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Abstract The treatment of proximal humerus fractures con-
tinues to evolve. While the many of these injuries can be
managed nonoperatively, a certain percentage require operative
treatment. Open reduction internal fixation can offer excellent
outcomes when performed in the appropriate patient and utiliz-
ing proper techniques. This article reviews the most up-to-date
literature regarding all phases of proximal humerus fracture
osteosynthesis, including diagnosis, imaging, anatomic consid-
erations, surgical indications, fixation, and surgical outcomes.
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Introduction

The surgical treatment of proximal humerus fractures remains
a source of debate and research within orthopaedics. With the
advent of locking compression plate technology, open reduc-
tion internal fixation (ORIF) of these injuries has become
more popular. This operation can offer excellent outcomes—

not, however, without respect for anatomy and a critical
appraisal of the injury pattern, as well as patient- and
surgeon-related variables. This article will review the pertinent
classic and more recent literature regarding all phases of
proximal humerus fracture evaluation and osteosynthesis, as
well as the senior author’s preferred technique.

Workup and classification

The appropriate treatment of proximal humerus fractures is
predicated on the ability of the treating physician to identify
the injury in a timely and accurate fashion and have a
complete and thorough understanding of the fracture pat-
tern. Aside from a targeted history and physical exam,
imaging remains the mainstay of diagnosis. A plain radio-
graph trauma series of the shoulder, including an AP, scap-
ular Y, and axillary lateral, is an appropriate first and,
possibly, definitive imaging of these images [1]. X-rays
provide an overall assessment of alignment, comminution,
and bone quality and a basic understanding of the fracture
planes involved within the articular segment [2]. Whenever
a more detailed understanding of the fracture pattern is
required, CT scan provides an excellent means of fracture
evaluation. Several studies have demonstrated the benefits
of CT scan, as compared with plain radiographs alone.
Bahrs et al. demonstrated that CT allowed significantly
better assessment of relevant structures, as compared with
plain radiographs, even when independent of fracture pat-
tern [3]. Other studies have also demonstrated the benefits
of CT scan when used as an adjunct to plain x-rays. This is
particularly true for 3-D imaging [4–7]. The utility of MRI is
not well described in the setting of acute proximal humerus
fracture evaluation but has been described. Voigt compared
the use of MRI versus CT and XR in the evaluation of 30
proximal humerus fractures. In their series, MRI was able to
accurately demonstrate the bone fracture pattern in all cases
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and also demonstrate rotator cuff tears and medial periosteal
hinges that would have been otherwise unrecognized [8].
While expensive and time consuming, this imaging modal-
ity certainly holds value and should be considered, especial-
ly if soft tissue injury is suspected.

The two most common classification systems for proxi-
mal humerus fractures are the Neer and AO classification
systems. The Neer classification is based upon the number
of fracture “parts,” depending on the presence of a fracture
plane and sufficient displacement [9]. While its use is ubiq-
uitous, multiple studies have shown that the Neer classifi-
cation yields low inter- and intraobserver reliability. This is
true when plain radiographs are used [7, 10–14], as well as
multiplanar CT imaging [15, 16]. Studies examining the
influence of 3-D CT have failed to conclusively demonstrate
that this enhances inter-/intraobserver reliability with regard
to the Neer classification [6, 17, 18]. Despite the shortcom-
ings of this classification, it serves as a comprehensive
classification system, with very few fractures not fitting into
this scheme[19]. Additionally, it does carry some prognostic
significance, since historically, three- and four-part fractures
are more likely to suffer complications and have worse
outcomes, as compared with less complex fracture patterns
[20•, 21–23].

The AO classification suffers from many of the short-
comings as the Neer classification. It has been shown to
have poor inter-/intraobserver agreement [7, 10, 12–14, 24].
Also, unlike the Neer classification, the AO classification is
rather cumbersome and difficult to use in clinical situations.

