
1

1Displaced Proximal Humeral 
Fractures in the Elderly: 
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1.1  Introduction

Proximal humeral fractures (PHF) in the elderly 
are nowadays among the most frequent fractures. 
Their incidence is increasing fast associated with 
population aging. These fractures are related to 
osteoporosis or poor bone quality [1].

These fractures impair quality of life as they 
affect patients’ independence, just after the event 
and even in the long term, when some patients 
still report some degree of disability [2].

Treatment for these fractures has been a mat-
ter of discussion in the last few years as it sup-
poses a challenge. That is why many studies 
evaluating different techniques have been pub-
lished. Surgical treatment is complex, but it was 
the preferred option some years ago. Due to the 
moderate-high rate of complications and unpre-
dictable outcomes, numerous studies tried to 
evaluate clinical results and cost-effectiveness of 
the different therapeutic options available.

Although surgery has not proven superior 
clinical results (and it is, obviously, more expen-

sive) when compared to conservative treatment in 
PHF in the elderly, in this chapter we will discuss 
the different surgical techniques that can be 
chosen.

1.2  Epidemiology, 
Pathoanatomy, and Fracture 
Classification

1.2.1  Epidemiology

PHF constitute 5–6% of all fractures in adults 
and are more frequent in women (2:1) [1]. In the 
last few years, their incidence increased simulta-
neously with osteoporosis’ prevalence due to 
population aging. They are usually due to ground- 
level falls on an outstretched arm. Very often, 
these fractures are the first evidence of bone fra-
gility. When present, secondary prevention of 
future fractures is mandatory. Risk factors for 
suffering a PHF, in addition to osteoporosis, are 
diabetes, epilepsy, or female gender.

The most common associated lesion is axil-
lary nerve injury. Vascular injury is uncommon 
(<5%) and occurs more frequently in the elderly, 
associated with surgical neck fractures or sub-
coracoid dislocation of the humeral head. PHF 
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can present with concomitant chest wall injuries 
or other fractures due to the fall.

1.2.2  Pathoanatomy

Depending on fracture pattern and location, 
humeral head vascularization can be compro-
mised. The principal blood supply depends on 
the posterior humeral circumflex artery. 
Vascularity of the humeral head is more likely to 
be intact if more than 8 mm of calcar is attached 
to the articular fragment.

Hertel described some criteria to predict isch-
emia in the humeral head (Table  1.1) [3]. It is 
very important to highlight that the presence of 
those factors does not predict avascular necrosis 
of the humeral head.

PHF can be displaced or not; when displaced, 
deforming forces are determined by:

• Pectoralis major that displaces shaft anteriorly 
and medially.

• Supraspinatus, infraspinatus, and teres minor 
that externally rotates greater tuberosity.

• Subscapularis internally rotates articular seg-
ment or lesser tuberosity.

1.2.3  Classification

AO/OTA classification can be used, but Neer 
classification is the most extended one. According 
to the later, fractures can occur at the surgical 
neck, anatomic neck, greater tuberosity (GT), 
and lesser tuberosity (LT), determining four prin-
cipal fragments: GT, LT, articular fragment, and 
shaft. Neer classification is based on the anatomic 
relationship of the four parts [4].

“A part” is considered only if one of the 
following:

• It is displaced more than 1 cm.
• It is angulated more than 45°.

Two parts surgical neck fractures are the most 
common. More complex fracture patterns are 
seen with increasing age.

1.3  Diagnosis: Clinical 
Presentation and Imaging

1.3.1  Clinical Presentation

Like other fractures, PHF I presents with pain, 
swelling, and decreased range of motion. On 
physical exam, we will typically find an exten-
sive hematoma over the chest, arm, and forearm, 
known as Hennequin hematoma.

A comprehensive neurovascular exam must 
be performed, and axillary nerve examination 
should not be overlooked, by determining del-
toid muscle function and lateral shoulder sensa-
tion. Arterial injuries are often masked by 
extensive collateral circulation that can preserve 
distal pulses, so a high grade of suspicion is 
needed.

