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Abstract
Introduction Treatment of displaced proximal humerus
fractures remains challenging. The introduction of locking
plates has renewed interest in treating these fractures with
joint-preserving techniques rather than hemiarthroplasty,
but high complication rates are still reported. Avascular
necrosis is not solely dependent on the initial fracture pat-
tern, but can also result from intraoperative and postopera-
tive vascular insults.
Method We describe a technique to minimize disruption
of humeral head blood supply and maximize fracture Wxa-
tion. A total of 34 patients with complex proximal humerus
fractures were treated with a locking plate and endosteal
implant through an anterolateral approach and followed for
an average of 66 weeks to determine the rates of avascular
necrosis.
Results No patient suVered complete osteonecrosis (0%)
and only one patient suVered partial necrosis (2.8%) of the
humeral head. The length of the posteromedial hinge was
not predictive of this complication.
Conclusion Use of the anterolateral approach and endos-
teal augment of a lateral locking plate can minimize avas-
cular necrosis following proximal humerus fracture.
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Introduction

Fractures of the proximal humerus account for 4–5% of all
fractures; 11% of these are three- and four-part injuries [4].
Despite this frequency, treatment remains challenging. With
the advent of locked plating, there has been a recent trend
toward plate osteosynthesis and away from hemiarthroplasty
in treating these fractures. This choice often hinges upon the
anticipated residual blood supply to the humeral head and
the potential risk of avascular necrosis. There is, however,
little evidence to guide this decision. The anterolateral
branch of the anterior humeral circumXex artery has been
considered the main nutrient artery of the proximal humerus
[15]. However, disruption of this vessel occurs in 80% of all
proximal humeral fractures [6] and clinical rates of osteone-
crosis cannot be reconciled with this pattern of vascular
anatomy. Recent studies have shown a dominant role for the
posterior humeral circumXex artery and maintenance of
humeral head perfusion even in displaced three- and four-
part fractures [5, 18]. Reported rates of postoperative avas-
cular necrosis are highly variable, however (3–37%), and
preoperative prediction of this complication has been inac-
curate [2, 17]. Intraoperative and postoperative factors may
account for this variability rather than fracture pattern alone.
Perfusion can be disrupted during dissection, manipulation
of fracture pieces, osteosynthesis and thrombosis in the
postoperative period [2]. The purpose of this study was to
determine the rate of osteonecrosis after treatment of dis-
placed proximal humerus fractures through a minimally
invasive anterolateral approach using bicolumnar Wxation
with a lateral locking plate and an endosteal implant. We
hypothesize that this technique will minimize surgical
disruption of head perfusion and maximize stability to allow
postoperative reperfusion when necessary, signiWcantly
reducing avascular necrosis.
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Methods

After approval from the institutional review board, during
the period of May 2006–March 2009, all patients with dis-
placed fractures of the proximal humerus seen at a level 1
trauma center were treated with open reduction and internal
Wxation using an anterolateral approach, and Wxation with a
lateral locking plate and an endosteal augment. Any patient
with a displaced fracture of the proximal humerus was eli-
gible for inclusion except those with isolated fractures of a
single tuberosity. Except for the exclusion of tuberosity
fractures, fracture pattern was not used as a determinant of
treatment. All patients underwent standard shoulder trauma
radiographs and a CT scan upon presentation. ClassiWcation
of fractures was made based on review of all preoperative
imaging in both the Neer and AO systems and was con-
Wrmed intraoperatively. The length of the posterior–medial
metaphyseal extension attached to the head as described by
Hertel et al. was also measured from the CT scans [17].
Patients underwent a clinical evaluation and had X-rays of
the shoulder at 2, 6, 12, 24 and 52 weeks after the opera-
tion. Radiographs were reviewed by three orthopedic sur-
geons including the senior author and assessed for evidence
of avascular necrosis based on the criteria of Gerber et al.
[14]. Necrosis was considered complete if the entire head
had disappeared and partial if only a segment of the head
had collapsed. Fisher’s exact test was used to determine the
signiWcance between rates of AVN in patients with and
without an 8 mm posterior–medial hinge.