When evaluating proximal humerus fractures, one should
look at a variety of different factors in order to accurately
assess the injury and make an appropriate plan for treatment.
While the Neer classification is popular, easy to use, and
helpful, consideration of other factors, rather than just a
simple characterization of “parts,” is necessary. For in-
stance, one should make note of bone quality. Hepp, in
2009, reported that the cortical index of the humerus corre-
lates with risk of fracture, thus serving as a marker for poor
bone quality [2]. The condition of the calcar should also be
noted. Restoration of the medial calcar is critical for ensur-
ing a successful patient outcome, and this can be compli-
cated by gross displacement or comminution of the calcar
[25, 26]. Some authors even place such importance on this
anatomic feature that they consider the calcar the “5th
fragment” [27]. Lastly, the pattern of coronal deformity
should be noted. Studies have shown that fractures with
initial displacement into varus tend to have worse clinical
outcomes and higher complication rates if operated upon
[20•, 21, 23, 28]. Thus, when evaluating a proximal humer-
us fracture and deciding upon appropriate treatment, start
with plain radiographs with a low threshold to obtain CT
imaging. Orthopaedists should take note of not only the
parts involved, but also the condition of the calcar, the level

of bone quality, and initial displacement pattern in the
coronal plane.

Indications

Indications for ORIF of proximal humerus fractures are
somewhat controversial. Certainly it may be the majority of
these fractures can be managed nonoperatively, but a certain
percentage should be treated by means of an operation. There
are many factors to consider on an individual basis when
deciding whether internal fixation should be undertaken,
including patient age, functional status, physicosocial factors,
ability to tolerate postoperative rehabilitation, fracture pattern,
displacement, associated injuries, remaining vascular supply
to the articular fragment, and bone quality.

Reported relative indications for proximal humerus frac-
ture ORIF include, but are not limited to, the following:
displacement of tuberosities greater than 5 mm, marginal
articular fracture with greater than 2 mm of displacement,
greater than 100 % displacement of the surgical neck, or a
sufficiently large varus or valgus deformity [29, 30]. Wheth-
er or not internal fixation can be pursued, rather than pros-
thetic replacement, is dependent upon whether the fracture
is reconstructable and whether the blood supply is intact.
Fractures that involve a significant head split or multiple
articular fragments are generally considered unreconstruct-
able and should be treated with arthroplasty. The issue of
remaining blood supply and the ability to predict avascular
necrosis (AVN) is incompletely understood. In general,
fractures with no remaining soft tissue attachments to the
articular segment, particularly in the setting of dislocation,
are considered avascular, and arthroplasty has been recom-
mended for these cases in the literature [31]. Hertel reported
that calcar length less than 8 mm, disruption of the medial
hinge, and more complex fracture patterns were more pre-
dictive of future AVN [32]. However, these features cannot
absolutely allow the surgeon to predict AVN. Nevaiser et al.
found, in their series of 34 patients treated with ORIF, that
the length of the posteromedial hinge was not predictive of
AVN [33••, 34•]. Also, using tetracycline labeling techni-
ques, Crosby et al. demonstrated that perfusion to the head
can be maintained in more complex three- and four-part
fractures [35]. Additionally, Bastian et al. reported that even
in cases where ischemia of the head was present at the time
of operation, AVN may not occur at long-term follow-up
[36]. In this study, 10 humeral heads did not show signs of
perfusion intraoperatively. They were treated with internal
fixation, and 8 of the 10 did not show any signs of AVN,
with subchondral collapse at an average of 5 years follow-
up. This would suggest that revascularization of the head is
possible in situations where reduction and stable fixation
can be achieved.
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Author’s indications for open reduction internal fixation

ORIF should be undertaken if the patient can tolerate the
necessary postoperative physical therapy regimen and has
sufficient displacement of the tuberosities, articular surface,
or surgical neck, as outlined above. Osteosynthesis is pur-
sued even in the presence of risk factors for AVN already
mentioned if an adequate reduction and stable fixation can
be achieved, in an effort to preserve the native anatomy and
provide the best function possible, particularly in younger
patients.

