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Fractures of the proximal humerus are a very common presentation in modern Trauma and Orthopaedic
practice. In an ever-aging population, the incidence has dramatically increased resulting in a large
socioeconomical burden.

The surgical management of these injuries has evolved over the years. Patient outcomes are variable
and there is no consensus on treatment approach. This review article focuses on the outcomes following
fracture fixation using common surgical techniques.

© 2019 Delhi Orthopedic Association. All rights reserved.
1. Introduction

Fractures of the proximal humerus are very common and ac-
count for 6e10% of all fractures.1,2 Their incidence is rapidly
increasing with age and they are the third most common fractures
in those over 65 years of age.3 Women are three times more likely
to sustain a proximal humeral fracture compared to men.1,2 In 90%
of cases, fractures result from a low energy trauma such as falling
from standing height.3 Other causes include direct blow to the
shoulder, fracture dislocation secondary to epileptic fit or electrical
shock.3

The burden created by these fractures is quite significant,
especially in the elderly. The vast majority of these patients are still
active and, subsequently to the injury, lose their independence in
terms of activities of daily living.3 This undoubtedly affects their
quality of life and renders them reliant on others for assistance.3

The estimated cost to the French Health System, which is similar
to the UK with a comparable population, for dealing with conse-
quences and rehabilitation is over V86 million a year.4
1.1. Literature review

Management remains controversial. Conservative treatment is
generally accepted for minimally displaced fractures which account
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for 80% of all fractures with good reported functional outcomes.3

Surgery is considered for displaced and unstable fractures. The
aim of surgical fixation is to achieve a stable anatomical construct
that allows pain free early mobilisation, bony union and early re-
turn to activities.5 Fixation can be achieved through plate fixation,
intramedullary device or percutaneously using k-wires. For dis-
placed and severely comminuted fractures, joint replacement could
also be offered in the form of hemiarthroplasty or reverse shoulder
replacement.6

Good outcomes are reported with themajority of studies looking
at operative interventions.6 However, most studies have no control
groups and often only look at simple fracture patterns. A recent
Cochrane review looking at 23 randomised-controlled trials (RCTs)
concluded that not enough evidence is available to provide recom-
mendation for conservative or any different surgical intervention.7

However, a large number of included articles come from the early
days of surgical fixation with implants that are mostly no longer in
use and have been superseded by more advanced implants.

A more recent RCT looking at the effectiveness of surgery versus
non-surgical management of displaced fractures in adults
concluded that there was no difference in clinical outcomes at two
years.6 Nevertheless, a retrospective cohort study looking at func-
tional outcomes for operative versus non-operative patients taking
into account age and fracture type concluded that surgery has a
better functional outcome than conservative management at all
ages, especially young patients.8 This does not include plate fixation
where no difference between surgery and conservative manage-
ment was found.8

This reviewwill focus on the outcomes of fracture fixation using
plates, nails or pinning techniques.
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1.2. Fracture classification

Proximal humeral fractures are generally described by the
number of parts generated, level of displacement and angulation to
each other.9 The most quoted system used is the Neer classification
from the 1970s which relies on Codman's description (almost a
century earlier) on how fractures follow lines of epiphyseal
fusion.3,9

The humeral head is a distinct part where articular cartilage
covers a dense subchondral bone. The articular cartilage margin is
attached to the joint capsule and this area is thin, rendering it
vulnerable to fractures. This is described as the anatomical neck.
The fracture lines can propagate here into the head leading to
articular damage.

The most common fractures occur at the surgical neck area.1,7

The humeral shaft is a thick mechanically strong cortical bone
and as it proximally expands to form themetaphysis, its mechanical
properties weaken rendering it liable to fractures. Moreover, the
metaphysis expands further proximally in between the rotator cuff
attachments at the tuberosities. Fracture displacement occurs due
to the mechanical pull of the rotator cuff tendons attachments to
the greater and lesser tuberosities as the fracture lines propagate
between them.10 Hence, these tuberosities form two further parts
that either separate from the anatomical head or surgical neck.

