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Abstract
Reverse shoulder arthroplasty has become increasingly popular fo r  the treatment o f  com

p le x  shoulder injuries, including p ro x im a l humerus fractures and fixed  glenohumeral 

dislocation, in the elderly population. The early to midterm results o f reverse shoulder 

arthroplasty fo r  the treatment o f p rox im a l humerus fractures are promising compared 

with the results o f unconstrained humeral head replacement, and patients may have more 

predictable improvement with less dependence on bone healing and rehabilitation. However, 

long-term follow-up is needed, and surgeons m ust be fam ilia r  with various complications 

that are specific to reverse shoulder arthroplasty. To achieve optimal pa tien t outcomes 

fo r  the management o f  traumatic shoulder injuries, surgeons m ust have a comprehensive 

understanding o f  the current im plant options, indications, and surgical techniques fo r  
reverse shoulder arthroplasty.

Instr Course Lect 2016;65:171-180.

Reverse shoulder arthroplasty was 
initially developed for the treatment 
of arthritis in a rotator cuff-deficient 
shoulder.1 The nonanatomic prosthesis 
used for reverse shoulder arthroplasty 
improved function and decreased pain.2

The indications for reverse shoulder 
arthroplasty continue to expand as 
it is used to treat a broad spectrum 
of shoulder pathologies that may not 
be adequately addressed by anatomic 
shoulder arthroplasty. These shoulder

pathologies include traumatic injuries, 
such as fixed glenohumeral disloca
tions and proximal humerus fractures, 
which may potentially require prosthet
ic replacement.

Proximal humerus fractures are the 
third most common fracture in patients 
older than 65 years.3 The incidence of 
proximal humerus fractures is expected 
to substantially increase over the next 
20 years as the growth rate of this pa
tient population increases.4 Although 
many proximal humerus fractures can 
be treated nonsurgically with satisfac
tory results, displaced or comminuted 
proximal humerus fractures are often 
treated surgically. Definitive manage
ment may be challenging because of the 
lack of consensus on appropriate sur
gical treatment as well as the technical 
demands that are required to achieve an 
optimal functional outcome.5

The three primary surgical options 
for the treatment of proximal humerus 
fractures are open reduction and inter
nal fixation (ORIF), hemiarthroplas
ty, and reverse shoulder arthroplasty.
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Although each procedure may have 
different indications, tuberosity posi
tion and healing are critical for ORIF 
and hemiarthroplasty. Although re
sults of reverse shoulder arthroplasty 
for the treatment of proximal humer
us fractures are improved if union is 
achieved, union is not the sole director 
of outcome. ORIF of complex humer
us fractures in the elderly population 
is challenging and may result in an in
creased incidence of rotator cuff pathol
ogy and osteoporotic bone. Failure rates 
for patients older than 60 years who are 
treated with ORIF range from 13% to 
20%.640 Even with the use of locking 
plates to provide a fixed angle construct 
for ORIF, the rate of secondary screw 
cutout has been as high as 57%.n’12

The use of hemiarthroplasty for 
the treatment of displaced three- and 
four-part proximal humerus fractures, 
as first described by Neer in 1953,13 
may provide some pain relief, but has 
shown inconsistent results for range of 
motion, recovery of shoulder function, 
and tuberosity healing.14'21 Although 
Grammont has used reverse shoulder 
arthroplasty for the treatment of prox
imal humerus fractures since the late 
1980s,22 the procedure was not intro
duced in the United States until 2004. 
The prosthesis for reverse shoulder 
arthroplasty has an increased deltoid 
lever arm and places less biomechanical 
stress on the healing tuberosities, which 
may deliver more consistent functional 
results. Several studies have reported 
the short-term results of reverse shoul
der arthroplasty for the treatment prox
imal humerus fractures.23 27

