
Hemiarthroplasty for Three- and
Four-part Proximal Humerus
Fractures

Abstract

Displaced three- and four-part proximal humerus fractures are
among the most challenging shoulder conditions to manage.
Because of the risk of symptomatic malunion, nonunion, and
humeral head osteonecrosis, surgical management is preferred.
Locking plate technology has provided an alternative to
hemiarthroplasty for certain three- and four-part fracture patterns,
even in the setting of osteopenic bone. Prosthetic humeral head
replacement has been advocated for head-splitting fractures and
fracture-dislocations as well as four-part fractures with significant
initial varus displacement (>20°). Technical challenges, including
obtaining proper humeral head height, retroversion, and optimal
positioning and fixation of the tuberosities, have a substantial effect
on patient outcomes.

Proximal humerus fractures ac-
count for approximately 4% to

5% of all fractures.1,2 Three- and
four-part proximal humerus frac-
tures and fracture-dislocations are
among the most severe and account
for only 5% of all proximal humerus
fractures.3

Fracture patterns vary based on the
mechanism of injury and bone den-
sity at the time of injury. In older pa-
tients (aged >60 years), three- and
four-part proximal humerus frac-
tures are usually the result of low-
energy trauma.4 These fractures are
often considered fragility fractures,
and they serve as a clinical indication
of existing osteopenia or osteoporo-
sis. When warranted, the patient
should be evaluated and treated for
osteoporosis as part of fracture man-
agement. In younger patients, proxi-
mal humerus fractures can be the re-
sult of high-energy trauma. Greater
consideration is given to humeral

head preservation with fracture oste-
osynthesis in this patient population.

Anatomy

The proximal humerus can be di-
vided into four anatomic areas: hu-
meral head, greater tuberosity, lesser
tuberosity, and surgical neck.5,6 The
average humeral neck-shaft angle
measures approximately 140°.7 Hu-
meral head version is quite variable
depending on which anatomic land-
marks are used.8,9 Historically, 30° of
humeral head retroversion has been
considered normal. In a study of 120
cadaveric humeri, Hernigou et al9

used CT to measure humeral retro-
version and reported that the average
humeral head retroversion was 28.8°
with reference to the forearm axis.
However, Boileau et al8 determined
that average retroversion was 17.9°
with respect to the transepicondylar
axis and 21.5° with respect to the
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trochlear tangent axis in 65 cadav-
eric humeri. They also noted an 8.9°
difference between humeral head ret-
roversion of the right and left hu-
meri.

The supraspinatus, infraspinatus,
and teres minor muscles insert on the
greater tuberosity; the subscapularis
muscle inserts on the lesser tuberos-
ity. In the setting of proximal hu-
merus fracture, the direction of tu-
berosity displacement is affected by
the tendons attached to the individ-
ual fragments. Greater tuberosity
fracture fragments migrate superi-
orly and posteriorly, following the
vector of the superior and posterior
rotator cuff. The lesser tuberosity
translates anteriorly and medially
along the vector of the subscapularis.
The superior and posterior rotator
cuff is responsible for varus mal-
alignment of the proximal humerus
in the setting of displaced fractures.

The long head of the biceps travels
within the intertubercular groove of
the anterior humeral shaft, extends
toward the rotator interval, and in-
serts onto the supraglenoid tubercle
and superior labrum.10 The tendon is
an extrasynovial structure in the gle-
nohumeral joint and serves as a criti-
cal landmark in tuberosity recon-
struction in patients with three- and
four-part proximal humerus frac-
tures. The long head of the biceps
may be incarcerated within the frac-
ture fragments and may impede frac-
ture reduction. The bicipital groove
is another reliable anatomic land-
mark that can be used to determine
humeral head retroversion.8

The pectoralis major tendon can
also create a deforming force in the
setting of proximal humerus frac-
tures. The pull of the tendon acts to
adduct and translate the humeral
shaft anteriorly. The superior margin
of the pectoralis major tendon inserts
approximately 5.6 cm distal to the
top of the humeral head11 or 4.2 cm
distal to the superomedial corner of

the greater tuberosity.12 These ana-
tomic landmarks are useful in esti-
mating humeral height for hemiar-
throplasty of proximal humerus
fractures.

