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Abstract

Fractures of the proximal humerus are common, especially in osteoporotic females. Despite this, there remains significant debate
around their preferred treatment. The difficulties when considering treatment options is the wide array of fracture patterns and multiple
patient factors which play an important role in the outcome of the management of these fractures. Fortunately, the vast majority of
these fractures can be treated conservatively. The challenge, however, is the 15% of patients in which surgery may be required such
as displaced three- and four-part fractures, and fractures in young and active patients. Although various recent studies and review
papers show acceptable results with conservative treatment, especially in elderly patients, the decision on when to operate and when
to consider conservative treatment remains challenging. The goal of this current concepts paper is to highlight important aspects of
the conservative management of patients with proximal humerus fractures, from initial assessment through to treatment, including
possible complications.
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Introduction

Proximal humerus fractures (PHFs) are common, accounting for
4-6%" of all fractures, and more common in females over the age
of 60 years due to the influence of osteoporosis.*®

Many authors have suggested that up to 85% do not require
surgery.*68 Despite this, there appears to be a trend towards
increased surgical intervention which has been attributed to
newer designs of plating systems, as well as the promotion of the
reverse shoulder replacement as a treatment option.®”%'2 The ideal
outcome for a patient with a PHF is a pain-free shoulder with an
acceptable range of motion according to the individual’s specific
functional requirements.

The decision about when to operate in order to achieve an
acceptable outcome remains challenging, especially in older
patients.671%11 QOlerud has published results in which surgical
outcome was superior;'® however, recent literature,®'*'” including
the well-publicised PROFHER trial,® continues to promote the
conservative management of PHFs. This discrepancy continues to
create more questions than answers. Although there is criticism of
these studies, they are changing the way that these fractures are
approached.

The goal of this review is to try and clarify some of the current
aspects related to the conservative management of PHFs. A second
current concepts review article exploring the surgical options will
be published in a later issue of this journal.

Patient workup and classification

A detailed history should be obtained to establish the mechanism
of injury and to gain further information regarding comorbidities,
social habits and previous functional status of the patient. Poor
outcomes and increased risk of complications are associated with
severe osteoporosis, smoking, drug and alcohol abuse, diabetes
mellitus, rheumatoid arthritis, immunocompromise including
steroid medication and concurrent neoplasm.*

A thorough assessment should be performed to exclude other
injuries. Older patients are at risk of other common osteoporotic
fractures of the neck of femur, distal radius and vertebra. Younger
patients, whose injuries are more often the result of a significant
trauma, are at risk of associated injures to the cervical spine,
brachial plexus and the chest.

Vascular injuries may be masked by collateral circulation* and
further imaging should be considered if there is concern. Nerve
injuries have been shown to be common (up to 67%) with a
previous study showing axillary nerve and the suprascapular nerve
most commonly affected. In this study, these were diagnosed on
electromyography (EMG) and the sensory fallout was noted to be
low. Fortunately, most injuries did not have a clinical significance
as they recovered but the authors did highlight that these patients
had increased stiffness, possibly due to difficulties with the active
aspect of their rehabilitation.®

Three X-ray views (Figure 1) should be routinely obtained to gain
an understanding of the fracture configuration and prevent missing
fragments which overlap with the humeral head or glenoid. A true
shoulder AP (taken in line with the glenohumeral joint) can be
used to assess the valgus or varus angulation of the head on the
shaft, displacement of the shaft, a head split fracture, and to assess
superior migration of a greater tuberosity fracture. On the lateral
or scapular-Y view, a dislocation should be excluded, tuberosity
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Figure 1. Suggested trauma series showing (a) AP view, (b) axillary
view and (c) lateral view allowing excellent assessment of the fracture
fragments and a demonstration of the how the X-rays are taken

fractures can be identified (especially posteriorly displaced
fragments) and shaft displacement can be identified. Finally, an
axillary view is essential. This is often poorly done due to the pain.
In this situation, a modified axillary view or Valpeau view can be
used to assess for a head split fracture, to exclude a dislocation
and assess the displacement of the tuberosities which may be
overlapping with the glenoid or humeral head on other views.

An impression of the bone quality can be obtained on a plain X-ray
(Figure 2). The Tingart measurement was first described in 2003."®
On the AP view of the shoulder, the combined cortical thickness
is calculated as the sum of the means of the medial and lateral
cortical thickness at two levels and adjusted for the magnification
factor. Level 1 is the most proximal level of the humeral diaphysis
where the endosteal borders of the lateral and medial cortices are
parallel to each other, with level 2 being 20 mm distal to level 1.
According to Tingart, a measurement of <4 mm suggests poor
bone quality."

