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KEY POINTS

arthroplasty should be considered.

e Proximal humerus fractures are common upper extremity injuries that occur in a bimodal
distribution and will only continue to increase with the aging population.

e While most proximal humerus fractures are treated nonoperatively, there are surgical options for
these injuries, ranging from fixation to replacement.

e Patient factors, fracture type, and appropriate imaging will help guide treatment choices.

e If fixation is performed, the goal should be anatomic reduction, if this is not possible,

INTRODUCTION

Overview

Proximal humerus fractures (PHF) are common
upper extremity injuries that occur in a bimodal
distribution and their incidence will increase
with the aging population. Given the amount
of motion the glenohumeral joint has, and the
compensatory motion from the scapulothoracic
joint, many PHFs can be treated nonoperatively.
However, specific patient factors and fracture
characteristics may drive surgeons to perform
operative management. This article serves to
highlight the best evidence to guide manage-
ment to restore function after PHF.

Epidemiology

Fractures occurring in the upper extremity are
common with an annual incidence of ~70 frac-
tures per 10,000 persons with PHF occurring at
a rate of 6 per 10,000 persons.” This number
has increased significantly from 2008 (2.7 per
10,000 persons) and will likely continue to in-
crease given the aging population and signifi-
cant rise in the incidence in patients older than
70 years.?? In fact, these fractures are predicted
to increase by 50% in the near future secondary
to the aging population.*> Overall, PHF account

for 4% to 6% of all fractures and occur in a stan-
dard bimodal distribution of younger patient
populations with high energy mechanisms and
older patient populations with low energy mech-
anisms.* PHFs are the third most common frac-
ture occurring in individuals over the age of
65.%° The majority of PHFs are seen in elderly in-
dividuals caused by low energy trauma classified
as osteoporotic fragility fractures, which occur in
a 3:1 female:male ratio.®” Osteoporotic fragility
fractures tend to be highly comminuted with
poor bone quality, which further complicates
treatment options and surgical management.
Additional reported risk factors for PHFs include
medical comorbidities including diabetes melli-
tus and epilepsy.®®

Anatomy

The anatomy of the proximal humerus is impor-
tant in understanding fracture patterns, healing
potential and best treatment options. The prox-
imal humerus can be separated into 4 parts: the
greater tuberosity (GT), the lesser tuberosity
(LT), the humeral head, and the humeral shaft.
The humeral head and humeral shaft
are anatomically distinct at the level of the surgi-
cal neck. The shoulder joint has the greatest
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AP anteroposterior

ASES American Shoulder and Elbow
Surgeons

CT computed tomography

GT greater tuberosity

HA hemiarthroplasty

HST head-shaft translation

IMN intramedullary nail

LT lesser tuberosity

ORIF open reduction and internal
fixation

PHF proximal humerus fractures

PROFHER  Proximal Fracture of the Humerus
Evaluation by Randomization

RCA rotator cuff arthropathy

rTSA reverse total shoulder arthroplasty

potential for range of motion in the body sec-
ondary to the shallow glenoid fossa in relation
to the size of the humeral head. The stability of
the shoulder is heavily reliant on the surrounding
soft tissue structures such as ligaments, capsule,
and muscle, which also play important role in
fracture patterns and displacement. The subsca-
pularis inserts onto the LT anteriorly while the
supraspinatus, infraspinatus and teres minor
insert onto the GT posterior and superior.
Important anatomic characteristics include an
approximate humeral neck-shaft angle of 135°,
humeral retroversion ranging from 10 to 55°
with an average retroversion of approximately
30°.7"" The humeral head has unique morpho-
logic characteristics with the articular surface
noted to be spherical in the center, which
changes to a more elliptical shape along the pe-
ripheral edges. It also has a larger radius of cur-
vature in the superior to inferior plane compared
to the anterior to posterior plane. Anatomic po-
sition of the GT is approximately 6 mm to 8 mm
inferior to the superior aspect of the humeral
head articular cartilage.”

