty of the humeral head, or reverse total shoulder arthroplasty.
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associated with the highest proportion of readmissions from

surgical complications (29%), followed by reverse total

shoulder arthroplasty (20%) and hemiarthroplasty (16%)

(p \ 0.001). Surgical readmissions after ORIF were most

commonly associated with mechanical complications (11%

of all readmissions), followed by infection (7.5%). For

hemiarthroplasty, dislocation was the most common surgical

diagnosis associated with readmission (4.5%), followed by

infection (4.3%). In the reverse total shoulder arthroplasty

group, dislocation also was the leading surgical diagnosis

(10%) compared with just 1% in the ORIF group (p\0.001).

Infection was more common with ORIF (7.5%) than

with hemiarthroplasty (4.3%) or reverse total shoulder

arthroplasty (2.4%) (p\0.001). Septicemia was the primary

medical diagnosis in 4.0% of readmissions after ORIF, 4.7%

after hemiarthroplasty, and 4.0% after reverse total shoulder

arthroplasty (p [ 0.05). Other common medical causes of

readmission included deep venous thrombosis or pulmonary

embolus (3.1%, 3.8%, and 4.8%) and secondary hip fracture

(2.1%, 3.7%, and 3.9%), respectively.

Risk Factors for Readmission

There was no difference in risk of readmission with older

age (Table 3). Patients who had hemiarthroplasty (p \

0.001) and reverse total shoulder arthroplasty (p = 0.04)

showed a decreased risk of readmission compared with

patients who had ORIF. Males had a 23% less risk of

readmission than females, and when comparing different

racial groups, African Americans had a greater risk of

readmission than all other groups (p = 0.03). Patients with

Medicaid insurance had more than a 27% greater risk of

readmission compared with patients with Medicare,

whereas patients with private insurance or who were self-

pay had 18% and 9% lower risks, respectively, compared

with patients with Medicare. Patients who were discharged

to home with home health services had a 19% greater risk

of readmission than patients who were discharged home

without ancillary support, whereas patients who were

transferred to a rehabilitation or nursing facility had nearly

a twofold greater risk of readmission. There was no dif-

ference in risk of readmission for patients with procedures

performed at low-, medium-, or high-volume hospitals.

Finally, for each additional medical comorbidity as defined

by the Elixhauser et al. [11], the risk of readmission

increased by 20%.

Discussion

With technologic advances such as locked plating, hemi-

arthroplasty, and reverse total shoulder arthroplasty,

surgical treatment of proximal humerus fractures has

become more commonplace. However, there is insufficient

information regarding patient outcomes after surgery, such

as the frequency of unplanned hospital readmissions and

factors contributing to readmission. We therefore sought to

evaluate readmission rates within 90 days of surgical

Table 1. Patient demographics

Demographic ORIF Hemiarthroplasty

of the humeral

head

Reverse total

shoulder

arthroplasty

Number of patients 18,392 7765 860

Age (years ± SD) 65 ± 18 73 ± 12 75 ± 11

Female 70% 79% 80%

Length of stay

(days ± SD)

4.5 ± 5.2 4.8 ± 4.5 4.7 ± 4.3

Total comorbidities

(average ± SD)

2.0 ± 1.7 2.3 ± 1.7 2.4 ± 1.6

In-hospital mortality 0.6% 0.5% 0.8%

Insurance

Medicare 54% 72% 78%

Medicaid 5.3% 2.9% 3.3%

Private 30% 19% 14%

Self-pay 3.5% 1.4% 1.1%

Other 7.1% 4.5% 3.6%

Race

Caucasian 82% 86% 87%

African American 3.7% 1.6% 1.4%

Hispanic 9.6% 8.5% 8.1%

Asian 2.4% 1.6% 1.6%

Other 2.6% 2.5% 1.6%

ORIF = open reduction and internal fixation.
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Fig. 2 The graph illustrates the frequency of hospital readmissions

for patients with proximal humerus fractures treated by open

reduction internal fixation (ORIF) compared with hemiarthroplasty

and reverse total shoulder arthroplasty. Readmissions for hemiarthro-

plasty were less than for ORIF.
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treatment for proximal humerus fractures and to describe

the diagnoses leading to readmission and the associated

risk factors through a large, multistate database. In doing

so, we present novel information showing that although the

majority of readmissions were associated with medical

complications, treatment with ORIF was associated with

the highest proportion of readmissions from surgical

complications, followed by reverse total shoulder

arthroplasty and hemiarthroplasty.