Older patients who have a fixed gle
nohumeral dislocation present several 
challenges, including soft-tissue con
tracture, glenohumeral arthritis, and 
bone deficiency in both the humeral

head and the glenoid. In a study of 11 
patients with fixed anterior shoulder 
dislocations who were treated with 
anatomic total shoulder arthroplasty, 
Matsoukis et al28 reported seven com
plications in five patients, including 
four patients (36%) with anterior in
stability of the shoulder. Older patients 
who have fixed posterior dislocations 
are at a decreased risk for recurrent in
stability. In a study of 32 patients with 
fixed posterior shoulder dislocations 
who were treated with anatomic total 
shoulder arthroplasty, Wooten et al29 
reported three patients with recurrence 
(9%) in the early postoperative period; 
however, 13 patients had unsatisfacto
ry outcomes according to a modified 
Neer rating system, and 9 patients un
derwent revision surgery for various 
reasons. The outcomes from these stud
ies suggest that anatomic total shoulder 
arthroplasty for fixed dislocation is dif
ficult and can lead to complications, and 
the overall satisfaction rate for patients 
who undergo anatomic total shoulder 
arthroplasty for fixed dislocation is in
ferior compared with that of patients 
who undergo the same procedure for 
primary osteoarthritis.

Indications
Traditionally, the indications for hemi
arthroplasty in the management of 
proximal humerus fractures are four- 
part fractures, three-part fractures in 
older patients who have osteoporotic 
bone, fracture-dislocations, head
splitting fractures, and fractures that 
involve more than 40% of the articular 
surface.30'32 These fracture patterns are 
at an increased risk for complications 
with traditional ORIF because of the 
tenuous fixation of fracture fragments 
in osteoporotic bone and the high rates 
of osteonecrosis. Hertel et al33 reported

that the most relevant predictors of hu
meral head ischemia were the length of 
dorsomedial metaphyseal extension, the 
integrity of the medial hinge, and the 
basic fracture pattern. The authors re
ported that proximal humerus fractures 
with metaphyseal head extension less 
than 8 mm, a medial hinge disruption 
greater than 2 mm, and an anatomic 
neck fracture pattern had a positive 
predictive value of 97% for humeral 
head ischemia. This may explain why 
valgus-impacted four-part fractures 
are relatively unlikely to result in oste
onecrosis and may be amenable to non- 
surgical treatment.

Reverse shoulder arthroplasty for 
proximal humerus fractures is typi
cally reserved for older patients with 
severe osteopenia or comminution 
who would otherwise be indicated for 
a hemiarthroplasty (Figure 1). Patients 
with preexisting rotator cuff pathology 
who sustain proximal humerus frac
tures that require surgical treatment 
also are candidates for reverse shoul
der arthroplasty rather than hemi
arthroplasty. The contraindications 
for reverse shoulder arthroplasty for 
proximal humerus fractures are simi
lar to those for conventional shoulder 
arthroplasty. Active infection is an 
absolute contraindication, and poor 
overall health is a relative contraindi
cation. Although there is no absolute 
minimum age for reverse shoulder ar
throplasty, ORIF should be attempted 
whenever possible for a physiologically 
young patient, even with a comminut
ed fracture. Both hemiarthroplasty and 
reverse shoulder arthroplasty should be 
approached with caution if the patient 
is unable to participate in a rehabilita
tion program to facilitate an optimal 
outcome. Deltoid insufficiency that 
results from permanent axillary nerve
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Figure 1 A, AP radiograph demonstrates a four-part proximal humerus 
fracture-dislocation with osteopenia. B, Coronal CT scan demonstrates an 
anatomic neck fracture-dislocation.

palsy is a contraindication specific to 
reverse shoulder arthroplasty; however, 
this contraindication does not apply to 
transient or subclinical axillary nerve 
palsy, which can occur in patients who 
have proximal humerus fractures.

Shoulder arthroplasty may be re
quired for older patients who have 
chronic (fixed) shoulder dislocations or 
in the presence of a humeral defect that 
involves more than 40% of the articular 
surface.28,29 For anatomic arthroplasty, 
if stability in posterior dislocations is not 
restored with humeral head replacement 
alone, then posterior capsular plication 
may be necessary. Augmentation o f the 
glenoid with bone graft may be neces
sary in anterior dislocations if the hu
meral head is unstable or if  the glenoid 
deficiency is extensive. The options for 
glenoid bone graft include an autograft 
from the native humeral head, iliac crest 
autograft, coracoid transfer, or a distal 
tibia allograft. Given the poor outcomes 
and high rate o f  complications with 
anatom ic shoulder arthroplasty, the 
authors o f this chapter have found re
verse shoulder arthroplasty to be a valu
able alternative to anatomic shoulder

