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Abstract
Purpose To evaluate the clinical and radiological outcomes of
unstable proximal humeral fractures (PHFs) treated with a
locking plate and fibular strut allograft.
Methods This study included 36 patients [7 men, 29 women;
mean age, 68 years (range, 22–94 years)] with unstable PHFs
with medial column disruption. All patients were treated with
open reduction and internal fixation using a locking plate and
fibular strut allograft. Post-operative assessment included clin-
ical outcomes, shoulder range of motion, radiographic exam-
ination, and any complications. Post-operative radiological
assessment including the humerus neck-shaft angle (NSA)
and the humeral head height was performed.
Results At the mean two year follow-up visit, the mean Amer-
ican Shoulder and Elbow Society (ASES) and University of
California, Los Angeles (UCLA) scores were 77 and 28, re-
spectively. According to the UCLA rating scale, the result was
excellent in six, good in 20, fair in six, and poor in four cases.
According to the Paavolainen method, 31 patients had good
results with an NSA of 130±10°; three patients showed fair
results with an NSA of 100–120°, and two patients experi-
enced a poor result with an NSA of <100°. When calculating
the humeral head height, the mean loss of reduction was mea-
sured as 1.6 mm (from 10.8 or 9.2 mm). Varus collapse and

avascular necrosis of the humeral head was noted in two pa-
tients for each condition.
Conclusions For unstable proximal humerus fractures, partic-
ularly in elderly patients with severe osteoporosis or in youn-
ger patients with a four-part fracture, locking plate fixation
with a fibular strut allograft provided rigid medial support
and showed satisfactory clinical and radiological outcomes.
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Introduction

Proximal humeral fractures (PHFs) account for 5 % of all
fractures, and they are the third most common fractures
seen in patients older than 65 years of age [1]. More than
80 % of these fractures can be managed conservatively,
but the treatment of displaced, unstable two-, three-, and
four-part fractures still remains a clinical challenge [2].
These fractures are difficult to treat, as it is unpredictable
whether they will achieve stable fixation that maintains
intra-operative reduction. Locking plate fixation has the
potential to provide greater fixation in the proximal hu-
merus than standard plate fixation, offering a greater load
to failure and the requirement for less soft-tissue dissec-
tion along the humeral shaft [3]. However, some studies
have shown variable results, with complications ranging
from 9 to 36 %, including high rates of screw penetration
of the humeral head’s articular surface or varus collapse
of the fracture, especially in osteoporotic bones or in frac-
tures with medial column disruption or metaphyseal com-
minution [4–7]. Establishing medial column support
should reduce these complications and enhance the func-
tional results [8].
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The goals of proximal humeral fracture fixation are as fol-
lows: anatomic reduction of all fracture fragments, re-
establishment of the native humeral neck shaft angle (between
130 and 140°), restoration of the medial calcar, and stable
fixation, which will permit early mobilization and return to
normal function. Adequate mechanical support of the medial
column may be obtained by achieving an anatomically stable
reduction with a medial cortical contact or, in the case of
medial comminution, by placing a superiorly directed oblique
locking screw in the inferomedial region of the proximal frag-
ment. Several studies have shown that fractures treated with
either an anatomic reduction or screws in the inferomedial
humeral head for which no medial column support was ob-
tained had a high incidence of failure [5, 8–11]. Gardneret
et al. [12] described the use of a fibular allograft that borrowed
an intramedullary bone peg to act as a medial strut augment.
Their initial clinical experience showed encouraging results,
with seven out of seven fractures fixated with this construct
proceeding to union without loss of reduction or fixation sta-
bility. Some previous biomechanical studies have also dem-
onstrated that, under varus bending loads, the augmented con-
struct has an increased initial stiffness and a higher ultimate
failure load [13].

The purpose of this study was to evaluate the clinical and
radiological outcomes of a locking plate with fibular allograft
augmentation in unstable proximal humeral fractures with me-
dial column disruption. We hypothesized that a fibular strut
graft as an endosteal implant would be a safe and effective
option to maintain reduction in unstable PHFs and would
show low failure rates.