More recently Spross introduced the deltoid tuberosity index
(DTI) on the AP view of the shoulder.?’ The DTl is measured proximal
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Figure 2. Showing the Tingart measurement (2 mm + 2.45 mm = 4.5 mm)
and deltoid tuberosity index (1.82 cm/1.35 cm = 1.35)

to the deltoid tuberosity where the outer cortical border becomes
parallel. At this level, the outer cortical diameter is divided by the
inner endosteal diameter. A DTI <1.4 correlates to low bone mineral
density of the humeral head.?’ The advantages of the DTI are that,
unlike the Tingart measurement, no adjustment for magnification
is required and the area where the measurement is performed is
not commonly affected by the fracture. This study suggested an
improved sensitivity of the Tingart measurement if 5 mm was used
as the cut-off.?°

The indications for obtaining a computerised tomography (CT)
scan for PHFs have not been well established. A recent study set
out to establish indications but rather vaguely concluded that a
CT should be obtained when sufficient information regarding the
fracture pattern or extent cannot be obtained on good quality
radiographs.?! Although there is no direct correlation with the
fracture classification and the need for a CT, more complex fractures
will most commonly require a CT to assess fragment displacement
(especially the tuberosities), assess the joint surface (especially
with head split fractures), to assess the amount of comminution,
and to exclude associated glenoid fractures. Although a CT can be
used to assist with the decision when not to operate and possibly
allow for better fracture classification, it plays a very important role
in pre-operative planning when surgery is suggested. A CT allows
the surgeon to appropriately assess the displaced fragments to
ensure they are appropriately reduced during surgery. In addition,
the benefit of 3D printing is being explored with promising results
in assisting with pre-operative surgical planning.?

An ideal classification is one that is reproducible, best describes
the pathology, and provides guidance on management of fractures.
Codman first described PHF patterns by using anatomic drawings
and it was from his work that the Neer and Hertel classifications
were established.?324

The Neer classification is the most widely used for evaluation
of PHFs. His fracture descriptions coupled plain radiographs
and intra-operative findings. He based his description on
Codman’s four-segment theory, dividing the proximal humerus
into four important anatomical aspects, namely greater
tuberosity, lesser tuberosity, humeral articular segment and the
humeral shaft. Neer defined a part as displacement of either
1 cm or 45° angulation. The fractures were then grouped into six
groups depending on the displacement. Based on his classification
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system, Neer described associated soft tissue injuries and guided
the management of PHFs. Various studies have demonstrated poor
inter- and intra-observer reliability of the Neer classification.?*-26
Other limitations of this system have been attributed to difficulty in
defining and estimating the extent of displacement.? Results of the
Neer classification on 3D CT images are mixed.?#?527 In an attempt
to improve on the Neer classification, multiple other classification
systems have been published.

The AO group described a more detailed classification system
in 1990 with more fracture configurations than Neer’s. Hertel has
been the biggest critique of the Neer classification and recently
he described a classification system based on Codman’s original
drawings to describe fracture planes and impact on humeral head
perfusion.?® Resch et al. described a classification based on the
pathomorphological analysis of PHFs on 3D CT scans. Once again
studies showed poor interobserver reliability in more complex
fractures.?® These systems have failed to improve on limitations of
the Neer classification in clinical practice and their use seems to be
purely academic.2526

The ability of artificial intelligence (Al) to accurately diagnose
and classify PHFs has been explored with excellent results
(96% accuracy) in diagnosing a fracture and promising results
(65-86% accuracy) with regard to classification of the fractures
when using the Neer classification.® These results were similar
to those obtained by specialist shoulder surgeons. The authors
suggest that the Al results will continue to improve with time.
Unfortunately, Al does not yet address the management of PHFs.

Management

As with most fractures in orthopaedics, the decision whether to
operate or not is multifactorial considering both patient factors
and fracture configuration. A lack of large sample comparative
studies makes decision-making difficult. Current trends show
increases in surgical management of PHFs®'".'2 and confirms a lack
of consensus on choice of treatment among surgeons.”®' This is
illustrated in a recent study’ in which three experienced shoulder
surgeons only unanimously agreed on treatment in 51% of 274
cases. In the cases in which unanimous agreement was achieved,
the patients underwent the selected treatment 63.5% of the time.
Finally, they concluded the successful management of displaced
PHFs requires not only the technical ability to adequately perform
surgical treatment but also, perhaps more importantly, the critical
ability to decide when patients should undergo conservative or
operative treatment.

