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Locking plate fixation for proximal humerus fractures—when do |
use a fibular strut?
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Abstract: Displaced proximal humerus fractures, particularly in osteoporotic bone, often require open
reduction and internal fixation (ORIF). Locking plate technology has enhanced our ability to treat these
fractures. However, there is a high failure rate when used alone in cases with posteromedial comminution,
metadiaphyseal fracture extension, and nonunions. Supplementing medial support with the use of
intramedullary fibular strut allograft has been described to prevent a number of complications including
humeral head collapse, screw penetration, and overreduction of the greater tuberosity. The purpose of this
article is to highlight the principles and technique of open reduction internal fixation of proximal humerus

fractures with an intramedullary fibular strut. The function of the fibular strut is to improve construct

stability, support the medial calcar and prevent over reduction of the greater tuberosity.
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Introduction

Fractures of the proximal humerus account for 4-8% of all
fractures and are the third most common type of injury in
patients over 65 years of age (1-3). The incidence of these
fractures has increased in the past decade, likely attributable
to the aging population and the associated increase in the
incidence of osteoporosis (4,5). Despite the relative frequency
of these fractures, the majority are amenable to non-operative
management with good functional outcomes (6-8).

The treatment of displaced fractures remains
controversial. A recent Level I study suggests that at 5 years,
displaced surgical neck fractures in the older population
managed non-operatively may do as well as those treated
surgically (9). Similarly, it is unnecessary to operate on certain
low demand patients with 3- and 4-part fractures (10). Based
on poor historical outcomes when managed conservatively
(4,11-23), treating younger patients with surgery remains a
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good option.

Due to the deforming forces of the musculature and
the suboptimal quality of bone in these cases, operative
management presents a challenge. These factors are likely
the cause for high failure rates seen with in early attempts
at osteosynthesis (11). Suboptimal surgical outcomes have
led to many alternative surgical strategies with mixed
results. To date, no optimal method of fixation has been
identified (4,12-24). In the last two decades, locked plate
technology has improved the management of proximal
humeral fractures. This can be attributed to the ability to
obtain more rigid fixation in compromised bone, thereby
eliminating many of the problems associated with standard
plating (25-32).

Locked plate fixation was initially expected to
dramatically improve patient outcomes; however, this
has not been the case. Outcome studies on locking plate
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Figure 1 Deforming forces of a proximal humerus fracture. The
greater tuberosity is displaced superiorly and posteriorly by the
pull of its attached muscles. The lesser tuberosity is pulled medially
by the subscapularis. The combined forces of the deltoid and
pectoralis pull the shaft proximally and medially, respectively, with

resultant varus deformity.

technology continue to demonstrate equivocal results with
complication rates as high as 20-30% and a reoperation
rate of 10% (33,34). Limitations in locking plate technology
has led to advances in surgical strategies and techniques
resulting in improved outcomes (8). In the case of
osteoporotic fractures, surgical management has evolved
to include inferiorly placed calcar screws, augmentation
with heavy sutures, and the use of a well-positioned
intramedullary fibular strut allograft (11,35,36).

Anatomy

The proximal humerus can be divided into four anatomical
parts based on its epiphyseal lines: the head, the greater
tuberosity, the lesser tuberosity, and the proximal shaft (37).
The average neck-shaft angle is 130° and the average
retroversion of the articular surface, relative to the trans-
epicondylar axis, is 30° (37,38). For three of the four
muscles of the rotator cuff (infraspinatus, supraspinatus, and
teres minor), the greater tuberosity serves as the attachment.
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These muscles serve to abduct and externally rotate the
shoulder. The lesser tuberosity serves as the attachment for
the subscapularis, which internally rotates the shoulder. The
pectoralis attaches on the lateral edge of the bicipital groove
and the latissimus dorsi attaches on the medial edge.

With disruption of the bony anatomy after a fracture,
these muscles pull the fragments in a predictable manner.
The greater tuberosity is displaced superiorly and
posteriorly by the pull of its attached muscles. The lesser
tuberosity is pulled medially by the subscapularis. The
combined forces of the deltoid and pectoralis pull the shaft
proximally and medially, respectively, with resultant varus
deformity (Figure 1).