Anatomy and surgical approach

Successful osteosynthesis of proximal humerus fractures by
definition requires fracture healing, which is necessarily
dependent upon adequate blood supply to the affected frag-
ments. This requires a precise understanding of the vascular
anatomy of the proximal humerus. One of the first compre-
hensive descriptions of the blood supply to the proximal
humerus was performed by Gerber et al. [37]. This was a
cadaver study performed by injecting latex and studying the
vascular contributions to the proximal humerus. In this
study, all specimens were perfused by the anterolateral
ascending branch of the anterior circumflex artery, which
runs parallel to the lateral aspect of the biceps tendon and
enters the bone at the proximal end of the intertubercular
groove. They also found that only the posterior portion of
the greater tuberostiy and the posteroinferior portion of the
head was supplied by the posterior humeral circumflex
artery. A more recent study by Hettrich et al. suggests that
the posterior humeral circumflex artery plays a more impor-
tant role than previously recognized [38••]. In this cadaver
study, the relative contributions of the anterior and posterior
humeral circumflex arteries to the overall blood supply of
the humeral head was quantified by means of gadolinium
uptake on MRI scans. The posterior humeral circumflex
artery was found to be the dominant artery, providing, on
average, 64 % of the blood supply to the humeral head
overall. This finding may help explain why AVN does not
necessarily occur despite disruption of the anterior ascend-
ing branch, such as in three- or four-part fractures [35].
Surgeons should regard both as clinically important and
focus on preserving these vascular structures during the
surgical approach, reduction, and fixation.

For open reduction, there are two widely popular
approaches available to the surgeon: the deltopectoral and
anterolateral acromial, or “deltoid-splitting,” approach [39•,
40]. The deltopectoral approach is an attractive option be-
cause it follows an internervous plane and does not require
dissection of the axillary nerve. However, it provides limited
access to the posterior portion of the greater tuberosity and

makes placement of a laterally based plate cumbersome.
Additionally, the exposure places the anterolateral ascend-
ing branch of the anterior humeral circumflex artery at risk
during the dissection [41]. The anterolateral acromial, ap-
proach is an attractive alternative for proximal humerus
osteosynthesis since it avoids many of the pitfalls associated
with the deltopectoral approach. It provides direct visuali-
zation of the lateral aspect of the humeral shaft for plate
placement. Good access to the posterior aspect of the greater
tuberosity can be obtained. It respects the vascular supply to
the humeral head [42–44]. Additionally, this approach can
be performed in a minimally invasive fashion, in an attempt
to disrupt as little soft tissue as possible [45, 46]. Also, this
approach can be converted to an extensile lateral approach to
the entire humerus if necessary, which requires protection of
both the axillary and radial nerves [47]. Drawbacks of the
anterolateral approach include the lack of familiarity with
gaining inability intra-articular access, should conversion to
arthroplasty be required, and concerns regarding injury to the
axillary nerve. Certainly, care must be taken to avoid injury to
the axillary nerve. However, the nerve is reliably identified
3.5 cm distal to the tip of the greater tuberosity and with
careful handline, nerve injury is rare [48]. Also, damage to
the deltoid insertion on the humerus can be avoided with the
use of helical plating techniques [49]. Wu et al. performed a
retrospective study comparing the anterolateral approach with
the deltopectoral approach for proximal humerus fracture
treatment and found no difference with regard to operative
time, blood loss, hospital stay, fracture reduction, loss of
reduction, time to union, Constant–Murley shoulder outcome
(Constant) scores, or Disability of Arm, Shoulder, and Hand
(DASH) scores [50•]. Only three cases of AVNwere reported,
and all occurred in the deltopectoral approach group. In con-
clusion, the surgical approach of choice lies at the discretion of
the treating orthopaedist. When making this decision, one
should consider the fracture pattern and displacement, possi-
ble necessity for arthroplasty, surgical experience, and skill;
both approaches are suitable when performed appropriately.