1.3.2  Imaging

When a PHF is suspected, the following radio-
graphs should be ordered:

• True AP radiograph – Grashey projection
• Scapular Y projection
• Axillary projection

CT scan is helpful in preoperative planning 
and when determining humeral head or GT tuber-
osity position when they are uncertain. It also 
serves to determine the presence of head-split 
fractures. MRI is helpful when a rotator cuff 
injury is suspected, but its use is not 
standardized.

Table 1.1 Hertel criteria for prediction of humeral head 
ischemia [3]

<8 mm of calcar attached to articular segment
Disrupted medial hinge
Increased fracture complexity
Displacement >10 mm
Angulation >45°
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1.4  Treatment

Treatment options for PHF in the elderly have 
been under debate in the last few years. 
Nonsurgical treatment was the preferred option 
before the arrival of new implants and techniques. 
Many recent studies investigate if this interest in 
surgical intervention is supported by evidence or 
it is only a fad due to the appearance of new tech-
niques and implants. Shoulder arthroplasties as a 
therapeutic option for PHF appeared in the 
twenty-first century. After that, few studies inves-
tigated its effectiveness and outcomes.

Studies analyzing different techniques for 
PHF treatment show that there is no benefit of 
surgical intervention in displaced fractures in 
comparison to nonoperative treatment. In addi-
tion, all surgical techniques have more complica-
tions and are more expensive than conservative 
management [5–7]. Summarizing, published 
results do not support the increasing trend for 
surgery in elderly patients with PHF [8, 9].

1.4.1  Nonoperative Treatment

Nonoperative treatment consists of sling immo-
bilization for 4–6 weeks, followed by progressive 
rehabilitation. Immediate physical therapy offers 
a faster recovery. The vast majority of PHF can 
be treated conservatively (Fig. 1.1).

• Minimally displaced surgical and anatomic 
neck fractures.

• GT fracture with <5 mm displacement.
• Patients who are unsuitable for surgery.
• In the last years, age was included as an indi-

cation for conservative treatment even in case 
of displaced and complex fractures.

1.4.2  Operative Treatment

Surgical treatment for displaced PHF in the 
elderly is a subject under debate. Different tech-
niques and implants are available: angular-stable 
plates, nails, or arthroplasties. Their indications 
and characteristics are described in the following 
sections. However, to date, little evidence sup-
ports one technique over another. All of these 
techniques had been evaluated in randomized 
control trials (RCT) versus the nonoperative treat-
ment, and no relevant differences were found in 
terms of clinical or functional outcomes [5, 8, 10].

1.4.2.1  Open Reduction and Internal 
Fixation (ORIF)

Angular stable plate with locking screws is a 
widely used treatment for PHF, and before the 
development of nails or arthroplasties, it was the 
gold-standard technique. Later studies showed a 
30% rate of reinterventions due to complications 
[10].

a b

Fig. 1.1 84-year-old female with displaced proximal humeral fracture: (a) First X-ray evaluation after the fall. (b) 
Radiographical outcome: fracture healed after conservative treatment. Eight weeks follow-up
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This technique is indicated if:

• GT is displaced >5 mm.
• Displaced 2-part fractures.
• 3- and 4-part fractures in younger patients.
• Head-splitting fractures in younger patients.

Better outcomes depend on some mechanical 
details, like the presence of medial support, 
which is necessary for fractures with posterome-
dial comminution, and calcar screw placement, 
which is critical to decreasing the risk of varus 
collapse of the articular fragment.

Technique
ORIF can be performed either by deltopectoral or 
lateral approach; this one has an increased risk 
for axillary nerve injury (Figs. 1.2 and 1.3).

• Nonabsorbable sutures are needed to isolate 
tuberosities and use them to reduce the 
fragments.

• The most common hardware used is a locking 
plate to fix the fracture once fragments are 
reduced.
 – The most frequent complication of this 

technique is screw cutout (14%). In osteo-
porotic bone, varus collapse is often seen, 
and it can be prevented with a screw placed 
inferomedial at calcar.

 – The plate must be placed lateral to the 
bicipital groove to avoid vascular injury 
(ascending branch of the anterior humeral 
circumflex artery).

