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Background: The outcomes and complication rates of patients with isolated greater tuberosity fractures
are not well documented. The present study aimed to evaluate the reoperation rates, types of reoper-
ations, and complications for patients undergoing open reduction internal fixation and those undergoing
initial nonoperative treatment of isolated greater tuberosity fractures.
Methods: An administrative claims database was queried from 2010 to 2018 for adult patients treated
with open reduction internal fixation or initial nonoperative treatment within 6 weeks of sustaining a
closed isolated greater tuberosity fracture. Reoperation rates, types of reoperations, local/surgical com-
plications, and systemic complications for two cohorts were collected, and statistical analysis was per-
formed using R statistical software for patients initially treated operatively and nonoperatively.
Complication rates were compared using multivariate logistic regression, while demographic data were
compared using chi-square analysis.
Results: Of the 8509 patients who were documented to have sustained a closed isolated greater tu-
berosity fracture, 333 patients underwent operative treatment and 8176 patients received initial
nonoperative treatment within the first 6 weeks of diagnosis. The operative cohort had a reoperation rate
of 2.7% at 90 days, 5.7% at 6 months, and 7.8% at 1 year, with the majority of reoperations being rotator
cuff repair (40.6%). Within the initial nonoperative cohort, 7.3% had an operation within a year, with the
majority of operations being open reduction internal fixation (41.3%). The subsequent reoperation rate
for those patients was 3.5% at 2 years with the majority of reoperations being rotator cuff repair (32.4%).
In the operative cohort, the 90-day infection rate was 3.0%. Nonunion was demonstrated in the operative
cohort at a rate of 1.8% at 6 months and 2.7% at 1 year.
Conclusion: When surgical care was provided to patients sustaining isolated greater tuberosity fractures
in the first 6 weeks, there was a 7.8% rate of reoperation within the first year. Patients initially treated
nonoperatively had a future operation rate of 7.3% within the first year and a 3.5% reoperation rate within
the second year. The most common reoperation regardless of initial treatment was rotator cuff repair.
With an elevated rate of subsequent operations, education is paramount to provide patients with ex-
pectations for the sequelae of this injury especially when presenting with concomitant injuries.

© 2021 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/by-

nc-nd/4.0/).

With its superior aspect located 6-8 mm inferior to the most
superior aspect of the humeral head articular surface, the greater
tuberosity provides structural integrity to the shoulder as an
attachment point for the rotator cuff®!! As a consequence of
impaction, shearing, or avulsion forces, even slight anatomic
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aberrations to the greater tuberosity from fractures can alter
shoulder dynamics and stability.”® Greater tuberosity fractures can
occur as an isolated entity and may present with concomitant in-
juries such as anterior shoulder dislocation, rotator cuff injury,
shoulder instability, and/or with complex fracture patterns.'?!6.18:20
Isolated greater tuberosity fractures account for 2%-20% of all
proximal humerus fractures with varying surgical treatments
available,'#?224

Current surgical options for isolated greater tuberosity fractures
include fragment excision, open reduction and internal fixation
(ORIF), closed reduction and percutaneous fixation, and arthro-
scopically assisted reduction with fixation.>'> When indicated,
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fixation is achieved with the aforementioned techniques using a
combination of screws with or without washers, pins, plates, heavy
sutures, or suture anchors.® Although outcomes are variable with
satisfactory results for arthroscopic fixation as well as ORIF, there is
still a potential for complications resulting in reoperations.>’”
When comparing arthroscopic double-row suture anchor fixation
to ORIF with plate fixation for displaced isolated greater tuberosity
fractures, Liao et al'® noted 3 of 23 patients, all from the ORIF
cohort, underwent a reoperation owing to secondary subacromial
impingement and postoperative stiffness. Although studying more
complex and comminuted isolated greater tuberosity fractures,
Bhatia et al* documented 3 of 21 patients, all of whom received
ORIF with double-row suture anchors, required a reoperation for
bicipital tendonitis from fracture fragment impingement on the
biceps tendon or osteonecrosis of the greater tuberosity. Finally, in a
systematic review comparing nonoperative with operative man-
agement of isolated greater tuberosity fractures, Levy et al'? re-
ported 8 of 429 patients, all of whom were treated operatively,
received a reoperation most commonly for postoperative stiffness,
followed by heterotopic ossification, transient neurapraxias, and
superficial infection.