Operative technique

All patients were treated by the senior author. A more
detailed description of this technique has been presented
previously [9]. Patients are positioned in a sloppy lateral

position, with Xuoroscopy draped into the sterile Weld.
The minimally invasive anterolateral approach was used
in all cases [12]. In this approach, the anterior deltoid
raphe is split and the anterior motor branch of the axillary
nerve is identiWed and protected. Traction sutures through
the rotator cuV or K-wires are used to control the humeral
head and tuberosities. Reduction of the medial cortex is
considered critical and cortical contact is achieved when
possible. An endosteal implant is inserted through the lat-
eral fracture lines. When there is comminution of the
medial calcar region or cortical contact cannot be
obtained, the implant is placed medially after being cut to
the desired length. Push screws or k-wires are used to seat
the implant along the medial column of the proximal neck
in a position spanning the fracture and extending several
centimeters into the humeral head (Fig. 1). In a valgus
impacted fracture with an intact medial hinge, the endos-
teal implant is placed in a more lateral position to function
as a buttress to the superior head (Fig. 2). A proximal
humeral locking plate (Synthes, Paoli, PA) is then slid
down the lateral aspect of the humerus under the axillary
nerve and placed on the lateral vascular bare spot. This
avoids any vessels penetrating the humeral head [11].
Coronal and sagittal alignment are obtained and con-
Wrmed with Xuoroscopy. In 37 patients, a 6- to 8-cm allo-
graft Wbula was used as an endosteal implant. In four
patients, a one-third tubular plate was used (Fig. 3). Lock-
ing screws are then placed so that they engage both the
lateral plate and endosteal implant creating two columns
of Wxation. Additional screws are placed into the humeral
head and shaft. Suction drains are used routinely. The
Wbula strut augment was chosen in most patients because
it is technically easier to engage with the locking screws,
has the potential for biologic incorporation and can be
used as an indirect reduction tool.

Fig. 1 a Injury radiograph 
demonstrating a displaced surgi-
cal neck fracture with medial 
metaphyseal comminution. 
b Reconstructed proximal hu-
merus showing reduction and 
augmentation of the medial side 
with a Wbula allograft
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Results

Forty patients met the inclusion criteria. Six patients were
lost in follow-up. Three of these patients died of unrelated
causes and two could not be located despite an exhaustive
search. One patient suVered an infection and sought treat-
ment elsewhere. The 34 remaining patients were used in
this analysis. There were 26 females and 9 males. The
average age was 66 years (range 44–83). Patients were
followed with radiographs and clinical assessment for an
average of 66 weeks (range 41–120). Using the Neer clas-
siWcation, there were 13 four-part fractures, 15 three-part
fractures and 6 two-part fractures (Fig. 4). The distribu-

tion of the fractures in the AO classiWcation is presented
in Fig. 5.

All patients achieved radiographic union by 12 weeks. No
patient had complete osteonecrosis (0%) and only one patient
(2.8%) had evidence of partial osteonecrosis (Fig. 6). This
patient suVered a four-part fracture and was the Wrst to be
treated using this technique. There was no posterior–medial
hinge in this fracture. Despite collapse of a portion of the
head, this patient has not required further surgery.

One patient suVered loss of reduction but went on to
unite the fracture. This patient did not suVer osteonecrosis.
Three patients had the lateral implant removed after union
at their request.

Fig. 2 a Fracture with displace-
ment of both tuberosities and 
valgus impaction of the head. 
b The endosteal augment is 
pushed distally through the later-
al fracture line until it sits distal 
to the inferior margin of the hu-
meral head. It can then be 
pushed medial (c), to reduce the 
head piece (d)
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Twenty patients had posterior–medial metaphyseal
extensions that were less than 8 mm in length and 14
patients had no metaphyseal extension attached to the artic-
ular surface. The patient described above was the only one
of these to suVer osteonecrosis. This was not statistically
signiWcant. (p = 0.59).