As mentioned, the surrounding soft tissue struc-
tures and their deforming forces play a significant
role in fracture displacement. In 2-part surgical
neck fractures, the pectoralis major internally ro-
tates the humeral shaft while pulling the segment
anteromedial. Concurrently, the rotator cuff ab-
ducts the proximal segment leading to varus mala-
lignment and apex anterior deformity. If there is
significant comminution, larger anteromedial frag-
ments can be pulled posteromedial because of

the latissimus dorsi and the teres major. In 3-part
fractures, the supraspinatus, infraspinatus and teres
minor displace the GT superomedially, and the un-
opposed forces of the subscapularis internally
rotate the head."?

Fracture displacement may also lead to injury
to the blood supply of the proximal humerus and
humeral head, which may increase the risk of
osteonecrosis and/or nonunion. Thus, it is an
important consideration when discussing treat-
ment options. The proximal humerus receives
its blood supply from two branches of the axil-
lary artery: the anterior and posterior humeral
circumflex arteries with the latter supplying
approximately 60% of the blood to the humeral
head. Anatomically, the posterior humeral
circumflex artery travels with the axillary nerve,
which then passes through the quadrilateral
space and then supplies the humeral head
through a plexus of arterial branches. The ante-
rior humeral circumflex artery’s terminal antero-
lateral branch, known as the arcuate artery,
ascends adjacent to the bicipital groove to the
humeral head.’ "¢ Specific fracture patterns
such as disruption of the calcar increase the
risk of humeral head avascularity and, therefore,
require thoughtful consideration for treatment.

TREATMENT CLASSIFICATIONS
Imaging
Appropriate imaging is imperative to fully assess
and understand the fracture pattern. Initial imag-
ing studies typically consist of anteroposterior
(AP), true AP (Grashey), scapular Y, and axillary
view x-ray radiographs. If the patient is unable
to tolerate an axillary view, a Velpeau view may
be acquired. If the fracture is deemed stable,
additional x-ray views may include internal and
external rotation. Internal rotation may help visu-
alize the lesser tuberosity by bringing it into
plane, whereas external rotation brings into
plane the greater tuberosity. However, in unsta-
ble fracture patterns, rotating the arm may not
rotate the proximal fragment and patients rarely
tolerate considerable external rotation in the
setting of an acute fracture. If needing to further
evaluate the glenoid rim or a hill-sacs lesion, in
the setting of a fracture/dislocation, a West
Point axillary view and a Stryker notch view
may be helpful, respectively. It is imperative to
get an AP view of the proximal humerus that
profiles the humeral head/shaft relationship,
otherwise varus displacement may be not be
appreciated.’?

In addition to assessing the fracture pattern,
attention should also focus on bone quality and
concern for bony lesions that may indicate a
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pathologic fracture. Further evaluation for evi-
dence of glenohumeral arthritis as well as signs
of rotator cuff incompetence (acromial spurring,
GT rounding) should be noted as it may alter
treatment options. Evaluation of the bone qual-
ity can also be estimate on a plain radiograph us-
ing the deltoid tuberosity index."’

Advanced, cross-sectional imaging in the form
of a computed tomography (CT) scan may be
helpful to better characterize the fracture pattern
adequately and/or for preoperative planning. It
may also help identify additional injuries such as
glenoid fractures. Three-dimensional reconstruc-
tion of the fracture can also be obtained with CT
imaging to help preoperative plan. Fatty infiltra-
tion of rotator cuff musculature can be assessed
on CT scan especially when considering arthro-
plasty. Indications for MRI are limited and are
often not performed.

Classification Systems

The Neer classification, introduced by Charles
Neer in 1970, remains the most commonly
used system today and categorizes fractures
based on the number of displaced parts. The
classification system involves 4 parts: the humer-
al head, the greater tuberosity, the lesser tuber-
osity, and the humeral shaft. Fracture fragments
are deemed parts if they are displaced by
greater than 1 cm or angulated greater than
45°, although, it is generally acknowledged
that these values are arbitrary.