The threshold for surgical intervention of isolated greater tu-
berosity fractures is currently debated as surgery is performed on
this fracture at variable displacement lengths. While the decision
for surgery of this fracture is dependent on patient factors such as
age, activity level, and comorbidities, several studies recommend
surgical treatment for superior fracture displacement greater than
5 mm in the general active population or in patients with
impingement.>>?! Other studies suggest that fracture displace-
ment as low as 3 mm should be treated surgically for optimal
outcomes especially in athletes or overhead workers.'””> When
initially treated nonoperatively for greater tuberosity fractures with
a primary displacement greater than 3 mm, Schliemann et al*?
demonstrated all patient eventually required revision surgery
owing to secondary displacement of the fracture fragment.

There is a paucity of literature in the comprehensive assessment
of subsequent operations and outcomes of patients sustaining an
isolated greater tuberosity fracture. The present study aimed to
evaluate the reoperation rates, types of reoperations, and compli-
cations for patients undergoing open reduction internal fixation
and those undergoing initial nonoperative treatment of isolated
greater tuberosity fractures. To determine this difference with an
adequately powered study, a large national database was used to
detect significant changes.

Materials and methods

A retrospective review of deidentified patient records was
conducted using the PearlDiver database (PearlDiver, Inc, Fort
Wayne, IN, USA), a large nationwide administrative claims
database. This study used the Mariner data set, which contains
approximately 122 million patients from various provider groups
in the United States. Patient cohorts, procedures, demographic
information, prescription information, comorbidities, and other
clinical data are available in the database and can be obtained
using Current Procedural Technology (CPT) and International
Classification of Diseases (ICD), ninth revision and tenth revision
(ICD-9/ICD-10) codes. Institutional review board exemption was
granted for this study as the provided data were deidentified and
compliant with the Health Insurance Portability and Account-
ability Act.

Patients identified with a closed isolated greater tuberosity
fractures were included in the analysis. Patients with a prior history
of autoimmune disease, fractures related to a neoplastic process,
osteoporosis secondary to cancer, vitamin abnormalities,
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malignancy, or open fractures during the time of injury were
excluded from the analysis. Patients older than the age of 18 years
with a greater tuberosity fracture diagnosis required a minimum of
1-year follow-up from 2010 to 2018 Q2 to be included in this study.

Patients with isolated greater tuberosity fractures were sub-
divided into two groups: patients who received ORIF during the
first 6 weeks after fracture diagnosis (CPT 23630) or no operative
intervention in the first 6 weeks after fracture diagnosis to best
represent the initial operative and nonoperative fracture treatment
cohorts. The full list of criteria used to define each cohort and all
inclusion/exclusion criteria can be found in Supplementary
Table S1.

Demographic data and preexisting clinical characteristics were
queried directly from the database and included age, gender, body
mass index, geographic region, Charlson comorbidity index (CCI),
and major comorbidities (tobacco use, liver disease, cardiac history,
alcohol use, preexisting anemia, chronic obstructive pulmonary
disease, chronic kidney disease, congestive heart failure, immu-
nodeficiency, depression).