Minimally invasive approaches were described 
to avoid soft tissue damage and healing problems 
due to periosteal stripping. These techniques 
present with two main disadvantages: a higher 
risk of axillary nerve injury and a more difficult 
fracture reduction maneuver [11].

Recent studies evaluate results for cemented 
augmentation locking screws. Results are prom-
ising, and hardware-related complications can be 

a b

Fig. 1.2 (a) Displaced proximal humeral fracture in a 73-year-old female. (b) Radiographical outcome after treatment 
with open reduction and internal fixation with locking plate

Fig. 1.3 Patient from Fig. 1.2, clinical outcome with full active range of motion after 15 months of follow-up and 
rehabilitation program
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reduced drastically if this technique is employed. 
Neither clinical outcomes nor the need for revi-
sion surgery is modified; only the rate of implant- 
related failure and the global rate of complications 
were diminished. This technique also appears to 
help reduce the rate of avascular necrosis [12]. 
However, further studies are needed to achieve 
stronger evidence.

1.4.2.2  Intramedullary Nailing (IMN)
Intramedullary nailing can be used in surgical 
neck fractures or 3-part GT fractures in younger 
patients or patterns combined with shaft fractures. 
IMN can be performed in shorter surgical time, 
and there are no differences in complication rates 
when compared to ORIF with plates [13]. It offers 
less stability in torsion compared with plates, but 
no differences were found in fracture healing, nor 
ROM recovery compared to plating [14].

• The superior deltoid-splitting approach is 
used to insert the nail.

• The most common complications are rod 
migration and shoulder pain secondary to 
rotator cuff injury.

• Care should be taken when placing locking 
screws, as radial and musculocutaneous 
nerves can be injured.

1.4.2.3  Arthroplasty
Complex 3-part and 4-part fractures in the elderly 
are frequently impossible to fix due to comminu-
tion, poor bone quality, and high risk of mechanical 
and biological complications. For these cases, 
articular replacement seems to be a good solution.

Hemiarthroplasty (HA) was first employed in 
treating these fractures, but this technique is 
highly demandant, and good results are influ-
enced by tuberosity healing, accurate size selec-
tion of the stem, and its final position. A functional 
rotator cuff is also needed for the proper func-
tioning of a HA.

As results with plates and HA were inconsis-
tent, reverse shoulder arthroplasty (RSA) 
emerged as an option to treat these complex frac-
tures. Outcomes for RSA are less dependent on 
tuberosity healing and rotator cuff function/
integrity compared to HA.

Age is a demonstrated predictor of outcome, 
so when choosing arthroplasty for treating a PHF, 
RSA is advisable over 70-year-old patients [15].

Hemiarthroplasty (HA)
The performance of a hemiarthroplasty is indi-
cated in 4-part fractures, 3-part fractures with 
osteopenia, head-splitting, and severe articular 
fractures. HA is used in younger patients (40–
65  y.o.) with complex fracture-dislocations or 
head-splitting component that may fail fixation.

• Recommended use of convertible stems in 
case reverse shoulder arthroplasty is needed.

• The deltopectoral approach is the most 
extended.

• Tuberosities must be sutured and passed 
through the prostheses’ holes to improve 
stability.

• The height of the prosthesis is determined 
with the superior border of the pectoralis 
major tendon.

• Head to tuberosity distance (HTD) must be 
maintained (GT 8 mm below the articular sur-
face) to respect external rotation kinematics.

Individualized assessment and preoperative 
planning are essential to succeed. Outcomes are 
better for younger patients and fractures treated 
acutely. It is very important to accurately choose 
the size of the prosthesis and to ensure the reat-
tachment of the tuberosities to the stem/shaft 
[16].

Risk factors for a poor postoperative result are 
rotator cuff injuries, tuberosities malunion or 
nonunion, and age. Outcomes for this technique 
are not always satisfactory, and complications 
like significant postoperative pain, tuberosities’ 
detachment, component malposition, instability, 
or rotator cuff tears are not uncommon (overall 
rate 35%) [16]. Healing of the tuberosities deter-
mines the success of this technique, and, when 
healing properly, better score punctuations and 
better ROM (in forward elevation and external 
rotation) are achieved [17]. Prosthesis has a mean 
survival time of 6.3 years [15].

