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1. Introduction

We present a review of the most recent published articles related to shoulder
hemiarthroplasty in proximal humerus fractures. Four-part proximal humerus fractures
represent between 2% and 10% of all proximal fractures where displacement occurs as a
result of the muscular deforming force.

Hemiarthroplasty is indicated in patients with four-part fractures and in elderly patients
with osteoporotic bone who have fracture-dislocations. In both groups of patients, obtaining
a secure stable reduction using internal fixation techniques is difficult, and the rate of
osteonecrosis can range from 13% to 35% in four-part fractures. Hemiarthroplasty can also
be considered in patients with three-part fractures and fracture-dislocations when bone
quality is poor and the degree of conminution precludes satisfactory reduction and internal
fixation. Headsplitting proximal humerus fractures in elderly patients also should be treated
with hemiarhroplasty. Primary replacement can be considered in younger patients with
four-part proximal fractures if acceptable redution cannot be obtained.

The important surgical principles when performing a hemiartroplasty for four-part
proximal humeral fractures include the following: the use of a deltopectoral approach,
allowing preservation of the deltoid origin and insertion; restoration of humeral length
and retroversion; and secure fixation of the tuberosities to the prosthesis, to the shaft and
to one another.

Results of hemiarthroplasty for four-part proximal humerus fractures are somewhat difficult
to interpret, specifically because other proximal humerus fracture patterns often are
included in published series. Wide variation in outcomes measurements also makes
comparisons between studies difficult. Despite these limitations, hemiarthroplasty offers
reliable pain relief and reasonable levels of patient satisfaction, but only modest functional
results. Limited use with activities of daily living below shoulder level may be reliably
obtained but overhead use is not typical following this surgery.

Significant residual pain generally tends to be associated with moderate activity: minimal
pain occurs at rest. Even when motion and functional results are limited, pain relief is
reported to be consistent.
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Reports of patient satisfaction vary widely, in part because of the numerous scales used to
measure outcomes and satisfaction. High satisfaction rates seem to correlate more with pain
relief than with range of motion of functional outcomes. Even studies with poor functional
results report high patient satisfaction if pain relief is acceptable.

The prognostic factors have been shown to be the age, the delay between injury and surgery,
preoperative neurologic deficit, history of cigarette smoking, excessive alcohol consumption
and female sex. Tuberosity position and healing may be the most important factors in
determining outcome.

Recently the use of the Reverse Total Shoulder Replacement has been recommended in
selected cases of proximal humeral fracture. Although the indications and results of this
technique are not well known yet, this may offer an advantage in selected cases over
traditional Humeral Head Replacement. Any possible advantages of this technique must be
weighed against increased risks and the known results of humeral head replacement.
Humeral head replacement is indicated for a select group of proximal humeral fractures
depending on the severity and pattern of the fracture as well as bone quality and cuff
integrity (Compito et al 1994). The results of this surgery are dependent on patient factors,
timing of surgery, and technical factors associated with the performance of the operation.
The majority of fractures of the proximal humerus can be treated nonoperatively but a full
15% of cases will require some type of operative interventio (Young et al 1985, Zuckerman
et al 2007). Neer’s fracture classification has generally served as a reliable guide to
fracture managemen (Neer et al 1970, 1970). The more severe the injury, the higher the
risk of avascular necrosis of the humeral head, malunion, or nonunion of the fracture.
When indicated, early surgical intervention leads to superior results and avoids many
complications associated with delayed management (Demirhan et al 2003, Duralde &
Leddy 2010).

Operative treatment options for proximal humeral fractures include various forms of
open or closed reduction and fixation versus prosthetic replacement. The introduction of
the proximal humeral locking plate has expanded the indications for ORIF as patients
with osteoporotic bone can now be better managed utilizing this plate for fixation
(Duralde & Leedy 2010). Even cases of late avascular necrosis following ORIF can be
managed effectively with hardware removal and prosthetic replacement as long as the
tuberosities have healed in a relatively anatomic position (Boileau et al 2001). Similarly
advances in the technique of closed reduction and percutaneous pinning have increased
the indications for this modality (Jaberg et al 1992). ORIF remains a good option for
displaced 2-part fractures, 3-part fractures (even in the face of osteoporosis), and impacted
valgus 4-part fractures of the proximal humerus (Bastian & Hertel 2009, Duralde & Leedy
2010). Four-part fractures in young patients are preferably treated with a locking plate but
if stable fixation cannot be attained, humeral head replacement is indicated. A group of
fractures remain, however, that are not amenable to this modality and require prosthetic
replacement for adequate management.

