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Abstract
Proximal humeral fractures are frequently encountered in the elderly population.While the majorityof these fractures can bemanaged
nonoperatively, 2-, 3-, and 4-part fractures, head splitting, and complex fracture dislocations typically require operative management.
Open reduction and internal fixation (ORIF) is a popular treatment option for displaced fractures. Advent of locking plates potentially
imparts a better option for patients with osteoporotic bone. Hemiarthroplasty has traditionally been used in proximal humeral frac-
tures not amendable to ORIF. While typically providing good pain control, results of hemiarthroplasty have demonstrated inconsistent
shoulder motion. Tuberosity malposition or poor healing is a major culprit in unsatisfactory postoperative range of motion. Reverse
shoulder arthroplasty has beenused in the settingof rotator cuff arthropathywith successful results. Reverse shoulder arthroplastyhas
recently been used in the setting of acute proximal humeral fractures of the elderly individuals. This technology has shown promising
results with mean active anterior elevation from 97� to 122� reported with complication rates of 15% to 28% in short-term studies.
Long-term studies and higher level evidence studies with comparison to hemiarthroplasty and ORIF are needed.
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Introduction

Proximal humeral fractures are the second most common

fracture of the upper extremity, represent 10% of all fractures

in those older than 65 years and are increasing in frequency

as the elderly population grows.1-3 In light of these facts, it is

not surprising that these fractures are very commonly encoun-

tered by orthopedic surgeons serving a geriatric population.

Proximal humeral fractures are typically classified by the Neer

Classification which is based on the 4-part anatomy of the

proximal humerus. The anatomical components are the hum-

eral head, greater tuberosity, lesser tuberosity, and proximal

humeral shaft. A ‘‘part’’ is considered significant in the setting

of either displacement >1 cm or angulation >45� of the individ-

ual components.4,5 Approximately 80% of proximal humeral

fractures are nondisplaced or minimally displaced and can be

conservatively treated successfully.6 The remaining fractures

are typically 2-, 3-, and 4-part fractures, head splitting, and

complex fracture dislocations. These fractures impart the great-

est articular disruption and may produce higher risk of disrup-

tion of the proximal humeral blood supply.6,7 Nonoperative

treatment of these fractures resulted in poor outcomes with

complications including nonunion, disabling malunion, hum-

eral head resorption, and osteonecrosis.5,8 Open reduction and

internal fixation (ORIF) of proximal humerus fractures is the

treatment of choice in fracture patterns amendable to fixa-

tion.9-15 Hemiarthroplasty is an option for the geriatric complex

proximal humerus fracture that is not amendable to ORIF. This

treatment provides for good pain relief but functional limita-

tions persist.16,17 A review of shoulder hemiarthroplasty in the

elderly individuals by Anjum et al found that 80% of their

patients had no or minimal pain but had median active forward

flexion of 65�, median active abduction of 60�, internal rotation

to the lumbosacral junction and median external rotation was

10�, and a mean constant score16 of 47.5. Tanner et al reported

similar pain relief with higher but still limited range of

motion.17 Tuberosity malposition and nonunion after hemiar-

throplasty have been identified as a significant risk of superior

migration of the prosthesis, stiffness or weakness, unsatisfac-

tory results, and persistent pain by Boileau et al.18 Significant

risk factors for final tuberosity malposition were poor initial

position of the prosthesis or greater tuberosity and women over

the age of 75 years to which they attributed the presence of

osteopenic bone.18 The postoperative rehabilitation for

shoulder hemiarthroplasty typically is quite extensive and

lengthy with elements of passive and active joint movements,
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muscular strengthening and stretching, hydrotherapy, phy-

siotherapy, and occupational therapy. With emphasis on avoid-

ing tuberosity displacement, the slowed rehabilitation also

places prolonged significant functional limitations on

the patient while some geriatric patients may not have the abil-

ities to satisfactorily complete the desired rehab protocol. In

light of the risk of tuberosity malunion and nonunion with its

subsequent poor range of motion and unsatisfactory functional

outcomes coupled with the necessity of a long and intense post-

operative rehabilitation, one can appreciate the great challenge

the orthopedist faces when treating geriatric proximal humeral

fractures especially in the setting of osteoporosis, significant

comorbidities, and cognitive or functional deficits. Reverse

shoulder arthroplasty (RSA) may address some of these

difficulties in fractures precluding ORIF through a decreased

need for postoperative rehabilitation and with design aspects

that decrease the importance of the rotator cuff on forward

elevation.