One of the main considerations for surgical
intervention relates to the possibility of avascular
necrosis, which is one of the most common com-
plications of both operative and nonoperative
treatment of PHF. The predictive criteria for hu-
meral head ischemia was described in 2004 by
Hertel and colleagues.® The authors found that
if there was less than 8 mm of calcar length
attached to the articular segment, if there was a
disrupted medial hinge (not valgus impacted),
or with increasing fracture comminution there
was decreased probability that the vascular sup-
ply to the articular head was intact. Interestingly,
initial humeral head avascularity did not correlate
with findings of later avascular necrosis in these
patients followed up at an average of 5 years
postoperatively.'” Despite these later findings,
these characteristics are widely described as pre-
dictors of avascular necrosis.'”

There are additional classification systems
such as the AO proximal humerus classification,
but it is important to note that interobserver reli-
ability for both systems are low. The AO classifi-
cation is rarely used in practice and generally
only encountered in research studies.

Proximal Humerus Fracture

Unfortunately, no classification system has
shown good agreement amongst evaluators.
Most surgeons utilize a modified version of the
Neer system referring to fractures as 2- part, 3-
part or 4-part, but rarely is the strict definition
of a part by 1 cm of displacement or 45° of angu-
lation used. Additionally, no fracture classifica-
tion system has been found to successfully
guide treatment or predict outcomes.

Indications
There are a multitude of factors to consider
when counseling patients on indications for
operative treatment regarding PHF including
age, medical comorbidities, level of function,
bone quality, and fracture characteristics. Unfor-
tunately, there have not been any agreed upon
indications for operative versus nonoperative
treatment of PHF. Ultimately, a majority of PHF
are mildly displaced and/or are in individuals
who are low demand, older, or have significant
comorbidities.?°?>  Therefore, nonoperative
treatment for PHF is common with up to 85%
being managed without surgery.?324
Nonoperative management is comprised of
sling immobilization for fracture protection. Pa-
tients are encouraged to initiate active elbow,
wrist, and finger exercises to prevent stiffness
and resolve swelling. While fracture pattern
and serial radiographic evaluation will ultimately
help decide when sling immobilization should be
discontinued, most patients are able to wean
out of the sling within 6 weeks of injury. Regard-
less of fracture pattern, studies have shown that
delay in motion beyond 2 weeks has a detri-
mental effect on patient reported outcomes
and shoulder range of motion.?>~?® Koval and
colleagues showed improvement in range of
motion when one-part fractures initiate physical
therapy within 2 weeks.?”-?¢ This understanding,
however, must be balanced with the possibility
that early motion may worsen displacement
and increase the risk of malunion or even
nonunion. Although risk of nonunion in these
fractures is generally low, especially for 3-and
4-part fractures.’’>" The nonoperative treat-
ment plan is to be tailored for each individual
patient dependent on their initial fracture
pattern, healing potential, medical comorbid-
ities, and is evaluated at follow-up appointments
with the treating orthopedist. Fractures with
excessive comminution, increasing displace-
ment, or those without evidence of healing
may need to be addressed surgically, but patient
factors need to be taken into consideration.
There have been recent studies that have evalu-
ated nonoperative versus operative management
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of PHFs. The Proximal Fracture of the Humerus
Evaluation by Randomization (PROFHER) study
compared open reduction and internal fixation
(ORIF) to nonoperative treatment and demon-
strated equal outcomes and no improvement
with operative treatment when compared to
nonoperative treatment at 2 years.32'33 However,
it is important to note that this study did not use
strict inclusion criteria and did not assess for the
quality of the reduction or fixation. In particular,
the PROFHER study included a large percentage
of 1-part and 2-part fractures with varying levels
of surgeon experience in the operative group.
Additionally, only 45% (n=563) of the screened
patients were deemed eligible and only 44%
(n=250) of eligible patients agreed to participate
in the study. Further, patients were excluded if
there were clear indications for surgical interven-
tion such as soft-tissue compromise, but this was
not more formally defined.®%33

