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SUMMARY

Proximal humeral fractures are among the most common fractures in the elderly. Along with
the increasing life expectancy of the Western population, the incidence of these fractures is
rising rapidly, with osteoporosis as an important factor, affecting mostly active persons aged
60 and older. In such patients, proximal humeral fracture can potentially affect independ-
ence and deteriorate the quality of life.

Currently, several options are available for the treatment of proximal humerus fractures in el-
derly patients. The main treatments include open reduction and internal fixation, percutane-
ous closed fixation, and intramedullary nailing or total shoulder arthroplasty, depending on
multiple variables including patient age, comorbidities, activity level, functional demands,
and goals/expectations of treatment.
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Introduction

Proximal humeral fractures are among the most common fractures in the elderly .
Along with the increasing life expectancy of the Western population, the incidence
of these fractures is rising rapidly, with osteoporosis as an important factor >, af-
fecting mostly active persons aged 60 and older '. Around 90% of these patients
live independently at home and therefore, a proximal humeral fracture can poten-
tially affect independence and deteriorate the quality of life in the elderly.
Approximately 80% of proximal humerus fractures have a stable configuration
and may be treated conservatively with satisfactory results, especially in low de-
manding elderly patients. The remaining cases may be treated surgically. However,
whether reduction and fixation or primary shoulder arthroplasty may be best indi-
cated in these cases is still matter of debate *.

Conservative treatment may represent an option even for displaced or comminuted
proximal humerus fractures in patients older than 85 years of age affected by severe
osteoporosis, cognitive impairment, or significant comorbidities 3°.

In any case, the proper indication for conservative or surgical treatment should take
into account several factors: expected outcome, patient’s compliance, surgeon’s
training, and experience. However, consensus is thus still lacking on the most ap-
propriate treatment for this type of fracture in elderly patients and most studies
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do not take into account functioning in daily life and social
participation, rather focusing mainly on range of motion and
functional and radiological outcomes 78,

Osteoporosis may significantly influence the fixation of proxi-
mal humerus fracture, especially in a comminuted fracture pat-
tern. Therefore, the choice of the correct surgical technique and
implant is crucial when facing these kinds of fractures.
Currently, several techniques are available for the treatment of
proximal humerus fractures in elderly patients. The same frac-
ture pattern can be treated nonoperatively, with open or closed
fixation, or with arthroplasty, depending on multiple variables
including patient age, comorbidities, activity level, functional
demands, and goals/expectations of treatment.

Locking plate fixation

Plate fixation represents one of the most common treatments for
proximal humerus fractures. In particular, the introduction of
locked plating has allowed for the creation of stable constructs
even in osteoporotic bone with satisfactory results °. A meta-anal-
ysis of locking plate fixation for proximal humerus fractures
showed an average overall constant score of 74 with minimum
18-month follow-up, 79 for 2-part fractures, 72 for 3-part frac-
tures, and 66 for 4-part fractures '°. Despite improvements in plate
technology, complications and reoperation rates remain a concern.
Zhang et al., in a study on 27,017 patients surgically treated for
proximal humerus fractures, reported a higher readmission rate
for ORIF (29%) compared to other techniques such as reverse
shoulder arthroplasty (20%) and hemiarthroplasty (16%) .
The authors showed that the causes of complications are mul-
tifactorial, and involve patient-related factors (e.g., comorbid
conditions, smoking), fracture-specific factors (e.g., bone qual-
ity, comminution, fracture pattern), surgical factors (e.g., plate/
screw placement, reduction quality), and postoperative reha-
bilitation. Among the main and common complications, there
were varus malunion (16.3%) followed by avascular necrosis
(10.8%) (Fig. 1), screw cutout (7.5%), subacromial impinge-
ment (4.8%), and infection (3.5%). Screw cutout was the most
common reason for revision surgery '°.

The screw position represents an important factor for the sta-
bility of the fracture. In particular, screw position is most im-
portant in the calcar. Placement of calcar screws is critical in
metaphyseal comminution to achieve medial column support ”.
The placement of the calcar screws in a more distal position, as
opposed to a more proximal position within the head, is critical
for improved biomechanical stability '.