History of RSA

Early in shoulder arthroplasty development, Neer recognized

the challenge of the rotator deficient shoulder, and in the

1970s, his work centered on increasing conformity and con-

straint for this situation. In 1974, he gave up on his efforts in

constrained prosthesis and concluded that they could not

account for rotator cuff repair. Throughout the 1970s, attempts

at RSA with prosthesis with more anatomical rotation were

produced with disappointing results. In 1985, Grammont would

revolutionize the development of RSA with the medialization

and lowering of the center of rotation and the subsequent

design of the Delta III prosthesis. This prosthesis has been

used extensively in Europe with long-term follow-up data for

rotator arthropathy available.19 Modern RSA devices by Depuy

(Warsaw, Indiana) and Tornier (Edina, Minnesota) were

approved for use in the United States in 2003 and 2004, respec-

tively. Reverse shoulder arthroplasty was first used in the setting

of end-stage glenohumeral arthritis with rotator cuff insuffi-

ciency with encouraging results.20 Levy et al reported promising

results in the use of RSA with or without proximal humeral allo-

graft in failed mal- and nonunions of proximal humeral frac-

tures.21 The results of these studies prompted the use of RSA

in the setting of the acute proximal humeral fracture.

Reverse Shoulder Arthroplasty Design

In RSA, the humerus is changed into a concave socket while

the glenoid becomes the convex articulating surface. This

configuration imparts a fixed center of rotation and is constrained

in nature, while increasing the length of the deltoid. Reverse

shoulder arthroplasty also increases the moment arm of the

deltoid by medializing the center of rotation and by shifting

the deltoid insertion site distally. These changes decrease the

importance of the rotator cuff in elevation and provide a

mechanical advantage for the deltoid muscle and its elevating

capabilities.22 Reverse shoulder arthroplasty by design has

innate limitations of external rotation.

Reverse Shoulder Arthroplasty for Acute
Proximal Humeral Fractures

Outcomes

There are currently 4 studies detailing the use of RSA in acute

proximal humeral fractures with mean follow-up from 22

months to 6.6 years. The inciting fracture in all 4 studies were

displaced 3- and 4-part fractures with a mean patient age from

74 to 78 years.23-26 The operation was within 15 days of the

injury in the Bufquin series and performed at an average of 10

days by Klein et al.23,24 The mean active motion and constant

scores are listed in Table 1. Mean disability of the arm, shoulder,

and hand (DASH) scores from the contralateral limb are avail-

able from Cazenueve and Cristofari and Bufquin et al and reveal

operative limb mean DASH scores of 67% and 64%, respec-

tively, when compared to the contralateral limb.23,25 Sirveaux

et al compared 15 RSA cases findings with a hemiarthroplasty

group in the setting of acute proximal humeral fractures and

found that while the mean active anterior elevation was similar

between the 2, only 7% of RSA failed to achieve >90� of eleva-

tion, whereas 50% of hemiarthroplasty patients did not.26

Complications

The overall complication rates were 15% to 28% and are listed

in Table 1.23-26 Complications occurred in 12 of 43 patients in

the Bufquin et al series and included an intra-operative glenoid

fracture, neurologic injury with resultant parasthesias in 2

patients, 3 cases of reflex sympathetic dystrophy (RSD) which

all resolved, a nontraumatic anterior dislocation, and 1 surgical

wound complication.23 Klein et al reported dislocation in 1

patient, and 2 early infections successfully treated with 4 irriga-

tion and debridements and antibiotics without implant

removal.24 Cazeneuve and Cristofari reported complications

included 2 cases of RSD that resolved, 1 early infection suc-

cessfully treated by irrigation and debridement, and 4 cases

of dislocation. An anterior dislocation was attributed to

Table 1. Results of Reverse Shoulder Arthroplasty for Acute Proximal Humeral Fractures

Study Active forward elevation Active abduction Active external rotation Mean constant score Complication rate