Other randomized controlled trials have
shown similar results when comparing operative
intervention to nonoperative treatment. Boons
and colleagues evaluated nonoperative manage-
ment compared to hemiarthroplasty (HA) in 4-
part fractures with no meaningful difference in
outcomes or strength testing at 12 months,
although there was an 8% rate of osteonecrosis
and 16% rate of malunion in the nonoperative
group.®* Fjalestad and Hole also randomized pa-
tients to either nonoperative treatment or ORIF
and found that at 2 years of follow-up, no signif-
icant differences were found between the 2
groups.®®

Additionally, Beks and colleagues performed
a meta-analysis identifying 22 studies where 7
were randomized trials.3® Overall, there were
1743 patients with 910 being treated operatively
and 833 treated nonoperatively. While opera-
tively treated fractures were less likely to go on
to nonunion, the difference was not significant,
and there was no difference in the rate of avas-
cular necrosis between the two groups. Nonop-
erative management led to decreased need for
reintervention (or initiation of intervention) in
the future. Functional outcomes were compared
with Constant-Murley scores and demonstrated
no significant difference between the groups. It
is important to note that in this meta-analysis,
80% of patients treated operatively were
managed with ORIF, with the remaining patients
treated with HA; reverse total shoulder arthro-
plasty (rTSA); intramedullary nails; and a combi-
nation of K-wires, screws, and tension-band
constructs. There was no subgroup analysis to
differentiate outcomes between operative inter-
vention-type.3¢

Conversely, some studies have identified ad-
vantages of operative management over nonop-
erative treatment. For example, Olerud and
colleagues performed 2 studies assessing treat-
ment options for PHF.37:38 The initial study ran-
domized patients with 3-part PHF to either
nonoperative management or internal fixation
with a locking plate construct.’’ Patients fixed
operatively with locking plates did demonstrate
increased range of motion and outcomes.®” A
follow-up study included patients with 4-part
PHF that were randomized to either nonopera-
tive treatment or HA.3® Patients who underwent
HA demonstrated decreased pain without any
appreciable range of motion differences.®® A
recent matched cohort analysis by Haws and col-
leagues also found increased ROM, decreased
pain, and improved functional outcomes when
comparing patients who underwent rTSA to
nonoperative management.®’ These studies do
highlight the benefit of operative management
in certain situations.

Predictive Models

A few authors have endeavored to create a
predictive model to assist surgeons in making
treatment decisions. In a study by Goudie and col-
leagues, the authors looked at predictive factors
that may lead to nonunion after nonoperative
treatment of PHF at their institution.?? Overall,
10.4% of patients (n=231) went on to develop
nonunion. They found that patients with a
decreased head-shaft angle (HAS) (<90°),
increased head-shaft translation (HST) (>50%)
and smoking were all predictors of higher rates
of nonunion. Through their work they developed
a model, PHF assessment of risk of nonunion,
which was externally validated and may be used
to predict outcomes in nonoperative manage-
ment. Thus, patients who are smokers, have
decreased HAS, or increased HST may benefit
from operative intervention to minimize nonunion
risk. Smoking also increases complication rates,
and should be taken into consideration when
electing for surgical intervention.?’

Song and colleagues also evaluated radio-
graphic parameters as predictors of functional re-
covery of nonoperative treatment.*® They found
that initial radiographic deformity alone had a
limited ability to predict short-term functional re-
covery in treating patients nonoperatively. How-
ever, they did find that initial retroversion was
the most important predictor for functional re-
covery and fractures with a higher initial valgus
and retroversion tend to displace more and may
warrant closer follow-up and early transition to
surgical management.*°
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Despite these efforts, it is still very difficult
to predict which patients with will have success
with nonoperative treatment especially because
for many patients, especially older patients,
their satisfaction with the outcome is not always
correlated with range of motion of the
shoulder.