Prosthetic replacement for proximal humeral fractures remains the treatment of choice for 4-
part fracture dislocations, head-split fractures, and head impaction fractures of >40%. These
fractures represent between 2 and 10% of proximal humeral fractures (Zuckerman & Sajadi
2007). It remains a good option in comminuted 3-part fractures especially in elderly patients
with poor bone quality or a high degree of comminution (Bigliani 1990). Humeral head
replacement is contraindicated in cases of active infection, severe nerve palsy to the deltoid
and rotator cuff, and in patients unable to comply with the postoperative rehabilitation
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program. In patients with known chronic large rotator cuff tears, the results of humeral head
replacement for fracture are poor (Compito et al 1994) and this may be an indication for the
use of a Reverse Total Shoulder Arthroplasty (RTSA). Indications and technical
recommendations for the use of the RTSA in this setting are not clearly defined but this
represents an area of exciting new research (Franke et al 2002, Wall & Walch 2007).
Prosthetic replacement for proximal humerus fractures is a challenging operation with
variable results reported in the orthopaedic literature especially in terms of patient function
(Robinson et al 2003). This procedure is performed uncommonly even by shoulder
specialists. Anatomic landmarks are lost due to fracture of the tuberosities away from the
humeral shaft making proper placement of prosthesis in terms of height and version a
challenge. Tuberosities may be comminuted and the deforming pull of the rotator cuff
tendons represents a challenge to fracture healing. Excellent results following humeral head
replacement for fracture are associated with proper implant selection and insertion,
anatomic tuberosity healing, and early rehabilitation to restore motion and strength3.
Conversely, poor results are most commonly associated with tuberosity malunion or
nonunion and improper humeral stem positioning (Bolileau et al 2002, Demirhan et al 2003,
Esen et al 2009, Frankle et al 2001, Robinson et al 2003). Other important factors include the
timing of surgery, patient age, tobacco and alcohol use, and female sex. Despite intensive
study and improvements in patient selection, prosthetic design, and surgical technique,
functional results remain variable. Wide variation in outcomes measurements also makes
comparisons between studies difficult. Despite these limitations, hemiarthroplasty offers
reliable pain relief and reasonable levels of patient satisfaction, but only modest functional
results. Limited use with activities of daily living below shoulder level may be reliably
obtained but overhead use is not typical following this surgery. Good to excellent results
remain between 75-85% despite these challenges (Bigliani 1990, Goldman et al 1995, Green et
al 1993, Kontakis et al 2008, Moeckel et al 1992, Robinson et al 2003, Tanner & Cofield 1983).
High satisfaction rates seem to correlate more with pain relief than with range of motion or
functional outcomes. Even studies with poor functional results report high patient
satisfaction if pain relief is acceptable. Certainly, the more prepared the surgeon finds him
or herself in the management of the patient with a severely displaced proximal humeral
fracture, the better the chance of success. The purpose of this article is to review the
preoperative evaluation, describe the surgical technique required for successful placement
of the prosthesis and fixation of the tuberosities, and outline a safe postoperative
rehabilitation program. We will review current results and complications associated with
the technique of humeral head replacement and Reverse total shoulder arthroplasty for
proximal humeral fractures.

2. Shoulder arthroplasty for proximal humerus fractures

2.1 Preoperative evaluation

Adequate preoperative evaluation is critical in the management of patients with displaced
proximal humerus fractures. The surgeon must have a good working knowledge as to the
mechanism of injury and level of energy associated as this will give an indication of possible
neurovascular injuries. The surgeon should attempt to determine whether the injury
represents a fracture or a fracture/dislocation and evaluation of all available radiographic
studies is beneficial. Previous history of osteoporosis will give an indication as to the quality
of bone available for fixation. Past history of rotator cuff disease is helpful as a large rotator
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cuff tear will be associated with poor results with a humeral head replacement and may be
an indication for reverse ball and socket prosthesis.

Physical examination may be limited in the acute fracture setting because of pain and
swelling. The area of bruising is most commonly seen in the chest as well as the arm distal to
the deltoid muscle. Bruising in the area of the deltoid itself is indicative of either direct
trauma to this area or perforation of the deltoid by one of the fracture fragments.
Neurovascular examination is typically limited because of pain and the status of the axillary
nerve often cannot be determined prior to surgery. Distal pulses should be evaluated and
compared to the contralateral side. Differences in distal pulses may be an indication for
arteriogram. Displacement of the shaft medially in the area of the brachial plexus is also in
indication to obtain an arteriogram prior to open reduction internal fixation. Range of
motion testing is of no benefit in the acute fracture setting.

Radiographic examination should be limited to a trauma series which does not require the
patient to move the arm. Three orthogonal views as described by Neer can adequately
evaluate the fracture in the majority of cases (Neer 1990). (Figure 1) These include an AP
view in the scapular plane, a transthoracic lateral view, and a Valpeau axillary view. All of
these X-rays can be taken without removal of the arm from the sling. CT scan has been
shown to improve the accuracy of fracture classification and is very beneficial in
preoperative planning (Shrader et al 2005). (Figure 2)

A e

Fig. 1.
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Fig. 2.

Arthroplasty for proximal humerus fractures is typically indicated for head split and head
indentation fractures »40% fractures, displaced 4-part fractures of the proximal humerus,
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and 4-part fracture/dislocations. In these cases, the proximal humerus does fracture in a
very characteristic pattern. The fracture line between the greater and lesser tuberosity
typically lies directly posterior to the bicipital groove so that the lesser tuberosity fracture
typically also contains the bicipital groove and a small portion of the greater tuberosity.
(Figure 3) The remainder of the greater tuberosity often fractures away from the shaft
and lesser tuberosity with a characteristic “V” shaped pattern of bone leaving a distinctive
defect in the proximal shaft which can be used in realigning the fracture fragments
anatomically. (Figure 4) Variable amounts of head fragment may still be attached to a
tuberosities. A small portion of the calcar typically stays attached to the humeral head
fragment. (Figure 5)

Fig. 4.
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Fig. 5.