Limitations of this study arise from the nature of

administrative claims data, which do not contain clinical

information such as details of the operation, training of the

surgeon, complexity of the procedure, mechanism of injury,

instrumentation used, or postoperative rehabilitation, yet

the large sample size of these database analyses offers the

ability to elicit trends that otherwise would be underpow-

ered by clinical studies. A database analysis also may give

Table 2. Causes of readmission after open treatment of proximal

humerus fracture

Cause of readmission Percent of readmissions

(percent of procedures)

ORIF for fracture

Surgical 29 (4.3)

Mechanical complication 11 (1.7)

Infection 8 (1.1)

Humerus fracture 4 (0.6)

Malunion/nonunion 3 (0.4)

Dislocation 1.0 (0.1)

Medical 71 (11)

Septicemia 4.0 (0.6)

Pneumonia 3.1 (0.5)

Deep vein thrombosis or

pulmonary embolism

3.1 (0.5)

Congestive heart failure 3.0 (0.4)

Urinary tract infections 2.7 (0.4)

Hemiarthroplasty for fracture

Surgical 16 (2.2)

Dislocation 4.5 (0.6)

Infection 4.3 (0.6)

Humerus fracture 2.6 (0.3)

Mechanical complication 1.7 (0.2)

Hematoma 1.0 (0.1)

Medical 84 (11.2)

Septicemia 4.7 (0.6)

Pneumonia 4.6 (0.6)

Deep vein thrombosis or

pulmonary embolism

3.8 (0.5)

Fracture of neck of femur (hip) 3.7 (0.5)

Urinary tract infections 3.7 (0.5)

Reverse total shoulder arthroplasty for fracture

Surgical 20 (2.9)

Dislocation 9.6 (1.4)

Humerus fracture 3.2 (0.5)

Mechanical complication 2.4 (0.3)

Infection 2.4 (0.3)

Periprosthetic fracture 1.6 (0.2)

Medical 80 (11.6)

Congestive heart failure 4.8 (0.7)

Deep vein thrombosis or

pulmonary embolism

4.8 (0.7)

Septicemia 4.0 (0.6)

Gastrointestinal hemorrhage 4.0 (0.6)

Nonspecific chest pain 4.0 (0.6)

Top five medical and surgical diagnoses of readmission after each

procedure. Rates represented as a percentage of readmissions for that

procedure and as a percentage of total cases performed for that pro-

cedure in parentheses; ORIF = open reduction and internal fixation.

Table 3. Risk factors for readmission after open treatment of prox-

imal humerus fracture

Variable Hazard

ratio

95% CI p value

Age (reference \ 55 years)

55–74 years 0.97 0.86–1.09 0.611

75+ years 1.06 0.93–1.21 0.413

Treatment type (reference ORIF)

Hemiarthroplasty 0.77 0.71–0.83 \ 0.001

Reverse total shoulder arthroplasty 0.82 0.67–0.99 0.043

Male 0.77 0.72–0.83 \ 0.001

Race (reference Caucasian)

African American 1.22 1.02–1.46 0.033

Asian 1.00 0.89–1.12 0.964

Hispanic 0.89 0.70–1.15 0.380

Other 0.90 0.72–1.14 0.395

Insurance (reference Medicare)

Medicaid 1.27 1.08–1.49 0.004

Private 0.82 0.74–0.91 \ 0.001

Self-pay 0.91 0.71–1.17 0.474

Other 0.76 0.63–0.92 0.005

Discharge status (reference home)

Home with services 1.19 1.07–1.32 0.001

Transfer to facility

(rehabilitation/nursing)

1.99 1.82–2.18 \ 0.001

Hospital volume (reference low)