When comparing HA with plating, better func-
tional outcomes were registered with the use of 
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a b

Fig. 1.4 (a) Female, 81-year-old, displaced proximal humeral 4-part fracture. (b) She was treated with reverse total 
shoulder arthroplasty

plates; however, HA had a lower rate of revision 
surgery and fewer surgical complications [18].

Due to poor results with HA, surgeons started 
using RSA to treat these complex fractures, 
which yielded better functional and patient- 
reported satisfaction scores when compared to 
HA. ROM in flexion after rehabilitation program 
was also better in RSA group, without differ-
ences for ROM in rotation. Both techniques have 
similar complication rates [17].

When analyzing the clinical and functional 
outcomes and comparing them with the nonop-
erative treatment, no differences were found, 
although the number of studies is scarce and evi-
dence is low [5].

Reverse Shoulder Arthroplasty (RSA)
Reverse shoulder arthroplasty relies on deltoid 
muscle function instead of rotator cuff integrity 
or tuberosities position and healing. It is use-
ful in low-demand elderly individuals with non- 
reconstructible tuberosities and poor bone stock or 
fracture-dislocations. Despite RSA can compensate 
for nonfunctioning rotator cuff, repairing tuberosi-
ties is recommended for an improved ROM.

Better outcomes if:

• Good glenoid bone stock is ensured.
• Restoration of humeral height and version. 

Poor results when retroversion of the humeral 
component is >40°.

The deltopectoral approach or the anterolat-
eral deltoid splitting approach is the most fre-
quently used.

Outcomes
The most reasonable options for treating PHF 
nowadays are RSA or nonoperative treatment. A 
randomized control trial (RCT) revealed that 
RSA has minimal benefits over conservative 
treatment in terms of pain perception [19]. RSA 
has been compared to ORIF too. Patient satisfac-
tion and clinical outcomes resulted higher in the 
RSA group after two years of follow-up. Reverse 
total shoulder arthroplasty showed better ROM 
(except for internal rotation) and strength [10]. 
The complication rate for RSA is 8–11% [10, 
17], with a 6% needing another surgery [10].

When compared to HA, RSA showed better 
results regarding patient satisfaction, outcome 
scores, and a higher range of motion (forward 
elevation). Healing of the tuberosities in RSA is 
irrelevant for score punctuation, and it is only rel-
evant for recovery of external rotation (Fig. 1.4) 
[17].

1.5  Postoperative Rehabilitation

Rehabilitation is a very important part of the 
treatment of these fractures, and the best results 
are achieved when well established physical ther-
apy protocols are followed. Stiffness is directly 
related to a long immobilization period.

• Early passive range of motion. As soon as 
the patient tolerates it

• Active range of motion and progressive 
resistance

• Advance stretching and strengthening
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In minimally displaced fractures, an immedi-
ate rehabilitation program is an option, but. in dis-
placed fractures, as is often the case in the elderly, 
immobilization for a small period is needed until 
the pain is relieved. It has been shown that stiff-
ness related to immobilization, when it extends 
over 3 weeks, remains even after 2 years in the 
follow-up. The relevance of early rehabilitation 
has been widely proved, and it gains even more 
importance in the elderly. Adequate rehabilitation 
improves function and quality of life, and that is 
especially important in people that have poor neu-
romuscular status with bone fragility. Everything 
that compromises their independence can dramat-
ically worsen their general health [2].

1.6  Outcomes Evaluation

Outcomes are generally evaluated with health 
questionnaires and functional scales, specifically 
conceived for upper limb affections.

1.6.1  Health Questionnaires

Scales as EQ-5D or 15D are the most frequently 
applied.

1.6.2  Functional Scales

Some examples are DASH score, Constant score, 
American Shoulder and Elbow Surgeons 
Standardized Shoulder Assessment Form 
(ASES), or Oxford shoulder score (OSS).