Materials and methods

Institutional Review Board approval was obtained for this
investigation. We retrospectively evaluated 36 patients (7
men and 29 women) with unilateral displaced unstable PHFs
treated at our institute by a single surgeon between
March 2008 andMarch 2013 using locking plate fixation with
intramedullary fibular strut allograft. The inclusion criteria
involved unstable PHFs with metaphyseal comminution re-
gardless of their Neer classification (Fig. 1). We included
closed, displaced two-, three-, and four-part PHFs with a
disrupted medial hinge, significant metaphyseal comminution
with insufficient osseous contact between fracture fragments
or head-splitting fracture. The exclusion criteria were open
fractures, pathological fractures, an unreconstructable head,
and/or tuberosity fragments, and stable fractures without me-
dial hinge disruption or metaphysical comminution. The mean
age of the patients at the time of surgery was 68 years (range,
24–94 years). The dominant arm was involved in 13 patients.
The pre-operative evaluation included plain anteroposterior
(AP) and lateral radiographs and a computed tomography

(CT) scan in a three-dimensional reconstruction to evaluate
the fracture configuration. Pre-operative assessment in terms
of the shoulder’s range of motion and the clinical scores was
not possible due to the severe pain associatedwith the fracture.
The Neer classifications [14] of these fractures were as fol-
lows: two-part fractures, 13; three-part fractures, 16; four-part
fractures, 7.

Patients were regularly followed-up in the outpatient clinic
(Table 1).

Post-operative assessment included the American Shoulder
and Elbow Society (ASES) score and the University of Cali-
fornia, Los Angeles (UCLA) score. Passive shoulder range of
motion in terms of forward flexion, abduction, external rota-
tion at the side, and internal rotation at the back were mea-
sured by a single examiner at the final using a goniometer
follow-up visit. According to the UCLA rating scale, the re-
sults were categorized as follows: poor, 0–20; fair, 21–27;
good, 28–33; excellent, 34–35. An excellent/good UCLA
score indicates satisfactory results, whereas a fair/poor UCLA
score suggests unsatisfactory results.

Radiographic follow-up was performed at immediate,
one month, six months, and one year post-operatively. The ra-
diologic follow-up included AP and lateral plain radiographs
and measurement of the angle between the humeral head and
the shaft in the AP view (the humeral neck-shaft angle). Accord-
ing to the Paavolainen method [15], restoration of the humeral
neck-shaft angle to 130±10° was considered to be good; a neck-
shaft angle from 100 to 120° was considered to be fair, while a
neck-shaft angle of <100° was thought to be a poor outcome.

The Bhumeral head height^ relative to the plate was mea-
sured on AP radiographs both on immediate post-operative
radiograph and on the radiograph taken at the final follow-
up visit, which allowed for subsequent analysis of any loss
of reduction. This measurement was obtained by drawing two
lines that ran perpendicular to the shaft of the plate; one was
placed at the top edge of the plate, and the other was placed on
the superior edge of the humeral head. The distance between
these two lines was measured and designated as the head
height [5] (Fig. 2). A difference in the humeral head height
of >3 mm on the AP shoulder radiograph that was taken im-
mediately following the operation and that obtained at the
final follow-up was considered to indicate a loss of reduction.
Complications were recorded, such as a collapse of the frac-
ture, screw penetration, humeral head avascular necrosis
(AVN), peri-implant fracture, infection, adhesive capsulitis,
and the need for further surgery.