arthroplasty for the treatment of fixed 
dislocation in the older patient. O ne 
o f the authors of this chapter (T.B.E.) 
performed reverse shoulder arthroplas
ty in  21 older patients who had fixed 
shoulder dislocation (20 anterior and 
1 posterior).34 Only two complications 
(recurrent dislocation and infection) in 
one patient were reported at a minimum 
2-year follow-up, and active elevation 
improved from 20° preoperatively to 
100° postoperatively.34

Influence of Tuberosity 
Healing on Outcomes 
for Fracture Patients
Although reverse shoulder arthroplasty 
for the treatment of proximal humerus 
fractures is less contingent on a func
tional rotator cuff or the healing of the 
tuberosities24 for active forward eleva
tion than hemiarthroplasty for the treat
ment o f proximal humerus fractures, it 
is critical that the correct position and 
stable fixation o f the greater tuberosity 
is achieved during humeral hemiarthro
plasty to attain active range of motion 
and optimal clinical outcome.15,17,18,20'35 
Boileau et al15 reported that the major

risk factors for poor outcomes after 
hemiarthroplasty for the treatment of 
proximal hum erus fractures were fe
male sex, age older than 75 years, in
correct prosthetic height or version, and 
poor initial positioning of the greater tu
berosity. The authors reported that the 
failure to restore the greater tuberosity 
within 10 mm below or 5 mm above the 
apex of the humeral head was correlated 
with superior migration of the humeral 
prosthesis, shoulder stiffness, and low 
patient satisfaction.15 This may explain 
the bimodal distribution of outcomes 
reported after hem iarthroplasty and 
why pain relief is more predictable than 
mobility.14 Correct position and healing 
of the greater tuberosity is crucial to 
restore external rotation, regardless of 
w hether hem iarthroplasty or reverse 
shoulder arthroplasty is used. Com 
pared w ith hemiarthroplasty, reverse 
shoulder arthroplasty has the theoret
ical biomechanical advantage of direct 
compression on the glenosphere during 
shoulder elevation, which potentially 
decreases the torque placed on the tu
berosities and promotes healing.36

Fracture-Specific Implants
Although reverse shoulder arthroplas
ty has rapidly gained acceptance as a 
treatment option for complex proximal 
humerus fractures, tuberosity healing 
is still an im portant factor to achieve 
optimal results; therefore, humeral im 
plants have been specifically designed 
to address this clinical need. Humeral 
implant features include a low-profile 
metaphysis for positioning of the great
er tuberosity, a proximal hydroxyapatite 
coating, and a window into the metaph
ysis for additional bone graft that may 
facilitate union between the tuberosity 
fragments22 (Figure 2). T he diaphy
seal portion of the humeral implant is
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Figure 2 Photograph of a 
fracture-specific humeral stem 
for reverse shoulder arthroplasty. 
(Courtesy of Tornier, Bloomington, 
MN.)

smooth for cementation, which allows 
the surgeon to gain the appropriate 
humeral height and provides rotation
al stability if there is metaphyseal bone 
loss.

Reverse Shoulder 
Arthroplasty Versus 
Hemiarthroplasty
Several studies have recently compared 
reverse shoulder arthroplasty for the 
treatm ent o f proximal humerus frac
tures w ith hem iarthroplasty for the 
treatm ent of proximal hum erus frac
tures.23'27'37'38 Namdari et al39 performed 
a systematic review that compared the 
outcomes o f reverse shoulder arth ro 
plasty for the treatm ent o f proximal 
humerus fractures with those o f hemi
arthroplasty with the use o f a fracture- 
specific stem for the treatm ent o f 
proximal humerus fractures. Shoulder 
outcome scores and mobility measure
ments were similar between the two 
groups; however, the overall complica
tion rate for the reverse shoulder arthro
plasty group was 19.4% compared with

