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Abstract
Background: This study compared the outcomes between patients with proximal humerus fractures (PHF) who
underwent acute reverse total shoulder arthroplasty (RSA) to those who underwent an alternative initial treatment
before requiring (secondary) RSA.
Methods: Patients who underwent RSA after suffering a PHF were identified. Two year clinical follow-up was required
for inclusion. Patients were divided into an acute group (RSA <4 weeks of fracture) and a secondary group. The
secondary RSA group was subdivided by initial treatment (non-operative, hemiarthroplasty, open reduction internal
fixation (ORIF)). Clinical and radiographic outcomes were compared.
Results: Forty-seven patients met inclusion criteria with 15 in the acute RSA group and 32 in the secondary RSA group.
The acute RSA group demonstrated better external rotation (28˚) than the secondary RSA group (18˚, P=0.0495). The
acute RSA group showed a trend towards better Single Assessment Numeric Evaluation (SANE) scores. Tuberosity
healing rate was higher in the acute RSA group.
Conclusion: While acute and secondary RSA can yield successful outcomes, acute RSA results in a higher tuberosity
healing rate and improved external rotation.
Keywords: Hemiarthroplasty, Non-operative treatment, Open reduction internal fixation, Proximal humerus fracture,
Proximal humerus fracture sequelae, Reverse shoulder arthroplasty, Tuberosity healing

Introduction
ommonly selected surgical options for treatment
of displaced proximal humerus fractures
include open reduction and internal fixation
(ORIF), hemiarthroplasty, and reverse total shoulder
arthroplasty (RSA). Some studies have reported high
rates of fixation failure with ORIF and high rates of
tuberosity nonunion with hemiarthroplasty (1-4). Neer
first described hemiarthroplasty as an alternative to
ORIF and non-operative treatment in the elderly for
early pain relief and improved function (5, 6). Followup studies using hemiarthroplasty for this indication
have reported inconsistent results for function, power,
and range of motion (1, 7). Functional outcome after
hemiarthroplasty for proximal humerus fracture largely
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depends on the anatomic healing of the tuberosities to
the humeral shaft and implant (7, 8). Unfortunately, the
patients who sustain these injuries often have poor bone
quality and/or comminuted tuberosities, which can
compromise tuberosity healing (8).
There is recent support in the literature for the use of
reverse shoulder arthroplasty (RSA) for acute displaced
proximal humerus fractures in elderly patients (9-12).
There is also literature supporting the use of RSA for
proximal humerus fracture sequelae, recognizing that the
expected outcomes are not as reliable as RSA performed
for other etiologies, such as cuff tear arthropathy (13-16).
A recent study shows that the incidence of use of RSA for
fracture has increased significantly (from 2% to 38%)
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over the past 7 years (17). Several studies have shown
improved early and mid-term outcomes with regards
to forward elevation and validated outcome scores
when RSA is compared to hemiarthroplasty for fracture
(18-23). This must be balanced by an almost 20% rate
of complications with RSA (24). The argument for RSA
over other treatment modalities is predictable early
pain relief and the decreased dependence on tuberosity
healing for functional forward elevation. Despite the
recent enthusiasm for RSA in the treatment of proximal
humerus fractures, there is currently no study comparing
outcomes when RSA is performed early for acute fracture
to those when RSA is performed secondarily for failed
alternative treatment of proximal humerus fractures.
While a recent randomized controlled trial has reported
equivalent outcomes between non operative and
operative treatment of proximal humerus fractures, it
remains unknown whether poor results after selection
of initial non operative treatment, operative fixation, or
hemiarthroplasty can be improved upon with delayed
reverse arthroplasty (25). The purpose of this study is to
compare the clinical outcomes, radiographic findings and
rate of complications between patients who underwent
acute RSA for displaced proximal humerus fracture to
those patients who underwent an alternative initial
treatment for their fracture and subsequently required
RSA. We hypothesized that patients who underwent
acute RSA would have better functional results than
patients who underwent RSA as a secondary surgery for
proximal humerus fracture.