Surgical technique

The patient was placed in a Bbeach chair^ position on a radio-
lucent operating table under general anesthesia. The
deltopectoral approach was used in all cases. The proximal
humerus was exposed by retracting the deltoid muscle
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laterally and the pectoralis major muscle medially. The long
head of the biceps was isolated and was detached proximally.
The greater tuberosity (GT) fracture fragment was retracted by
placing no. 2 nonabsorbable sutures (Ethibond®, Ethicon,
USA) through the bone-tendon junction of the rotator cuff
muscles. The fibula allograft was inserted into the humeral
canal through the fracture site and pushed distally into the

humeral shaft (Fig. 3a, b). It was then medialized maximally
towards the calcar to indirectly reduce the medial column and
advance in a retrograde fashion into the subchondral bone to
lift the head superiorly (Fig. 3c). Thus, the proximal 2.5–3 cm
of the fibular allograft was inserted into the proximal fracture
fragment (humeral head), while the distal 3.5–4 cm of the
allograft was placed into the distal fracture fragment (humeral
shaft). If the diameter of the fibular allograft was similar to or
less than the diameter of the humeral canal, it was relatively
easy to insert the fibular allograft inside the humeral shaft.
However, if the diameter of the fibula was more than the
humeral canal diameter, we used a reciprocating saw to cut
the graft and to achieve an adequate graft diameter. After
confirming the anatomical reduction using a c-arm, a proximal
humeral locking plate was used to fix the fracture fragments. If
anatomical reduction was successful under c-arm guidance
and medial column support was re-established, then locking
screws were placed through the fibula into the humeral head
and shaft to secure the plate’s position (Fig. 3d). If the medial
column reduction could not be restored, the fibular allograft
was used as an indirect reduction tool. We used a simple
cortical screw through the plate to push the fibula medially
until it apposed the medial cortex of the humerus and indirect-
ly reduced the medial column. Even though the four-part frac-
tures occurred in younger patients, we still performed an open
reduction with fibular allograft in these patients. Initially, we
inserted the fibular allograft into the humeral canal and then

Fig. 1 An 82-year-old woman
sustained an unstable proximal
humerus fracture with severe
neck comminution from a fall.
The pre-operative plain radiograph
and CT scan showed severe neck
comminution (a, b). Under c-arm
guidance, a fibular allograft was
inserted in the medial bony defect
(c). The final radiograph showed
a 110° neck shaft angle of the
proximal humerus, and an
evaluation of the Paavolainen
method showed fair result. One
cortical screw pushed the fibular
allograft for the medial buttress
(d)

Table 1 Patient Demographics

Number 36 cases

Mean age 68 (±15.3: 22–97)

Male:female 7:29

Operative arm Right, 13; left, 23

BMI 22.7±0.03

Mean follow-up period (months) 24 (±2.7)

Neer classification 2 13

3 16

4 7

Injury type SD 25

TA 8

Nonunion 2

Fall from height 1

Operation time (minutes) 116±38 (range, 60–140)

Blood loss (cc) 360±199 (range, 200–800)

BMI body mass index, SD slip down, TA traffic accident
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reduced the humeral head and shaft. The inserted fibular graft
maintained a good alignment of the fracture, and the locking
plate was easily applied to the fracture site. No. 2 Ethibond
sutures were used to attach the humeral head fracture fragment
to the lesser tuberosity and also the lesser tuberosity to the

greater tuberosity. Chip bone allograft could be used in the
bone defect site. Using no. 2 Ethibond sutures, meticulous
repair of the rotator cuff to the plate was carried out (Fig. 4).
In all cases, an infero-medial calcar screw was also inserted to
provide additional support to the disrupted medial column.
The wound was closed in layers, and a drain was placed under
negative suction; this drain was removed after 48 hours.

An abduction brace was provided during the first four
weeks post-operatively. Continuous shoulder passive motion,
pendulum, and range of motion exercises of the elbow and
wrist were allowed as tolerated from the second post-operative
day. Active assisted elevation and further stretching was
started at four weeks, and normal daily activities were gradu-
ally resumed as per the patient’s tolerance level and fracture
union status on post-operative radiographs.