A variety of newer studies and review articles have advocated
the use of conservative management of PHFs,%'+1732 showing no
significant difference in outcome between surgery and conservative
management even in three- and four-part fractures.®33 |t is
important to note, however, that the average age in most of these
studies is older than 65 years, and thus there remains a risk that
these conclusions are applied across the board, including to a
younger population of patients, who will naturally have higher
physical demands and expectations. This was highlighted in the
2015 Cochrane review'” as well as a recent meta-analysis on
PHFs.1®

The PROFHER trial has recently published the five-year results
of the initial trial, in which 250 patients were randomly assigned
into conservative or surgical treatment. Patients were eligible for
inclusion if they were aged 16 years or older and presented within
three weeks of sustaining a displaced fracture of the proximal
humerus that involved the surgical neck.® The majority of patients
had two- or three-part fractures. The degree of displacement
had to be sufficient for the treating surgeon to consider surgical
intervention. The original trial concluded that there was no significant
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Figure 3b. X-rays at union

Figure 3c. Clinical pictures to show range of motion and a successful outcome following
conservative management (with above CT scan)
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difference in patient-reported clinical outcomes between surgical
treatment compared with non-surgical treatment over two years
following fracture occurrence in patients with displaced proximal
humeral fractures involving the surgical neck. These results were
sustained at the five-year follow-up.3?

The average age in the two groups was similar (surgical: 66.60
years vs non-surgical: 65.43 years) with a standard deviation
(SD) of 11.80 and 12.03 respectively, implying that most patients
included were older than 55 years. A variety of other limitations of
the PROFHER trial have been highlighted including high exclusion
rate, the bias introduced by surgeons by excluding patients who
they deemed definitely required surgery, small numbers treated by
each centre with various levels of expertise, and surgical treatment
being not specific with either open reduction and internal fixation
(ORIF) or arthroplasty being done.

One of the difficulties with any research in PHFs is the array
of different fracture patterns leading to small numbers of certain
fracture types in trials such as the PROFHER trial. A more recent
meta-analysis'® pooled the data of 22 studies (both randomised
control studies and observational studies) resulting in a meta-
analysis of 1 743 patients with displaced PHFs (including the
patients from the PROFHER trial): 910 treated operatively and
833 non-operatively. The results showed there was no difference
in physical function as measured with the Constant-Murley score
when comparing operative and non-operative treatment. The
authors acknowledge the limitations of a meta-analysis but this
well-conducted review again recommends the non-operative
treatment for the average elderly patient (aged >65 years) with a
displaced PHF.'6

From these two papers and a 2015 Cochrane review it now seems
clear that there is justification to consider conservative treatment
in patients over the age of 65 years. This is demonstrated in
Figure 3. Two important questions remain: the preferred treatment
of displaced three- and four-part fractures in elderly patients and
the management of PHFs in young patients.

The use of the reverse shoulder replacement has been advocated
for management of displaced Neer three- and four-part fractures
in elderly patients.3>% Once again, however, this is debated in the
literature. The previously cited meta-analysis included a reasonable
number of four-part fractures (21%). A subgroup analysis of Neer
three- and four-part fractures showed no difference in outcome.
This is supported in a paper comparing the outcome of reverse
total shoulder versus conservative treatment (patients who refused
surgery) for three- and four-part fractures, concluding that there
was no difference in outcome at one year. This is now the topic
of the PROFHER 2 trial which has recently started recruiting.
This involves patients over the age of 65 years with Neer three-
and four-part fractures being randomised into conservative,
hemiarthroplasty or reverse shoulder replacement.

A second concern which is highlighted is the management of
PHFs in younger, active patients. The lack of research related to
the management of this group of patients has been highlighted
in the literature.'®'” The amount of acceptable displacement or
angulation is often based on small sample studies, author opinion or
biomechanical studies and has not been specifically demonstrated
in clinical trials. The dilemma we currently have is trying to predict
who may be left with a symptomatic malunion.