1.7  Overall Complications

• Screw cutout: The most frequent complica-
tion when locking plate fixation is used.

• Avascular necrosis: Better tolerated than in 
lower extremities. This complication is not 
related to risk factors for humeral head isch-
emia, nor type of fixation.

• Nerve injury:
 – Axillary nerve: Most common nerve 

injury (up to 60%)
Deltoid-splitting approach

 – Suprascapular nerve
 – Musculocutaneous nerve

• Malunion.
• Nonunion: Risk increased with age and 

smoking. Nonunion of the tuberosities results 
in misfunctioning rotator cuff.

• Rotator cuff injuries and dysfunction. Long 
head of biceps (LHB) tendon injuries.

• Missed posterior dislocation. Maintain high 
suspicion in lesser tuberosity fractures.

• Adhesive capsulitis.
• Posttraumatic arthritis.
• Infection.

1.8  Mortality

Increased mortality has been related to different 
types of fractures: hip or periprosthetic fractures, 
vertebral fractures, distal femoral fracture, etc. 
[20]. All of them are often related somehow to a 
variable degree of frailness or comorbidities. 
Proximal humeral fractures are frequently associ-
ated with factors related to poor general health 
and morbidity, and also an increased mortality 
rate during the first year after the fracture has 
been described, especially in males and in those 
fractures treated surgically [21].

Registered one-year mortality rate after a PHF 
in people aged over 80 years old is 19.8%; the 
relative risk of dying after suffering a proximal 
humeral fracture was higher during the first 
30 days after the incident (5 times higher) com-
pared to the general population. Independent fac-
tors related to death were increased age, male sex 
(7 times higher), low bone mineral density, or 
concomitant fractures [21].

It is proposed that multidisciplinary teams 
(like in hip fractures in the elderly) may be advis-
able to treat these frail patients in order to reduce 
morbidity and mortality.

1 Displaced Proximal Humeral Fractures in the Elderly: Conservative Treatment Versus Open Reduction…
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1.9  Conclusions

• Proximal humeral fractures represent 5% of 
all adult fractures and the second in frequency 
at the upper limb. They are related to osteopo-
rosis, and almost 75% appear in people over 
60 years of age. Its overall incidence is 40 in 
100,000 patients, and, because of population 
aging and the increase of life expectancy, its 
incidence is predicted to triple in the next 
10 years [19].

• These fractures impair quality of life and 
decrease patients’ independence, so they have 
become a public health concern. Many studies 
have tried to establish protocols to improve 
their management.

• All therapeutic options available achieve pain 
relief (except in case of complications), but 
results are less predictable in terms of func-
tional outcomes and range of motion. New 
implants and techniques were approved trying 
to fill this gap. Nevertheless, the gold-standard 
technique for treating PHF is still under debate. 
The implementation of different techniques 
and implants made necessary the development 
of studies, trying to determine whether to 
choose one over another, but the evidence is 
still scarce, and high-quality studies are still 
needed to establish more solid conclusions.

• Based on the evidence available, the trend is 
nonoperative treatment for PHF in the elderly, 
supported by moderate to high evidence. 
Current evidence shows that surgical treat-
ment of displaced PHF in the elderly has no 
benefit compared to nonsurgical treatment. On 
these bases, surgical treatment must be very 
restrictive, and every case has to be individu-
alized [9].

• In those cases in which surgery is needed, 
RSA seems to be the most adequate option. 
Elderly patients present with poor bone qual-
ity: it produces complex fracture patterns and 
also increases the risk of complications with 
ORIF. RSA showed better outcomes over the 
other surgical techniques (plates, nails, or 
hemiarthroplasty) in the elderly. All of them 
relieve pain, but RSA offers better results in 
terms of ROM and strength.

• RSA could be recommended in those cases of 
complex fractures with head split, head dislo-
cation, or associated complex rotator cuff 
tears.

• The question now is “What do I choose? RSA 
or nonoperative treatment?” It is very impor-
tant to individualize and study each patient’s 
comorbidities and functional status. If surgery 
is chosen, we should remember that RSA 
offers a minimal advantage over conservative 
treatment and only in pain perception [19].
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