2.2 Operative technique

Key goals in prosthetic replacement for proximal humerus fractures include atraumatic
exposure of the fracture site with protection of the deltoid origin and insertion while
avoiding further devascularization of the fracture fragments, proper positioning of the
prosthesis both in terms of height and version, and secure anatomic fixation of the
tuberosities. The exact indications for the use of reverse prosthesis in the management of
proximal humerus fractures is not well understood currently and is undergoing a period of
development and research. Surgery is recommended within 7-10 days after the patient is
cleared medically. Delay beyond this time makes dissection more challenging due to early
fibrosis. Surgery must be followed by a safe physical therapy program which allows
adequate healing of the tuberosities while avoiding excessive stiffness.

This surgery is typically performed under interscalene block anesthesia and general
anesthesia. Relaxation during surgery decreases the pull of the pectoralis major and
improves exposure. Interscalene block is contraindicated in the face of documented
neurologic injury. This block results in excellent postoperative pain relief when indicated.
The patient is placed in the beach chair position with the back of the table elevated
approximately 30°. The patient is placed at the edge of the operating table with a bolster
along the medial border of the scapula to stabilize this structure during surgery. Lateral
placement of the arm allows extension off of the table for exposure and access to the
humeral shaft. A well-padded neurosurgical head rest allows increased exposure and access
to the superior shoulder and a short arm board supports the elbow without blocking access
to the arm. All bony prominences are well-padded. A fluoroscan is utilized from above to
allow evaluation of the fracture itself and tuberosity positioning. (Figure 6) Broad-spectrum
antibiotics are routinely used. Surgical approach is planned to contribute minimal
additional trauma to the soft tissues and vascular structures in the area of the proximal
humerus. In situations in which the humeral head is displaced into the axilla in the area of
the brachial plexus, caution must be exercised in its removal as this can result in
hemorrhage. Assistance from a vascular surgeon may be required in such cases.
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Fig. 6.

2.3 Surgical exposure

A deltopectoral incision is made beginning at the level superior to the coracoid and passing
to a point directly anterior to the deltoid insertion. (Figure 7) The fat stripe over the cephalic
vein is identified and carefully incised avoiding injury to the vein. With the edema
encountered in acute fractures, blunt dissection can be carried through the deltopectoral
interval dissecting the cephalic vein laterally with the deltoid down to the level of the
fracture site itself. Fracture hematoma is evacuated and the anatomy of the fracture is now
examined. The conjoined tendon is retracted medially and the deltoid is retracted laterally.
The deltoid origin and insertion are preserved. Landmarks which assist in identification of
critical structures include the coracoid which has been named “the lighthouse of the
glenoid” and the biceps tendon which has been called “the highway to the glenoid”. The
coracoacromial ligament is identified at the lateral edge of the coracoid and can be followed
to the subacromial space. The base of the coracoid can be palpated and helps guide the
surgeon to the glenoid. The biceps tendon can be identified in the pectoralis insertion on the
humeral shaft and followed into the fracture site. The fracture line between the lesser and
greater tuberosities is typically immediately posterior to this tendon. The axillary nerve
must be identified and protected throughout the procedure. The nerve is palpated anteriorly
along the inferior border of the subscapularis and laterally along the undersurface of the
deltoid muscle. Continuity of this nerve can be verified using the Tug Test (Flatow &
Bigliani 1992) and is reassuring that the nerve has not been lacerated by fracture fragments.
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Fig. 7.

2.4 Control of fracture
The first step in controlling the 4-part proximal humerus fracture is to control the
tuberosities. The lesser tuberosity is displaced medially by the pull of the subscapularis
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while the greater tuberosity is displaced posterosuperiorly by the pull of the infraspinatus
and teres minor muscles. Heavy nonabsorbable sutures are passed through the
subscapularis tendon to control the lesser tuberosity and through the infraspinatus tendon
to control the greater tuberosity. (Figure 8) A bone hook or clamp may be necessary to
reduce the greater tuberosity so that a suture can be passed through the cuff tendon.
Abduction of the humerus relaxes the deltoid and assists with exposure of the greater
tuberosity. Sutures are not placed through the greater tubersoity itself as bone quality may
be poor and this will lead to further comminution. The rotator cuff tendon is often stronger
than the bone itself and should be utilized for both mobilization and later fixation. The
fracture line between the tuberosities is followed up to the rotator cuff. The rotator cuff can
then be split in line with its fibers in continuity with this fracture line. This will leave a
small strip of supraspinatus tendon attached to the anterior fragment. This fragment
includes the lesser tuberosity, bicipital groove, and a small portion of the greater tuberosity.
Attached to it are the subscapularis tendon, the rotator interval, and a small strip of the

Fig. 8.
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supraspinatus tendon. The remainder of the supraspinatus as well as the entire
infraspinatus and teres minor tendons will be attached to the posterior fragment. Splitting
the supraspinatus in line with its fibers to the level of the glenoid now allows exposure of
the glenoid as well as the humeral head.

The humeral head is now removed and placed on the back table where it can be measured
in terms of height and diameter. (Figure 9) Any missing fragments from the humeral head
are typically still connected to the tuberosities and must be removed to allow adequate
reduction of these tuberosities under the prosthetic humeral head. Removal of these
portions of the humeral head is necessary but debulking of the tuberosity fragments is
contraindicated as this may compromise tuberosity healing and positioning. The humeral
head is also carefully inspected to determine the amount of calcar attached medially. The
size of this fragment is indicative of the amount of missing shaft medially and will help
determine the exact positioning of the prosthesis. The prosthetic humeral head should be
positioned superior to the shaft a distance equal to the amount of the calcar bone left
attached to the humeral head. Placement of the humeral head directly onto the humeral
shaft ignoring the size of this calcar fragment will result in positioning of the head too low
relative to the shaft. All cancellous bone in the humeral head can now be harvested and
used for bone grafting of the tuberosities prior to fixation.