Vascularity of the proximal hu-
merus is an important factor in as-
sessing fracture pattern severity;
thus, a thorough knowledge of the
vascular anatomy is important. His-
torically, the anterior circumflex hu-
meral artery and its terminal branch,
the arcuate artery, have been noted
as the preeminent source of perfu-
sion to the proximal humerus.13 In a
cadaver study, Brooks et al14 investi-
gated the vascularity of the humeral
head using a four-part fracture
model. The authors noted that the
primary source of perfusion to the
proximal humerus was via the ante-
rior circumflex humeral and arcuate
arteries, with significant intraosseous
anastamoses existing between the ar-
cuate artery and the posterior cir-
cumflex humeral artery, metaphyseal
arteries, and the vessels of the greater
and lesser tuberosities. The authors
also reported that, in most cases,
four-part proximal humerus fracture
disrupted perfusion to the humeral
head. They also noted that the pos-
teromedial vessels play a vital role in
maintaining proximal humerus per-
fusion in certain fracture patterns.

However, debate continues regard-
ing whether the anterior circumflex
humeral artery is the dominant
source of perfusion to the humeral
head. Recent studies have demon-
strated that the posterior circumflex
humeral artery plays a greater role
than does the anterior circumflex ar-
tery in supplying blood to the proxi-
mal humerus.15,16 Duparc et al15 ar-
gued that the posterior and anterior
circumflex humeral arteries are
equally important in humeral head
perfusion. Interestingly, the authors
noted that the posterior circumflex
humeral artery was consistently
larger in diameter than the anterior

circumflex humeral artery. In a ca-
daver study, Hettrich et al16 quantita-
tively assessed the vascularity of the
proximal humerus and found that
the posterior circumflex humeral ar-
tery contributes 64% of the blood
supplied to the proximal humerus,
whereas the anterior circumflex hu-
meral artery contributes just 36%.

Preservation of proximal humerus
vascularity is important when distin-
guishing between valgus impacted
and varus angulated three- and four-
part proximal humerus fractures.
The valgus impacted fracture is char-
acterized by intact medial soft tis-
sues, which can potentially preserve
the blood supply to the humeral
head.17 Acceptable results have been
achieved with reduction and percuta-
neous pinning or plate osteosynthesis
in patients with these fractures.4,17-21

In the markedly displaced four-part
proximal humerus fracture with sig-
nificant varus malalignment, disrup-
tion of the medial soft-tissue enve-
lope can potentially compromise
perfusion to the humeral head.

Classification

In 1934, Codman6 classified proxi-
mal humerus fractures based on the
anatomic location of the fracture. He
divided the proximal humerus into
four parts (ie, head, greater tuberos-
ity, lesser tuberosity, surgical neck)
based on epiphyseal lines5,6 (Figure
1). Neer5 expanded this classification
scheme to include fracture displace-
ment and angulation to define the se-
verity of the fracture pattern (Figure
2). He defined a fracture part as a
fragment displaced >1 cm or angula-
tion >45°. The probability of hu-
meral head necrosis increases with
the severity of the fracture. The AO
classification, which is less fre-
quently used than the Neer and Cod-
man classification systems, empha-
sizes determination of whether
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vascularity to the articular fragment
is significantly compromised. Type A
is an extra-articular unifocal fracture
that involves one of the tuberosities
with or without a concomitant meta-
physeal fracture (Figure 3). Type B is
an extra-articular bifocal fracture or
fracture-dislocation with tuberosity
and metaphyseal involvement. Type
C is a fracture or fracture-dislocation
of the articular surface; this type is
considered the most severe because
the vascular supply is thought to be
at the greatest risk of injury, thereby
making the humeral head susceptible
to the development of osteonecrosis.