Classification

Although many classification systems have been proposed,
the two most popular systems are the Neer classification
and the AO classification (39,40). The Neer classification,
which is the most widely used system, categorizes
displaced proximal humerus fractures from two to four
parts according to its anatomic segments. Displacement is
defined as separation of a fragment >1 cm or angulation of
a fragment greater than 45°. Fracture lines in nondisplaced
segments are not included. The AO classification, a more
complex system, is based on the vascular supply of the
articular segments. It is divided into three categories (A, B,
C) of increasing severity with each category further split
into numerical subgroupings (39).

Radiographic analysis

Accurate imaging is crucial to proper diagnosis and
treatment. An initial radiographic assessment should
include an anteroposterior (AP) view, an AP view in the
scapular plane (Grashey view), a scapular Y view, and
an axillary lateral view. Obtaining four views is more
accurate in denoting fracture displacement in proximal
humerus fractures and can help in decision making (41).
The axillary view is critical, as it is important in assessing
the extent of tuberosity displacement, determining if a
posterior dislocation is present, and assessing the integrity
of the glenoid. This view can easily be obtained by gently
abducting the arm or, if the patient is in too much pain, a
Velpeau view is also an option (42).

In patients presenting with completed advanced imaging,
however, one may consider forgoing a painful axillary view
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as one recent study suggested it may not help in decision
making (2). Computed tomography (CT) with 2-mm cuts
and 3D reconstructions, although not necessary in all
cases, may be helpful in more complex articular fractures
to better assess the fracture type and the extent of fracture
displacement. It is extremely helpful in delineating the
locations of the fracture lines in complex fractures. For
example, in most 3-part fractures that involve the greater
tuberosity, the fracture line is located posterior to the
bicipital groove. The bone in the bicipital groove has
arguably the greatest density in the humeral head (43,44).
Magnetic resonance imaging is not generally helpful but
can assist in the diagnosis of avascular necrosis in the more
chronic situation.

Non-operative management

Eighty percent of proximal humeral fractures are minimally
displaced and amenable to conservative management with
good to excellent results (7,40,45). Although debatable in
younger patients, Court-Brown & McQueen demonstrated
that non-operative management for varus-impacted
fractures with angulation >40° is also acceptable with no
correlation found between final angulation and overall
shoulder pain or function (46). Regardless of fracture
pattern, patients with significant comorbidities who are
unable to tolerate a surgical procedure should be considered
for conservative management.

General non-operative recommendations include a
sling and swathe or shoulder immobilizer for comfort with
the initiation of gentle pendulum activities within 7-10
days after the injury. Over-aggressive early motion can
compromise the fracture position due to the pull of the
rotator cuff musculature resulting in a malunion. If early
motion is advised, routine imaging at 2-week intervals is
recommended to monitor for potential displacement. The
authors’ preferred treatment includes a shoulder immobilizer
for approximately 4 weeks with rigid immobilization of the
shoulder and emphasis on regular elbow and wrist range of
motion. Shoulder range of motion is generally initiated at the
fourth week with passive and active-assisted motion for the
next 6 weeks or until radiographic union is achieved. Rotator
cuff strengthening is usually started at 3 months or with
radiographic confirmation of union.

Surgical management

Surgical intervention is an option for displaced Neer 2-, 3-,
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and 4-part fractures in younger active patients (20,40,47).
The two main options for surgery are either open reduction
and internal fixation (ORIF) or prosthetic replacement.
Several techniques of ORIF have been described including
percutaneous fixation, various methods of tension band
fixation, standard plating with screws and pegs, and
intramedullary fixation. The published outcomes of these
techniques have been mixed with no preferred treatment
identified (48-50). Several of the described techniques are
also associated with a relatively high complication rate,
including hardware failure, hardware pain, loss of function,
and injury to adjacent neurovascular structures (48).