Fig. 9.

2.5 Prosthetic selection

Adequate prosthetic selection is determined by measuring the humeral head and canal.
The proximal humeral shaft can be delivered into the operative site by extension,
adduction and external rotation of the arm and placement of the elbow onto the short
arm board. This allows access to the proximal humeral canal which can be measured
with reamers. Minimal reaming is required. If there is no significant shaft comminution
associated with the fracture, a standard length prosthetic stem on the order of 130 mm is
adequate and a long stem prosthesis is not required. A prosthetic system which allows
use of a narrow stem is preferred as this will allow room for bone grafting and tuberosity
reduction and healing. Prostheses with a broad proximal collar often do not allow
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enough room for tuberosity reduction without debulking and compromises the healing
ability of these tuberosities. Ingrowth material on the proximal stem may be beneficial to
tuberosity healing. The prosthetic stem must be narrow enough to allow adequate
insertion into the humerus and avoid proud placement of the prosthesis. Prosthetic
humeral head size is determined by measuring the patient’s humeral head at the time of
surgery both in terms of height and diameter. In prosthetic systems with an offset
humeral head, placement of the maximum offset is recommended posteriorly or
posterosuperiorly to allow placement of the greater tuberosity under the humeral head
in this location. Appropriate head sizing will help reestablish anatomic tension on the
rotator cuff tendons after tuberosity repair.

2.6 Prosthetic positioning

Adequate positioning of the prosthesis both in terms of height and version is critical
towards the success of this procedure and in reestablishing relatively normal anatomy
for the patient postoperatively. Distortion of the normal proximal humeral anatomy by
displacement of the tuberosities represents a challenge for determination of proper stem
and head height. This positioning is important to reestablish the normal resting length of
the deltoid muscle. There are multiple options for determining adequate height for the
prosthesis. The superior margin of the pectoralis insertion typically is 56 mm from the
superior aspect of the greater tuberosity and is a fairly standard measurement in patients
of varying sizes (Murachovsky et al 2006). This measurement will allow the surgeon to
determine whether he is in the generally correct range for prosthetic height. As
mentioned previously, the size of the fragment of calcar on the humeral head will
indicate the height of the prosthetic head relative to the shaft. In cases in which the
greater tuberosity does not have significant comminution, the greater tuberosity
fragment can be interdigitated back in the “V” shaped defect just posterior to the
bicipital groove. The humeral head must be placed just superior to the greater tuberosity
in this location and by reducing the greater tuberosity to the shaft, the surgeon can
determine proper head height. (Figure 10* and 10P) Tension on the biceps tendon has
been recommended as a guide for the prosthetic height but is less exact. The biceps can
be tenodesed at this time and removed from the joint. Finally, some prosthetic systems
do allow preoperative templating relative to the contralateral arm with jigs which can be
utilized for determining height. These systems are often unwieldy and difficult to use.
Placement of the prosthesis too low will result in inferior subluxation of the humeral
head relative to the glenoid and cause weakness in elevation. Proud placement of the
prosthesis will lead to overstuffing of the joint, superior subluxation, pain, and stiffness.
Anatomic version of the humeral head has been generally reported between 20 and 40°
of retroversion. Placing the prosthesis in less retroversion places less tension on the
greater tuberosity fragment during internal rotation and may benefit healing. Version of
approximately 20° is recommended for this reason and can be determined relative to the
patients’ forearm. In prosthetic systems with a posterior fin of the prosthesis positioned
180° from the medial calcar portion of the stem, this posterior fin should generally be
located just posterior to the bicipital groove. The humeral stem is generally cemented in
place to avoid subsidence and malrotation because the stabilizing effect typically
afforded by the tuberosities has been lost due to the fracture.
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Fig. 10a.

Fig. 10b.
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2.7 Tuberosity fixation