Incidence of local/surgical complications was evaluated for both
cohorts at 90 days, 6 months, and 1 year postoperatively. These
complications included a subsequent operation, nerve injury,
nonunion, adhesive capsulitis, avascular necrosis, and infection.
The types of initial operations for the nonoperative cohort after 6
weeks of nonoperative treatment in addition to the types of reop-
erations for both cohorts were obtained using a combination of ICD
and CPT procedural codes to examine the most common surgical
interventions performed. For example, CPT codes 23410, 23412,
29827, ICD9-P-8363, ICD10-P-0LQ10ZZ, ICD10-P-0LQ14ZZ, ICD10-
P-0LQ20ZZ, and ICD10-P-0LQ24ZZ were used to query for rotator
cuff repair (RCR). In a similar manner, ICD codes were used to query
for nerve injuries of the upper arm and shoulder. Infection was
defined by a combination of diagnosis and procedural codes that
indicated surgical intervention for a deep infection and excluded
superficial wound complications that would not necessitate sur-
gical intervention. Incidences of systemic complications were
evaluated in the acute 90-day postfracture period. Systemic com-
plications queried included cerebrovascular accidents, pneumonia,
pulmonary embolism, myocardial infarction, acute renal failure,
deep venous thrombosis, anemia, respiratory failure, urinary tract
infection, and altered mental status. The codes used to define local/
surgical complications are available in Supplementary Table S2 and
systemic complications are available in Supplementary Table S3.

Statistical analysis was performed using R statistical software (R
Project for Statistical Computing, Vienna, Austria) integrated with
the PearlDiver software with an « level set to 0.05. Demographic
and clinical characteristics of both cohorts were compared using
chi-square analysis with Yate's correction for categorical variables
and Welch's t-test for continuous variables. Multivariate logistic
regression was used to calculate odds ratios and statistical signifi-
cance for local and systemic complications after adjusting for de-
mographics such as patient age, sex, CCI, body mass index, diabetes
status, and tobacco use.

Results

A total of 12,574 patients sustaining an isolated greater tuber-
osity fracture were queried from the PearlDiver database using ICD-
9 and ICD-10 codes. After adjusting for exclusion criteria, filtering
for patients with a 1-year follow-up, and removing duplicates, this
number decreased to 8509. Of this total, 333 (3.9%) patients had
ORIF and 8176 (96.1%) patients had nonoperative treatment within
6 weeks of diagnosis (Fig. 1).

A significantly greater proportion of patients treated with initial
operative fixation for an isolated greater tuberosity fracture were
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Figure 1 Flow diagram of patients included in study. Fx, fracture; GT, greater

tuberosity.
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men (men: 33.0% vs. 23.0%, P =.002) and had a preexisting history
of alcohol use (alcohol use: 9.9% vs. 6.7%, P = .048). The operative
group also had a significantly lower CCI (CCI: 1.11 vs. 1.44, P < .001).
The nonoperative group had significantly older patients (mean age:
62.1 vs. 58.2, P < .001) and included more patients with a preex-
isting history of congestive heart failure (congestive heart failure:
8.2% vs. 3.9%, P = .011). All other demographic data between the
operative and nonoperative cohorts were statistically insignificant
and comparable (Table I).

Patients undergoing operative fixation within the first 6
weeks of fracture diagnosis had had a reoperation rate of 2.7% (9
of 333, P < .001) at 90 days, 5.7% (19 of 333, P < .001) at 6
months, and 7.8% (26 of 333, P < .001) at 1 year. The types of
reoperations in the operative cohort were RCR (40.6%), followed
by revision ORIF (25.0%), arthroplasty (18.8%), irrigation and
débridement (6.3%), and hardware removal (6.3%). Of the 8176
patients undergoing initial nonoperative care within the first 6
weeks of fracture diagnosis, 599 (7.3%) patients went on to have
surgery within the first year. Most of the initial surgeries in the
nonoperative cohort were ORIF (41.3%), followed by RCR (33.4%),
arthroplasty (15.5%), and hardware removal (4.1%). A complete
breakdown of the surgeries performed on the nonoperative
cohort at 1 year can be seen in Figure 2. Of the 599 initial
nonoperative patients who had surgery, 21 (3.5%) patients then
underwent a reoperation in the following year. The predominant
reoperation in the nonoperative cohort was RCR (32.4%) followed
by arthroplasty (29.7%), hardware removal (13.5%), and irrigation
and débridement (8.1%). The complete breakdown of reopera-
tions within the operative and nonoperative cohorts can be seen
in Figures 3 and 4, respectively.