In a biomechanical study using 11 matched pairs of human
cadaveric proximal humerus fractures, medial calcar commi-
nution decreased the mean load to failure by 48% and energy
to failure by 44%. The use of calcar screws increased the mean
load to failure by 31% and energy to failure by 44%, under-
scoring the importance of calcar screw support in cases of me-
dial comminution '3.

Figure 1. A) avascular necrosis following open reduction
and internal fixation of a proximal humerus fracture; B)
revision with reverse total shoulder arthroplasty.

In order to improve the biomechanical stability of locked proxi-
mal humerus plates, cement augmented screws have been intro-
duced for osteoporotic proximal humerus fractures. Varga et al,
in a computer simulation, showed that cement augmentation of
the screw tips in plate fixation of unstable three-part fractures can
alleviate the peri-implant strain, which suggests a reduced risk of
cut-out failure. The number as well as the specific configuration
of the augmented screws was highly influential to the achieved
benefit and optimal screw selection may be patient-specific.
However, augmenting the calcar screws consistently provided
the largest improvement and augmentation of the screws with
posterior tips was also beneficial. Further investigation through
additional simulations, in vitro testing, and prospective clinical
trials involving augmentation of specific screws is required to
better define optimal techniques and evaluate patient benefit ',

The use of intramedullary bone graft may also be an alternative,
especially in cases of proximal humerus fractures with severe



metadiaphyseal comminution by creating a medial column of
support and preventing varus collapse of the humeral head. The
use of a fibular strut allograft and iliac crest autograft bone
have been described. Biomechanical studies showed superior
biomechanical stability when using the fibular strut compared
with plate alone 7. However, it may be argued that the cost-ben-
efit ratio in elderly patients could be disadvantageous.

Closed reduction and percutaneous fixation

Closed reduction and percutaneous pinning (CRPP) may be
considered as an alternative to open reduction and internal fix-
ation in specific fracture patterns and in selected patients. Pin
configuration is a significant factor in order to enhance me-
chanical stability, which is improved by biplanar fixation and
by increasing the number of pins engaging the cortex '5.
Indications for CRPP include 2-part fractures of the surgical
neck, isolated greater tuberosity fractures, 3-part fractures of
the surgical neck with involvement of the greater tuberosity,
and 4-part valgus impacted fractures ®. The advantages of these
techniques are possible preservation of the vascular supply to
bone fragments, shorter duration of intervention, maintenance
of fracture hematoma, scarce blood loss, and the possibility of
surgery with brachial plexus block . In a study on 113 patients
with 2-part PHFs, Tamimi et al. reported better outcomes with
CRPP in patients of all ages and better functional results com-
pared to intramedullary nailing in elderly patients '°.

On the other hand, Gupta et al. published a review on 4500
patients, reportinga considerably higher complication rates
with CRPP compared to ORIF, hemiarthroplasty, and reverse
shoulder arthroplasty. Complications observed with CRPP in-
cluded humeral head necrosis (11.7%), pin migration/breakage
(4.1%), superficial infection (4.1%), malunion (3%), neurolog-
ic injuries (1.5%), and nonunion and deep infection (1%) "".
The poor quality of the bone in osteoporotic elderly fractures
may predispose to pin migration, loosening, and loss of reduc-
tion. However, recent technical advances enhanced the results
obtained with this technique. Blonna et al. suggested the use of
full threated pins augmented by an external frame. The authors
prospectively studied 42 patients treated with conventional
pinning (2.5 mm terminally threaded pins) and 49 patients
treated with the hybrid technique (2.5 mm pins characterized
by a 7 cm thread augmented with external fixator). They ob-
served a significant reduction in complications and revision
rates in the hybrid group '*. Gumina et al. compared two differ-
ent fixation constructs with threaded locked wires showing that
the functional and radiologic results obtained after treatment
of 3-part proximal humeral fractures with percutaneous fixa-
tion or locking plates were similar, but the percentage of major
complications after percutaneous treatment were lower and the
maintenance of reduction and fracture stability in CRPP is in-
fluenced by the biomechanical construct and number of pins
engaging the cortex .
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Intramedullary nail fixation