Medium 0.99 0.91–1.07 0.733

High 0.93 0.84–1.02 0.139

Medical comorbidities (per diagnosis) 1.20 1.18–1.22 \ 0.001

Risk factors for readmission after open treatment of proximal

humerus fractures represented as hazard ratios. Statistical significance

set for p \ 0.05; ORIF = open reduction and internal fixation.
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rise to selection bias and transfer bias. In this study, we

cannot ascertain if the original injury pattern was the same

for each treatment group or the surgeon’s indications for

which surgical procedure was performed, but we were able

to outline demographic information from the database

(Table 1) which affords a comparison of age, gender, and

other factors between each treatment group. Our results

reflect the association of medial or surgical diagnoses with

unplanned hospital readmissions and not causation. We

cannot conclude that the surgical treatment directly caused

the unplanned readmission as the initial injury could have

influenced readmission but our aim is to report any asso-

ciations. Another limitation is the lack of a unique

procedure code for reverse total shoulder arthroplasty until

recently. We assumed all total shoulder arthroplasty codes

performed for proximal humerus fractures were reverse

total shoulder arthroplasties before 2010 because there were

no sources found that advocate for the use of a total

shoulder arthroplasty for fracture. However, despite the lack

of evidence in the literature, it is possible that a total

shoulder arthroplasty is used because of surgeon preference

and experience and thus incorrectly grouped with reverse

total shoulder arthroplasties in our study. However, this

frequency is assumed to be low given the general position in

the literature. Finally, the information in the State Inpatient

Database is limited to states that elect to participate and by

whether they allow unique identifiers to track patients with

time, which may create possible further bias. Using data

from seven different states across the United States may

help to minimize regional bias and create a better repre-

sentation of the country, although these results should not

be extrapolated as a comprehensive national analysis.

Our results showed that the overall readmission rate was

high (14%), and treatment with hemiarthroplasty resulted

in a slightly lower readmission rate than treatment with

ORIF or reverse total shoulder arthroplasty. To our

knowledge, there have been no comparable studies inves-

tigating the frequency of hospital readmissions after

surgical treatment of shoulder fractures. The closest study

is our recent evaluation of hospital readmissions after pri-

mary shoulder arthroplasty [34]. We found that patients

undergoing elective reverse total shoulder arthroplasty had

the highest 90-day readmission rate (11%) followed by

hemiarthroplasty (8%) and total shoulder arthroplasty (6%)

with medical complications contributing to 82% of read-

missions. Other similar studies that evaluated readmissions

after shoulder arthroplasty include a single-state analysis of

total shoulder arthroplasty that found a 60-day readmission

rate of 6.7% [29], and a study from the veteran population

showing 2-week readmissions to be 5.6% [12].

In contrast to previous studies advocating improved

clinical results with the use of ORIF instead of arthroplasty

procedures [8, 37], our results show that treatment of

proximal humerus fractures with ORIF was associated with

a higher proportion of readmissions from surgical com-

plications (29%) than reverse total shoulder arthroplasty

(20%) or hemiarthroplasty (16%). Mechanical complica-

tions (11%) was the most common surgical cause of

readmission after ORIF which is consistent with reports

indicating that even with the use of periarticular locked

plating, screw cutout after ORIF is still one of the most

common causes of surgical failure [24, 35]. Although

shoulder arthroplasty components have been revised and

advancements in techniques have shown improved clinical

outcomes [32], our results indicate that instability after

hemiarthroplasty or reverse total shoulder arthroplasty

remains a concern. In the current study and in our study of

the elective shoulder arthroplasty population [34], we

found that dislocation is one of the leading causes of

hospital readmission after shoulder arthroplasty proce-

dures. In the current analysis, the most common surgical

diagnosis associated with readmission after hemi-

arthroplasties and reverse total shoulder arthroplasties was

dislocation (4.5% and 10%, respectively). For hemi-

arthroplasties, this dislocation rate has been attributed to

failure of the greater tuberosity repair and was reported to

be as much as 14% [13]. This led to the introduction of

reverse total shoulder arthroplasty for the treatment of

proximal humerus fractures with significant comminution

of the greater tuberosity [23, 28]. The frequency of reverse

total shoulder arthroplasty dislocations has been variable,

ranging from 2.3% in patients with proximal humerus

fractures [4] to 30.8% in patients after tumor resection [9].