Neer's classification has a complex but clear criteria about part
displacement (>1 cm gap) or angulation/rotation between the
parts (>45�).9 Therefore, fractures could range from a one part
minimally displaced fracture to two, three and four parts fracture.
Two more categories were later added - head dislocation and head
splitting.9,10

However, Hertel et al.10 simplified this by describing the parts as
different blocks of Lego that could separate in different combina-
tions with distinct treatment options that have different prognostic
features. Furthermore, Hertel et al. described the loss of the medial
hinge in posteriomedial metaphyseal fracture extension as the
most important predictor of ischaemia and resistance to varus
collapse leading to failure of fixation (see later).10

1.3. Outcomes of surgical fixation

Different surgical fixation methods have been used in the
management of proximal humeral fractures. Surgical outcomes rely
on patient and surgical factors7,8 (Table 1).

Surgical techniques can be categorised into three different
groups: percutaneous Kirschner wires, proximal humeral nails, and
fixation using locking plates. In otherwise fit and healthy patients,
age, fracture type and bone quality play a vital part in the success of
surgery.7

2. Percutaneous Kirschner wire (K-wire)

This is one of the first techniques used in the surgical manage-
ment of proximal humeral fractures.11 It is suitable for two-part
displaced fractures which make up 20e30% of all proximal
Table 1
Patient and surgical factors affection proximal humeral management.

Patient factors Surgical factors

Age Implant choice
Bone quality Surgical planning
Fracture configuration Surgical technique
Health status Expertise
Rehabilitation
Compliance
humeral fractures.8,11

Under X-ray guidance, closed reduction is first achieved with
traction and manipulation of the fracture. This can also be sup-
ported by temporary non-threaded k-wires to joystick and
manipulate the fracture into position. Two threaded K-wires are
inserted above the deltoid insertion and directed proximally into
the head. This can be further reinforced by two more threaded k-
wires starting from the tuberosities directed distally into the hu-
meral shaft.

It is a technically demanding procedure, but good results are
reported in the literature. A recent cohort study investigating all
three surgical options mentioned above as well as hemi-
arthroplasty for displaced 2 and 3 parts fractures against conser-
vative management found K-wire fixation has a superior Constant
Score of 68.7 when compared to conservative management.8

Furthermore, a case series that looked at 27 patients undergoing
K-wire fixation in 2- and 3-part fractures and fixed with percuta-
neous screws showed excellent results with a mean Constant score
of 89.9 at 1e3 year follow up.12

Another emergent technique is the use of metal humeral block
screwed into the lateral humeral cortex to secure wires threaded
into the head at 35�to the shaft and 25�to each other. Screws can be
added to secure other fragments if necessary. Early results show a
good mean Constant score of 80e90 compared to the contralateral
arm.13,14

K-wire fixation is generally safe with minimal blood loss, less
soft tissue disruption, shorter operative time and low cost.13,14

However, it is associated with complications such as pin site
infection, fracture collapse, neurovascular injury, fracture malunion
and pin migration.15 If a humeral metal block is used removal in a
second operation is common due to the bulkiness of the block.14 In
patients with significantly osteoporotic bone, they should be
warned regarding the risk of construct failure or collapse. Never-
theless, in patients with multiple co-morbidities where open sur-
gery is contraindicated this technique is considered safe and
valuable.16

3. Open reduction and internal fixation using locking plates
(LP)

LP technology has evolved over the past 80 years. In 1949, the
first 120� blade plate was introduced.17 T-shape and bent tubular
plates were later introduced to prevent angular and rotational
failure of fixation. A more advanced blade plate was introduced by
the AO group and later the Plant-Tan plate which had more angular
stability (Fig. 1aec).18e20 However, failure rate in osteoporotic bone
was relatively high.21 The introduction of LP technology provided a
low profile stable angular device that has succeeded in osteoporotic
bone by providing greater stiffness and torsional resistance.22,23

The divergence of locking screws provides polyaxial locking sup-
port which is vital in osteoporotic bone.

LP is commonly used for 2-part surgical neck fractures.22e24 In
3-part fractures, biomechanical studies have shown that LP has
lower failure rates compared to other methods of fixation.24

However, there is a high complication rate reported in the litera-
ture such as avascular necrosis, plate impingement, and screw cut
out.25 Medial comminution compromises stability leading to varus
collapse and risks avascular necrosis as described by Hertel et al.10

Without medial support, the construct entirely relies on the
implant rather than anatomical support. However, this can be
avoided using medial support screws that run distal to proximal
above the calcar to prevent varus collapse.26,27 A recent prospective
RCT showed maintenance of reduction and higher functional out-
comes at 31months in 3 and 4-parts fractureswhenmedial support
screws were used.28