Results

All fractures healed clinically and radiologically. At the
final follow-up, the average ASES and UCLA scores were
80.4±13.7 (range, 45–100) and 28.8±5.1 (range, 16–35),
respectively. According to the UCLA rating scale, the re-
sult was excellent in six, good in 20, fair in six, and poor
in four cases. Thus, a satisfactory result (excellent, good,
fair) was seen in 32 (89 %) patients. Regarding the range
of motion, the mean forward flexion, abduction, external
rotation at the side, and internal rotation at the back were

Fig. 3 Surgical procedure. a A
severe bone defect was found in
the unstable proximal humerus
fracture with severe metaphyseal
comminution. A fibular allograft
is inserted to provide a medial
buttress. b Under c-arm guide, a
PHILOS locking plate was
applied to the lateral aspect of the
proximal humerus. c One locking
screw pushes the fibular allograft
to the fracture site to buttress the
medial bone defect of the
humerus. d Multiple non-
absorbable sutures are passed to
compress comminuted fragments
to the bony defect of the proximal
humerus

Fig. 2 Calculation of the humeral head height. The two lines drawn
running perpendicular to the shaft of the plate; one was placed at the
top edge of the plate, and the other was placed at the superior edge of
the humeral head. The distance between these two lines was measured
and designated as the head height
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143±18° (90–180°), 141±21° (70–180°), 26 ±18° (0–70°),
and at the T12 level (L4–T5), respectively.

Radiological results

The mean humeral NSA in the participants was 129±14°
(range, 87–154°). According to the Paavolainen method, 31
(68 %) patients had a good result with an NSA of 130±10°,
while 3 (23 %) patients showed a fair result with a neck-shaft
angle of 100–120°, and 2 (9 %) patients experienced a poor
result with a neck-shaft angle <100°. According to the calcu-
lations of the difference in the humeral head height on imme-
diate post-operative radiograph and on final follow-up radio-
graph, the mean loss of reduction was 1.6 mm (from 10.6±
3.8 mm to 9.2±3.5 mm). Five cases were found to have more
than a 3-mm difference from the immediate post-operative
measurement to the last follow-up measurement (Table 2).

Complications

Two major complications were noted: varus collapse and
AVN (Fig. 5). Varus collapse was observed in two patients

on the two month follow-up radiograph (Fig. 6), and AVN
of the humeral head was seen in two patients, 30 and 9 months
after the operation. Both patients were advised to pursue fur-
ther surgical intervention, such as refixation or arthroplasty,
but they both refused to undergo any treatment.

Two patients developed adhesive capsulitis, and the final
outcome of these patients showed satisfactory results after
plate removal. There were two cases in which the distal part
of the drill bit broke while drilling through the fibula, but there
was no further migration of the drill bit during the final follow-
up period; both these patients had uneventful recoveries
(Fig. 7). None of the patients presented with any major com-
plications, such as subacromial impingement, neurovascular
injury, loosening of the implant, or peri-implant fracture.

Discussion

The purpose of this study was to analyze the clinical and
radiographic outcomes of unstable PHFs treated with a
locking plate and fibular allograft augmentation. As assessed
by the UCLA rating scale, the results were excellent in four,

Fig. 4 a In four-part proximal
humerus fractures, impacted
humeral head fragment was
retrieved under the greater
tuberosity fragments. b The
fibular allograft is inserted into
the humeral canal and helps in
achieving satisfactory anatomical
reduction. No. 2 Ethibond sutures
were used to attach the humeral
head fracture fragment to the
lesser tuberosity and
subscapularis tendon. c The
construct is fixed with a PHILOS
plate and screws and the
tuberosity fragments are tied with
the plate with the help of sutures
passed through rotator cuff
muscles and available holes in the
plate. d Post-operative radiograph
showing good anatomical
reduction
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good in 19, fair in six, and poor in two cases. According to the
Paavolainen method, 21 (68%) patients showed a good result,
seven (23 %) had a fair result, and three (9 %) experienced a
poor result. Varus collapse of the humeral head and AVN of
the humeral head were each noted in two patients. When the
humeral head height was measured using the immediate post-
operative and final follow-up radiographs, a loss of reduction
(>3 mm difference) was noted in four patients.