5.6% for the hemiarthroplasty group. 
The revision surgery rates did not differ 
between the two groups, which sug
gest that clinical complications were 
treated nonsurgically. In  a systematic 
review that compared the outcomes of 
reverse shoulder arthroplasty for the 
treatment of older adults who had prox
imal humerus fractures with those of 
hemiarthroplasty for the treatment of 
older adults who had proximal humerus 
fractures, Mata-Fink et al40 reported im
proved forward flexion and functional 
outcome scores for the reverse shoul
der arthroplasty group compared with 
those for the hemiarthroplasty group; 
however, the complication rates were 
not appreciably higher for the reverse 
shoulder arthroplasty  group. Gal- 
linet et al37 retrospectively compared 
40 patients with three- or four-part 
proximal humerus fractures who were 
treated with reverse shoulder arth ro 
plasty or hemiarthroplasty. Tuberosity 
fixation was not routinely performed 
in the reverse shoulder arthroplasty 
group. The reverse shoulder arth ro 
plasty group had higher postoperative 
Constant assessment scores and better 
forward flexion and abduction than 
the hemiarthroplasty group; however, 
bo th  internal and external rotation 
measurements were decreased in the 
reverse shoulder arthroplasty group, 
which emphasizes the im portance of 
tuberosity healing for the restoration 
of external rotation. Furthermore, it is 
difficult to accurately compare the over
all performance of reverse shoulder ar
throplasty with hemiarthroplasty with 
respect to the treatm ent o f proximal 
humerus fractures if tuberosity fixation 
was not attempted for reverse shoulder 
arthroplasty.25,37'41,42 A lthough recent 
results o f reverse shoulder arthroplas
ty for the treatment proximal humerus

fractures are promising,23'27’37,43 future 
studies are necessary to determ ine if  
reverse shoulder arthroplasty leads to 
improved functional outcomes and bet
ter tuberosity healing compared with 
hemiarthroplasty. Furtherm ore, more 
studies are necessary to determ ine if  
the outcomes and tuberosity healing of 
hemiarthroplasty versus reverse shoul
der arthroplasty are influenced by sur
geon technique and experience.

Technique
Surgical A pproach
Similar to standard shoulder arthroplas
ty, the patient should be positioned in 
the modified beach-chair position. Care 
must be taken to position the patient 
sufficiently near the edge of the table 
to allow for full extension of the surgi
cal arm for humeral preparation. The 
two prim ary surgical approaches for 
reverse shoulder arthroplasty are the 
standard deltopectoral approach and 
the anterosuperior approach. Each ap
proach has certain benefits and limita
tions. The anterosuperior approach uses 
a deltoid split, which improves access 
to the greater tuberosity; however, the 
approach requires deltoid detachment 
and may result in dehiscence. In addi
tion, extensibility is limited during hu
meral shaft exposure if  humeral shaft 
com m inution is present. The authors 
o f this chapter prefer to use the delto
pectoral approach because it provides 
reliable access to the fracture fragments 
and uncompromised glenoid exposure 
after tuberosity mobilization.

An incision is begun at the tip of the 
coracoid process and is extended distal- 
ly, approximating the deltopectoral in
terval. The cephalic vein, which is used 
as a guide to identify the deltopectoral 
interval, is retracted laterally with the 
deltoid. The pectoralis major tendon is
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Figure 3 Illustration of a height gauge, which is used to reproduce humeral 
height. Electrocautery is used to make a mark at the lateral fin of the stem, 
which will serve as a landmark for retroversion of the final implant. Double- 
loaded sutures are placed in the diaphysis to serve as a vertical support. 
(Courtesy ofTornier, Bloomington, MN.)

then identified, and the superior 1 cm 
may be incised to enhance exposure.