A retrospective study of 240 reverse total shoulder

arthroplasties found dislocation to be the most common

complication with a frequency of 7.5% [38]. Because the

reverse total shoulder arthroplasty is a relatively new pro-

cedure in the United States, it will be important to track the

complication rates of this procedure as it relates to different

diagnoses including cuff tear arthropathy, revision shoulder

arthroplasty, and fractures. In terms of medical conditions

associated with readmission, septicemia was the most

common followed by deep vein thrombosis or pulmonary

embolism. Our analysis showed that less than 1% of sur-

gical procedures of the shoulder are associated with

readmission from deep vein thrombosis or pulmonary

embolism, which is consistent with the rate reported in a

recent review [33]. A second fragility fracture in the form

of a hip fracture is one of the more common reasons for

readmission during the first 90 days after surgery for a

proximal humerus fracture. This is consistent with a pre-

vious report that patients who have a proximal humerus

fracture are at increased risk for a subsequent hip fracture

the first year after injury [7].

We found that male patients had a lower risk for read-

mission than female patients after surgery for a proximal

2322 Zhang et al. Clinical Orthopaedics and Related Research1

123



humerus fracture. This is contrary to our multivariate

analysis [34] which showed males have higher risk for

readmission after elective arthroplasty. This most likely

was attributable to the increased risk for osteopenia and

osteoporosis in a female cohort with proximal humerus

fractures, as previous studies have shown a greater risk of

surgical complications associated with decreased bone

marrow density [5, 26]. A higher risk of readmission after

discharge to a skilled nursing facility found in both

studies also reflects the medical condition of the patient.

Healthier patients with less medical comorbidities are

more likely to be discharged home instead of to a nursing

facility after surgery and consequently have a lower risk

of unplanned readmission. Patients with Medicaid insur-

ance had more than a 27% increased risk of hospital

readmission compared with patients with Medicare. This

is a similar finding to our recent study [34] and an ana-

lysis by the HCUP that showed patients with Medicaid are

70% more likely to be readmitted than patients with pri-

vate insurance [22]. It has been suggested that increased

rates of complications in patients with Medicaid insur-

ance result from less access to care and more complex

clinical presentations compared with patients with private

insurance [30]. Finally, procedural volume was found to

affect readmission rates only for patients who had ORIF.

Ninety-day readmission rates were significantly higher at

low-volume centers than medium- and high-volume cen-

ters. Our findings in primary shoulder arthroplasty [34]

and previous studies of hip and knee arthroplasties

and one study of proximal humerus fractures showed

decreased readmissions and complications in high-vol-

ume centers, which further supports the notion that

surgeons who do not perform shoulder ORIF on a regular

basis may have a higher complication or readmission rate

[2, 20]. Hemiarthoplasty and reverse total shoulder

arthroplasty did not show a significant trend between

different volume hospitals likely because of the smaller

sample size in these two groups.

To our knowledge, our study includes the largest sample

size with analysis of trends from multiple states and

incorporates a complete analysis of frequency of hospital

readmissions and associated diagnoses for 90 days from

surgical treatment of proximal humerus fractures. We

found that treatment with ORIF was associated with the

greatest proportion of patients with surgical complications

needing readmission compared with patients who had

reverse total shoulder arthroplasty or hemiarthroplasty. In

addition, as the majority of unplanned readmissions were

associated with medical diagnoses, it is important to con-

sider patients’ medical comorbidities before surgery and

during the postoperative care phase to help reduce the risk

of hospital readmission.

Appendix 1. ICD-9 diagnosis and procedure codes

Diagnosis ICD-9 diagnosis codes

Proximal humerus fracture 812.00 812.01 812.02 812.03 812.09

812.10 812.11 812.12 812.13 812.19

Procedure ICD-9 procedure codes

ORIF proximal humerus 79.31

Shoulder hemiarthroplasty 81.81

Total shoulder arthroplasty 81.80

Reverse total shoulder

arthroplasty

81.88

ORIF = open reduction and internal fixation.
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