The absolute indications for surgery (in any age group) are fairly
universally accepted and include three- and four-part fractures in
conjunction with a dislocation, head splitting fractures, pathological
(other than osteoporosis) fractures, open fractures, and fractures
associated with a vascular injury.*®
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Relative indications are not as clearly defined and are more
commonly applied to younger and more active patients. Current
relative indications include displaced tuberosity fractures, an
unstable configuration of the surgical neck (disengagement of the
head due to displacement, >50% displacement or comminution)
and varus or valgus angulation of >30° from the normal 130°.4%
Valgus deformity has been shown to have a worse outcome.®”

The acceptable displacement of the tuberosities varies among
authors ranging from 3 mm to 1 cm*%-40 and differs between
superior and posterior displacement. The majority of authors
appear to have reduced the original guidelines of 1 cm described
by Neer to 5 mm displacement in all directions. This is supported by
small clinical trials showing better outcomes® and biomechanical
evidence demonstrating a significant difference in the force
required to abduct the arm with a 5 mm change in position of the
tuberosity.*' A recent review article suggested surgical intervention
for more than 5 mm of superior displacement and concluded that
there are no clear guidelines for posterior displacement but notes
poor outcomes if left untreated.*°

Spross et al. have recently published a new algorithm
(Figure 4) which differentiates between patients based on age
(65 years) and activity level after which the fracture pattern and
displacement is considered. These authors have published
the results of 160 patients treated according to their proposed
treatment algorithm with very satisfying overall results with low
complication and revision rates.“? Although further verification is
required, this algorithm highlights important aspects to consider
when treating a patient with a PHF.

Currently most outcome scores focus on pain, sleep and
function. A recent study looking into the importance of these factors
in older patients with PHFs concluded that improved function is
less important than reduced pain and better sleep.#® This paper
highlights that maybe we are measuring the wrong outcomes
when assessing the outcomes of fractures. This will require further
investigation going forward.

Conservative management

Once conservative management has been decided upon,
important factors to consider are the type of sling and the length
of immobilisation time. A simple sling has shown to be adequate
along with appropriate analgesia for comfort. There is no benefit
to a hanging cast as they have been shown not to improve the
alignment and they may in fact increase the risk of a non-union by
causing distraction at the fracture site.4#44¢ If there is uncertainty
about the need for surgery, a common practice is to give a trial of
conservative treatment for a week or two to allow for reassessment.
An X-ray should be considered at one to two weeks to ensure there
has not been further displacement of the fracture.

Various studies have confirmed that prolonged immobilisation
is not required and thus a short period of two to three weeks
immobilisation followed by physiotherapy is suggested as improved
recovery has been shown when physiotherapy commences
early.+546-49 A recent meta-analysis showed a better patient quality
of life score for the first three to six months with early mobilisation.5°
No specific physiotherapy programme has proven to be superior.

When treating PHFs, all patient factors should be assessed and
factored into the management particularly paying attention to the
fact that PHFs are the fourth most common osteoporotic fractures.
Any patient presenting with a PHF should therefore be seen as
an opportunity to make the diagnosis of osteoporosis and initiate
the appropriate management. The literature shows poor initiation
of treatment for osteoporosis following a PHF®' which is worrying
given that a recent study of over 1 million fragility fractures (13.1%



Page 68 Anley C et al. SA Orthop J 2019;18(3)

Young and active patients with good bone quality
(healthy worker <65 years)
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Figure 4. The algorithm as presented by Spross et al.*? (adapted from the original and used with permission)
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of which were PHFs) reported a 13.2% chance of a second fragility
fracture within three years of a PHF. This second fragility fracture
was most likely to be a neck of femur fracture with a 21.3% mortality
rate at one year’.®? It has been shown that a well-run screening and
treatment programme can reduce the risk of a primary PHF fragility
fracture by 45%, and that anti-osteoporosis treatment started after
a fragility fracture can decrease the age- and sex-adjusted risk of
a subsequent fracture by 52% in patients with a PHF as the index
fracture.5354

Complications of conservative treatment

The most common and important complications associated with
conservative treatment of PHFs are avascular necrosis (AVN),
symptomatic malunion and non-union (1.1-10%).45.55

The physiology around the development of AVN remains poorly
understood.* Hertel initially tried to quantify the risk of AVN
suggesting that fractures with a metaphyseal head extension of
<8 mm and medial hinge disruption >2 mm correlated strongly
with humeral head ischaemia.?® He later acknowledged in a follow-
up article that this ischaemia did not necessarily predict AVN.% In
addition, there is little evidence to show that surgical realignment
reduces the risk of AVN;'® in fact, poor technique and excessive
surgical periosteal stripping may increase the risk.* The most
common treatment of symptomatic AVN is arthroplasty.