Authors preferred technique: Surgical approach

The senior author favors the anterolateral approach for
ORIF of proximal humerus fractures, both in the acute
setting and in cases of nonunion [40]. The incision is cen-
tered between the anterior and middle heads of the deltoid,
with the proximal extent of the incision approximately one
finger breadth proximal to the anterolateral border of the
acromion [39•]. This incision is extended as far distal as
necessary to adequately expose the fracture and facilitate
plate placement, while aiming toward the lateral epicondyle
of the humerus. Proximally, the interval between the anterior
and middle heads of the deltoid is entered using sharp
dissection. The axillary nerve is identified during this
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portion of the dissection, which should be approximately 6 cm
distal to the acromion. The subacromial bursa is incised prox-
imal to the nerve to expose the rotator cuff, while blunt
dissection is utilized just distal to the axillary nerve to identify
the proximal portion of the humeral diaphysis. The axillary
nerve need not be completely skeletonized during the dissec-
tion; it needs only to be identified and protected (Fig. 1). At
this point, fracture reduction can commence, which can be
facilitated by the placement of tagging sutures within the
rotator cuff tendons to help gain control of tuberosity frag-
ments. These tagging sutures through the rotator cuff can be
secured to the plate at the conclusion of the procedure to assist
in fixation of the tuberosity fragments.

Fixation and biomechanics

The goal of proximal humerus fixation is anatomic reduc-
tion of all fracture fragments, reestablishment of the native
neck shaft angle (between 130° and 140°), restoration of the
medial calcar, and stable fixation, which will allow early
motion and return to function. The ability of a surgeon to
fulfill all of these goals is based on the type of fracture,
amount of fracture displacement, bone quality, and patient
compliance. ORIF of proximal humerus fractures has in-
creased in frequency with the development of locking plate
and angular stable technology. Locking plate technology
allows load to be evenly distributed throughout the length
of the plate, countering the impact of the humeral head’s
poor bone quality on plate stability and limiting the risk of
screw pull-out and fixation failure.

Calcar reduction/medial column reconstruction

Care must be taken with the provisional reduction of the
major fracture fragments to reduce the calcar and, thus,
restore the medial column (Fig. 2). Gardner et al. showed

that restoration of the medial column, whether through
screw fixation or intramedullary fibular strut augmentation,
led to a significant improvement in maintenance of humeral
head height and fracture reduction, when compared with
those without medial support [25, 51•, 52]. Biomechan-
ical studies have shown that medial support increases
load to failure, axial stiffness, and shear stiffness, as
well as torsional stiffness of proximal humerus fixation
constructs [53••, 54].

Calcar reduction and medial column support is facilitated
through numerous methods. Fibular strut augmentation will
be discussed in another section. Fractures with minimal
calcar comminution allow for anatomic reduction of the
calcar and insertion of an appropriately placed calcar screw
in the subchondral bone of the inferomedial portion of the
humeral head. The positioning of the holes for the calcar
screw should be examined carefully prior to plate position-
ing for fracture fixation. Fractures with significant medial
comminution at presentation may require medialization and
impaction of the humeral head into the shaft to better restore
medial column support. These fractures also benefit from
appropriately placed calcar screws through the inferomedial
humeral head. Erhardt et al. (2012) showed that placement
of an infermomedial/calcar screw increased the constructs
resistance to screw perforation and construct failure, when
compared with those without an appropriately placed calcar
screw [53••]. Once adequate calcar reduction is achieved,
attention can then be turned to plate choice and placement.