Fracture classification can be per-
formed using plain radiographs, ad-
vanced imaging, or a combination of
both. Several studies have assessed
the interobserver and intraobserver
reliability of plain radiographs and

CT in defining proximal humerus
fractures using the Neer and AO
classification systems22-25 (Figure 4).
Although additional imaging is rou-
tinely used to further characterize
these fractures, Sjödén et al26 demon-
strated that the addition of CT and
three-dimensional imaging did not
improve interobserver reproducibil-
ity of either the Neer or AO classifi-
cation system.26 Bernstein et al22

found that the interobserver repro-
ducibility of the Neer classification
had a mean kappa coefficient of 0.52

with plain radiographs alone and
0.50 with radiographs and CT scans.
The authors noted a slight increase
in intraobserver reliability when CT
was added to plain radiographic in-
terpretation (0.64 versus 0.72); how-
ever, no increase in interobserver re-
producibility was observed with the
addition of CT. In general, we rec-
ommend CT when the delineation of
fracture parts and patterns are un-
clear to the surgeon; however, CT is
not absolutely required to classify all
proximal humerus fractures.

The Neer classification of proximal humerus fractures is based on fragment
displacement and angulation. (Reproduced with permission from Neer CS II:
Displaced proximal humeral fractures: I. Classification and evaluation. J Bone
Joint Surg Am 1970:52[6]:1079.)

Figure 2

Codman classification of proximal
humerus fracture. (Reproduced
with permission from Green A,
Norris TR: Part II: Proximal
humeral fractures and fracture
dislocations, in Browner BD, Jupiter
JB, Levine AM, Trafton PG, eds:
Skeletal Trauma: Basic Science,
Management, and Reconstruction,
ed 3. Philadelphia, PA, Saunders,
2002, p 1514.)

Figure 1
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Management Options

Neer27 reported poor results with
nonsurgical management and osteo-
synthesis of displaced three- and
four-part proximal humerus frac-
tures compared with prosthetic hu-
meral head replacement. He reported
high rates of symptomatic nonunion,
malunion, tuberosity resorption, and
osteonecrosis of the humeral head in
significantly displaced four-part frac-
tures managed without proximal hu-
meral head replacement. Neer27

found that patients had better out-
comes with humeral head replace-
ment than with open reduction and
internal fixation. He concluded that
humeral head replacement was the
treatment of choice for displaced
four-part proximal humerus frac-
tures, thus shaping treatment algo-
rithms that are still used today.

Locked Plating
Locked plating can be used to man-
age Neer three- and four-part frac-
tures. Successful open reduction and
internal fixation of displaced three-
and four-part proximal humerus
fractures requires medial support via
an anatomic reduction of the me-
taphysis, inferomedial screw place-
ment along the calcar of the proxi-
mal humerus, or augmented support
of the medial column with a struc-
tural endosteal implant28,29 (Figure
5). Solberg et al18 compared the
mean Constant scores of patients
aged ≥55 years with three- or four-
part proximal humerus fractures
treated with locked plating or hemi-
arthroplasty. At a mean 36-month
follow-up, the authors found signifi-
cantly higher mean Constant shoul-
der scores in the locked plate group
(P < 0.001). Despite the higher com-
plication rate in this group, better
outcomes were achieved with locked
plating than with hemiarthroplasty,
especially in patients with three-part

fractures. Of 38 patients in the
locked plate group, 6 developed os-
teonecrosis following surgery, 6 had
evidence of screw perforation of the
humeral head, 4 had loss of fixation,
and 3 developed wound infection. In
contrast, 7 of 48 patients in the

hemiarthroplasty group had non-
union of the tuberosity fragments,
and 3 patients developed wound in-
fection. The authors noted that loss
of fixation in the locked plate group
was seen only in patients with initial
varus malalignment of the humeral

The AO classification of proximal humerus fractures emphasizes the
vascularity of the articular fragment. Type A fractures are unifocal and extra-
articular, whereas type B fractures are bifocal and extra-articular. Type C
fractures are articular and are considered the most severe due to potential
disruption of the vascular supply, which can lead to osteonecrosis. (Redrawn
with permission from AO Foundation: Müller classification of fractures: Long
bones. Available at: www.aofoundation.org/Documents/mueller_ao_class.pdf.
Accessed September 12, 2011.)

