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Abstract Complex proximal humeral fractures, especially in elderly patients, often require arthro-
plastic surgical treatment. Traditionally, shoulder hemiarthroplasty (HA) is the method of
choice, resulting in long implant survival anda painless shoulder; however, shoulder HAhas
heterogeneous clinical outcomes related to the correct position of the implant, both in
terms of height and version, and the anatomical consolidation of tuberosities. Today,
reverse shoulder arthroplasties are increasingly used to treat such fractures. These
techniques result in better functional outcomes compared to HAs, especially regarding
anterior flexion, but implant longevity has not been established. The development of
specificprosthetic humeral components for the treatmentof fractures,whichwere recently
introduced in the clinical practice, led to better clinical outcomes.

Palavras-chave

► artroplastia
► ombro
► fraturas ósseas

Resumo Fraturas complexas da extremidade proximal do úmero, especialmente em idosos,
frequentemente necessitam de tratamento cirúrgico artroplástico. Tradicionalmente, a
hemiartroplastia (HA) do ombro é ométodo de escolha, com longa sobrevida do implante,
e oferece um ombro indolor, mas com resultados clínicos heterogêneos, relacionados ao
correto posicionamento do implante quanto à altura e à versão, além da consolidação
anatômicados tubérculos. Atualmente, autilizaçãodeartroplastias reversasdoombropara
o tratamento dessas fraturas vêm aumentando exponencialmente, commelhores resulta-
dos funcionais do que as HAs, principalmente quanto à flexão anterior, apesar de a
longevidade do implante ainda não ter sido estabelecida. O desenvolvimento de compo-
nentes umerais protéticos específicos para o tratamento de fraturas, introduzidos na
prática clínica nos últimos anos, levou a resultados clínicos melhores.

� Work developed at the Shoulder and Elbow Surgery Center,
Instituto Nacional de Traumatologia e Ortopedia (INTO), Rio de
Janeiro, RJ, Brazil.
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Introduction

Proximal humeral fractures account for up to 10% of all
fractures in the elderly population.1 Most of these fractures
can be treated in a closed manner with satisfactory out-
comes. On the other hand, complex fractures, such as
those in three and four parts according to the Neer classifi-
cation,2 fracture-dislocations, fractures of the humeral
head, and deviated fractures with multiple fragments and
metaphyseal bone loss, often require surgical treatment
(►Fig. 1A-B).2

Traditionally, hemiarthroplasty (HA) is indicated for frac-
tures in which anatomical reduction is impossible and that
present a high risk of failure of the internal fixation.1,3,4

Hemiarthroplasty is technically challenging, especially
regarding humeral length and proper version of the humeral
head.5 One of the factors determining the quality of the
clinical outcome is the anatomical reconstruction of the
proximal humerus and the repair and consolidation of the
greater and lesser tuberosities.6,7

The development of new techniques for tuberosity fixa-
tion and specific humeral components for the arthroplastic
treatment improved the clinical outcomes. These low-profile
humeral components, with reduced proximal metallic thick-
ness, medialized off-set and holes to pass the suture through
the stem neck, favor the anatomical positioning of the
greater tuberosity, the placement of the bone graft, and
the suture8 (►Fig. 2).

Over the years, HA outcomes have not been clinically
consistent.7–10 The introduction of reverse shoulder arthro-
plasty (RSA) to treat degenerative conditions of the shoulder,
with exciting outcomes, stimulated the specialists to expand
its use for the treatment of complex proximal humeral
fractures.11,12

The evaluation of outcomes from 69,120 fractures treated
from 2008 to 2016 at the Korean Health Insurance Review
and Assessment Service13 showed a significant increase in
the surgical treatment of proximal humeral fractures, rising
from 24.6% in 2008 to 36.8% in 2016. In total, 85.6% of these

Fig. 1 (A) Perioperative image of a head split. (B) Three-dimensional computed tomography scan of a head split.