SURGICAL MANAGEMENT

Treatment Decisions for Specific Fracture
Patterns

Two-part fractures

Two-part fractures generally consist of a frac-
ture line through the surgical neck creating
two parts consisting of the articular surface
with the tuberosities and the humeral shaft. Sur-
gical neck fractures account for approximately
two-thirds of all PHFs. It is crucial to understand
the fracture pattern, along with the patient’s
medical history, physiologic age, and functional
ability, to guide management. Typically, surgical
neck fractures occur in a standard bimodal dis-
tribution of younger patient populations with
high energy mechanisms and older patient pop-
ulations with low energy mechanisms.* Younger,
high energy mechanism injuries are more likely
to be significantly displaced or angulated frac-
tures and are often managed surgically with
open reduction internal fixation. Indications for
surgical management are patient dependent,
but typically involve fracture patterns with
greater than 50% displacement and greater
than 45° of angulation.*’ Valgus displacement
is usually tolerated better than varus displace-
ment. Additionally, these fractures often go
into an apex anterior deformity, which can limit
forward flexion. In younger, more active pa-
tients less deformity is usually accepted. Fixa-
tion options include percutaneous techniques,
locked plating or intramedullary nail (IMN) fixa-
tion. In select cases, there may be a role for
arthroplasty, however, arthroplasty is typically
reserved for 3- or 4-part fracture patterns. In
the elderly patient, bony contact and healing
of fracture segments may be all that is necessary
for a functional result with the majority being
treated nonoperatively. If displaced, the typical
pattern of displacement in surgical neck frac-
tures is varus angulation. Varus deformity is a
challenging fracture pattern that has an
increased risk of malunion, hardware failure,
screw cutout, and ultimately, inferior outcomes
when treated with ORIF.*>"*> When treated
nonoperatively, patients with varus angulation
tend to fall into further varus over the first 4 to
8 weeks with concurrent loss of forward eleva-
tion and abduction motion but with maintained

Proximal Humerus Fracture

rotation.*®*” It is imperative to identify varus
deformity to counsel patients, guide treatment
decision making, and ensure that if surgical
management is pursued, the correct alignment
through the medial calcar is restored.*®-°0

Three-part fractures

In 3-part fractures, the fracture plane typically
occurs through the surgical neck and between
the greater and lesser tuberosity/head frag-
ment, usually just posterior to the bicipital
groove. The GT displaces in the aforemen-
tioned superior, posterior, medial position
from the dynamic pull of the attached rotator
cuff.>%>" The humeral head is then retroverted
due to the dynamic pull of the subscapularis
on the intact lesser tuberosity. The opposite is
true if the fracture involves the LT, although
this is very rare. Surgical treatment options are
similar to 2-part fractures, including closed
reduction percutaneous pinning (CRPP), ORIF,
IMN fixation, HA, or rTSA.>? Arthroplasty is
typically reserved for comminuted osteoporotic
fractures in older patients, and rTSA has been
shown to have better outcomes than HA.>
Younger patients with severe articular damage
may still be candidates for HA, but HA has
become much less popular with the introduc-
tion of the rTSA.

Four-part fractures

Four-part PHF involve all parts including both
the greater and lesser tuberosities. These often
require surgical management and nonoperative
treatment increases the risk of dysfunction,
malunion, nonunion, and/or arthritis. Nonopera-
tive management is generally reserved for less
displaced fractures or medically comorbid or
elderly patients. Again, surgical management
options include CRPP, ORIF, IMN, HA, or
rTSA.33:5254-58 There are some, albeit few, indi-
cations for intramedullary nail fixation. Although
third generation nails are making it a more
viable option in the appropriate setting.”” If
the fracture is characterized as a valgus-
impacted 4-part fracture, it is important to un-
derstand the prognostic benefits as the medial
blood supply through the calcar is more likely
to be preserved.®®®* The fracture pattern is
identified by impaction of the lateral aspect of
the humeral articular surface, which in turn leads
to compression. This leads to decreased rates of
osteonecrosis compared to more traditional
4-part PHF as noted above, approximately 5%
to 10% as opposed to 20% to 30%.°>7%¢ These
valgus-impacted 4-part fractures are more
amenable to nonoperative management, but
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are also more amenable to ORIF when surgical
intervention is pursued.