Demographic and clinical characteristics of patients with operative fixation vs. nonoperative care within 6 weeks of sustaining a closed isolated greater tuberosity fracture.

Comparison of demographic and clinical characteristics

Operative (n = 333) Nonoperative (n = 8176) P value
Age (%)
19-64 200 (60.1) 4112 (50.3) .058
64-79 133 (39.9) 4064 (49.7) .040
80+ 0 0 N/A
Mean + SD 582 + 14.1 62.1 +13.0 <.001
Gender (%)
Male 110 (33.0) 1883 (23.0) .002
Female 223 (67.0) 6293 (77.0) 124
BMI (%)*
Less than 30 0(0) 18 (0.2) N/A
30-40 2 (0.6) 29 (0.4) 796
Greater than 40 5(1.5) 43 (0.5) 735
Region of the United States (%)
South 129 (38.7) 3198 (39.1) .956
Midwest 93 (27.9) 1932 (23.6) .188
Northeast 57 (17.1) 1806 (22.1) .089
West 54 (16.2) 1226 (15.0) .664
CCI + SD 1.11 + 1.81 1.44 + 2.23 <.001
Major comorbidities (%)
Tobacco 65 (19.5) 1586 (19.4) 981
Liver disease 29 (8.7) 675 (8.3) .866
Cardiac 44 (13.2) 1492 (18.2) .055
ETOH 33(9.9) 549 (6.7) .048
Anemia 55(16.5) 1684 (20.6) 154
COPD 78 (23.4) 1977 (24.2) .854
CKD 24 (7.2) 731 (8.9) .365
CHF 13 (3.9) 671 (8.2) .011
Immunodeficiency 7(2.1) 229 (2.8) 567
Depression 85 (25.5) 1946 (23.8) 617

BMI, body mass index; CCI, Charlson comorbidity index; CHF, congestive heart failure; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; ETOH,
alcohol use; RA, rheumatoid arthritis; SD, standard deviation.
" BMI was only able to be calculated on 2.1% of operative group and 1.1% of nonoperative group
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Breakdown of Initial Operations at 1
year for Non-operative Cohort (n = 599 patients*)

*Patients may have had
more than 1 procedure
during a surgical
encounter

Hardware

/_ Removal

n=30
(4.1%)

Other**
n=42
(5.7%)

M Arthroplasty
M Rotator Cuff Repair

M Open Reduction and
Internal Fixation

**Arthroscopy, Arthrotomy, Closed
Reduction Percutaneous Pinning,
Irrigation and Debridement, Other
revision surgeries, Shoulder Repair,
Reduction of shoulder dislocation

Hardware Removal

M Other

Figure 2 Breakdown of initial operations at 1 year for patients who failed nonoperative treatment within 6 weeks of sustaining a closed isolated greater tuberosity fracture.

The operative cohort had nerve injury at a rate of 2.7% (9 of 333,
P =.004) at 90 days, 3.6% (12 of 333, P =.003) at 6 months, and 3.9%
(13 of 333, P = .008) at 1 year. The ulnar nerve was the most
commonly affected individual nerve in the operative cohort at all
the time intervals accounting for 18.2% of nerve injuries at 90 days,
21.4% of nerve injuries at 6 months, and 25.0% of nerve injuries at 1
year. The operative cohort also had nonunion at a rate of 0.6% (2/
333, P=.176) at 90 days, 1.8% (6/333, P=.023) at 6 months, and 2.7%
(9/333, P = .004) at 1 year (Table II). The infection rate for the
operative cohort was 3.0% (10/333, P =.020) at 90 days. Regarding
systemic complications, patients initially treated operatively within
the first 6 weeks of isolated greater tuberosity fracture developed
anemia at a rate of 3.0% (10 of 333, P =.006) and had a myocardial
infarction at a rate of 1.2% (4 of 333, P < .001) at 90 days as seen in
Table III. The nonoperative cohort had nerve injury at a rate of 0.9%
(73 of 8176) at 90 days, 1.4% (111 of 8176) at 6 months, and 1.7% (140
of 8176) at 1 year. The ulnar nerve was the most commonly affected
individual nerve in the nonoperative cohort at all the time intervals
accounting for 26.7% nerve injuries at 90 days, 34.3% nerve injuries
at 6 months, and 38.8% nerve injuries at 1 year.