Figure 3
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head of >20°.
In a series of 70 patients aged ≥55

years with Neer three- or four-part
fractures treated with locked plating,
Solberg et al4 found that patients
with valgus impacted fractures with
a metaphyseal segment length >2
mm experienced better clinical out-
comes than did patients with fracture
patterns with initial varus malalign-
ment. In addition, the authors noted
that humeral head angulation had
the greatest effect on final clinical
outcomes. Metaphyseal segment
length <2 mm was predictive of de-
veloping osteonecrosis.

Hemiarthroplasty
Besch et al30 assessed the clinical out-
comes of 34 patients with four-part
fractures treated with hemiarthro-
plasty in primary and revision set-
tings. Eighteen patients were treated
with primary hemiarthroplasty, and
16 underwent hemiarthroplasty fol-
lowing failed initial osteosynthesis.
The authors noted better clinical out-
comes and a lower incidence of tu-
berosity malalignment with associ-
ated severe loss of function in
patients treated with primary hemi-
arthroplasty.

We recommend hemiarthroplasty
in medically stable patients who are
able to protect the shoulder in a sling
after surgery to allow healing of the
tuberosities. Based on the current lit-
erature and our clinical experience,
we reserve hemiarthroplasty for pa-
tients with proximal humerus frac-
tures with initial varus malalignment
>20° in whom anatomic reduction
cannot be achieved intraoperatively;

patients with moderate or severe os-
teopenia that can compromise osteo-
synthesis fixation techniques; pa-
tients aged >55 years with Neer
three- or four-part fracture-disloca-
tions; and patients with malunion,
nonunion, hardware failure, or os-
teonecrosis of the humeral head fol-
lowing osteosynthesis (Figure 6). Pa-
tients with valgus impacted fractures
and adequate bone quality are excel-

A, AP radiograph demonstrating a four-part fracture of the proximal humerus.
B, Axial CT scan of a four-part proximal humerus fracture showing a
displaced fragment of the lesser tuberosity and a head-splitting fracture of
the humeral head. (Courtesy of Columbia University, Center for Shoulder,
Elbow and Sports Medicine, New York, NY.)

Figure 4

A and B, Preoperative AP radiographs demonstrating a three-part proximal humerus fracture with significant varus
malalignment in an 81-year-old woman. Note the displacement of the greater tuberosity fracture (arrow). Postoperative
AP (C) and axillary (D) radiographs of the proximal humerus following open reduction and internal fixation with a
proximal humerus locking plate. Medial calcar support was achieved with anatomic reduction of the medial metaphysis,
a medial calcar screw (solid arrow) and a cortical strut graft (dashed arrow). (Courtesy of Columbia University, Center
for Shoulder, Elbow and Sports Medicine, New York, NY.)

Figure 5
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lent candidates for osteosynthesis
with locked plating or percutaneous
pinning techniques; these techniques
are especially recommended for
younger patients (aged <55 years).
Hemiarthroplasty or reverse total
shoulder arthroplasty (RTSA) may
be more appropriate in lower de-
mand patients and in older patients
(aged >70 years) with poor bone
quality and an inability to participate
in a supervised physical therapy pro-
gram.