Postoperative function is most closely tied to anatomic healing of the tuberosities. The
success of tuberosity healing is directly related to the adequacy of reduction and fixation of
the tuberosities at the time of surgery. Tuberosity healing is a major challenge and greater
tuberosity pull off remains the most common complication of this surgery (Boileau et al
2002). The tuberosities must heal to each other and to the shaft as well as to the ingrowth
material of the humeral prosthesis. A variety of fixation techniques have been reported but
techniques recommended by both Frankle and Boileau have demonstrated superior
biomechanical resistance to deforming forces (Boileau et al 2000, Frankle et al 2002). The
tuberosities are repaired utilizing a suture technique which fixes these tuberosities to each
other, to the prosthesis, and to the shaft of the humerus. The placement of these sutures and
drill holes for their placement is necessary prior to cementing the humeral stem in place.
Drill holes in the shaft include the one drill hole anterior to the bicipital groove, two drill
holes straddling the bicipital groove, and one drill hole posterior to the bicipital groove.
(Figure 11) In cases in which the “V” shaped fragment of the greater tuberosity is of
adequate size, small drill holes between this fragment and the humeral shaft just posterior to
the bicipital groove can be utilized for a figure of 8 reduction suture. (Figure 12) This suture
does not resist deforming forces but is used for anatomic reduction of the tuberosity. #5
polyester nonabsorbable sutures are placed through the anterior drill hole and through the
posterior drill hole respectively. One #5 polyester suture is passed through the holes
straddling the bicipital groove in such a way that both ends of this suture pass out from the
canal with a small loop of suture inside the canal. While the cement for stem fixation is
curing, morcelized bone graft is packed into the proximal canal just above the cement.
(Figure 13) These small fragments are fixed to the cement while the cement is setting. This
creates a bony surface for healing to the tuberosities. The greater tuberosity is repaired first.
One or two cerclage sutures of #5 polyester suture are placed through the rotator cuff at the
bone tendon junction and around the anterior stem of the prosthesis. The #5 polyester
suture from the anterior drill hole in the shaft is then passed diagonally across the prosthesis
and through the rotator cuff tendon at the bone-tendon interface to fix the greater tuberosity
to the shaft and to resist vertically directed deforming forces against the tuberosity. (Figure
14) The greater tuberosity is fixed to the posterior aspect of the fin on the stem just inferior
to the humeral head utilizing the cerclage sutures passed around the prosthesis. The bone
graft is inserted between the prosthesis and the greater tuberosity to restore bulk to the
tuberosity and to assist with healing. The posterior shaft suture is then passed diagonally
across the prosthesis and passed through the subscapularis tendon at the bone-tendon
junction. One to two cerclage sutures between the greater tuberosity and lesser tuberosity
are then used to reduce the lesser tuberosity to the stem just underneath the humeral head
anterior to the prosthetic fin. Again bone graft is used as needed and the cerclage sutures are
tied. The suture from the posterior shaft to the lesser tuberosity is then tied. The rotator cuff
split made previously during exposure is closed using nonabsorbable figure of 8 sutures. By
making that split through the supraspinatus tendon, good tissue is available for repair
anteriorly and posteriorly to help resist greater tuberosity pull-off. Finally, the two suture
limbs at the bicipital groove distally are passed in a figure of 8 fashion over the rotator
interval and rotator cuff split to firmly repair these to each other and to the shaft. (Figure 15)
The stability and strength of the repair is then tested by taking the arm through gentle range
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of motion. (Figure 16) Adequacy of reduction of the tuberosity fragments can be verified
fluoroscopically. The continuity of the axillary nerve can be verified using the Tug test.
Suction drains are placed deep to the deltoid and a layered closure is performed.

Fig. 11.
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Fig. 13.
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Fig. 14.
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Fig. 15.
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Fig. 16.

2.8 Reverse prosthesis for fracture
Indications for the use of the reverse total shoulder arthroplasty in the management of

displaced proximal humerus fractures is in evolution. This prosthesis is generally not
recommended in younger patients and it’s use has most often been reported in patients
around the age of 70. It should be considered in cases with a relatively poor prognosis
with use of the humeral head replacement including elderly patients (>75), patients with
pre-existing large rotator cuff tears, and patients whose fracture care has been delayed.
These patients are at particular risk for poor tuberosity healing (Boileau et al 2002). Use
has been spurred by variability in functional results of the humeral head replacement in
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the management of these complex fractures. The technique of reverse prosthesis in this
situation is relatively straightforward (Wall & Walch 2007). The dissection up to removal
of the humeral head is identical to that described previously for standard humeral head
replacement. The deltopectoral approach is preferred over the superior approach for this
indication as it permits easier rehabilitation and allows the surgeon to address any distal
humeral shaft comminution that may be present. The exposure of the glenoid is easier
than usual as the tuberosities are displaced away from the shaft and the glenoid can be
clearly visualized at the time of surgery. The capsule and labrum are released from the
glenoid to allow clear exposure of the glenoid rim. The glenoid is reamed according to the
specifications of the particular prosthesis. The glenoid baseplate is placed slightly
inferiorly and inclined caudally to help avoid notching of the lateral scapular border.
Standard placement of the glenosphere is indicated. Humeral stem placement is dictated
by soft tissue tension as in standard cases. Minimal or no pistoning of the stem relative to
glenosphere should be present with adequate tension across the deltoid. Tension on the
tuberosities will also influence the determination of stem height. Version is generally
recommended at 0-20° of retroversion but can be altered to allow for optimal tuberosity
reduction. In cases in which the supraspinatus is still attached to the greater tuberosity,
the tendon insertion may require release in order to mobilize the tuberosity distally
enough to reach the shaft and prosthesis. Similar suture fixation is recommended with
cerclage sutures between the tuberosities and the prosthesis as well as the vertically
aligned sutures diagonally between the shaft and the greater and lesser tuberosities.
(Figure 17* and 17b) Prostheses with proximal ingrowth may help tuberosity union.
Tuberosity repair should decrease incidence of prosthetic instability and allow improved
external rotation postoperatively. Currently limited information as to the benefits of
tuberosity healing is available in this setting (Bufquin et al 2007). Following tuberosity
fixation with either the reverse prosthesis or standard humeral head replacement, suction
drainage in indicated to avoid hematoma formation. The deltopectoral interval is closed
and the skin is closed in a layered fashion.

Postoperative rehabilitation is geared toward allowing adequate tuberosity healing while
helping the patient to regain flexibility in a reasonable and safe fashion. During the first six
weeks following surgery the tuberosities are vulnerable to avulsion from active use or
extreme range of motion with passive stretching. A protective ultrasling is indicated for the
first six weeks following surgery holding the arm in neutral rotation to limit tension on the
greater tuberosity fragment. The patient is allowed to perform gentle pendulum exercises
with passive external rotation exercises utilizing a stick. Range of motion exercises of the
elbow, wrist, and fingers are encouraged with gentle active use of these joints.