Discussion

The present study highlights several important points. Initial
surgical and nonsurgical care for greater tuberosity fractures will
require subsequent surgery at a similar rate, 7.8% and 7.3% respec-
tively. After surgery, in patients treated either initially operatively
or nonoperatively, 40.6% and 32.4% of them, respectively, will later
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need a RCR. Bhatia et al* reported a reoperation rate as high as
14.3% in circumstances where the greater tuberosity was commi-
nuted and directly impacted. The present study demonstrated a
7.8% surgical reoperation rate in the operative cohort in which all
initial procedures were ORIF and a 3.5% reoperation rate in the
nonoperative cohort in which the majority of initial procedures
were ORIF. Secondary surgical intervention after ORIF is often due
to displacement of the fracture fragment by deforming forces of the
supraspinatus, infraspinatus, and teres minor. Small fracture frag-
ments sometimes allow only tenuous fixation with screws and
washers or suture anchors, which may not be sufficient to maintain
reductions against the high forces observed in this footprint. This
also applies to fractures treated nonsurgically as Platzeret al'®
demonstrated 67% of nonoperative patients with minimally dis-
placed greater tuberosity fractures had further fracture displace-
ment of the greater tuberosity at a mean follow-up of 5.9 years.
Although some secondary operations can be attributed to fracture
fixation from the initial operation, reoperations may also be
required owing to other causes unrelated to the surgery such as
falls, traumatic accidents, bone quality, and metabolic processes.
Alterations in the greater tuberosity angle after a fracture may
increase the risk of rotator cuff pathology as demonstrated by
Cunningham et al.> Schliemann et al’? further reported that sec-
ondary surgical intervention was often required to treat older pa-
tients who had initial nonoperative treatment with concomitant
lesions of the rotator cuff and capsuloligamentous tissue. Complex
injuries especially from a fracture dislocation type of injury,
migration of the fracture fragment, and/or development of rotator
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Breakdown of Reoperations at 1 year for
Operative Cohort (n = 26 patients*)

*Patients may have had more
than 1 procedure during a surgical
encounter

Hardware

Removal
n=2
(6.3%)

Irrigation and

Debridement
n=2
(6.3%)

\Shoulder Repair

n=1
(3.1%)

M Arthroplasty
M Hardware Removal
™ |rrigation and Debridement
Shoulder Repair
M Revision Open Reduction and Internal Fixation

M Rotator Cuff Repair

Figure 3 Breakdown of reoperations at 1 year for patients who failed operative fixation within 6 weeks of sustaining a closed isolated greater tuberosity fracture.

cuff pathology in older patients may increase the need for another
operation. This could be a potential explanation for RCR as the
second most common initial operation (33.4%) in the nonoperative
cohort and the main reoperation type demonstrated in both the
operative (40.6%) and nonoperative cohorts (32.4%). Anatomic
reduction is therefore important in treating greater tuberosity
fractures regardless of giving operative or nonoperative treatment
to minimize the risk of impingement and maintain the integrity of
the rotator cuff>* Barlow® proposed revision ORIF for treating
proximal humerus fractures especially in younger patients younger
than the age of 60 years with preserved bone stock for failed greater
tuberosity fractures. Revision ORIF was the second most frequent
reoperation procedure (25.0%) observed in the operative cohort of
this study, which consisted of adult patients at a mean age of 58
years with less comorbidities (P < .001). Punzi et al'® also reported
the risk of post-traumatic osteoarthritis increases with a patient's
age at the time of injury and with time from the onset of injury. In
the present study, the population of the nonoperative cohort pre-
dominantly consisted of older adults at a mean age of 62 years
(P < .001). Therefore, over time, these older patients may have
developed glenohumeral osteoarthritis or rotator cuff arthropathy
requiring shoulder arthroplasty, which was demonstrated in the
nonoperative cohort to be the third most common initial operation
(15.5%) and the second most common reoperation (29.7%).