Locking plates with divergent screws are a valuable tool
when internal fixation is selected as the preferred technique.
Interest has been generated based on its early success in
multiple European series and the avoidance of many of the
complications associated with the previous devices, such as
hardware failure or hardware pain (25,27,29). Biomechanical
studies confirm improved fixation with the use of a locked
plate, as compared to other fixation techniques (26,30-32).
Unlike standard plating, which compresses the screws to
the bone, the locked plate construct is more akin to a lever
beam. Biomechanical comparative studies have shown that
the linear range until failure was extended by 64% in the
locked group (30).

Despite the improvements in torsional strength
with locked plates compared to blade plates, numerous
publications reported nebulous initial results, with
complication rates generally ranging from 20% to 30%
and a reoperation rate of approximately 10% (33,34). With
improved understanding of fracture patterns, we have
improved our techniques for fracture fixation. It is critical to
achieve cortical contact and to augment tuberosity fixation
with suture fixation (31). In cases where a comminuted
humeral metadiaphyseal segment exists, cortical contact
can be attained by using structural fibular allograft or by
shortening the humerus by impacting the shaft into the
humeral head. In osteoporotic bone where the tuberosities
are of poor quality, reliable augmentation can be attained
by utilizing heavy sutures passed through the tendon/bone
interface of the rotator cuff. These are then secured to the
suture islets of the locked plate to balance the forces of the
rotator cuff (24).

The clinical results of the use of fibular strut allograft as
a supplement to standard locking plate fixation of proximal
humerus fractures are promising (49-51). Fibular strut
allograft augmentation of repair in ORIF increases overall
construct stiffness and maximal failure load (49) while
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providing medical support and thus decreasing the chance
of screw penetration, humeral head collapse, and over-
reduction of the greater tuberosity.

The ideal fracture pattern for use of the fibular strut is
in a patient with significant metaphyseal comminution that
compromises the medial calcar (51). In this situation, the
strut acts as a reduction aid to reconstruct the humeral shaft.
The humeral head can then be impacted onto the shaft to
further provide stability prior to application of the pre-
contoured plate. Little et a/. justified use of this technique
for all 3- and 4-part fractures, and 2-part fractures with
angulation greater than 45 degrees and displacement greater
than 1 cm (50). Badman et a/. described use of the fibular
strut to treat nonunions of the surgical neck (51). With this
technique, they achieved radiographic union in 17/18 (94%)
of patients. Our indications for use of a fibular strut allograft
are: posteromedial calcar comminution, metadiaphyseal
fracture extension, and fracture nonunion cases. In addition,
we have found the strut helpful in patients with osteoporosis
to prevent over reduction of the greater tuberosity.

Surgical technique (locked plating)
Anesthesia

An interscalene block is recommended to minimize
pain postoperatively. The endotracheal tube should be
positioned on the opposite side of the surgical field to
prevent inadvertent dislodgement during surgery (52-54).

Positioning

Sufficient fluoroscopic imaging is crucial and appropriate
time should be taken to position the patient and the C-arm.
The table is rotated 180° so that the patient’s head is sitting
at the foot of the table over the radiolucent footplate with
which most operating tables are equipped.

Once on the table, the head of the bed is elevated
approximately 30° with the head supported with a jelly
doughnut and secured in place. The table is then turned
90° relative to the anesthesiologist to allow the C-arm to be
positioned at the head of the bed and parallel to the patient.
This allows for an unobstructed view of the shoulder and
avoids interference with the anesthesiologist. The C-arm
can be rotated over the top so that a direct AP view is
obtained. Once satisfactory imaging is confirmed, the C-arm
can be pulled away from the patient so as not to interfere
with the surgical prep. If adequate imaging is not obtained,
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the patient and C-arm should be repositioned prior to
sterile prepping.

Approach

A standard deltopectoral approach is used. A padded Mayo
stand is used to help support the arm in the abducted
position, both minimizing tension on the neurovascular
structures and deltoid and avoiding the need for an extra
assistant. The cephalic vein is taken laterally with the
deltoid. Gelpi retractors may be placed superficially,
allowing for the development of the subdeltoid space.
The Browne deltoid retractor [Innomed Inc., Savannah,
GA, USA] is placed next and is essential in aiding proper
exposure. The clavipectoral fascia is released and the
subcoracoid space is developed. We do not recommend
placing a self-retaining retractor beneath the conjoined
tendon to avoid the risk of musculocutaneous nerve
neuropraxia.