Fig. 2 Perioperative image of wires at the greater and lesser
tuberosities associated to hemiarthroplasty.
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fractures were treated with surgical reduction and internal
fixation. In this series, the indication for arthroplasty to treat
these fractures varied slightly, from 8.6% in 2008 to 9.9% in
2016. However, despite the small variation in the total
number of arthroplasties performed in this group of patients,
the performance of RSAs increased significantly, from 8.2% in
2008 to 52% in 2016, mainly among the population older
than 80 years of age.13

The present paper aims to review the current literature on
HA and RSA to treat displaced proximal humeral fractures
when surgical reduction and internal fixation are not
feasible.

Criteria for hemiarthroplasty and reverse
arthroplasty indication and contraindication
Since the initial reports byNeer in the 1970s,14 the prosthetic
replacement of the proximal humerus for the treatment of
complex fractures was well accepted.7–10 However, over the
years, and with the introduction of more specific clinical
assessment scores, the functional outcomes have often
proved unpredictable, inconsistent and inferior compared
to those obtained in patients with degenerative and inflam-
matory conditions undergoing total shoulder arthroplasty
(TSA).15

Proximal humerus HA is classically indicated for elderly
subjects with low to moderate functional demand, or
patients around the sixth decade of life who are not
candidates for open reduction and internal fixation (ORIF)
of the fracture and preferentially present low fragmentation
of the greater tuberosity.7–10 Nowadays, the treatment of
fractures can use specific humeral components that favor
the consolidation of the tuberosity and enable a future
conversion to an RSA with no need to replace compo-
nents.7,8,16 Despite the unfavorable outcomes from past
arthroplasty constructions, Paul Grammont, in the 1980s,
redesigned this shoulder prosthesis model. Since the bio-
mechanical modifications improved the clinical outcomes
and reduced the number of complications, this prosthesis
model gained popularity.17,18

Today, RSAs supplanted HAs for the treatment of fractures
because more consistent clinical outcomes are expected.
Subjects older than 70 years of age with 3- or 4-part
displaced fractures constitute this potential group of
patients.12

An RSA requires preserved structure and function of the
deltoid. However, deltoid hypotrophy is not a contraindica-
tion for the performance of an RSA, as long as muscle
innervation is spared.18 In contrast, complete palsy of the
axillary nerve is a classic contraindication due to thehigh risk
of instability and limited potential for functional improve-
ment.17,18 Adequate glenoid bone structure and stock, en-
abling a secure fixation of the components, is critical for the
procedure. In cases of erosion or loss of bone mass, the
decision must be based on three-dimensional computed
tomography images. Absolute contraindications include ac-
tive infection, neuroarthropathy and severe glenoid bone
loss. Patients with severe osteopenia, such as chronic steroid
users, have relative contraindications.17,18

Even though HA is used in the treatment of fractures, its
success is questionable.7–10 The HA outcomes for the treat-
ment of fractures are often not predictable, with a high rate
of tuberosity-related complications.7–10 Recent studies have
shown better results for RSAs compared to HAs in the
treatment of deviated proximal humeral fractures in the
elderly population.19–30 This difference occurs because the
functional outcomes of HAs for the treatment of fractures are
directly related to the anatomical consolidation of the tuber-
osities.7–10 The performance of RSA for the treatment of
fractures results inmorehomogeneous functional outcomes,
even in the absence of consolidation or with vicious tuber-
osity consolidation.11,12,31–35

In fractures with more than three weeks of evolution and
humeral fracture sequelae, in which HAs present poor out-
comes due to the need for dissection and more aggressive
tuberosity mobilization that negatively influence the con-
solidation.21,36,37 Thus, RSA is an alternative for elderly
patients who present unsatisfactory outcomes after the
initial non-surgical treatment.36,37

Outcome analysis and literature review
The functional outcomes associatedwith shoulder HA for the
treatment of fractures are inconsistent.7–10 This inconsisten-
cy is due to complex, reconstruction-related technical fac-
tors, to the time in which the surgery is performed, to
populational features, and to the heterogeneity of clinical
evaluation scores.7–10 Nevertheless, the rates of pain relief
range from 73% to 97%, whereas subjective patient satisfac-
tion varies from 70% to 92%.7–10

Accurate positioning of the HA in a complex humeral
fracture, reproducing humeral height and version, enables
anatomical reduction and rigid fixation of the tuberosities,
which are essential for a satisfactory clinical outcome.5,7,8

The published case series7,10,15 evaluating this procedure
demonstrate that the functional outcomes are directly cor-
relatedwith the anatomical consolidation of the tuberosities.