PHFs account for approximately 4–5 % of all fractures and
approximately 10 % of all fractures in patients above 60 years
of age, with an incidence of 6.6 in 1,000 persons [1, 16]. High
rates of osteonecrosis and fracture collapse have led some
authors to advocate for hemiarthroplasty as the treatment of
choice for Bat-risk^ fractures [17]. However, the range of mo-
tion after hemiarthroplasty is highly variable, and two studies
have reported no funct ional difference between

hemiarthroplasty and nonsurgical treatment [18]. Internal fixa-
tion can produce better functional outcomes than
hemiarthroplasty [19], particularly when complications are
avoided [20]. Gradl et al. [21] concluded that patient’s age,
sex, activity level, physical status and the presence of angular
displacement were associated with a recommendation for inter-
nal fixation.

Fixed angle locking plates are now generally used for prox-
imal humeral fractures, particularly in cases with severe oste-
oporosis and a distinct proximal bone detect. The anatomical
locking plate (Synthes, Solothurn, Switzerland), such as the
Proximal Humeral Internal Locking System (PHILOS), has
also recently been favored. Several previous reports have
identified reconstruction of the medial column as an important
factor in minimizing the complications following surgical
treatment of unstable proximal humeral fractures, especially
varus collapse of the humeral head and loss of fixation [5, 8].
Zhang et al. [22] compared the clinical outcomes and compli-
cations after ORIF (open reduction and internal fixation) of
proximal humeral fractures using either an S3 plate or a PHLP
(proximal humeral locking plate) and found that the S3 hu-
merus plate can be considered as an effective implant for
ORIF of displaced unstable proximal humeral fractures.

Use of an endosteal strut allograft can re-establish medial
support, even in the comminuted osteoporotic bone common-
ly found in these patients. The first clinical experience of this
technique was reported in the literature by Gardner et al. [11]
and showed encouraging results; seven out of seven fractures
healed completely without a loss of reduction or fixation sta-
bility. Later, Neviaser et al. [23] reported low rates of reduc-
tion loss (2.6 %), screw cut-out (0 %), and osteonecrosis
(2.6 %), as well as high clinical outcome scores in a series
of 38 patients with displaced PHFs treated with locking plate
fixation and an endosteal strut augment. Biomechanical test-
ing showed that medial support with an intramedullary fibular
graft and angular stable fixation increased the overall stiffness
of the bone-implant construct and reduced migration of the
humeral head fragment compared with the locking plate alone

Table 2 Clinical and radiological results

Number n=36

Clinical outcomes

ASES 79.86 (±8.7)

UCLA 26.7 (±3.9)

Range of motion

Forward flexion 143±18° (90–180°)

Abduction 141±21° (70–180°)

External rotation at side 26 ±18° (0–70°)

Internal rotation at back T12 level (L4–T5)

Radiologic outcomes

Mean humeral height loss 1.6 mm (10.8-9.2 mm)

Metal failure 0 cases

Mean neck shaft angle 129±14° (87–154°)

Neck shaft angle
(Paavolainen classification)

Good 31

Fair 3

Poor 2

ASES American Shoulder and Elbow Society score, UCLA University of
California, Los Angeles (UCLA) score

Fig. 5 a Immediate
post-operative radiograph showing
good alignment and fixation in
the head splitting fracture. b
Follow-up radiograph revealed
avascular necrosis of the humeral
head with secondary osteoarthritis
affecting the glenoid and the
humeral articular surfaces
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[24, 25]. Recently, Mostafa et al. [26] conducted a prospective
study to evaluate the use of intramedullary non-vascularised
autogenous fibular strut graft without internal fixation in pa-
tients with humeral aneurysmal bone cyst with varus deformi-
ty and found the technique to be effective in controlling de-
formity and improving function.