Critical Components of
Successful Hemiarthroplasty

Tuberosity Position and Healing
Successful hemiarthroplasty for
three- and four-part proximal frac-
tures requires union and proper posi-

tioning of the tuberosity. Recently,
experienced surgeons have found
that surgical technique and pros-
thetic design influence tuberosity po-
sition and healing, which in turn af-
fects overall patient outcome.
Boileau et al31 assessed clinical and
radiologic parameters in a study of
66 patients who underwent hemiar-
throplasty for displaced proximal
humerus fracture. Initial tuberosity
malposition was present in 18 pa-
tients (27%), and tuberosity dis-
placement occurred in 15 patients
(23%). Tuberosity migration was ob-
served after initial malpositioning
and after initial anatomic position-
ing. Overall, final tuberosity malpo-
sition occurred in 33 patients (50%).
Factors significantly associated with

failure of tuberosity healing were
poor initial positioning of the pros-
thesis (ie, excessive height and/or ret-
roversion), poor positioning of the
greater tuberosity, and female sex
with advanced age (>75 years). Tu-
berosity displacement and malposi-
tion may help to explain less than
exemplary results. With regard to
subjective outcomes, 29 patients
were very satisfied, 9 were satisfied,
and 28 were unsatisfied. Postopera-
tive active elevation averaged only
101° ± 33°, external rotation aver-
aged 18° ± 15°, and internal rotation
averaged to the level of L3. The aver-
age absolute Constant score was 56
of 100 points (range, 20 to 95
points).

Loebenberg et al32 demonstrated
that active range of motion (ROM)
following hemiarthroplasty for four-
part humerus fracture is affected by
the placement of the greater tuberos-
ity fragment relative to the superior
margin of the prosthetic head. The
authors concluded that tuberosity
placement 10 to 16 mm distal to the
superior margin of the prosthetic
head resulted in significantly im-
proved active forward elevation and
external and internal rotation com-
pared with tuberosities positioned
too proximal (3 to 9 mm) or too dis-
tal (17 to 28 mm). A recent study
found a significant correlation be-
tween fatty infiltration of the su-
praspinatus and infraspinatus mus-
cles and greater tuberosity
malposition and between fatty infil-
tration of the subscapularis and
lesser tuberosity malposition.33 The
authors noted that fatty infiltration
of the cuff was significantly associ-
ated with lower clinical scores, rein-
forcing the importance of muscular
integrity in the setting of rotator cuff
function.

The tuberosities should be reap-
proximated to the prosthesis and the
shaft with horizontal sutures around
the stem and vertical sutures from

AP (A) and axillary (B) radiographs demonstrating screw perforation of the
humeral head several months after open reduction and internal fixation
(ORIF) of a three-part proximal humerus fracture sustained by a 51-year-old
pedestrian struck by a motor vehicle. The patient had persistent pain and
poor function following ORIF. Postoperative AP (C) and axillary (D) radio-
graphs following hemiarthroplasty for failed proximal humerus osteo-
synthesis. (Courtesy of Columbia University, Center for Shoulder, Elbow and
Sports Medicine, New York, NY.)

Figure 6

Hemiarthroplasty for Three- and Four-part Proximal Humerus Fractures

22 Journal of the American Academy of Orthopaedic Surgeons



the shaft. Frankle et al34 have shown
that adding a medial cerclage suture
around the prosthesis is critical to
decrease interfragmentary strain and
motion, thereby maximizing fracture
stability. This construct neutralizes
the complex forces acting on the tu-
berosities.

Reduction of the tuberosities
should begin by placing horizontal
sutures that connect the greater and
lesser tuberosities to avoid over-
reduction inferiorly. Four suture
strands (two each in the posterior
and anterior rotator cuff) should be
passed through a hole commonly
found near the lateral fin of the hu-
meral prosthesis. Use of different col-
ored sutures may facilitate suture
management at the time of final ten-
sioning. Sutures originally placed at
the greater tuberosity are passed
around the the humeral prosthesis

and are then passed through the sub-
scapularis tendon-bone junction of
the lesser tuberosity. Fluoroscopy
can be used to confirm proper tuber-
osity positioning. Two humeral corti-
cal sutures placed both anterior and
posterior to the intertubercular
groove before stem insertion are
passed through the supraspinatus
tendon and subscapularis tendon-
bone junction, respectively (Figure
7). Final tensioning of the sutures
should occur with the arm slightly
flexed and in neutral to slight exter-
nal rotation.