Plate choice/plate position

The advent of locking plate technology has increased the
frequency of ORIF of proximal humerus fractures. The
humeral head consists of a large area of trabecular bone

Fig. 1 Intraoperative photographs demonstrating the anterolateral ap-
proach to the proximal humerus. Note the location of the axillary
nerve, approximately 35 mm distal to the top of the greater tuberosity
and 60–66 mm distal to the undersurface of the acromion

Fig. 2 Postoperative AP radiograph of the shoulder demonstrating
excellent reduction of a proximal humerus fracture with locking plate
fixation and endosteal augmentation using fibula allograft. Medial
support has been achieved through calcar augmentation with allograft
fibula and an inferomedially placed screw

50 Curr Rev Musculoskelet Med (2013) 6:47–56



with minimal structural support for gaining purchase of
screws. Cortical screw fixation is limited in areas without
subchondral bone for adequate purchase, and the presence
of the articular surface precludes bicortical screw placement.
The use of a combination of divergent and convergent
screws through an appropriately placed locking plate has
improved pull-out strength by distributing forces throughout
the plate and depending on the screw–plate interface, rather
than the plate–bone interface. Studies have shown no dif-
ference in construct strength or functional outcomes when
comparing polyaxial and monoaxial locking plates [55–57].

Plate positioning is crucial to both fixation strategies and
postoperative motion. As was mentioned previously, follow-
ing reduction and provisional fixation of the fracture, the
plate can be provisionally fixed at the oblong shaft screw.
The plate contour should match that of the reduced and
stabilized fracture. If possible, the shoulder should be gently
abducted to confirm that the proximal aspect of the plate
does not impinge on the acromion or limit motion of the
extremity. The plate should be positioned 10–15 mm distal
to the greater tuberosity to limit the risk of impingement
while providing adequate room for fixation of the humeral
head. Erhardt et al. showed that five humeral head screws
provided increased resistance to failure and pull-out
strength, when compared with three humeral head screws
[53••]. Lastly, biomechanical data has demonstrated that
screws should be placed into the subchondral bone of the
humeral head, less than 5 millimeters from the articular
surface, to provide the best fixation [58].

Locking screws are placed in the head in a divergent and
convergent fashion to ensure increased purchase, while cor-
tical screws can be placed in the humeral shaft when a
patient’s bone quality permits. Cortical screw placement will
allow the surgeon to utilize the plate as a reduction tool in
fractures where provisional stability may be limited initially.
Screw position should be checked in multiple views, and the
proximal humerus should be taken through a full arc of
motion to confirm stability and confirm that the humeral
head has not been perforated. Following fixation, the tag-
ging sutures utilized for manipulation of the fracture frag-
ments can be passed through holes in the locking plate for
reinforcement of the fixation [59].

Fixation augmentation

While locking plate utilization has increased significantly,
complications and poor outcomes remain due to the poor
quality of humeral head bone. Fixation augmentation with
allograft fibular struts has become a more popular means of
countering the low bone density of the humeral head and its
impact on maintenance of fixation. The technique of fibula
placement was described by Gardner, Lorich, and Helfet et al.
in 2008 [26]. The fibula is introduced in the proximal humerus

via the preexisting lateral fracture line in an antegrade fashion
(Fig. 3). In general, the fibula acts a second, moremedial point
of fixation for screws placed through the locking plate, en-
hancing the strength of fixation. In varus fractures, the fibular
strut can be placed medial to reestablish the medial column
and provide increased structural support and a strong point of
fixation for calcar screws and screws placed through the
humeral head. In valgus-impacted fractures, the fibula can
be placed in a more lateral position to fill the void left by the
disimpacted head fragment. The fibula acts as a reduction
device that provides provisional stability and allows the sur-
geon to elevate and translate the major fracture fragments with
precision, while limiting the need for multiple surgical assis-
tants to maintain fracture reduction (Fig. 4). This stability
improves the surgeon’s ability to place the plate appropriately
without loss of reduction.

Biomechanical studies have shown increased resistance to
collapse, increased maximal failure load, and improved con-
struct stiffness with fibular strut augmentation [51•, 60–62].
Fibular strut augmentation has been shown to decrease cyclic
motion at the fracture site by five times and lower fragment
motion by two times, as well as decrease plastic deformation by
two times, in a study by Osterhoff et al. [51•]. These findings
were confirmed in clinical studies by Hettrich et al. (2012)
showing excellent maintenance of reduction and postoperative
outcomes in patients treated with fibular strut augmentation of
fixation [63•]. Fibular strut augmentation should be considered
in geriatric patients, as well as those patients with poorer bone
quality or more comminuted fractures, to improve fixation.

