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Abstract
Introduction: Proximal humerus fractures (PHFs) are a common fragility fracture and have been shown to increase mortality in
elderly patients. In the last decade, reverse total shoulder arthroplasty (RTSA) was introduced as a reliable operative treatment
option for this indication. In other fragility fractures, most notably hip fractures, urgent surgical treatment can reduce mortality.
The purpose of this study is to evaluate whether treatment with RTSA can reduce 1-year mortality in elderly patients with
complex displaced PHFs. Materials and Methods: A retrospective study was performed to compare 1-year mortality between
2 groups of elderly patients (>75 years old) who presented to a level 1 trauma center emergency department with complex
displaced PHFs. The conservative treatment group (n ¼ 83; mean age, 83.7 years) presented from 2008 to 2010 when RTSA was
not yet available, and treatment was nonoperative. The surgical treatment group (n ¼ 62; mean age, 82.2 years) presented from
2012 to 2015 and underwent RTSA. Results: One-year mortality was 8.1% (male 7.1%; female 8.3%) in the surgical treatment
group and 10.8% (male 18.8%; female 9.0%) in the conservative treatment group. The reduction in mortality in the surgical
treatment group was not significant (entire cohort P ¼ .56; males P ¼ .35; females P ¼ .59). Discussion: Recent studies failed to
show better functional results after surgical treatment with RTSA when compared to conservative treatment. This study suggests
that a benefit of surgical treatment with RTSA that was not examined until now might exist—a reduction in the increased
mortality risk associated with PHFs. Conclusions: There was no significant difference in 1-year mortality between the groups,
although there was a trend showing lower mortality with RTSA, mostly in men. Further studies with larger populations and longer
follow-up times are needed to determine whether this trend is of clinical significance.
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Introduction

Proximal humerus fractures (PHFs) are a common fragility

fracture in elderly patients. They account for 6% of all fractures

in adult patients1 and are the third most common fractures in

elderly patients after those of the hip and distal radius. Prox-

imal humerus fractures are 3 to 4 times more common in

elderly women than men.2,3 The incidence increases with age,

with more than 70% occurring in patients over 60 years of age

and the highest incidence occurring among patient ages 73 to

78.4 Proximal humerus fractures are associated with substantial

burden of disability and impaired quality of life.
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Proximal humerus fractures have been found to increase

1-year mortality in elderly patients.5-8 One-year mortality after

PHFs, treated conservatively or surgically, was found to be

between 5% and 22%.5,9-11 An increase in 1-year mortality was

also observed in other fragility fractures, and in hip fractures,

1-year mortality is as high as 40%.5,12,13 In the case of hip

fractures, the current paradigm is that urgent surgical treatment

reduces mortality by allowing early mobilization, though this

was not demonstrated in randomized clinical trials.14

Treatment of PHFs depends on fracture type, fracture stabi-

lity, and the degree of fragment displacement. Approximately

80% of PHFs are nondisplaced or minimally displaced,3 and

nonoperative treatment is successful.15 The optimum treatment

becomes less clear in more complex displaced fracture pat-

terns.16,17 Up until recently, the operative treatment of choice

for complex displaced fractures had been primary hemiarthro-

plasty. However, in elderly patients, fractures are characterized

by osteopenic bone, thereby causing hemiarthroplasty to be less

successful and correlate with poor functional outcomes.18 In

addition, when comparing the operative (hemiarthroplasty/

open reduction & internal fixation [ORIF]) and nonoperative

treatment of displaced PHFs, there was no difference in the

pooled estimate of mortality rate.17,19

In recent years, reverse total shoulder arthroplasty (RTSA)

has gained popularity as a viable treatment option for complex

displaced fractures in elderly patients.20,21 This procedure,

which was originally used for treating patients with cuff tear

arthropathy, was found to achieve more reliable functional

results.22 The objective of this study is to evaluate whether

RTSA reduces 1-year mortality in elderly patients with com-

plex displaced PHFs versus conservative treatment.

Materials and Methods

After institutional review board approval, a retrospective study

examining a cohort of patients over 75 years of age who under-

went RTSA of PHFs between 2012 and 2015 in one level 1

trauma center was reviewed. In our medical center, surgical

treatment with RTSA is offered to active, cognitively intact

elderly patients, who would be able to adhere to the postopera-

tive rehabilitation process. Exclusion criteria from the study

were: (1) concomitant lower limb fracture and (2) patient was

medically unstable prior to surgery (American Society of

Anaesthesiologists [ASA] score >3).