Cazeneuve and Cristofari 53 19%
Bufquin et al 97� 30� 44 28%
Klein et al 122� 112� 25� 68 15%
Sirveaux et al 107� 10� 55
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anteversion of the humeral component, and the 3 superior

dislocations were thought to be secondary to impingement on

the remnants of the tuberosities, thus all dislocations were

attributed to surgical technique.25

Scapular Notching

Scapular notching as evidenced by plain radiographs, carries

with it much controversy with unknown long-term clinical

implications. Lévigne et al found a 62% prevalence of scapular

notching in 326 patients with RSA treated for a variety of indi-

cations with a mean follow-up of 47 months. In their findings,

the notching was progressive but did not affect shoulder range

or motion or constant score.27 Sirveaux et al, however, found

that scapular notching had negative effect on outcome with a

significant negative influence of grades 3 and 4 notching on the

constant score.28 Cazeneuve and Cristofari found evidence of

scapular notching in 19 of 36 patients at an average follow-

up of 6.6 years which was an increase from 14 of 36 in an ear-

lier publication. The notching was broken down into mechani-

cal (10), as caused by the impingement between the humeral

component and the inferior scapular pillar and were stable with

regard to bone loss, and biological (9) which was attributed to

polyethylene wear and were noted to be progressive in their

bone loss.25 Sapular notching was present in 25% of patients

in the Bufquin et al series with notching reaching the inferior

screw in 1 patient.23 Klein et al reported notching in 1 of 20

patients with a classification of Nerot grade I.24

Malunion

In the Bufquin series, secondary displacement of the tuberos-

ities occurred in 53% of patients leading to a 13.8% malunion

rate and a 38.8% nonunion rate. This had only moderate

and insignificant effects on the constant score and on external

rotation.23 Cazeneuve and Cristofari excised the remnants of

the tuberosities in their series.25 Sirveaux found that in their

comparison of RSA and hemiarthroplasty in acute proximal

humeral fractures that in cases of malunion or nonunion of the

greater tuberosity, the active anterior elevation was 75� in the

hemiarthroplasty group and 116� in the RSA group. This differ-

ence helps explain the significant percent of patients in the

hemiarthroplasty group with�90� of elevation. The mean con-

stant score in the setting of greater tuberosity mal- or nonunion

was 55 points in patients with RSA and 41 in hemiarthroplasty.

These results stress the importance of greater tuberosity posi-

tioning and healing in shoulder hemiarthroplasty.26

Loosening

Cazeneuve and Cristofari reported 1 case of aseptic loosening

of the baseplate at 12 years.25 Klein et al and Bufquin et al

found no evidence of baseplate or stem loosening at mean

follow-ups of 33 and 22 months, respectively.23,24

Discussion

A benefit of RSA in proximal humeral fractures is the

decreased immobilization and rehabilitation necessary for suc-

cessful outcomes as compared to shoulder hemiarthroplasty.

This is especially important in the geriatric patient in which

physiologic or mental limitations may thwart successful reha-

bilitation. Reverse shoulder arthroplasty is a complex proce-

dure and Rockwood recommends that extensive shoulder

arthroplasty experience coupled with thorough knowledge of

the implant used is necessary to minimize serious complica-

tions.29 Salvage of a failed RSA is a challenging problem with

conversion to a hemiarthroplasty with allograft supplementa-

tion as an option. Cazeneuve and Cristofari noted progressive

notching and a decrease in constant score in their series with

a mean follow-up of 6.6 years.25 Walch and colleagues found

significant levels of component loosening and functional

Figure 1. Anteroposterior and axillary lateral radiographs of right
shoulder of an 86-year-old male patient. The patient lives alone and
is independent with the activities of daily living.

Figure 2. Computed tomography scan of the right shoulder of the
patient from Figure 1 reveals a comminuted head splitting proximal
humeral fracture.
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deterioration in a study of RSA for multiple etiologies with a

minimum follow-up of 60 months leading them to recommend

the use of RSA in patients over 70 years.30 The senior author

will offer RSA in the setting of acute proximal humeral frac-

ture only in patients over the age of 70 with fractures not

amendable to ORIF after a discussion of the risks and benefits

of RSA and hemiarthroplasty. An example case is illustrated

in Figures 1 to 5. Future studies regarding the long-term

Figure 3. Three-dimensional reconstruction of computed tomogra-
phy scan from Figure 2.

Figure 4. Because of the head splitting nature of the fracture seen in
Figures 1 to 3 and the high risk of osteonecrosis the patient under-
went reverse shoulder arthroplasty. The tuberosities were fixed with
nonabsorbable suture. Six-month postoperative radiographs.

Figure 5. Clinical active range of motion 1 year after reverse shoulder
arthroplasty in the patient from Figures 1 to 4.
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results as well as higher level of evidence studies comparing

RSA to ORIF and hemiarthroplasty for acute proximal hum-

eral fractures are needed.

Conclusion

Open reduction and internal fixation is the preferred method in

the treatment of displaced proximal humeral fractures. In

patients over the age of 70 with fractures precluding internal

fixation, after the discussion of the benefits and risks versus

hemiarthroplasty, the option for RSA is reasonable.
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