Materials and Methods
After Institutional Review Board approval, all patients
who had undergone RSA at one of two hospitals affiliated
with our institution between 2008 and 2013 were
identified. RSA cases were performed by 5 fellowshiptrained shoulder surgeons. Operative indications
and pre-operative diagnoses were reviewed. Patients
who underwent RSA for the following diagnoses
were identified: proximal humerus fracture, posttraumatic arthrosis, fracture malunion/nonunion, failed
hemiarthroplasty performed for fracture, hardware
failure after ORIF, and avascular necrosis after fracture
with or without ORIF. Using these methods, a total of 73
patients were deemed eligible for this study.
Charts were retrospectively reviewed to collect data
regarding demographics, estimated blood loss (EBL),
postoperative range of motion, and complications
(intraoperative and postoperative). Post-operative active
forward elevation (AFE) and active external rotation
(AER) were determined by review of the attending
surgeon’s postoperative notes. Range of motion data
was only considered if it was obtained at a minimum of
6 months after surgery. The three month and six month
postoperative radiographs were reviewed to confirm
tuberosity healing and baseplate tilt. The most recent
post-operative radiographs were reviewed to assess
the presence of scapular notching at a minimum of 1
year follow-up. Four views were obtained in standard
fashion: anterior-posterior view, true anterior-posterior
view, scapular-Y view, and axillary view. Notching was
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recorded and graded using the grading system described
by Sirveaux et al (26). Measurement of baseplate tilt was
recorded using the method described by Bries et al with
positive values representing cephalad tilt and negative
values caudal tilt relative to a line drawn from the supero-medial scapular border to the superior border of the
glenoid (27). Patients were contacted to obtain minimum
2-year functional outcomes using the American Shoulder
and Elbow Surgeons (ASES), Single Assessment Numeric
Evaluation (SANE), and Simple Shoulder Test scores
(SST) (28-30). Of the 73 eligible patients, minimum
2-year outcomes scores could be obtained in 47 (64.4%);
this included a subset of 5 patients treated with RSA for
acute fracture on whom we have previously reported
(22). Twenty-six of the eligible patients were deceased,
incapable of completing or unwilling to complete the
outcome survey, or lost to follow-up (1, 5, 19). The 47
patients with adequate follow-up were placed into
groups based on the timing of RSA relative to the date
of their fracture. The “acute RSA” group was defined as
having undergone RSA within 4 weeks of fracture and
as the initial treatment strategy. The “secondary RSA”
group underwent RSA later than 4 weeks after the
fracture and was divided into subgroups based on index
treatment of the fracture prior to RSA (non-operative,
hemiarthroplasty, and ORIF).
Statistical Analysis
Mann-Whitney test was performed to compare
outcome variables between the acute RSA group and
secondary RSA group. Fisher exact test was used to
compare rates of tuberosity healing, scapular notching
and complications. Dunnett’s test was performed to
compare outcome variables between the acute RSA
group and each secondary RSA subgroup (non-operative,
hemiarthroplasty, ORIF). Spearman’s rho analysis was
performed to evaluate a possible correlation between
treatment groups and the aforementioned outcomes
measures.

Results
Demographics
There were 15 patients in the acute RSA group and 32
patients in the secondary RSA group. Average age for the
acute RSA group was 77.3 years (Range 64–87 years)
compared to 70.6 (Range 50–85 years) for the secondary
RSA group [Table 1]. The average body mass index (BMI)
for the acute RSA group was 30.1 (Range 20–49) and
the average BMI for the secondary RSA group was 33.1
(Range 21–53, P=0.264)) [Table 1]. The average clinical
follow-up for all patients was 3.8 years (range 2–9 years).

Blood Loss
Average intra-operative blood loss was 330.5 ml (Range
75–800 ml) in the acute RSA group and 435.4 (Range
150–1200 ml, P=0.352) in the secondary RSA group.
Comparing the subgroups within the secondary RSA
group, the average blood loss for those previously treated
with hemiarthroplasty, nonoperatively, or with ORIF was
464.3 ml (300–1000 ml, P=0.678), 387.5 ml (150–1200 ml,
P=0.941), and 510.0 ml (150–1200 ml, P=0.547) [Table 2].
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Table 1. Comparison between early and late RSA groups
Early
Patients
Gender (Male : Female)
Age (Range)
BMI (Range)
Approach (Deltopectoral : Superior)
Tuberosity Healed
AFE (Range)
AER (Range)
ASES (Range)
SANE (Range)
SST (Range)
EBL (Range)
Scapular Notching
Baseplate Tilt
Complications

15

2 : 13

Late
32

P-Value

6 : 26

0.021

30.1 (20.5-49.4)

33.1 (21.1-53.5)