OPERATIVE DECISION MAKING

In contemplating the course of treatment for a
fracture, the initial decision revolves around
whether to pursue an operative or nonoperative
approach. Consider the less active, older, or
more medically compromised individual, whose
limited social support and coping mechanisms
might render them surprisingly tolerant of
nonoperative management. Conversely, those
who are more active, biologically younger, and
possess greater resilience may find the scales
of risk and reward tipping toward surgical inter-
vention. Yet, irrespective of the chosen path, the
patient’s participation in their rehabilitation pro-
tocol plays a critical factor. Even with precise
anatomic reduction through operative interven-
tion, the absence of diligent rehabilitation may
render the surgical effort no more beneficial
than nonoperative care, especially given the
shoulder’s tendency to stiffen. Thus, those who
pursue anatomic alignment and are willing to
commit to postoperative recovery are prime
candidates for surgical intervention. However,
quantifying these variables is a challenging
task, making the development of standard surgi-
cal indications very difficult.

The Neer Circle of the American Shoulder and
Elbow Society performed a study which attemp-
ted to gain consensus among 86 identified ex-
perts in the shoulder and elbow field using the
Delphi process.®’ The goal of the study was to un-
derstand preferences on general treatment ap-
proaches regarding management of PHF.
Consensus was reached that important factors
guiding management include age, functional de-
mand, fracture pattern, bone quality, and the
presence of more significant medical comorbid-
ities.” Experts agreed that medial calcar involve-
ment, gender, and arm dominance would have a
low impact. In young, healthy patients, consensus
was reached to pursue operative management in
displaced 2-part shaft fracture (98%), displaced 3-
part varus fracture (98%), displaced 3-part valgus
fracture (98%), displaced 4-part fracture (100%),
4-part fracture dislocation (98%), and 4-part
valgus impacted fractures (95%). For older un-
healthy patients, consensus for operative man-
agement was only reached in 4- part fracture
dislocations (100%).%” This study demonstrated
that consensus when managing PHF is limited
to specific scenarios. There was no consensus
on preferred rehab protocols, regardless of man-
agement choice.®’ In reality, most patients fall

into the gray areas between the extremes of
young, healthy individuals and older, less healthy
ones, as these are subjective classifications.

Lapner and colleagues recently published
guidelines in the Canadian Journal of Surgery,
based on current literature, indicating that while
ORIF improves patient-reported outcomes and
pain measures, results are comparable to
nonoperative treatment.®® However, patients
undergoing ORIF for 3-part or 4-part fractures
are more likely to require reoperation compared
to those initially managed nonoperatively.>>7 In
fact, despite 86% of patients having a good pri-
mary reduction after ORIF, 30% of patients
required reoperation including 13% of patients
having a fracture complication requiring major.>’

Hao and colleagues polled orthopedic shoul-
der and elbow surgeons and trauma surgeons
regarding indications for surgical treatment for
PHF. They found the decision to proceed with
HA or rTSA as opposed to ORIF was largely
related to age, bone quality, rotator cuff
dysfunction, and the involvement of the articular
surface.®” 90% of shoulder and elbow trained
surgeons would select arthroplasty in patients
over the age of 50 years with head split fracture
patterns.®’