The control group consisted of patients over 75 years of age

who presented to the medical center’s emergency department

with displaced PHFs (Neer 4, Neer 3, and Neer 2 with complete

displacement of the humeral head) between 2008 and 2010, a

time when RTSA was not yet available as a treatment option in

our medical center. Most patients were treated conservatively

by immobilization for 6 weeks followed by physiotherapy, and

some were treated surgically by hemiarthroplasty/ORIF. In

order to include only the patient who would have been treated

with RTSA by current practices, we excluded patients with (1)

unstable medical condition at presentation; (2) inactive, depen-

dent, and/or cognitively impaired patients; and (3) patients with

insufficient data to determine their medical status retrospec-

tively. Other exclusion criteria from the study were patient who

had received surgical treatment or patient with concomitant

lower limb fracture.

One-month and 1-year mortality following either surgery or

fracture (in the control group) was determined using the Israeli

Ministry of the Interior database.

Statistical Analysis

Statistical analysis was performed using IBM SPSS 21 Statis-

tics Data Editor. Categorical variables were compared using

the Fisher exact test or the w2 test. Quantitative variables were

summarized by mean and standard error of the mean. Para-

metric variable means were compared using the Student t test,

and in the case of nonparametric variables, the groups were

compared using the Mann-Whitney test.

Kaplan-Meier curves were constructed to estimate the dis-

tribution of 1-year survival, and comparison between the

groups was assessed by log-rank test. For all tests, a P value

of <.05 was considered statistically significant.

Results

A total of 66 patients met the inclusion criteria for the surgical

treatment group, of which 4 were excluded (2 had concomitant

tibial fracture, 1 was classified as ASA 4 at the time of surgery,

and 1 was a tourist lost to follow-up), leaving 62 patients. A

total of 182 patients met the inclusion criteria for the conser-

vative treatment group, of which 99 were excluded (44 lacked

medical data; 34 inactive, dependent, and/or cognitively

impaired; 13 had surgical treatment using other techniques:

external fixation, ORIF, or hemiarthroplasty; and 8 had con-

comitant lower limb fracture), leaving 83 patients.

The patients’ demographics and medical background are

summarized in Table 1. Differences between the 2 groups were

minor; therefore, we did not use propensity score matching for

the statistical analysis.

One-month mortality was 1 (1.6%) in the surgical treatment

group versus 2 (2.4%) in the conservative treatment group (P¼
.61). One-year mortality for the entire cohort (N¼ 145) was 14

(9.7%). In the surgical treatment group, 5 (8.1%) patients died

in 1 year, of whom 1 (7.1%) was male and 4 (8.3%) were

female. In the conservative treatment group, 9 (10.8%) patients

died in 1 year, of whom 3 (18.8%) were male and 6 (9.0%)

were female. This favorable trend for surgical treatment was

not significant: P ¼ .56 for the entire cohort, P ¼ .35 for males

only, and P ¼ .59 for females only (Figure 1).

Discussion

The aim of the current study was to assess whether surgical

treatment of complex displaced PHFs in elderly patients with

RTSA can reduce 1-year mortality, compared with conserva-

tive treatment. According to our results, 1-year mortality was
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10.8% in the conservative treatment group versus 8.1% in the

RTSA group, but the difference was not significant (P ¼ .56).

The recommended treatment for complex displaced PHFs in

elderly patients is in constant debate. Recent studies failed to

show better functional results after surgical treatment (ORIF/

hemiarthroplasty,19 RTSA23) when compared to conservative

treatment and thus concluded that there is no benefit in surgical

treatment for this indication. Our study suggests that a benefit

of surgical treatment that was not examined until now might

exist—a reduction in the increased mortality risk associated

with PHFs.

The causes of increased mortality after PHFs are not well

studied, but it seems that the fracture is more an indicator of

frailty than the cause for increased mortality. This is suggested

by comparing mortality after PHFs to that after hip fracture.

Whereas mortality related to hip fracture is highest in the first

year after the fracture and then levels off,24 relative mortality

after upper extremity fracture increases linearly for several

years after the fracture. Since this process continues well

beyond the fracture healing and rehabilitation stages, this prob-

ably represents this populations’ vulnerability,6 and more sup-

port comes from examining the risk factors for mortality after

PHFs, which are mostly associated with reduced social inde-

pendence prior to the fracture.9

If, in fact, the morbidity associated with PHFs is not the

main cause for the clear increase in mortality, one must wonder

why surgical treatment would reduce mortality. One possible

explanation is that the hospitalization and rehabilitation pro-

cess that comes with surgical treatment can have a beneficial

effect on many other aspects of the patient’s life not assessed

by our study. A second explanation is that when the elderly

patient with PHFs suffers from osteoporosis, conservative

treatment with upper limb immobilization predisposes him to

future fractures and reduced self-efficacy by exacerbating pre-

existing sarcopenia, muscle weakness, and osteoarthritis.

Prompt, definitive surgical care aimed at early restoration of

function might reduce these risks.