The biceps tendon is now identified in the groove
superior to the pectoralis major tendon and can easily be
palpated as it rolls under the pectoralis insertion on the
humeral shaft. Hematoma can often obscure the obvious
landmarks so using this as a reference can be helpful.
Occasionally, the biceps tendon is interposed within the
fracture fragments and may require mobilization.

In cases where the biceps tendon is entrapped within the
fracture site, we believe that this tendon will never function
normally. Therefore, to avoid a source of postoperative
pain, a soft tissue tenodesis to the upper border of the
pectoralis major is performed. We do not routinely release
the pectoralis tendon, but up to 20% of its upper border can
be released to aid in the exposure.

Fracture preparation

The fracture hematoma is debrided and the tuberosities are
mobilized. Heavy sutures are placed at the bone-tendon
junction of each tuberosity. If a tuberosity remains attached
to the head segment, then a Krackow stitch is placed in the
substance of the attached tendon. We routinely place two
sutures or tapes in the subscapularis and a minimum of two
in the supraspinatus and infraspinatus (Figure 2). These
sutures serve as traction sutures to assist with the overall
reduction of the fracture and serve to counter the deforming
forces of the rotator cuff. The next maneuver requires that
the arm is extended to expose the proximal shaft, and this
facilitates access to recess behind the greater tuberosity.
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Figure 2 Heavy sutures placed in the tendons of the rotator
cuff should be secured to the plate to facilitate compression and

counterbalance deforming muscular forces.

The clot and hematoma are then removed from within the
medullary canal, and the shaft fracture edge is debrided.

The first step to reconstruction requires anatomic
reduction of the head segment. A Cobb or Key elevator is
utilized to disimpact the head. The head segment can be
held in place by inserting a K-wire through the head into
the glenoid. In fractures with extensive comminution where
a large metaphyseal void is encountered after reduction of
the tuberosities, we advise the use of a fibular strut allograft.
"This can be placed intramedullary within the proximal canal
and will serve to prevent subsequent collapse of the head
postoperatively and prevent overreduction of the greater
tuberosity. The graft is typically impacted into position with
2 cm of bone left exposed. If the humeral intramedullary
canal has a large diameter, a unicortical blocking screw
placed anteriorly can aid in the positioning of the fibular
strut within the canal. Care must be taken to avoid using
too long of a strut, as the strut adds significant difficulty
to any attempt at conversion to a prosthesis if the patient
develops post-traumatic arthritis. A 4 cm strut is ideal in the
majority of cases. For small voids, cortico-cancellous bone
graft can be used.

The humeral shaft is then reduced to the head and the
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head is provisionally pinned to the shaft to maintain the
overall reduction. The bicipital groove can be utilized to
gauge rotation. Placing the pin medial the groove and
aiming in the distal to proximal direction avoids a trajectory
towards the brachial plexus and axillary artery and allows
you to keep the wire in place and out of the way during
positioning of the plate lateral to the groove.

Once the head and shaft are anatomically reduced, the
tuberosities beneath the head fragment should also be
reduced utilizing the traction sutures previously placed in
the cuff. If a greater tuberosity fracture is present, it can be
pinned by inserting a K-wire from the posterolateral edge
of the acromion through the tuberosity and into the shaft
(Figure 3). Fluoroscopy is utilized to confirm acceptable
reduction.

Plate application

The fracture must be reduced anatomically prior to

application of the locked plate.

Although many different locking plates are available, the
following design characteristics are particularly important:

% low profile to reduce the risk of impingement on the

acromion;

% divergent proximal locking screw options to reduce
the risk of pullout and improve head fixation;

% the presence of multiple suture eyelets on the plate
that facilitate suture augmentation of the rotator cuff
to the plate.