Once tuberosity healing can be verified radiographically, active use of the arm can be
instituted. This typically occurs at approximately six weeks following surgery. Active-
assisted exercises are begun in the supine position along with passive stretching under the
supervision of a physical therapist. Light activities of daily living are allowed with the
elbow at the side with progression of this as active function increases. Between weeks 6
and 12, exercises are characterized by gentle stretching with isometric strengthening for
muscle reeducation. Beginning at 12 weeks, a resistive exercise program can be started
below shoulder level with advancement to above shoulder exercises once the patient’s
strength increases.
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Fig. 17a.
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Fig. 17b.
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Fig. 18.
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3. Results

Complex displaced three and four-part fractures, fracture-dislocations, and fractures with a
humeral head split are at risk for the development of malunion and osteonecrosis, especially
after internal fixation. Shoulder hemiarthroplasty or, recently, reverse total shoulder
arthroplasty is indicated for the treatment of some of these complex fractures (Voos et al
2010).

In spite of advanced patient age, tuberosity healing can be achived by reattachment and
bone grafting around specific Reverse Fracture prosthesis, according to Boileau et al.
Successful peri-prosthetic tuberosity healing is associated with restoration of both active
elevation and external rotation (Boileau et al 2010). (Figure 18)

3.1 Pain relief

Pain relief is the most predictable outcome following hemiarthroplasty for four-part
proximal humerus fractures. Many authors have supported this finding, with 61% to 97%
of patients reporting complete patiens reporting pain relief. Significant resifual pain
generally tends to be associated with moderate activity; minimal pain occurs at rest. Even
when motion and functional results are limited, pain relief is reported to be consistent
(Young et al 2010).

3.2 Patient satisfaction

Reports of patient satisfaction vary widely, from 58% to 92,% , in part because of the
numerous scales used to mesure outcome and satisfaction. High satisfaction rates seem to
correlate more with pain relief than with range of motion or functional outcomes. Even
studies with poor functional results report high patient satisfaction if pain relief is
acceptable (Young et al 2010).

3.3 Prognostic factors

Patient age has been shown to be predictive of outcome. Younger patients have improved
results, gaining more rang of motion and a higher level of functional return. These
improved results are attributed, in part, to motivation and compliance with postoperative
rehabilitation and a more structurally intact rotator cuff.

Another prognostic factor is the delay between injury and surgery. A long delay between
the time of injury and surgery has been shown to result in poorer postoperative range of
motion and decreased functional outcomes. Although the time frames vary across studies,
surgery within 1 week of injury seems to be associated with improved outcomes.

Other preoperative factors that correlate with a poor result are preoperative neurologic
deficit, a history of cigarette smoking, excesve alcohol consumption, and female sex. Poorer
results associated with the latter are somewhat controversial because in the studies that
identified ths finding, women were significantly older than men, which is a significant
confounding variable.

Tuberosity position and healing may be the most important factors in determining
outcome. Greater tuberosity malunion is the most common complication associated with
hemiarthroplasty for four-part proximal humerus fractures. Final tuberosity position of
more than 5 mm above or more than 10 mm below the prosthetic head is associated with
poor results. A final position of more than 2 cm below the prosthetic humeral head also
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has been associated with a poor functional result. The best range of motion has been
reported to occur if the tuberosity is between 10 and 16 mm below the humeral head.
Although these results differ somewhat, a nonanatomic final positiion of the tuberosity
generally is believed to interfere with rotator cuff function and compromise range of
motion and function. Lesser tuberosity malunion has received much less attention as a
factir affecting outcome and does not appear to be as significant as greater tuberosity
position (Zuckerman & Sajadi 2007).

Studying the clinical and radiologic parameters that can explain unsatisfactory results, final
tuberosity malposition correlates with unsatisfactory results as well as superior migration of
the prosthesis, poor position of the greater tuberosity and women over age 75 years (likely
with osteopenic bone) (Boileau et al 2002).

At least five compelling reasons exist to reattach the tuberosities and obtain bone healing
when performing a reverse shoulder prosthesis: 1) humeral length is restored and thus the
deltoid is tensioned optimally; 2) joint stability is improved as a function of the restored
humeral length and reconstructed anterior and posterior soft tissue walls; 3) the risk of of
infection is reduced as the subacromial dead-space is minimised and the surrounding soft-
tissues are better vascularised. 4) better primary implant stability reduces the probability of
humeral implant loosening and 5) active (specifically external) rotation is restored, crucial
for activities of daily living in elderly patients (Boileau et al 2010).

3.4 Avoiding pitfalls and complications

Complications following hemiarthroplasty for acute proximal humerus fractures include
infection, neurologic injury, preiprosthetic fracture, instability, tuberosity malunion and
nonunion, rotator cuff tear, heterotopic ossification, glenoid erosion, and stiffness. Although
the incidence of any specific complication is relatively low, the cumulative incidence
represents at least 15%.