The current data demonstrated the operative and nonoperative
cohort to have elevated rates of nerve injury at 90 days, 6 months,
and 1 year. Although previous studies have reported the axillary
nerve to be the most commonly injured nerve during an isolated
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greater tuberosity fracture, the present study demonstrated the
ulnar nerve to be the most affected individual nerve at all three-
time intervals in both cohorts.® As 5%-57% of greater tuberosity
fractures are caused by glenohumeral dislocation, the nerve in-
juries in both cohorts could be attributed to the initial trauma.?!
The elevated risk of nerve injuries at 90 days, 6 months, and 1
year specifically in the operative cohort may be due to more dis-
placed and higher energy fractures being included in this group.
The risk of neurological injury has been well documented in cases
of displaced proximal humerus fractures as high as 67% owing to
initial injury and subsequent treatment.”> The progressive increase
in the rate of nerve injury over the year in the operative cohort may
be attributed to detection of nerve injury with repeated examina-
tions over the year in recovering patients or a definitive diagnosis of
nerve injury at a later date.

Fracture-related infections have been documented to occur after
initial injuries, and surgical procedures introduce a pathway of
direct entry for contaminants such as endogenous flora.>!> This
may account for the elevated rate of infection in the operative
cohort at 90 days (3.0%, P = .020). The operative cohort also
demonstrated an elevated nonunion rate at 6 months (1.8%,
P=.023)and 1 year (2.7%, P=.004). This is again presumably due to
more severe injuries in the operative cohort possibly from poly-
trauma; however, this study revealed alcohol usage as a potentially
relevant comorbidity. Regarding fracture healing, multiple studies
have cited excessive alcohol use to be a risk factor for delayed union
and nonunion."'%"” With a significant portion of the operative
cohort in the present study having alcohol use as a preexisting
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Breakdown of Reoperations at 2 years
for Non-operative Cohort (n = 21 patients¥)

Hardware
Removal
n=5
(13.5%)
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Debridement
n=3
(8.1%)

M Arthroplasty
M Rotator Cuff Repair

® Hardware Removal

*Patients may **Revision Open

have had more R'edu.ctlonlnternal' . Irrigation and Debridement
than 1 procedure Fixation, Other revision

during a surgical surgeries, Reduction of

encounter shoulder dislocation m Other

Figure 4 Breakdown of reoperations at 2 years for patients who failed nonoperative care within 6 weeks of sustaining a closed isolated greater tuberosity fracture and then failed
initial operative care.

Table II
Local complications of patients with operative fixation vs. nonoperative care within 6 weeks of sustaining a closed isolated greater tuberosity fracture.
Local complications Operative (n = 333) Nonoperative (n = 8176) OR 95% CI P value
n % n %

Subsequent operation

90 d 9 2.7 487 6.0 34.31 26.76-44.12 <.001

6 mo 19 5.7 542 6.6 29.78 23.32-38.14 <.001

1yr 26 7.8 599* 7.3 26.10 20.50-33.33 <.001
Nerve injury

90 d 9 2.7 73 0.9 2.82 1.29-5.46 .004

6 mo 12 3.6 111 14 2.57 1.32-4.58 .003

1yr 13 3.9 140 1.7 2.21 1.18-3.83 .008
Nonunion

90d 2 0.6 43 0.5 2.05 0.61-5.19 176

6 mo 6 1.8 80 1.0 2.38 1.04-4.71 .023

1yr 9 2.7 106 13 2.58 1.29-4.68 .004
Infection

90d 10 3.0 126 1.5 2.20 1.06-4.06 .020

6 mo 13 3.9 198 24 1.77 0.94-3.03 .055

1yr 16 4.8 311 3.8 135 0.77-2.21 254
Adhesive capsulitis

90 d 6 1.8 159 19 1.15 0.51-2.21 .709

6 mo 14 4.2 294 3.6 1.27 0.73-2.07 360

1yr 20 6.0 384 4.7 137 0.85-2.09 169
Avascular necrosis

90d 0 0.0 3 0.0 N/A N/A N/A

6 mo 1 0.3 9 0.1 3.05 0.16-17.03 298

1yr 1 0.3 14 0.2 1.99 0.11-10.15 511

(I, confidence interval; OR, odds ratio.
" 21 patients went on to have a 2nd operation in year 2.