Outcomes and complications

Complications of proximal humeral fixation remain preva-
lent despite the increased use of angular stable plates. They
can be attributed to fracture reduction, plate position, and pre-
operative displacement. Rates of postoperative complications

Fig. 3 Placement of the allograft fibula through the fracture site and
into the metaphyseal bone
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range from 9.7 % to 39 % of patients [64, 65]. Some less
common complications include subacromial impingement
due to plate positioning, adhesive capsulitis, and postop-
erative superficial/deep infections. These complications
were reported at decreased frequency, but physicians
should be aware of their presence. Adhesive capsulitis is
often attributed to delayed initiation of physical therapy
following fixation. The numerous complications have con-
tributed to reoperation rates as high as 29 % in some
studies [66].

Screw perforation of the humeral head is the most common
complication, with reported rates of up to 17 % in fractures
treated without fixation augmentation [67]. Konigshasen et al.
reported that nearly half (42 %) of their study’s complications
were attributed to screw perforation of the humeral head [68].
Postoperative radiographs should bemonitored periodically for
signs of perforation at each visit. The shoulder should be taken
through an arc of motion for evaluation of crepitus or catching.
Screws should be removed in a timely manner to limit injury to
the articular surface of the glenoid if fracture fixation is not
negatively impacted by screw removal. Neviaser et al. showed
a significant improvement in the rate of screw perforation with
augmentation of fixation with a fibular strut allograft [33••].
There were zero cases of screw perforation in the series, which
is likely attributed to their low rate of loss of humeral height,
change in neck shaft angle, and loss of reduction.

Varus malreduction is another commonly reported com-
plication of proximal humerus fixation [69]. Patients’ pre-
senting with initial varus coronal displacement portends
poorer postoperative coronal alignment. Solberg et al., in
2009, reported that 70 % of their patients with preoperative
varus alignment were still in at least 5° of varus after
undergoing fixation [20•]. This cohort had worse functional
outcomes at follow-up and was associated with a complica-
tion rate of 79 %. Early evidence of progression of varus
malreduction should be treated with revision ORIF to limit
the risk of further fixation failure and poor outcomes.

AVN of the humeral head was previously considered one of
the risk factors of operative treatment of three- and four-part
proximal humerus fractures. Rates of AVN have been reported
from 0 % to 30 % [34•, 65, 70–74] (Neviaser, Hettrich, Dines,
et al., 2011; Schliemann et al., 2012; Schulte, Matteini, &

Neviaser, 2011). The high rate of AVN was previously attrib-
uted to the perception that the anterior humeral circumflex
artery was the major contributing vessel to the humeral head.
While the rate appears high, it would not take into account the
frequency with which the anterior humeral circumflex was
disrupted, whether by injury or surgical fixation. Hettrich et
al. showed that the posterior circumflex artery was the major
contributing vessel to the humeral head, supporting the theory
that these injuries should be associated with a low rate of AVN
[38••]. Radiographic evidence of AVN (subchondral collapse,
humeral head segmentation) should be followed closely with
postoperative imaging, but surgical intervention may be
delayed in asymptomatic patients with good functional out-
comes, limited functional requirements, and intact hardware,
with no signs of humeral head perforation. Conversion to hemi-
arthroplasty or total arthroplasty should be considered in
patients with early development of AVN and limited function.