Technique for Fracture Cases
The long head of the biceps tendon is 
used to identify the greater and lesser 
tuberosity fragments, which are mobi
lized with the use of a Cobb elevator. 
After the lesser tuberosity is identified 
with its subscapularis attachment, the 
subscapularis tendon is tagged with two 
stay sutures to gain control of the frac
ture fragment. The sutures are placed 
at the tendon-bone interface and not 
through the bone. The head fragment 
is exposed, removed, and preserved for 
later bone grafting. The greater tuber
osity is then gently mobilized with a 
Lahey clamp, and a double-loaded free 
needle is used to pass two nonabsorb
able sutures through the bone-tendon 
interface of the greater tuberosity, one 
superiorly through the infraspinatus 
tendon and one inferiorly through the 
teres minor tendon. Any tendon attach
ment to both the greater and lesser tu
berosities, including the supraspinatus, 
is preserved. After control of the greater 
and lesser tuberosity fracture fragments 
is attained, the biceps tendon is tenoto- 
mized and, later, tenodesed to the pec- 
toralis major tendon.

Attention is then turned to glenoid 
exposure and preparation. Anterior and 
posterior glenoid retractors are placed 
to retract the lesser and greater tuberos
ity fragments, respectively. A Hohmann 
retractor is then placed inferiorly on the 
glenoid to retract the humeral shaft in
feriorly. A capsular release is performed 
to optimize glenoid exposure, and the 
long head of the triceps is released 
from the glenoid to avoid a traction 
osteophyte that can occur with reverse 
shoulder arthroplasty. After adequate 
glenoid exposure has been attained, the

remaining labrum and the stump of the 
long head of biceps are removed. The 
glenoid is then prepared and instru
mented in a standard fashion.

With the glenoid retractors removed, 
the arm is adducted and extended to 
deliver the diaphysis into the wound. 
The implant diameter is determined 
with the use of diaphyseal reamers, 
and a humeral trial is placed in 20° of 
retroversion. The ideal humeral height 
is determined by reducing the implant 
with the thinnest polyethylene insert 
available and applying axial traction to 
the arm. This may cause the humeral 
diaphysis to move distally on the stem 
and increase the overall height of the 
prosthesis that extends from the medi
al humeral calcar. The ideal amount of 
traction, or humeral length, is identified 
if good stability and no gaping between 
the glenosphere and polyethylene are

noted throughout range of motion. It 
is important that this part of the pro
cedure be performed under full relax
ation by anesthesia. A height gauge is 
then used to measure the determined 
humeral height on insertion of the final 
humeral component. The trial humeral 
component is removed, and 2-mm drill 
holes are placed on each side of the bi
cipital groove distal to the fracture. Two 
sutures are placed in these holes and 
used for vertical fixation of the tuberos
ities to the humeral shaft (Figure 3). A 
cement restrictor is placed, and the final 
humeral implant is cemented in place at 
the previously determined height and in 
20° of retroversion. The authors of this 
chapter do not recommend uncement
ed implants because older patients with 
proximal humerus fracture may have 
metaphyseal bone deficiency, which can 
compromise humeral implant fixation.
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Figure 4 Illustrations dem onstrate tuberosity fixation. A, The arm is placed in neutral rotation. A clam p is used to 
gently pull the greater tuberosity anteriorly, which reduces the greater tuberosity  to the prosthesis. Two horizontal 
cerclage sutures (one superio r and one inferior) are then tied to secure the greater tuberosity  to the prosthesis. B, The 
two rem aining horizontal sutures, which had initia lly been passed through the posterior rotator cuff tendon and around 
the prosthetic neck, are then passed through the subscapularis tendon. One suture runs through the superior portion 
of the lesser tuberosity, and the other suture runs through the inferior portion of the lesser tuberosity. Both sutures are 
passed from  inside to outside and are then tied. C, Final tightening of the double-loaded sutures that were previously 
p laced through the diaphysis creates a vertica l support. The shroud goes behind the infraspinatus tendon, in front of the 
subscapularis tendon, and is then tied. (Courtesy of Tornier, B loom ington, MN.)

Antibiotic-impregnated bone cement 
is used because it has been shown to 
prevent postoperative infection after 
primary reverse shoulder arthroplas
ty.44 After trialing is performed and 
stability is ensured throughout a full 
range of motion, the appropriate size 
polyethylene component is selected. 
There are two important steps before 
reduction with final implants. First, 
one limb of each of the four sutures 
through the greater tuberosity fragment 
has to be passed along the medial side 
of the implant for later tuberosity fixa
tion. Second, if a fracture-specific im
plant is being used, then the bone graft 
should be placed in the metaphysis of 
the component.