0.264

100%

40%

77.3 (64-87)
13 : 2

70.6 (50-85)
30 : 2

1.0

129˚ (95˚-160˚)

118˚ (70˚-160˚)

0.127

77.0 (36.7-93.3)

72.4 (41.7-98.3)

0.173

7.3 (2-11)

7.2 (3-11)

0.919

29˚ (10˚-45˚)

80.9 (50-100)

330.5 (75-800)

13˚ (-10˚-40˚)

69.9 (20-100)

435.4 (150-1200)

0%

28% (9/32, 7 grade 1 & 2 grade 2)

0%

22% (7/32)

+3.7 (-22.2 – 22.4)

+15.7 (-4.2 – 38.5)

0.002

0.070
0.352
0.041

0.004
0.079

Body Mass Index (BMI); Active Forward Elevation (AFE); Active External Rotation (AER); American Shoulder and Elbow Surgeons Shoulder Score
(ASES); Single Numeric Assessment Evaluation (SANE); Simple Shoulder Test (SST); Estimated Blood Loss (EBL)

Range of Motion
Active Forward Elevation (AFE)
Average AFE for the acute RSA group was 128˚ (Range
95˚–150˚) compared to 118˚ degrees (Range 70˚–160˚,
P=0.451) for the secondary RSA group. Compared to
the acute RSA group, those previously treated with
hemiarthroplasty, nonoperatively, or with ORIF had
average forward elevation of 111˚ degrees (Range 70˚–
145˚, P=0.216), 128˚ (Range 90˚–160˚, P=0.987) and 126˚
(Range 80˚–160˚, P=0.982), respectively.[Table 2].

Active External Rotation (AER)
When comparing post-operative AER, there was
a significant difference found favoring the acute
RSA group when compared to the secondary RSA
group. Average AER for the acute RSA group was 28˚
(Range 10˚–45˚), while average external rotation for
the secondary RSA group was 18˚ (Range -10˚–45˚,
P=0.049) [Figure 1]. The average external rotation
values for the secondary RSA group previously treated
with hemiarthroplasty, nonoperatively, or with ORIF
were 15˚ (Range 0˚–35˚, P=0.113), 22˚ (Range 0-45˚,
P=0.302), and 13˚ (Range -10˚–45˚, P=0.113), respectively
[Table 2].
Outcome Scores
ASES
When comparing post-operative outcome scores, the
acute RSA group had an average ASES score of 77.0
(Range 36.6–93.3), while the secondary RSA group had
an average ASES score of 72.4 (Range 41.7–98.3, P=0.17).

When comparing by subgroups within the secondary RSA
group, the average ASES for those previously treated with
hemiarthroplasty, nonoperatively, or with ORIF were
69.2 (Range 50.0–90.0, P=0.25), 72.6 (Range 46.7–98.3,
P=0.52), and 76.4 (Range 41.7–96.7, P=0.79), respectively
[Table 2].

SST
When comparing SST scores, the acute RSA group
had an average SST of 7.3 (Range 2–11), while the
secondary RSA group had an average SST of 7.2
(Range 4–11, P=0.91). Looking at individual subgroups
with the secondary RSA group, the average SST for
those previously treated with hemiarthroplasty,
nonoperatively, or with ORIF were 7.0 (Range 3–11,
P=0.98), 7.1 (Range 3–10, P=0.99), and 7.7 (Range 4–11,
P=0.97), respectively [Table 2].
SANE
When comparing SANE scores, the acute RSA group
had an average SANE of 80.9 (Range 50–100), while
the secondary RSA group had an average SANE of 69.1
(Range 20–100) (P=0.07). The average SANE scores
for those previously treated with hemiarthroplasty,
nonoperatively, or with ORIF were 68 (Range 20–85,
P=0.36), 72.3 (Range 25–100, P=0.25), and 63.7 (Range
25–100, P=0.20), respectively [Table 2].
Outcomes Measures
Analysis of the relationship between the acute and
secondary groups and outcomes measures did not
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Table 2. Comparison of early RSA and subgroups of late RSA groups
Acute
Patients
Gender (Male:Female)
Age (Range)
BMI (Range)
Approach (Deltopectoral: Superior)
Tuberosity Healed (Percentage)
AFE (Range)
AER (Range)
ASES (Range)
SANE (Range)
SST (Range)
EBL (Range)
Scapular Notching
Complications (Percentage)