537



A.H. Patel, 0.C. Lee, M.J. O'Brien et al.

JSES International 5 (2021) 532—539

Table III

Systemic complications of patients with operative fixation vs. nonoperative care within 6 weeks of sustaining a closed isolated greater tuberosity fracture.
Systemic complications - 90 d Operative (n = 333) Nonoperative (n = 8176) OR 95% CI P value

n % n %

Cerebral vascular accident 8 24 208 2.5 1.31 0.64-2.39 415
Pneumonia 5 1.5 157 1.9 0.87 0.31-1.93 558
Pulmonary embolism 3 0.9 53 0.6 1.42 0.34-3.92 759
Myocardial infarction 4 1.2 50 0.6 4.94 1.98-10.65 <.001
Acute renal failure 6 1.8 182 22 0.90 0.35-1.88 794
Deep vein thrombosis 5 1.5 109 13 1.43 0.55-3.04 399
Anemia 10 3.0 134 1.6 241 1.21-4.35 .006
Respiratory failure 4 1.2 106 13 0.98 0.30-2.38 .970
Urinary tract infection 13 39 415 5.1 0.99 0.54-1.66 970
Altered mental status 4 1.2 154 1.9 0.66 0.20-1.58 A15

(I, confidence interval; OR, odds ratio.

comorbidity (P =.048), this confounder may have elevated the risk Disclaimers:

of nonunion at 6 months and 1 year in the operative cohort.

An inherent limitation of any database claims study is a human
error created from medical billing code input, which may
contribute to error within the results. This is not only mitigated by
the large number of patients in this study but also a study from the
Centers for Medicare and Medicaid Services reporting such in-
stances make up only 1.0% of overall payments.’® This study
defined nonoperative treatment as no operations within the first 6
weeks of an isolated greater tuberosity fracture diagnosis. Owing to
this cutoff, the nonoperative cohort and nonoperative cohort that
then underwent surgery may be overestimated, therefore under-
estimating the surgical cohort, for example a patient initially pre-
sented to a surgeon 7 weeks after diagnosis and was indicated for
surgical fixation at that visit. However, in this large database, the
sampling bias would be low. To reduce variability, this study
defined operative fixation by 1 CPT code for open treatment of
greater humeral tuberosity fracture as patients with displaced
greater tuberosity fractures are generally treated with this code
regardless of arthroscopic or open technique.'®?> However, this
study did not specifically query for arthroscopic codes to determine
whether arthroscopic techniques were also used. In addition,
owing to the use of a nationwide database, the specific scope of
practice and training expertise of each treating surgeon could not
be determined, which could have influenced the complication
profile. Although posteriorly displaced fractures are less debili-
tating and more amenable to nonsurgical management, fracture
displacement direction or length could not be gathered from this
database; therefore, no definitive conclusions can be made
regarding severity of injury and displacement position leading to a
specific treatment. In addition, the database does not include any
functional outcome data.

Conclusion

The present study highlights a reoperation rate at 1 year of 7.8%
when providing surgical care to patients with isolated greater tu-
berosity fractures and rotator cuff repair as the most common
reoperation. Patients initially managed nonoperatively subse-
quently undergo operations related to this injury at a rate of 7.3% at
1 year with ORIF as the most frequent operation and reoperations at
a rate of 3.5% at 2 years with rotator cuff repair again as the most
common reoperation. With an elevated rate of subsequent opera-
tions and especially the need for rotator cuff repair after a greater
tuberosity fracture, education of patients regarding the potential
requirement for operations for the sequelae of this injury is
paramount.
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