General manufacturer recommendations include
positioning the plate just lateral to the bicipital groove,
typically between 1-3 cm distal to the top of the humeral
head based on the plate type. Most plates offer a gliding
oblong hole for initial shaft fixation. Placing the screw
inferiorly will allow you to later move the plate inferiorly,
as the tendency is to initially place the plate too superior.
This screw should also be non-locking to allow for proper
reduction and compression of the plate to the shaft.

Once plate height is acceptable, most plates allow for a
K-wire to be placed through the plate and into the head.
Proximal locking screws are then sequentially placed. Our
preference is to only drill the outer cortex and then place
the depth gauge under fluoroscopy, as this is felt to decrease
the chance of penetrating the articular surface. For younger
patients or those with better bone stock or if a fibular strut
is used, a drill may be necessary.

Superior screws are intentionally left shorter, as these
screws are at higher risk for late perforation and are less
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Figure 3 First, the shaft is first reduced to the head is provisionally
pinned to maintain overall alignment. Next, the greater tuberosity
segment is pinned to the shaft by inserting a K-wire from the

posterolateral edge of the acromion.

Figure 4 Final construct after plate application.

important in terms of fixation than the more inferior calcar
screws (55,56). Anatomic studies show that the strongest
bone is located in the inferior posteromedial portion of the

humeral head (57). Once all locking screws are inserted, the
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remaining shaft screws are placed with a minimum of three
shaft screws (Figures 4,5).

Tuberosity fixation

An important tenet involves fixation of the tuberosities
to the plate. Much like the principles involved with
arthroplasty for fracture, the deforming forces of the rotator
cuff need to be neutralized in order to avoid subsequent
displacement and failure. The deforming forces of the
rotator cuff are counterbalanced by using heavy sutures
in the rotator cuff and tying them to the plate via suture
eyelets at the plate’s proximal end. Some plates which
require that the sutures be passed prior to application are
less desirable, as this can be time consuming. Instead, some
eyelets or “cleats” have been incorporated as design options
that allow suture passage after the plate is secured. Typically,
two sutures are placed through the subscapularis and 2-3
sutures are passed into the substance of the supraspinatus
and infraspinatus for a total of at least four sutures tied to
the plate. Once fixation is secure and the sutures are tied to
the plate, the arm is rotated to assure fracture stability and
final fluoroscopic imaging is obtained.

The rotator interval is closed with a FiberWire or No. 2
Ethibond and the wound is closed in a standard fashion.

Post-operative management

Patients are placed in an abduction shoulder immobilizer
and typically admitted post-operatively for a period of 24
hours for intravenous antibiotics and 1 to 2 days for pain
control. For stable 2-part fractures in younger patients, the
immobilizer is discontinued at 2 weeks, allowing gentle
pendulum and passive and active assisted range of motion,
focusing on forward flexion. Three- and four-part fractures
are usually immobilized for 4-6 weeks with an emphasis on
elbow and wrist range of motion only. Generally, formal
physical therapy is not initiated until at least 4 weeks for
all fracture types. Active range of motion usually begins at
8-12 weeks or with the first radiograph showing evidence of
callous formation. Strengthening is started in the last phase
of formal physical therapy, typically at 12 weeks.

Follow-up radiographs are obtained at the initial
post-op visit and then at 6 weeks, 3 months, 6 months,
and annually thereafter for a period of at least 2 years.
Close monitoring is important to identify hardware
complications as well as the late development of avascular
necrosis.
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Figure 5 Pre- and post-operative radiographs of a displaced 2-part proximal humerus fracture with varus deformity treated with open

reduction internal fixation with fibular strut allograft augmentation.

Conclusions

Our indications for use of a fibular strut allograft in
proximal humerus fractures are: posteromedial calcar
comminution, metadiaphyseal fracture extension, and
fracture nonunion cases. Additionally, the fibular strut
is useful in patients with osteoporosis to prevent over
reduction of the greater tuberosity. With these indications,
we feel that the use of a fibular strut will lead to improved
construct stiffness, decreased chance of humeral head screw
penetration, and thus improved clinical outcomes.
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