The incience of infection and wound healing problems is about 4% and includes acute
postoperative infections and subacute delayed presentations within 6 months of the
procedure. Factors that increase the risk of infection include the need for a second operation
performed within a short period of time and a compromise immune system. Preventing
infection requires meticulous attention to surgical preparation and drapping, particularly
because of the potential contamination from the axilla. Perioperative antibiotics are
indicated. Meticulous handling of soft tissues also is important. The fact that these injures
occur more commonly in enderly patients whose tissues are more sensitive to injury and
surgery further emphasizes its importance. If wound problems develop early in the
postoperative course, treatment should be aggresive, including additional antibiotics and
surgical debridement, if necessary (Young et al 2010).

Instability following hemiarthroplasty also can be a significant problem. The definition
of instability varies widely, which affects the reported incidence of this problem. Several
factors predispose patients to the development of instability, including component
malposition, rotator cuff compromise, and tuberosity problems. Of these, component
malposition is a critically important predisposing factor. Instability may result if the
humeral component is placed too high or too low, resulting in secondary impingement
or poor soft-tissue tension, respectively. Improper placement of the component in
excessive anteversion or retroversion may lead to dislocation and tuberosity failure
(Voos et al 2010).
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If the component is placed in an incorrect amount of version or if humeral length is not
properly restored, the risk of instability is greater. Careful attention to positioning the
component intraoperatively and managining that position during cementing is essential.
Inserting the component in proper version requires the use of consistent landmarks.
Obtaining proper version and length during cementing can be difficult; therefore, we find
the use of intraoperative fracture jigs to be beneficial. Component malposition can be
prevented if a reliable method to obtain and mantain malposition during insertion is used.
We believe that cemented fixation of these components is mandatory to mantain position,
particularly in the absense of mataphyseal bony support (Young et al 2010).

The so-called ““unhappy triad,” involves prosthesis with excessive height and retroversion
and the greater tuberosity is positioned too low. This combination was frequently
associated with poor functional results and persistent pain and stiffness. Studies have also
demonstrated that acute reconstruction (less than four weeks after the injury) results in
better functional outcomes because of the ease of tuberosity reconstruction (Boileau et al
2000).

Rotator cuff compromise also causes instablity and usually develops as a result of tuberosity
compromise. Preventing this problem requires secure fixation and proper positioning of the
tuberosity. If the tuberosity becomes detached, particularly in the early postoperative
period, instability often can result. Detachment of the lesser tuberosity compromises
anterior support and can result in anterior instability (Young et al 2010).

Detachment of the greater tuberosity can result in significant superior and anterior
instability. Although posterior instability can occur, it is less common. Factors that
predispose patients to tuberosity detachment are inadequate tuberosity fixation and
noncompliance with the postoperative rehabilitation. Secure tuberosity fixation and
reattachment using the priciples (transverse, longitudinal, and cerclage fixation) will
decrease the risk of fixation failure. A supervised, structured rehabilitaion program also can
limit the potential for patient noncompliance. The treatment of instability following
tuberosity failure can be difficult. If detachment is identified early, reattachment should be
considered. Tuberositiy detachment identified more than 6 months after surgery is more
probelmatic. Mobilization and attachment of tuberosities can be quite difficult at this time. If
the patient reports significant pain and demonstrates instability, the revision surgery,
possibly to a reverse shoulder arthroplasty, may be necessary.

Tuberosity nonunion is another significant complication following hemiarthroplasty. The
factors that predispose patients to nonunion are related to the method of reattachment,
particularly the ability to obtain proper reduction and secure fixation. The quality of bone
and soft tissue also affect fixation. The significance of tuberosity nonunion can vary, but
generally relates to the degree of migration and displacement. Limited amounts of
migration and displacement frequently result in weakness and limited motion but not
instability. With significant displacement, the patient will demonstrate weakness and
limited motion, as well as instability and pain. The best approach to prevent tuberosity
nonunion is use of an optimal method of reattachment.

Malunion of the greater or lesser tuberosity can occur, although probably with less
frequency than nonunion. Malunion usually occurs as a result of either inadequate
reduction at the time of surgery or inadequate fixation, which allows migration of the
fragment with healing into a malunited position. Thus, proper positioning of the tuberosity
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intraoperatively is mandatory to avoid these problems. If necessary, intraoperative
radiographs should be obtained to confirm the position. Radiographs also should be
obtained early in the postoperative period to ensure that migration has not occurred.
Malunion of the greater tuberosity is a much more significant problem than that of the lesser
tuberosity. Posterior or superior displacement of the greater tuberosity restricts motion and
can be a source of pain. Treatment of tuberosity malunion depends on functional
significance. If significant pain and limited motion can be attributed to tuberosity malunion,
surgical management consisting of osteotomy, mobilization, and reattachment to a more
anatomic position can be considered. If the component is not in an optimal position, the
component revision may be necessary. These procedures tend to be difficult and, clearly, the
most effective treatment of tuberosity malunion is prevention.

Heterotopic ossification following hemiarthroplasty for acute fractures is relatively
common, although it generally is not clinically significant. Small areas of heterotopic
ossification an reactive bone can develop, but these generally do not interfere with
function or compromise outcomes. However, more extensive ossification, particularly in
the subacromial space, or bone bridging from the acromion to the proximal humerus can
be significant. The factors that predispose to clinically heterotopic ossification include
high-energy injuries (fracture-dislocations) and delays in surgery longer than 10 to 14
days after the acute injury. Heterotopic ossification also can develop when the procedure
is performed after an early failure of internal fixation. The second procedure, particularly
when it is performed 2 to 4 weeks after the initial procedure, carries a signinficant
increased risk of heterotopic ossification. Whenever possible, it is important to take
measures to prevent the formation of heterotopic bone. At the time of the initial surgery,
meticulous technique to minimize soft-tissue trauma is important. The timing of surgery
also is important. Whenever possible, the “at risk” period should be avoided. For those
patients who are felt to be at high risk for heterotopic bone development, prophylactic
measures can be considered, including anti-inlammatory medications postoperatively
and/or the use of single-dose radiation therapy. The use of preventive measures has to be
balanced with the potential to interfer with tuberosity healing and should be
individualized for each patient (Young et al 2010).