Currently, ORIF with a proximal humerus lock-
ing plate is considered the preferred method for
fixing displaced fractures. Robinson and col-
leagues reported a 90% survivorship of ORIF at
10 years, with patients experiencing good to
excellent levels of pain relief, function, and satis-
faction.*> This represents some of the most
compelling evidence in favor of this procedure,
endorsing the use of primary ORIF in medically
fit patients with displaced PHF. For younger,
healthy patients with such fracture patterns,
ORIF typically results in union and favorable
pain, functional, and patient-reported out-
comes, albeit with a nonzero risk of complica-
tions or reoperation.3%37:68

While ORIF has long been considered
the gold standard for certain fracture types,
emerging evidence suggests that IMN is gain-
ing traction and shows significant promise as
an alternative approach. Outcomes for 2-part
fractures are comparable in terms of functional
patient-reported outcomes, pain, and reopera-
tion rates. Intramedullary nail fixation may
even be appropriate for 3-part and 4-part frac-
tures as well.”%72 The third-generation IMN is
a viable treatment option for PHF, particularly
those with metadiaphyseal extension in 2-part
and 3-part fractures. Advances in nail design,
surgical technique, and surgeon experience
have expanded the indications and frequency
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of nailing. Recent data indicate high union rates,
favorable patient-reported outcomes, and low
complication rates, which are noninferior to
plate fixation. Current literature supports the
evolution of IMN fixation as a significant consid-
eration for PHF management.®’

While many patient factors must be consid-
ered in the treatment of a PHF, the surgeon
must also assess their own skill level. The surgical
technique, specifically the quality of reduction, is
crucial to achieve a successful outcome after an
ORIF. A study by Schnetzke and colleagues
involving 98 patients undergoing plating of
PHF revealed that only 40% achieved anatomic
or acceptable reduction.”® Poorer quality of
reduction was associated with higher complica-
tion rates and worse outcomes, with complica-
tions such as screw cut-out and increased
reoperation rates being linked to malreduc-
tion.”* In cases where an anatomic reduction is
unattainable, arthroplasty may present a more
suitable alternative. The surgeon must be able
to achieve and maintain an anatomic reduction
when performing an ORIF of a PHF.

When arthroplasty was first introduced in the
treatment of PHF by Charles Neer in the 1970s,
it was in the form of HA. It was not until 2003,
when the rTSA was approved in the United
States, that American surgeons were able to uti-
lize reverse shoulder replacement to treat PHFs.
Since that time, rTSA has become much more
common than HA. rTSA has demonstrated
higher functional outcomes and lower pain
scores while showing a decreased incidence of
reoperation when compared to HA.”>77

Yahuaca and colleagues, compared older
patients with higher ASA scores treated with
arthroplasty to younger patients with lower ASA
scores treated with ORIF. Both groups exhibited
improvements in motion and function at 1 year.®°
However, ORIF and HA demonstrated signifi-
cantly more reoperations when compared to
patients who underwent rTSA secondary to pro-
gression of osteoarthritis, screw-cut out or
nonunion. When controlled for all variables
including age and medical comorbidities, rTSA
or HA have been shown to have superior
Constant-Murley scores with similar outcomes in
pain scores at 24 months compared to ORIF.>>8’

Timing of arthroplasty has also been a source
of debate, as there has been interest in a delayed
reverse strategy to give the patient a chance at
nonoperative treatment with a later rTSA if
needed or an attempt at ORIF with arthroplasty
as a salvage option. However, some evidence
suggests that acute intervention is preferable
to delayed surgery following nonoperative
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management or open reduction internal fixation
(ORIF). A study by Lu and colleagues demon-
strated that patients undergoing acute rTSA for
PHF exhibited significantly improved range of
motion in forward flexion, external rotation,
and abduction compared to those receiving
delayed rTSA after nonoperative management.®?
Furthermore, the acute rTSA group achieved
higher American Shoulder and Elbow Surgeons
(ASES) and Constant-Murley scores. Subgroup
analysis further revealed superior ASES scores
in the acute rTSA cohort relative to those under-
going rTSA post-ORIF.82 Additionally, the acute
rTSA group experienced a reduction in overall
complications compared to delayed rTSA
following conservative management or ORIF.52
Conversely, research by Shannon and colleagues
found no statistically significant differences in
clinical outcomes between acute rTSA and rTSA
following ORIF, with only a marginal increase
in complication rates (8% vs 5%), suggesting
the potential viability of ORIF with rTSA as a
contingency.®®