At the vertical plane, the head-to-tuberosity distance
(HTD), an objective measure of the height of the greater
tuberosity in relation to the articular surface of the humeral
head of the prosthesis, has prognostic value in the assess-
ment of the correct position of the greater tuberosity. The
average HTD is 8mm, with a variation of� 3mm. Distances
greater than 15mm suggest a high risk of complications and
poor functional outcomes.7,15 At the horizontal plane, the
posterior positioning of the greater tuberosity must be
avoided due to the increased risk of fixation failure, resulting
in limited mobility.8 (►Fig. 3A-B).

In 2013, a systematic review30 of HA outcomes, using a
fracture-specific stem compared to RSA for the treatment of
proximal humeral fractures, was published, and it presented
a summary of the best evidence available in the literature at
the time. Fourteen papers met the inclusion criteria for this
systematic review. Efforts were made to determine the
demographic criteria associatedwith each arthroplasty tech-
nique, as well as their subjective, objective, and radiographic
outcomes.30 The HAwas performed mainly in male, younger
subjects with four-part fractures. In older patients, with a
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higher incidence of associated rotator-cuff tears, RSA was
indicated.30 The functional outcomes of HAs and RSAs were
similar regarding both Constant-Murley and American
Shoulder and Elbow Surgeons (ASES) scores, as well as
physical examination parameters. The incidence of compli-
cations and reoperations was also assessed. Clinical compli-
cations were four times more frequent with RSAs, which is a
major issue. Radiographic changes were observed in 90% of
RSAs, and in 27% of HAs, although part of these changes,
mainly lower scapular impingement (notching) and hetero-
topic ossification, have debatable clinical repercussions. On
the other hand, the percentage of reoperations did not differ
significantly between both groups.30

In 2014, Sebastiá-Forcada et al.19 published a randomized,
controlled analysis comparingHA and RSA. The RSAs showed
higher values on the following scores: Constant-Murley,
Disabilities of the Arm, Shoulder and Hand (DASH), and
University of California Los Angeles Shoulder Score (UCLA),
in addition to improved anterior flexion and abduction.
There were no differences regarding lateral rotation. Tuber-
osity fixation was performed using the same technique in
both groups and consolidation occurred more frequently in
the group submitted to RSAs. Based on these parameters,
these authors suggested that RSA was a better option.

In two similar meta-analysis, Shukla et al.20 and Wang
et al.21 compared HA and RSA to treat proximal humeral
fractures. The authors concluded that the available literature
suggests that RSA results inmore favorable clinical outcomes
compared to HA, with a lower percentage of complications,
higher ASES scores, greater tuberosity consolidation, and
better mobility regarding anterior flexion.

A retrospective study from the Société Française de
Chirurgie Orthopédique et Traumatologique (SOFCOT)22

comparing HA and RSA in proximal humeral fractures,
with an average follow-up of 39 months, demonstrated
that subjects submitted to RSA presented a higher adjusted
Constant-Murley score. On the other hand, there were no

significant differences in the absolute Constant-Murley,
DASH and Subjective Shoulder Value (SSV) scores. The RSA
group presented superior anterior flexion, while lateral
rotation was better in the the HA group. However, there
were no differences regarding medial rotation. The compli-
cations were more frequent in the HA group. The percentage
of radiographic consolidation of the greater tuberosity was
the same in both groups, occurring in 70% of the cases.
Inferior scapular impingement, that is, notching, was ob-
served in 23% of the patients submitted to RSA.