Fig. 1. a) AO T-plate and semitubular plate (pre- and post bending), b) AO Blade plate c) Plant-Tan plate.
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In a recent cohort study, Constant and Disability of the Arm,
Shoulder and Hand (DASH) scores in 44 patients with 2,3 and 4-
part fractures fixed with LP did not prove to be advantageous
when compared to conservative management.8

Nonetheless, new techniques are being employed in displaced 3
and 4-part fractures yielding promising results. The use of fibular
strut allograft, cancellous bone graft and synthetic bone graft in
deficient medial calcar have shown promising results on cadaveric
models.29

A case series looking at LP fixation of 71 adults with 2-, 3- and 4-
part fractures with fibular strut graft with more than one year
follow up showed a mean Constant score of 82.7.30 Furthermore, a
systematic review looking at the use of fibular strut graft concluded
that the complication rates, especially varus collapse, are much
lower than in traditional LP fixation.31 Fig. 2aee demonstrate LP
fixation of communited proximal humerus augmented with fibular
strut graft.

Calcium sulphate augmentation with LP fixation have also
shown promising results. A retrospective case series of 21 patients
found very good outcomes with modified Constant and Murley
score of 64.04 with two-year follow-up.32 Finally, another group
have used an endosteal implant with LP plating in 34 patients and
reported low avascular necrosis rates though acknowledging the
technical difficulty during fixation.33

Functional outcomes following LP fixation are difficult to
interpret. Complication rates of over 20% are reported in most se-
ries despite achieving bony union in over 75% of cases.34,35 Medial
comminution and varus collapse are the most consistent predictors
of poor outcome.34,35 Increasing age, bone stock availability and
female-sex have also been found to predict poor outcomes.34,36,37 A
recent Cochrane review concluded that evidence is lacking to
support LP fixation over conservative management; although
acknowledging that LP technology has evolved, and surgical
expertise may play a bigger part in achieving a good outcome.7

Therefore, a steep learning curve of surgical techniques, pre-
dicting factors outside the surgeon's control (age, female-sex and
poor bone stock) and lack of robust evidence in the literature dic-
tates a cautious approach to LP fixation especially in elderly
patients.

4. Proximal humeral nail (HN)

HN is a rigid angular stable device that gives a biomechanical
advantage over plates with a shorter leaver arm and higher stiffness



Fig. 2. (a and b): Radiograph and 3D CT of comminuted proximal humeral fracture with deficient medial calcar. (c and d): Fracture fixed with locking plate augmented with cortical
strut graft technique. (e): Radiograph of shoulder at final follow-up.
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in bending and torsional rigidity.24,38 Fracture reduction is achieved
closed and this allows minimal soft tissue disruption and a shorter
operating time.39

As for LP, HN is commonly used for 2-part, and to lesser extent,
3-part fractures.40e42 Good results have been reported in the
literature. A case series of 29 patients treated with HN fixation
showed a mean Constant score of 65.7 with minimum one year
follow up. Another case series of 18 patients treated with HN
fixation with an average age of 71 years showed a mean Constant
and American Shoulder & Elbow Surgeons scores of 61 and 67,
respectively, after 42-month average follow-up.41 Both studies
recommend the use of HN as a safe and reliable way to fix displaced
2- and 3-parts fractures.

The literature also reports on a few complications associated
with HN.40e42 Impingement, non-union, avascular necrosis,
implant backing out, joint stiffness, rotator cuff dysfunction are
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commonly observed issues. A case series of 18 patients with 2- and
3-part fracture fixed with HNwith average follow-up of 42 months,
showed increased unsatisfactory results due to rotator cuff
dysfunction where a curvilinear HN was used.42

However, starting medial to the greater tuberosity and through
the muscular part of supraspinatus avoids rotator cuff dysfunction,
post-operative pain and joint stiffness.43 A RCT of 54 patients in
2014 concluded that straight HN has reduced symptomatic rotator
cuff painwhen compared to curvilinear HNwith an average follow-
up of 14 months.44 Lower reoperation rate and better functional
outcomes have also been reported with straight nails.44

As per LP, it is vital to restore and maintain medial buttress and
anatomical neck/shaft angle for successful outcomes.26,34 This can
be achieved through screws or curved blades locked to the nail with
or without bone graft.26,34 This will prevent varus collapse and
reduction of the lever arm of the rotator cuffs.26,34 In 4-part frac-
tures, loss of soft tissue attachment to the head and tuberosities
compromises success of fixation.39