Intramedullary nailing may also represent a valid alternative for
treatment of proximal humerus fractures in the elderly patient.
In particular, last generation nails with multidirectional locked
cancellous proximal screws allows more stable constructs.
Moreover, straight nails with a medial entry point on the hu-
meral head helps to preserve the rotator cuff footprint allowing
better functional results and lower complication rates '*.
Recent studies assert that results achieved with latest genera-
tion proximal humerus nails are comparable to those reported
with locking plates *%. Furthermore, in a comparative rand-
omized study of 2-part proximal humerus fractures treated
with proximal intramedullary nail or plates, Zhu et al. reported
complication rates of 4 and 31%, respectively 2.

When performing intramedullary nailing fixation of these
fractures, it is preferable to use straight nails. The entry point
should be at the center of the humeral head in consideration of
the better quality of the subchondral bone, which enhance the
stability of the nail. Moreover, the medial entry point allows to
split the muscular portion of the supraspinatus tendon, avoid-
ing disturbances to the tendon.

In our experience, the nail is a proper implant for treatment of
different types of proximal humeral fractures (Fig. 2). It has
some advantages because of its minimally invasive technique:
less soft-tissue damage and shorter operation time. Addition-
ally, several tests have shown the biomechanical superiority of
the intramedullary nail. This can be advantageous for elderly
osteoporotic patients. Functional results seem to be determined
mainly by fracture type and patient age. Based on the litera-
ture, the use of latest generation proximal humeral nails to treat
proximal humeral fractures can be recommended.

Reverse total shoulder arthroplasty

Hemiarthroplasty has been the historical treatment for unre-
constructible fractures of the proximal humerus 2. This has
changed over the recent years in favor of reverse total shoul-
der arthroplasty (RTSA) for treatment of unreconstructible
proximal humerus fractures in the elderly (Fig. 3). The rate of
RTSA for treatment of proximal humerus fractures has almost
doubled from 2011 to 2013, rising from 13% of operative cas-
es to 24% of operative cases, with hemiarthroplasty dropping
from 28 to 21% *2. The main reason for this phenomenon is that
the outcome seems to be much more predictable, compared to
hemiarthroplasty, because it does not depend on ingrowth of
tuberosities to such an extent ’.

Although greater tuberosity healing is not critical for a suc-
cessful result, healing of the greater tuberosity in RTSA is im-
portant for improved external rotation 2.

In a recent study, Fraser et al. compared the results of open
reduction and internal fixation with plate and reverse shoulder
arthroplasty. At 2-year follow-up, the data suggested an advan-
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Figure 2. A) 3-part proximal humerus fracture in a
67-year-old woman treated with intramedaullary nailing;
B) radiological and C) clinical outcomes at 12 months.

tage of RTSA over proximal plating in the treatment of dis-
placed OTA/AO type-B2 and C2 proximal humeral fractures in
elderly patients .

Lopiz et al. compared the results of RTSA to non-operative
treatment for 3- or 4-part proximal humeral fractures in elderly
patients. Their study suggested that at short-term follow-up,
there are no clinical benefits of RTSA over non-operative treat-
ment except pain perception. However, the study had some
limitations. The short follow-up may have influenced the re-
sults. In fact, a longer follow-up period could detect possible
differences in the complication rates of RTSA and in the de-
velopment of future complications including osteonecrosis and
post-traumatic arthritis. Moreover, the results may have been
impaired by comorbidities of the patients analyzed which may
influence the final outcome and perceived quality of life among
therapeutic options .

Conclusions

Treatment of proximal humerus fracture in patients with osteo-

Figure 3. A) preoperative X-ray and CT scans of a 4-part
proximal humerus fracture in a 75-year-old woman; B)
radiological and C) clinical outcomes at 12 months.

porotic bone remains a challenge in terms of when and how to
operate. Several treatments are available, but therapy should be
ideally individualized on the basis of the patient’s functional
demands and biologic prognostic factors related to the charac-
teristics of the fracture.
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