Wire fixation can be used as an al-
ternative or as a complement to su-
ture fixation and may provide
greater fixation strength and com-
pression. A fine balance exists be-
tween application of appropriate
tension, which facilitates tuberosity
healing, and overcompression, which

can compromise bone that may al-
ready be comminuted and os-
teopenic. Bone graft from the hu-
meral head is strategically placed at
the interface between the tuberosity
and the stem and between the hu-
meral shaft and stem before final
tensioning of the sutures. Finally, the
rotator interval is closed with the
arm in neutral to slight external rota-
tion to prevent significant loss of ex-
ternal rotation.

Humeral Height
Determining proper prosthetic height
is critical to the success of prosthesis
humeral replacement and is challeng-
ing due to frequent fracture disrup-
tion of the medial metaphyseal cal-
car. Placing the prosthesis too low or
high can cause improper tensioning
of the deltoid and supraspinatus.
Stem height position is extremely im-
portant. Boileau et al31 reported that
humeral lengthening >10 mm caused
by a proud prosthesis significantly
correlated with tuberosity detach-
ment and proximal migration of the
prosthesis under the acromial arch,
resulting in limited function. Hu-
meral lengthening created excessive
tension on the supraspinatus. Short-
ening of the humerus was better tol-
erated clinically. Functional results
were not significantly altered until
humeral shortening reached or ex-
ceeded 15 mm.31,35

Intraoperatively, humeral height
can be estimated based on the posi-
tion of the prosthesis in the superior-
inferior position where the greater
and lesser tuberosity fragments re-
duce anatomically and under mini-
mal tension at the prosthetic inter-
face. Cement fixation helps maintain
proper humeral height. An anatomic
approach to determining proper hu-
meral height is performed by placing
the top of the prosthetic humeral
head approximately 5.6 cm proximal
to the superior border of the pectora-
lis major tendon.11 When the pecto-

A, Intraoperative photograph demonstrating exposed fracture fragments in a
displaced four-part proximal humerus fracture. Traction sutures are placed at
the rotator cuff tendon-bone junction to avoid comminution of the bone
fragments. B, Intraoperative photograph demonstrating suture configuration
of tuberosity reconstruction following final tensioning. Horizontal sutures
(arrows) compress the greater and lesser tuberosities together. Vertical
sutures connect the tuberosities (asterisks) to the proximal humeral shaft.
(Courtesy of Columbia University, Center for Shoulder, Elbow and Sports
Medicine, New York, NY.)

Figure 7
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ralis major tendon is used as a guide,
it is important to tag the superior
border of the tendon humeral inser-
tion with an identifiable suture that
can be referenced.

Humeral Head Version
Achieving optimal humeral version is
another technical challenge associ-
ated with hemiarthroplasty; the most
common error is placing the compo-
nent in excessive retroversion. Exces-
sive retroversion can force malposi-
tioning of the greater tuberosity in
the horizontal plane, thereby creat-
ing excessive tension on the tuberos-
ity repair with the arm in internal ro-
tation. Normal humeral retroversion
can range from 15° to 30°.8,9

We recommend placing the hu-
meral component between 20° and
30° of retroversion. Improper ver-
sion may result in anterior or poste-
rior instability.36 The transepicondy-
lar axis and bicipital groove can
serve as consistent anatomic land-
marks when determining humeral
head retroversion.9,37 Kummer et al37

demonstrated that 30° of retrover-
sion can be consistently reproduced
by placing the lateral fin of the hu-
meral prosthesis 30° posterior to the

posterior margin of the bicipital
groove.