The risk of non-union following a PHF is low, reported as 1.1%,
increasing to 8% with metaphyseal comminution and 10% with
significant displacement of the surgical neck.>” Although surgery
might slightly reduce the chance of non-union, comparative studies
have not shown a significant reduction related to surgery. Factors
which are likely to predispose to non-union include: patient factors
like malnutrition, poorly controlled medical comorbidities, smoking
and alcohol abuse; fracture factors including severe comminution
and severe displacement of the humeral head; and treatment
factors such as distraction due to a hanging cast or extensive
shoulder mobilisation.*%-60 The treatment of patients presenting
with pain and loss of function should be individualised, but both
ORIF with bone grafting and a reverse shoulder arthroplasty have
been advocated.*%'%2 The absence of arthritis or AVN, adequate
humeral bone stock, and absence of malunion of the tuberosities
are required before considering ORIF* A few small studies have
reported the use of the reverse shoulder arthroplasty as a salvage
procedure for PHF non-unions. Although good results have been
reported, a high complication rate, especially dislocation, was
noted.®?

The degree of acceptable malunion has not been fully defined hence
the uncertainty around the acceptable parameters for conservative
treatment. An important factor is the age and expectations of the
patient; as expected, older patients will tolerate a malunion better
than younger patient.* Concerns related to malunion are cuff
dysfunction and impingement which can be difficult to address post
union. A CT should be obtained (ideally including elbow cuts to
fully assess rotational malunion) if surgical intervention is required.
Treatment options such as osteotomies and arthroplasty (including
the new stemless prosthesis) have been described depending on
the type and extent of the malunion.®
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Osteoporotic fractures are associated with mortality rates above
those of the general population ranging from 1% during the initial
admission to 10% at a year following the fracture.®4% Patients who
live at nursing homes are at higher risk of mortality than those who
live in their own homes.® Although no specific protocols exist, the
early involvement of a physician is recommended on admission to
assist with the medical care of patients with PHFs.

Delayed vs early reverse total shoulder
replacement

An important question related to the treatment of PHFs is whether
the results of a salvage arthroplasty procedure, particularly a
reverse shoulder replacement, are equivalent to a primary reverse
arthroplasty at time of fracture. We have to rely on reviews and meta-
analysis, as the published studies are small case series. A recent
meta-analysis suggests that there is no difference in outcome; in
fact, there was improved external rotation in the delayed group.5®
This would imply that it is not detrimental to try a conservative
approach initially, knowing that it remains possible to obtain as
good a result if a reverse total shoulder replacement needs to
performed as a salvage procedure.®® This approach potentially
subjects patients to a longer period of pain and immobility with
delayed surgery, and this should be discussed with the patient.
This was slightly contradictory to a previous paper which showed
improved tuberosity healing and external rotation when a reverse
is performed for an acute fracture.®” The newer stemless implants
have been advocated as a possible solution for the challenges of an
arthroplasty in the face of a malunion; however, long-term follow-up
is still required for this indication.

Conclusion and summary

In conclusion, despite being a common fracture the treatment
remains widely debated. The majority of PHFs can be managed
conservatively. The current literature supports the conservative
management in older patients, even in three- and four-part
fractures. In these patients, a reverse shoulder replacement
appears be available as a salvage procedure.

A more aggressive approach is generally advocated for younger
patients. Relative indications are displaced tuberosity fractures, an
unstable configuration of the surgical neck, and varus or valgus
angulation.

Conservative management, when advocated, consists of a
simple master sling and early mobilisation with physiotherapy.
Complications are rare; once again the reverse shoulder
replacement appears to be available as a salvage procedure.

Learning points

The majority of proximal humerus fractures can be treated
conservatively with an acceptable outcome.

Proximal humerus fractures are common osteoporotic fractures
and should be an opportunity to confirm the diagnosis and start
treatment of osteoporosis.

The treatment of three- and four-part proximal humerus fractures
in elderly patients remains challenging but conservative
treatment may be acceptable.

A more aggressive approach remains advocated for younger
patients.

Conservative management, when advocated, consists of a
simple master sling and early mobilisation with physiotherapy.
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