Male gender was found to be a risk factor for mortality after

fragility fractures, possibly because osteoporotic bone is a more

likely marker of poor underlying health in men than in women

in whom fragility fractures are more common.25 A recent study

found the risk of death related to PHFs in elderly men was even

higher than previously reported for hip fracture.6 This phenom-

ena was observed in our study in the conservative treatment

group (1-year mortality 9% for female vs 18.8% for male), but

not in the surgical treatment group (8.3% for female vs 7.1%
for male). It is possible that this subgroup of older men has a

much more significant reduction in mortality with surgical

treatment, but this would have to be examined in future studies

with larger populations.

Overall, 1-year mortality for the entire cohort (both RTSA

and conservative treatment groups) was 9.7%. This seems to be

in line with the current literature. In a large population-based

study in Canada, 1-year mortality after PHFs in elderly patients

was found to range from 10.2% to 22.6% in men and from 5.3%
to 10.2% in women.5 In a nationwide Korean study, 1-year

mortality after PHFs was lower at 7% (8.5% for men and

6.4% for women), but this study included a younger population

(age over 50 years).10

No significant differences were found in 1-month mortality

rates, with low rates for both groups (1.6% for RTSA and 2.4%
for conservative treatment). This demonstrates that with proper

Figure 1. One-year survival rates for the 2 groups. The surgical
treatment group had a higher survival rate, although these findings
were not statistically significant.

Table 1. Demographic Characteristics and Medical Background of
Patients With PHFs.

Conservative
Treatment (n ¼ 83)

Surgical Treatment
(RTSA; n ¼ 62)

P
Value

Female 67 (80.7%) 48 (77.4%) .63
Age 83.7 (5.3) [M-84.2,

F-83.6]
82.2 (5.1) [M-82.8,

F-82.0]
.07

Any comorbidity 78 (94%) 59 (95.2%) .53
Hypertension 61 (73.5%) 46 (74.2%) .54
Diabetes 24 (28.9%) 19 (30.6%) .48
Hyperlipidemia 26 (31.3%) 22 (35.5%) .36
CHF 7 (8.4%) 2 (3.2%) .18
IHD 18 (21.7%) 14 (22.6%) .53
Valvular disease 5 (6%) 5 (8.1%) .44
Arrhythmia 17 (20.5%) 6 (9.7%) .06
History of CVA 7 (8.4%) 3 (4.8%) .31
History of

malignancy
16 (19.3%) 12 (19.4%) .58

COPD/asthma 16 (19.3%) 5 (8.1%) <.05
CCI

3-4 33 (39.8%) 24 (38.7%)
5-6 31 (37.3%) 28 (45.2%)
7-8 18 (21.7%) 9 (14.5%)
9-10 1 (1.2%) 1 (1.6%)
Average 5.25 5.05 .4

Abbreviations: CCI, Charlson comorbidity index; CHF, congestive heart
failure; COPD, chronic obstructive pulmonary disease; CVA, cerebrovascular
accident; F, female; IHD, ischemic heart disease; M, male; RTSA, reverse total
shoulder replacement.

Rotman et al 3



patient selection, RTSA is a safe procedure even in the super-

elderly population.

Strengths and Weaknesses

The main strength of this study is the control group (conserva-

tive treatment). Although the treatment was not randomized,

we feel that the control group accurately represents the patients

who would have been treated with RTSA by current practices.

Study weaknesses include the retrospective nature, small

study population, short follow-up period, potential selection

bias in the control group, and the temporal differences between

the groups: (1) power analysis found that a 4% reduction in

mortality, from 10% to 6%, would require a cohort of 125

patients (62 in each group) to be significant. We found a lower

reduction (2.7%), thus not reaching significance. This limit is

especially evident in the men group, where a large reduction in

mortality was noted but with a very small study population,

limiting the reliability of this observation. (2) One year might

be too short of a follow-up period, as mortality rates after PHFs

are elevated for over 5 years.10 (3) The large number of patients

who were excluded from the control group due to lack of data

could cause selection bias.4 (4) The patients in the control

group had higher rates of congestive heart failure, cerebrovas-

cular accident, and arrhythmia, which did not reach statistical

significance, and significantly more chronic obstructive pul-

monary disease/asthma. It is worth noting that arrhythmia

(mostly atrial fibrillation) is not a major risk factor for 1-year

mortality, but the higher comorbidity rates in the control group

could lead to a bias.5 (5) The temporal difference between the

groups (the fractures in the RTSA group occurring 5 years on

average after those of the conservative treatment group) could

lead to a bias as medical care is changing and constantly

improving.

Conclusion

To our knowledge, no previous study compared mortality rates

associated with RTSA for the treatment of complex displaced

PHFs in elderly patients to that of conservative treatment.

Although no significant reduction in 1-year mortality was

found, there was a trend showing decreased 1-year mortality

with RTSA, mostly in men. Further studies with larger popula-

tions and longer follow-up times are needed to determine

whether this trend is of clinical significance.
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