After the final implant has been re
duced, tuberosity fixation is performed, 
which is critical for restoration of active 
external rotation. The ideal construct 
for tuberosity management uses six su
tures (four horizontal cerclage sutures 
and two vertical tension band sutures) 
that securely fix the tuberosities to one

another as well as the prosthesis and 
the diaphysis. This tuberosity manage
ment technique provides optimal inter- 
fragmentary stability and can be used 
for both hemiarthroplasty and reverse 
shoulder arthroplasty .45,46 One suture 
from the superior set of greater tuberos
ity sutures and one suture from the infe
rior set of greater tuberosity sutures are 
tied around the medial aspect of the im
plant to secure the greater tuberosity to 
the prosthesis (Figure 4, A). Next, the 
final sutures from the superior and in
ferior sets of greater tuberosity sutures 
that were previously passed around 
the medial side of the implant are now 
passed through the subscapularis ten
don at the superior and inferior aspect 
of the lesser tuberosity. These sutures 
are tied to secure the lesser tuberosity 
to the implant and the greater tuberos
ity (Figure 4, B). The authors of this 
chapter prefer lesser tuberosity repair 
and healing because it can potentially 
improve implant stability and ultimate 
function; however, lesser tuberosity

repair in reverse shoulder arthroplasty 
for the treatment of proximal humerus 
fractures is somewhat controversial, 
and future studies are necessary to 
clarify this debate. Finally, the sutures 
that were previously placed through 
the drill holes in the humeral diaphysis 
are passed in a vertical cerclage fash
ion (one anteriorly based and the other 
posteriorly based) to secure the tuber
osities to the diaphysis. The authors of 
this chapter prefer to use a Nice knot, 
which is a racking hitch knot, with the 
cerclage sutures to optimize tuberosity 
reduction .47 Additional bone graft may 
be placed in the area at which the diaph
ysis and tuberosities meet to promote 
healing (Figure 4, C).

Technical C onsiderations 
for Fixed D islocation
The same deltopectoral approach is 
used for fixed anterior dislocation; how
ever, the humeral head and shaft may 
be retracted anteriorly when gaining 
access to the glenoid. The authors of
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this chapter prefer to use an osteoto- 
mized humeral head if deficiency of the 
anterior glenoid is present (Figure 5). 
A short uncemented stem is implanted 
in a manner similar to that for reverse 
shoulder arthroplasty for cuff tear 
arthropathy. Tuberosity management or 
a fracture-specific stem are not neces
sary. Soft-tissue contracture may often 
occur with chronic fixed dislocations. 
Surgeons must be prepared to address 
contractures with a larger than normal 
humeral head cut and soft-tissue releas
es so that appropriate implant tension 
can be achieved and stable shoulder 
range of motion can be restored.

Summary
Reverse shoulder arthroplasty for the 
management of complex shoulder pa
thologies, including comminuted prox
imal humerus fractures and chronic 
dislocations, has rapidly gained pop
ularity. Reverse shoulder arthroplasty 
has a lower complication rate and better 
results than unconstrained arthroplasty 
for the treatment of fixed glenohumeral 
dislocations. Recent results of reverse 
shoulder arthroplasty for the treat
ment of fractures are promising and, 
when compared with results of hemi
arthroplasty for the treatment of frac
tures, have shown improved functional 
outcomes for older patients who have 
poor bone quality; however, because 
long-term follow-up is needed, reverse 
shoulder arthroplasty for the treatment 
of proximal humerus fractures should 
be reserved for older patients with se
vere osteopenia or comminution who 
are not amenable to another treatment 
option. Regardless of whether hemi
arthroplasty or reverse shoulder arthro
plasty is used, correct positioning and 
healing of the tuberosities are crucial 
to obtain a good outcome. Surgeons

Figure 5 Intraoperative photographs of a patient who has a fixed anterior 
shoulder dislocation. A, Anterior bone deficiency of the glenoid is present. 
B, Glenoid architecture is restored with the use of an osteotomized humeral 
head.

must be familiar with various features 
that are specific to each implant and in
strumentation system to restore optimal 
humeral length and version.
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