In cadaveric specimens, Chow et al. [24] showed how fib-
ular allograft augmentation could increase the strength of the
locking plate to withstand repetitive varus loading. None of
the augmented constructs failed prior to 25,000 cycles, while
six of the eight nonaugmented constructs failed at an average
of 6,604 cycles. Neviaser et al. [20] examined outcomes of

Fig. 6 a Immediate
post-operative radiograph showing
a satisfactory alignment and good
fixation using the fibular allograft.
b Follow-up radiograph showing
a varus collapse of the humeral
head

Fig. 7 A 44-year-old woman
sustained an unstable proximal
humerus fracture with severe
neck comminution from a traffic
accident. The preoperative plain
radiograph and CT scan showed
severe neck comminution (a, b)
The postoperative plain
radiograph showed good medial
support by the fibular strut
allograft and locking plate (c).
The one year follow-up radiograph
showed a 130° neck shaft angle of
the proximal humerus and the
evaluation on the Paavolainen
method showed a good result, and
breakage of the drill bit due to the
hard cortical bone of fibula
allograft was shown (d)
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geriatric patients treated with open reduction and internal fix-
ation using endosteal fibular strut allograft. These 31 patients
were all older than 70 years, and only one case experienced a
loss of reduction. No cases experienced screw penetration or
AVN. This outcome demonstrates the utility of the endosteal
support, even in older individuals with poorer bone quality.

We considered that the fibula might be the most suit-
able donor bone for reconstructing the medial support in
these types of fractures. Its length, geometrical shape,
and mechanical strength might also be appropriate for
these fractures (Fig. 3). The cortical bone of the fibula
provides immediate structural continuity and stability at
the fracture site. When used as an intramedullary bone
graft, it also has some osteogenic potential in addition
to acting like a strut across the fracture site. The func-
tional scores of our patients were superior to those re-
ported after PHFs treated with hemiarthroplasty alone
[27, 28]. The stability provided by the use of an end-
osteal fibula allograft permits an early and aggressive
rehabilitation program, which improves function after
fracture reconstruction [8]. The added stability also in-
directly improves functional outcome scores by reducing
complications and the functional deficits they incurred.
In our series, we found lower rates of reduction loss
(2.6 %), screw cutout (0 %), and osteonecrosis
(2.6 %) than are typically reported for locking plates
alone [4].

The fibular strut allograft may also minimize postop-
erative osteonecrosis by increasing the biomechanical
strength of the construct and resisting a loss of reduction.
Maintenance of reduction may permit revascularization
of head pieces rendered ischemic at the time of injury.
On the other hand, the disadvantages of a fibular allo-
graft are the possibility of drill bit breakage due to the
hard cortical bone of the fibula (Fig. 2), the high cost
associated with the procedure, and a risk of infection.
Although Vidyadhara et al. [29] showed concern regard-
ing slow revascularization of the dead graft by creeping
substitution or graft resorption, we did not encounter
such problems.

The limitations of our study are as follows. First, we
had no control group with similar fractures that was
treated with alternative methods; therefore, we cannot
make direct comparisons of any treatment methods. Sec-
ond, the duration of the follow-up was also relatively
short; conditions including osteonecrosis may appear
with longer monitoring. There is no established standard
for monitoring osteonecrosis in the reconstructed proxi-
mal humerus, but post-fracture osteonecrosis occurring in
the femoral head has been reported to occur even after a
long duration. Also, appropriate length of fibula allograft
for the fracture stability was not standardized, so that
further biomechanical study will be needed.

Conclusion

Our study demonstrates that unstable, complex PHFs with
medial comminution can be reliably treated with joint-
preserving techniques using fibular allografts and locking
plates to restore the integrity of the medial column, support
the humeral head, andmaintain reduction until the fracture can
heal. Consistently, high functional scores can be achieved
with this method even when treating three- and four-part frac-
tures, especially in younger patients. A second column of
support is easily established: the stability of the reconstruction
has improved, and reduction is maintained. This minimizes
the most frequent complications reported with proximal hu-
meral locking plates and allows for early and aggressive reha-
bilitation with greater patient satisfaction.
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