Stem Design and Material
Recently, humeral stems have been
designed for more accurate tuberos-
ity placement and optimal bone
grafting. One design has a window
within a low-profile stem for place-
ment of bone graft to enhance tuber-
osity healing.38 A coating has also
been added to some stems to pro-
mote bone healing to the stem. One
design has a rough hydroxyapatite-
coated surface at the metaphyseal
portion of the prosthesis to enhance
early bonding with bone. Another
design has a microsurface of porous
tantalum, which helps to stimulate
bone healing and may be conducive
to direct bone apposition.39,40 Studies
are needed to determine whether
these modifications improve out-
comes. Regardless of stem design,
surgical technique is the most impor-
tant factor in a successful outcome.

The so-called unhappy shoulder
triad, in which the prosthesis is too
proud and too retroverted with a
greater tuberosity positioned too
low, is the worst outcome associated
with hemiarthroplasty.31 The triad

inevitably leads to posterior migra-
tion of the greater tuberosity, with a
poor functional result. Careful surgi-
cal technique and adherence to the
aforementioned principles can result
in successful outcomes (Figure 8).

Postoperative Rehabilitation
Immediately postoperatively, the af-
fected extremity is placed in a sling
in slight external or neutral rotation
to relieve stress on the greater tuber-
osity. In general, rehabilitation be-
gins on the first postoperative day.
Pendulum and passive ROM exer-
cises to 90° of forward elevation in
the scapular plane and gentle exter-
nal rotation to neutral are performed
with the patient supine. The decision
to initiate passive ROM exercise
should be individualized to the pa-
tient and is dependent on the sur-
geon’s confidence in the strength of
tuberosity fixation. With tenuous tu-
berosity fixation, ROM exercises can
be delayed for 2 to 3 weeks to mini-
mize stress on the repair. Gentle ac-
tive motion of the wrist and elbow is
encouraged immediately postopera-
tively. Active forward elevation and
external rotation exercises are de-
layed until radiographic evidence of

A, AP radiograph demonstraing head-split proximal humerus fracture in a 70-year-old woman with right-hand
dominance. Note the fragmented articular surfaces (dotted arcs). Postoperative AP (B) and axial (C) radiographs of the
proximal humerus 3 months after hemiarthroplasty. Note the healed and properly positioned fragment of the tuberosity
(arrow). (Courtesy of Columbia University, Center for Shoulder, Elbow and Sports Medicine, New York, NY.)

Figure 8
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tuberosity healing is present. Once
tuberosity healing is confirmed ra-
diographically, gentle isometric rota-
tor cuff and scapular strengthening
can begin, typically at 6 to 8 weeks
following surgery. The estimated
maximum level of improvement can
be achieved 9 to 12 months postop-
eratively. In addition, medical man-
agement of osteopenia should be in-
stituted.

Complications

Tuberosity nonunion is the most
common and devastating cause of
poor outcomes following hemiar-
throplasty for displaced four-part
proximal humerus fracture. Bigliani
et al41 identified tuberosity nonunion
as the most common cause of failure
in a series of 29 failed shoulder
hemiarthroplasties performed to
manage acutely displaced proximal
humerus fractures. In a meta-analysis
of 810 hemiarthroplasties, complica-
tions included superficial and deep
infection (estimated incidence 1.6%
and 0.6%, respectively), heterotopic
ossification (8.8%), and proximal
migration of the humeral head
(6.8%).42

Outcomes

Hemiarthroplasty serves as a viable
option for pain relief in persons with
displaced four-part proximal hu-
merus fracture; however, the affected
shoulder rarely returns to its baseline
level of function, specifically baseline
ROM. Kontakis et al42 reported the
outcomes of early management of
proximal humerus fractures with
hemiarthroplasty in a total of 808
patients (810 hemiarthroplasties). At
a mean follow-up of 3.7 years, mean
active forward elevation was 105.7°,
mean abduction was 92.4°, and ex-
ternal rotation was 30.4°. These re-
sults are similar to those of other
reports.42-44 Kontakis et al42 identified
the Constant score for a total of 560
patients in eight studies; the mean
Constant score in patients who un-
derwent replacement of a proximal
humerus prosthesis was 56.6 out of
100 (range, 11 to 98).