In the authors’ experience, a successful ORIF
with anatomic reduction and healing compli-
cated by subsequent avascular necrosis may
offer the advantage of reduced and healed tu-
berosities, potentially enhancing outcomes in
later arthroplasty. In such cases, late HA (or
even anatomic total shoulder arthroplasty) may
be considered if the tuberosities have healed
anatomically. This is especially true in the
younger patient. Unfortunately, there is no pub-
lished data to date on the results of rTSA or HA
after ORIF in the setting of anatomically healed
tuberosities. In younger patients, where avoid-
ing arthroplasty is preferable, attempting an
ORIF may be justified, even with risk of avascular
necrosis, provided the tuberosities can be
repaired anatomically.

If deciding to proceed with rTSA, it is impor-
tant to understand the difference in outcomes
of patients who undergo rTSA after fracture as
compared to those who undergo rTSA for rota-
tor cuff arthropathy to accurately counsel the
patient of realistic expectations. Unfortunately,
there are certain PHFs that no matter what
treatment is employed, the shoulder does not
return to the preinjury state. A study by Maier
and colleagues looked at outcomes after rTSA
in 189 patients. They included 119 with rotator
cuff arthropathy (RCA) compared to 70 with
a PHF. The authors found that patients re-
ported similar levels of pain; however, patients
with PHF reported greater perceived disability
compared to the RCA cohort with significantly
lower outcomes in ASES, SPADI-Disability, and
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SPADI-Total scores.®* This data shows that the
indication for rTSA has a substantial impact on
outcome.

The operative management of PHF requires
a nuanced approach, balancing patient-specific
factors such as age, activity level, and medical
comorbidities. Patient expectations and motiva-
tion must also be considered. Although ORIF is
still favored for many displaced fractures, espe-
cially in younger and healthier individuals, the
use of IMN fixation is on the rise. Additionally, in
older patients rTSA is generally the operative
treatment of choice. The choice between these in-
terventions is influenced by the quality of reduc-
tion achievable, with arthroplasty often favored
when anatomic reduction is not possible.

SUMMARY

PHF are prevalent injuries, particularly among
the aging population, and their management re-
quires a tailored approach considering patient-
specific factors such as age, activity level, and
comorbidities. While nonoperative treatment is
common, surgical options, including fixation or
replacement, are often utilized based on frac-
ture complexity and patient needs. When per-
forming fixation of these fractures, anatomic
reduction must be able to be obtained and
maintained, otherwise arthroplasty should be
considered. Ultimately, the choice of treatment
should align with the patient’s functional goals
and lifestyle, ensuring optimal recovery and
satisfaction. As research progresses, these in-
sights will continue to refine surgical indications
and enhance patient outcomes.

CLINICS CARE POINTS

e Proximal humerus fractures (PHF) account for
4% to 6% of all fractures.

e Nonoperative treatment for PHF is common,
85% being managed without surgery.

e There is a decreased need for reintervention
in the future with nonoperative intervention.

e Some studies note no significant difference in
functional outcomes between the
nonoperative and operative interventions.

e Other studies note decreased pain, increased
range of motion, and improved functional
outcomes after operative intervention.

e Open reduction internal fixation is a viable
option especially in younger, healthy
patients with high survivability; intramedullary
nailing is also gaining popularity.

o Arthroplasty, especially reverse total shoulder
arthroplasty, over hemiarthroplasy, has
improved outcomes compared to ORIF in the
right patient and fracture.

o Difficult indications need thorough discussion
based on fracture complexity and patient
needs.
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