In a recent retrospective cohort study, mean Constant and DASH
scores of 19 patients with 2-, 3- and 4-part fractures showed a
distinct outcome compared with conservative management when
age was taking into consideration.8 Patients younger than 65 years
recorded better outcome scores than those above that age.8 This
may be explained by the increased rotator cuff disruption and
damage to subacromial space in already compromised rotator cuff
tendons in this age group which is poorly tolerated.45 Furthermore,
and as per LP, poor bone stock compromises mechanical stability
leading to construct failure.46

HN is gaining popularity among surgeons as it offers a high
degree of stability and better biomechanics with a short level arm
even in poor bone quality. However, the lack of strong evidence to
support their use in those over the age of 65 years restricts their
wider use in fracture fixation.

5. Discussion

Proximal humeral fractures are very common injuries in an
ever-ageing populationwith increased burden to the health system
and wider social effects on patients. No consensus has been
established with regards to management, with the literature
leaning toward conservative management in the majority of cases.

Many surgical techniques and implants have evolved in the past
80 years. The complexity of the fracture may dictate the type of
fixation suitable although surgical expertise and patient factors
(age, sex and bone stock availability) directly affect surgical
outcomes.

In 2011, Smejkal et al. compared percutaneous K-wiring with LP
fixation in 61 patients.47 There was no difference in the mean
Constant score between the two groups relative to the healthy limb.
There was also a higher complication rate in LP and longer hospital
stay. In the same year, a prospective randomised-controlled trial
compared LP with HN fixation in 57 patients with 2-part fractures.
LP fixation recorded slightly better mean Constant and ASES scores
at 1- and 3-year follow-up but higher complication rates were
recorded.39 Clinically, however, there was no statistical difference
in the range of movement recorded at 1 or 3-year follow-up.

In 2015, the Proximal Fracture of the Humerus Evaluation by
Randamisation (PROFHER) national UK multicentre randomised
clinical trial published on clinical effectiveness of surgical versus
non-surgical treatment of proximal humeral fractures in one of the
highest impact journals.6 Two hundred and thirty-one patients
were included between 2008 and 2011 with a follow up of two
years. Fixation or replacement was performed by experienced
surgeons and conservative management consisted of sling immo-
bilisation - both groups received similar community rehabilitation.
The results showed no difference in reported outcomes in terms of
function and quality of life at two years between the two groups.
The trial concluded that little evidence is available to support the
increased trend of surgical fixation in displaced proximal humeral
fractures.

However, at closer inspection the conclusion may not be that
simple. The PROFHER trial only included 11 4-part fractures (4.4%)
which is much lower than the expected 20e30% seen in the pop-
ulation.48 Furthermore, over 66 surgeons took part with an average
of less than one patient per surgeon per year operated on. More
significantly, a large number of patients meeting the inclusion
criteria were excluded due to associated dislocation (100 patients)
or if the surgeon felt surgery is indicated (87 patients). This
alarmingly questions the trial findings and tips the balance towards
surgical management once more.

Another recent meta-analysis on specific fracture configuration
has concluded that differences in the type of fracture and surgical
treatment results in outcomes that are distinct from those gener-
ated from analysis of all types of fracture and surgical treatments
grouped together.49 The trial concluded that future work should
focus on specific fracture configuration and surgical techniques to
determine the indication for surgical fixation.

With advanced surgical implant designs and techniques, the
jury is out in recommending either approaches.

6. Conclusion

Proximal humeral fracturemanagement remains a controversial
topic. Conservative management is showing a good clinical
outcome in the treatment of 2 -, 3- and 4-part fractures in a recent
level I evidence trial. However, flaws in their data collection and
interpretation coupled with advanced surgical techniques and
improved implant choice continues to tip the balance towards
surgical management for displaced fractures.

Recent study looked at the difficulties in decision making in the
treatment of 476 patients with displaced proximal humeral frac-
tures and its subsequent effect on surgical outcomes.50 It showed
the experienced fellowship-trained surgeons of the study could
only agree on 63.5% in regard to treatment choice offered to the
patients (p< 0.001). They concluded that outcomes in the surgical
group are not predictable due to the discrepancy in decision
making.

Therefore, as per current evidence, we conclude that the man-
agement of proximal humeral fracture should be considered on a
case-by-case bases taking into consideration the merits and po-
tential complications of each treatmentmodality. Until more robust
evidence emerges, both conservative and surgical options are
justifiable in the treatment of proximal humeral fractures.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jcot.2019.01.029.
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