Reverse Total Shoulder
Arthroplasty

The potential risk of tuberosity non-
union has given rise to the increasing
use of RTSA for management of dis-

placed comminuted four-part frac-
tures (Figure 9). RTSA was intro-
duced to manage rotator cuff
arthropathy.45 In contrast to the ben-
efits of prosthetic humeral head re-
placement, the main benefits associ-
ated with RTSA are nonessential
tuberosity union to achieve active
forward elevation and the addition
of glenoid resurfacing. Resurfacing
the glenoid with the glenosphere
component can potentially prevent
the painful sequelae of glenoid ero-
sion and medialization that can oc-
cur with resurfacing the humeral
head in isolation.

Bufquin et al46 prospectively stud-
ied a cohort of 43 patients with
three- or four-part proximal humerus
fractures treated with RTSA. At an
average 22-month follow-up, mean
active forward elevation and exter-
nal rotation with the arm in abduc-
tion were 97° and 30°, respectively.
The mean Constant score was 44.
Complications included neuraprax-
ias (5 patients), most of which re-
solved; reflex sympathetic dystrophy
(3 patients); anterior dislocation of
the implant (1 patient); displacement
of the tuberosities (19 patients); and
scapular notching (10 patients). The
authors concluded that adequate
clinical results could be achieved
with RTSA in patients with three- or
four part fractures, despite loss of re-
duction of the tuberosities.

Gallinet et al47 retrospectively stud-
ied a series of 40 patients with com-
plex three- or four-part proximal hu-
merus fractures who underwent
either hemiarthroplasty or RTSA.
Twenty-one patients underwent
hemiarthroplasty with a standard ce-
mented stem, and 19 underwent
RTSA using a reverse prosthesis with
a cemented stem. Mean follow-up
for the hemiarthroplasty and RTSA
groups was 16.5 and 12.4 months,
respectively. Constant scores, active
abduction, and forward elevation
were higher in the RTSA group com-

Preoperative (A) and postoperative (B) AP radiographs of a displaced four-
part proximal humerus fracture in an 82-year-old woman who underwent
reverse total shoulder arthroplasty. (Courtesy of Columbia University, Center
for Shoulder, Elbow and Sports Medicine, New York, NY.)

Figure 9
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pared with the hemiarthroplasty
group (53, 91°, 97.5° and 39, 60°,
53.5°, respectively). However, exter-
nal rotation was greater in the hemi-
arthroplasty group (13.5° versus 9°).
Thirty-three patients were available
for follow-up. In the hemiarthro-
plasty group, radiographs showed
failed tuberosity healing in 3 of 17
patients (18%). In the RTSA group,
15 of 16 patients (94%) demon-
strated radiographic evidence of
scapular notching; however, no cases
of glenosphere loosening were re-
ported.

Summary

Although it is challenging, surgical
management is the preferred treat-
ment method of displaced three- and
four-part proximal humerus frac-
tures due to concerns regarding the
development of symptomatic mal-
union, nonunion, and osteonecrosis
of the humeral head in fracture pat-
terns with significant varus malalign-
ment and displacement. Locking
plate technology is a viable option if
anatomic reduction or proper medial
column support can be achieved.
Locked plating has proved to be par-
ticularly successful for management
of three-and four-part fractures with
valgus impacted fracture patterns.

Prosthetic humeral head replace-
ment has been shown to be effective
in providing good pain relief; how-
ever, the affected extremity will not
reach preinjury levels of function.
Tuberosity union and positioning as
well as the establishment of proper
humeral height and retroversion are
some of the challenges that must be
conquered to achieve successful out-
comes following hemiarthroplasty.

RTSA is a viable option in elderly
patients who are physically unable to
sustain the rigors of prolonged physi-
cal therapy and in patients with se-
vere comminution of the tuberosities,

preexisting glenohumeral arthritis,
or a history of failed osteosynthesis
or hemiarthroplasty.
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