15

2 : 13

Hemi

Non- operative

10

2: 8

0.948

30.1 (20.5-49.4)

35.7 (26.3-53.5)

15 (100%)

3 (30%)

77.3 (64-87)
13 : 2

3 : 12

0.933

0.289

33.5 (22.0-47.1)

0.589

6 (40%)

0.012

66.8 (50-84)
10 : 0

129˚ (95˚-160˚)

107˚ (70˚-140˚)

0.046

77.0 (36.7-93.3)

69.2 (50-90)

7.3 (2-11)

7 (3-11)

29˚ (10˚-45˚)

80.9 (50-100)

330.5 (75-800)
0%
0 (0%)

13˚ (0˚-35˚)

68.0 (20-85)

20% (2/10, 1
grade 1, 1
grade 2)
3 (30%)

73.49 (55-85)
13 : 2

0.489

7

1:6

69.6 (54-76)

28.6 (21.1-43.8)
7:0

4 (57%)

1

0.141
0.968

0.027

127˚ (90˚-160˚)

0.970
0.043

114˚ (80˚-160˚)

0.311

0.511

72.7 (46.7-98.3)

0.813

76.4 (41.7-96.7)

1

0.984

7.1 (3-10)

0.996

7.7 (4-11)

0.331

464.3 (300-1000)

15

ORIF

0.678

17˚ (-10˚-40˚)

72.3 (25-100)

387.5 (150-1200)

0.568
0.941

20%
2 (14%)

8˚ (-10˚ -20˚)

0.004

63.7 (25-100)

0.204

510 (150-1200)

0.547

57% (4/7, 3
grade 1, 1
grade 2)

0.974

2 same patient (14%)

Body Mass Index (BMI); Active Forward Elevation (AFE); Active External Rotation (AER); American Shoulder and Elbow Surgeons Shoulder Score
(ASES); Single Numeric Assessment Evaluation (SANE); Simple Shoulder Test (SST); Estimated Blood Loss (EBL)

demonstrate any strong correlations. Of the outcome
variables analyzed, the strongest relationship found was
for external rotation with a spearman’s rank correlation
coefficient of -0.24. The other outcomes measures had
spearman’s rho values as follows: FE -0.08, ASES -0.13,
SANE -0.18, and SST 0.02.

Radiographic Findings
The rate of tuberosity healing in the acute RSA group
was significantly higher than in the secondary RSA group
(100% vs. 42%, P<0.001). The average baseplate tilt in the
acute RSA group was significantly lower (less cephalad
tilt) than the secondary RSA group (+4.7 vs +15.8,

Figure 1. Box plot demonstrating post-operative active external rotation (AER) for each treatment group.
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Table 3. Complications in the Late RSA Group
Age, Gender

Prior Treatment

Complication

Required revision (Y/N)

84, F

Hemiarthroplasty

Retained cement
removal instrument

N

67, F

Hemiarthroplasty

Cortical perforation,
cement extrusion

N

70, F

Hemiarthroplasty

76, M

Non-operative

75, F

ORIF

69, F

Cortical perforation

Non-operative

P=0.019). The rate of scapular notching in the acute RSA
group was significantly lower than the secondary RSA
group (0% vs 42%, P=0.034). Of the 11 patients in the
secondary RSA group with scapular notching, seven
were grade 1 and four were grade 2.
Complications
There were fewer complications in the acute RSA
group than the secondary RSA group (0 vs. 7, P=0.078).
No intra-operative or post-operative complications had
occurred in the acute RSA group at most recent followup. The seven complications (in six patients) in the
secondary RSA group ranged from minor to major, with
2 patients requiring revision surgery [Table 3]. Three of
the complications were directly related to removal of a
well-fixed hemiarthroplasty stem.