Outcomes of proximal humerus fixation vary widely and
are highly dependent on a surgeon’s treatment philosophy and
preoperative presentation. The Constant shoulder outcome
score, the UCLA shoulder score, and the DASH score are
common functional outcome scores utilized for these injuries.
The Constant score is an objective method of evaluating
patient outcomes on the basis of range of motion, strength,
pain, and activity level. The UCLA score is similarly weighted
but also includes patient satisfaction and function. The DASH
is a more global assessment of the upper extremity and the
patients overall well-being. Constant scores have ranged from
61 to 80 (max 100) with angular stable constructs [20•, 21,
75], but significant variability remains. Solberg et al. (2009)
and Sudkamnp et al. (2011) reported poorer Constant scores in
their patients presenting with varus preoperative coronal dis-
placement, as compared with their valgus-impacted patients
[20•, 76]. In contrast, Hettrich et al. reported Constant scores
of 87 in their cohort of patients treated with fibular strut
augmentation of the angular stable [63•]. The fixation strategy
was associated with a low rate of complications and low rate
of loss of reduction. DASH and UCLA scores exhibit similar
variability based on surgeon’s treatment strategy. Uniformly,
patients with anatomic fracture reduction and reestablishment
of the medial calcar are associated with significantly better
DASH, UCLA, and Constant scores [25, 63•, 69, 74, 77].

Fig. 4 Allograft fibula
placement. The fibula is
medialized with a push screw,
placed through the plate. The
medialization of the fibula helps
assist in the reduction and
restoration of the calcar.
Locking screws are also placed
through the fibula to hold its
position and prevent
postoperative loss of reduction
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Conclusion

The treatment of proximal humerus fractures continues to
evolve with fixation method and treatment protocols. With
the growing numbers of geriatric patients, the frequency of
these injuries will only increase. Research has shown that
despite the myriad of treatment methods, preoperative risk
factors, and augmentation, anatomic reduction and reestab-
lishment of the medial column remain crucial to mainte-
nance of reduction and good functional outcomes.

Key learning points

& Shoulder series is essential for appropriate treatment of
proximal humerus fractures (AP, scapular Y, axillary).

& Computed tomography provides detailed evaluation of
fracture classification and may direct treatment.

& Fractures may be classified by the Neer or AO classifi-
cation systems, both of which have a variety of short-
comings. Neer 3 and 4 fractures have historically been
associated with poorer outcomes.

& Calcar stability and preoperative varus coronal align-
ment are considered additional prognostic factors when
determining the appropriate treatment strategy for these
injuries.

& Relative surgical indications are displacement of tuber-
osities greater than 5 mm, marginal articular fracture
with greater than 2 mm of displacement, greater than
100 % displacement of the surgical neck, or a sufficient-
ly large varus or valgus deformity, and ability to com-
plete postoperative physical therapy regimen.

& The two most common surgical approaches to fixation
are the deltopectoral and the anterolateral/deltoid-split-
ting approaches.

& Advantages of the anterolateral approach include expo-
sure of the lateral aspect of the proximal humerus for
plate placement, ability to convert to extensile approach.
Disadvantages of this approach include minimal visual-
ization of the articular surface and inability to convert to
hemi-arthroplasty.

& Advantages of the deltopectoral approach include inter-
nervous plane for dissection and avoidance of the axillary
nerve. Disadvantages include limited exposure of the pos-
terior greater tuberosity and cumbersome plate placement.

& Adequate reduction of all fracture fragments is crucial to
anatomic fixation. Tagging sutures may be utilized to
counter deforming forces of the muscular attachments.

& Locking plate technology has improved fixation of these
fractures and decreased the risk of screw pull-out from
the humeral head.

& Reestablishment of the medial column though fibular
augmentation and/or appropriate calcar screw placement
improves maintenance of reduction.

& Complications of fracture fixation remain despite the
use of locking plates and plate augmentation. Screw
penetration of the humeral head, AVN, and varus
malreduction should be monitored closely throughout
follow-up.

& Regardless of the method of fixation utilized, functional
outcomes are dependent on anatomic reduction, restora-
tion of the medial column, and a patient’s ability to
participate in their postoperative rehabilitation course.

Disclosure No potential conflicts of interest relevant to this article
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