Discussion

In contrast to Neer’s original report which found 50% avas-
cular necrosis in four-part fractures, more recent natural
history studies have demonstrated infrequent AVN with
nonoperative treatment [7, 28]. Using tetracycline labeling,
Crosby et al. demonstrated that perfusion of the humeral

head was preserved even when both tuberosities were dis-
placed from the head [5]. With operative treatment, how-
ever, rates of AVN vary from 3 to 37% and eVorts to
predict ischemia based on fracture characteristics have been
unsuccessful [2, 17]. In this investigation, we have con-
Wrmed that the 8-mm posterior–medial metaphyseal hinge
is not a reliable predictor of AVN. Rather than being sim-
ply a product of the fracture pattern and thus the initial
injury, avascular necrosis appears to be multifactorial with
contributions from the injury, surgical trauma and stability
of Wxation.

Optimal treatment should address as many of these vari-
ables as possible. This study demonstrates that the compre-
hensive technique described provides a predictable method
for avoiding avascular necrosis even when treating “at risk

Fig. 3 a A four-part fracture 
with circumferential comminu-
tion of the metaphysis. b A 
semitubular plate is used as the 
endosteal implant

Fig. 4 Fracture distribution according to Neer classiWcation. The
X-axis represents the number of parts and the Y-axis represents the
number of patients within that category
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fracture” types. A single patient among this cohort of com-
plex fractures suVered partial collapse of the humeral head.
This patient was the Wrst in the series to receive the endos-
teal implant and technical error is likely the cause of this
failure rather then the technique itself. There are several
aspects of this treatment protocol, which theoretically
reduce AVN. The technique described seeks to achieve
minimal soft tissue disruption while establishing rigid Wxa-
tion of the fracture.

The anterolateral approach provides direct access to the
lateral humeral bald spot obviating the need for circumfer-
ential dissection and potential vascular disruption either
anteriorly or posteriorly [11]. Fragment manipulation and
endosteal implant insertion can be done directly through the
lateral fracture lines. The traditional deltopectoral approach
requires signiWcantly more dissection and retraction to
access the lateral humerus increasing the potential for vas-
cular insult. Hepp et al. compared the anterolateral deltoid
split to the deltopectoral approach and demonstrated a trend
toward increased AVN in the deltopectoral group [16].

Use of a minimally invasive approach likely reduces the
risk of AVN, but the quality of Wxation may also contribute
to its reduction. This technique, in contrast to other mini-
mally invasive techniques such as percutaneous pinning,
allows for use of rigid Wxation and we found that reduction
was maintained in all but one patient. Although locked plat-
ing technology provides a substantial, biomechanical
advantage over traditional compression plating, surpris-
ingly high complication rates have been reported including
varus displacement and screw cutout in 23–25% of cases
[1, 3, 8, 13, 22, 23, 26, 27]. Loss of reduction has been
shown to correlate with the absence of medial support [10,
20, 25]. The addition of the endosteal implant, particularly
when used to re-establish medial support in the presence of
calcar comminution, signiWcantly increases the load to fail-
ure and stiVness of this construct. Use of a Wbula strut is
preferable to the one-third tubular plate, because the Wbula

is technically easier to engage with the locking screws, has
the potential for biologic incorporation and can be used as
an indirect reduction tool. Biomechanical testing has shown
that addition of an intramedullary Wbula increases the stiV-
ness of the lateral proximal humerus plating by 3.84 times
[21]. Maintenance of an adequate reduction may prevent
postoperative thrombosis, and increased stability may allow
for revascularization of Wxed ischemic bone regardless of
the initial fracture pattern [19]. Further study is needed to
examine this phenomenon.

This study demonstrates that complex fracture patterns
of the proximal humerus can be treated through joint-pre-
serving methods with minimal risk of avascular necrosis.
The minimally invasive approach diminishes further dis-
ruption of the humeral blood supply. Reduction, stabiliza-
tion and augmentation of the calcar with the endosteal
implant provide increased stability and may allow revascu-
larization in areas ischemic from the initial fracture. Gerber
et al. have shown that in the absence of this complication,
good shoulder function can be obtained after such fractures
[13]. Comparisons of hemiarthroplasty to ORIF have
shown the most favorable outcomes in patients who have
undergone plate Wxation and avoided osteonecrosis [24].
Use of a minimally invasive approach with bicolumnar
Wxation can reliably avoid this complication even in
fractures traditionally considered at high risk for AVN
obviating the need for joint replacement.

ConXict of interest The authors declare that they have no conXicts
of interest related to this study.
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