Discussion
The most important finding of this study is that, while
successful outcomes can be achieved with both acute
and secondary RSA, there would be value in improving
our ability to select patients who would benefit from
acute RSA. Recent literature supports the use of RSA for
acute, displaced proximal humerus fractures in elderly
patients but little has been reported on the effect
of timing on the outcomes of RSA done for proximal
humerus fracture (10, 19, 22, 31, 32). Cicak et al. recently
compared patients with and without previous surgery
treated with RSA for proximal humerus fracture. They
found that those who had surgery for the fracture prior
to RSA had inferior results when compared to those
without prior surgical treatment. This study focused
on the influence of prior surgery on outcome of RSA for
fracture rather than the influence of timing to RSA (33).
In this study, acute RSA was shown to improve postoperative AER when compared to secondary RSA. These
findings can be explained by the improved ability to
reduce and repair the greater tuberosity when surgery is
performed in a time-sensitive manner.
Additionally, the biologic environment for bony healing
may be more optimal in the acute setting. In the setting

Extensive
Heterotopic
Ossification

Nickel Allergy
1. Dislocation
2. Infection

N

N
Y
Y

of secondary RSA for failed hemiarthroplasty, nonoperative treatment, or ORIF, the greater tuberosity
is often malunited, nonunited and migrated, or has
undergone resorption making reduction and repair
difficult or impossible. It has previously been shown in
hemiarthroplasty and anatomic shoulder arthroplasty
that management of a malunited greater tuberosity with
an osteotomy to aid reduction leads to poor results (8, 34).
In this study, despite the difference in post-operative
AER, we found that there was no clear difference in
most patient perceived outcome scores, with both
groups demonstrating successful outcomes. The failure
to show a difference in subjective outcome scores may
be explained by the fact that none of the three outcome
instruments utilized in this study required or included
tasks involving external rotation with the arm at the side.
This limitation in commonly used outcomes measures
has been previously reported (35). Conversely, it may
be that the 15 degree difference in external rotation that
was found between the acute and secondary RSA group
does not have true clinical implications this patient
population.
The rate of scapular notching was found to be significant
lower in the acute RSA group (0%) compared to the
secondary RSA group (42%). This can likely be attributed
to technically easier deep dissection and glenoid
exposure in the setting of acute fracture. Excellent glenoid
exposure is important for appropriate placement of the
baseplate at the inferior glenoid with neutral or inferior
tilt and is often more difficult in the revision setting or
in situations with excessive scar tissue and/or altered
anatomy (malunion/nonunion). This is supported with
our finding of increased cephalad tilt in the secondary
RSA group. Though the long-term clinical implications of
scapular notching are still debated, several studies have
shown a relationship with poorer clinical outcomes in
the mid-term (26, 36). Additionally, numerous studies
have implicated scapular notching as a cause of glenoid
component loosening (37-39). Other factors that can
influence scapular notching include implant design as
well as surgeon variability; however, this variability was
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consistent across the acute and secondary groups.
We recognize that this study has several limitations.
First, this is a retrospective analysis with all the inherent
limitations. Another limitation is the relatively small
number of patients included. Only 64% of patients
eligible for this study could be reached and evaluated at
a minimum of 2 years after RSA. This increases the risk
for bias as well as inadequate statistical power for some
of the outcomes variables considered. The inability to
include numerous eligible patients is at least partially
a function of the injury studied and its predilection for
occurring in elderly patients, many with diminishing
cognitive abilities and some with limited life expectancy.
Several studies have supported this concept, showing
mortality rates within 2 years of surgery to be as high as
30% (10, 22). Though all patients completed outcome
scores at a minimum of 2 years, the range of most recent
physical exam data and radiographic data was at earlier
time points. Other limitations of this study include: the
lack of preoperative or standardized range of motion
analysis performed by an independent investigator and
the inclusion of multiple surgeons (five) with differing
surgical techniques utilizing different implant designs
and rehabilitation protocols. Though different implant
manufactures were utilized, all were Grammont style
implants with non-retentive liners. A final limitation of
this study is the heterogeneity within the secondary RSA
group, including patients previously treated by one of
three modalities: non-operative, hemiarthroplasty, and
ORIF. Recognition of this heterogeneity led to our decision
to also compare the acute RSA group to each subgroup
(based on previous treatment) within the secondary RSA
group, which yielded some significant findings. Nonsignificant findings in the subgroup analysis should be
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viewed with caution, given the lack of statistical power to
report negative results.
While both acute and secondary RSA for the treatment
of proximal humerus fractures can yield successful
clinical outcomes, acute RSA results in improved external
rotation motion and decreased rate of complications
scapular notching. The improved external rotation is
likely related to the ease of reducing and repairing the
greater tuberosity when RSA is performed in the acute
setting. This study can be used to help counsel patients
when discussing treatment options and expectations
for acute proximal humerus fractures and for proximal
humerus fracture that have failed alternative operative
or non-operative treatment.
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