Plausinis et al reported the complicationes that took place after humeral head replacement
and included infection, neurologic injury, intraoperative fracture, instability, tuberosity
malunion and nonunion, rotator cuff tear, heterotopic ossification, glenoid erosion, and
stiffness. When technical factors such as tuberosity malunion or component malpositioning
are considered as postoperative complications, the incidence of complications is relatively
high (Plausinis et al 2005).

Cazeneuve et al described the clinical and radiological outcome of 36 fractures at a mean of
6.6 years (1 to 16) in which the mean Constant score was 58.5 and was reduced to 53 points
with the further follow-up. A total of 23 patients (63%) had radiological evidence of
loosening of the glenoid component. Nevertheless, only one patient had aseptic loosening of
the baseplate at 12 years’ follow-up (Cazeneuve et al 2010).

Wall et al reported a series of 186 with 191 retained reverse total shoulder arthroplasty
prostheses who were followed for an average of 39.9 months. Overall, the average Constant
score improved from 23 points before surgery to 60 points at the time of follow-up and 173
of the 186 patients were satisfied or very satisfied with the result. Dislocation (fifteen cases)
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and infection (eight cases) were the most common complications among the 199 shoulders
that were followed for two years or were revised prior to the minimum two-year follow-up.
Patients who received the reverse prosthesis at the time of a revision arthroplasty had a
higher complication rate than did those who received the reverse prosthesis at the time of a
primary arthroplasty. The most common complications were dislocation (fifteen cases;
prevalence, 7.5%) and infection (eight cases; prevalence, 4.0%). Glenoid fractures,
postoperative humeral fractures, symptomatic hardware, musculocutaneous nerve palsy,
radial nerve palsy, glenoid sphere loosening, and glenoid base loosening also occurred in
five or fewer cases each (Wall & Walch 2007).

To evaluate functional outcome after hemiarthroplasty for displaced proximal humeral
fractures and to review whether prosthesis type, intraoperative technique or previous
ipsilateral shoulder surgery could affect the outcome, Fallatah et al reviewed the medical
records and radiographs of patients who had undergone hemiarthroplasty for proximal
humeral fractures between 1992 and 2000. They concluded that soft tissue status and
operative technique played an important role in late postoperative pain and range of
motion. Hemiarthroplasty after failed open reduction and internal fixation is associated with
inferior results (Fallatah et al 2008).

In the retrospective study of Gallinet D et al, forty patients were treated by shoulder
replacement for three- or four-part displaced fractures of the proximal humerus between
1996 and 2004. Twenty-one had a hemiarthroplasty and 19 were treated by reverse
prosthesis. The reverse prosthesis group showed better results in terms of abduction,
anterior elevation and Constant score. Rotation was better in the hemiarthroplasty group.
They concluded that in three- or four-part displaced proximal humerus fracture,
arthroplasty did not ensure recovery of pretrauma shoulder function. Management is
therefore to be decided in terms of outcome predictability and rapid recovery of daily
comfort for elderly patients (Gallinet et al 2009).

Hemiarthroplasty can provide good functional results, but depends on tuberosity union
quality and this often necessitates a prolonged immobilization. Reverse prostheses provide
reliable, rapid and predictable results in terms of abduction, anterior elevation and pain
relief, but impaired rotation; this impacts quality of life and long-term implant durability
(glenoid notching).

Reverse prostheses should thus prove advantageous in the treatment of complex fractures of
the proximal humerus if these two drawbacks can be resolved and at present seem indicated
on condition that the patient is no younger than 70 years of age (Gallinet et al 2009).
Compito et al reviewed the important factors for a successful outcome, including gentle soft
tissue technique, secure placement of the prosthesis with proper version and height, secure
tuberosity reconstruction, meticulous rotator cuff repair, and a motivated patient who is
able to understand and perform the rigorous postoperative rehabilitation. Unsatisfactory
results are associated with tuberosity detachment, prosthetic loosening, inadequate or
noncompliant rehabilitation, preoperative nerve injury, humeral malposition, dislocation,
deep infection, and ectopic hone formation (Compito et al 1994).

On the basis of the current literature, Voos et al list arthroplasties for the treatment of
complex proximal humeral fractures in descending order with regard to their clinical
success as follows: (1) hemiarthroplasty in a patient with reconstructible tuberosities, (2)
reverse total shoulder arthroplasty in a patient with reconstructible tuberosities, (3) reverse
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total shoulder arthroplasty in a patient without reconstructible tuberosities, and (4)
hemiarthroplasty in a patient without reconstructible tuberosities (Voos et al 2010).

This review covers the indications, technique, results, and complications associated with the
use of prostheses for proximal humeral fractures. Meticulous technique, especially in
regards to tuberosity fixation, is necessary for successful reconstruction. The use of the
Reverse Total Shoulder prosthesis is in evolution but does offer exciting options in the
management of these difficult patients (Voos et al 2010).
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