Gallinet et al.23performed a systematic literature reviewon
behalf of SOFCOT. They identified studies comparing HA and
RSA for the treatment of proximal humeral fractures in
patients older than 65 years of age who were operated on
between 2006 and 2016. They found 67 studies, and 22 were
selected for their level of evidence. The RSA resulted in better
active anterior flexion and abduction, as well as a higher
Constant-Murley score. On the other hand, the lateral and
medial rotations were lower in subjects treatedwith RSA. The
fixation and consolidation of the tuberosities around the RSA
were related to the rotational ability. In cases with no tuber-
osity consolidation, the functional outcomeswere satisfactory
for RSA, but notHA, due to themarked functional deficit in this
latter group of patients. For RSA, age did not influence tuber-
osity consolidation, in contrast to HA. Complications were
more frequent in the RSA group, although the reoperation rate
was the same for both techniques. The incidence of revisions,
which required implant replacement, was lower in the RSA
group.23

In 2016, Chen et al.24 carried out a network meta-analysis
(NMA), which is a novel technique to define medical evidence
by comparing relative benefits associated with multiple inter-
ventions, thus establishing the interventional hierarchy of a
number of treatment options. These authors evaluated the
effectiveness and safety of ORIF, RSA, HA, intramedullary (IM)
fixation, and closed treatment in displaced proximal humeral
fractures. Using this methodology, 34 studies, involving 2,165

Fig. 3 (A) Schematic representation showing the head-to-tubercle distance (HTD), an objective measure of the height of the greater tuberosity
in relation to the articular surface of the humeral head of the prosthesis; its average value is 8 mm. (B) Radiographic image showing an HTD
within normal limits.
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patients, were included. The RSA group had the highest
Constant-Murley score and the lowest percentage of compli-
cationswhencompared to theORIF,HAand IMfixationgroups.
In addition, the RSA group had a lower incidence of additional
surgeries than the ORIF and IM fixation groups. They conclud-
ed that RSA had the highest probability of improving the
functional outcomes and reducing the incidence of complica-
tions and the need for additional surgery.24

In 2017, Du et al.25 identified 7 randomized studies during
a query in 3 electronic databases, totaling 347 elderly
patients treated for 3- or 4-part proximal humeral fractures.
The patients were treated using the closed technique, ORIF,
HA and RSA. The RSA group presented the best Constant-
Murley score and the lowest number of reoperations. On the
other hand, the ORIF had the worst effectiveness in these
elderly patients. The best Constant-Murley scores were
obtained by the patients submmited to RSA, followed by
HA, closed technique, and ORIF. Regarding reoperations, the
best treatment was RSA, followed by the closed technique,
HA and ORIF23 (►Table 1).

Factors that impact outcomes
Dedicated humeral stems are the implants of choice for HA or
RSA for the treatment of fractures.5,6,13,14,36,37

Stems with more suitable designs for the reduction and
fixation of the tuberosities favor consolidation because these
components present lower proximal profiles, presence of
holes in the stem for passage of resistant sutures, and space
to place bone grafts in an adequate volume to provide a
biological stimulus to healing7,8,15,16,38,39 (►Fig. 4A-B).

Despite all technological developments, HA still results in
heterogeneous functional outcomes and complications re-
lated to tuberosity consolidation7,8,40 (►Figs. 5 and 6).

The RSA is becoming the implant of choice for the surgical
treatment of these injuries probably due to the technical
challenges imposed by HA. It is worthy discussing whether,
even in RSA, the use of specific implant designs to treat
complex proximal humeral fractures is required, or whether
the common implant designs used to treat other conditions
are sufficient.

In RSA, the use of humeral componentswith low proximal
profiles,medialized stem epiphysis, smooth, polishedmedial
stem neck area, and hydroxyapatite at the lateral metaphysis
seems to favor the reduction and stabilization of the tuber-
osities and an increase in the rate of consolidation, influenc-
ing the postoperative rotational mobility.4,37 The position of
the polyethylene inlay in relation to the stem apparently
contributes to a greater integration of the tuberosity.38,39

In addition, some implant designs enable the lateraliza-
tion ormedialization of the center of rotation of the shoulder
joint during RSA. Comparative studies suggest that the
lateralization of the center of rotation of the joint and a
smaller cervical-diaphyseal angle improve the function of
the muscles that rotate the shoulder externally, improving
the clinical outcomes regarding lateral rotation mobility in
RSA.38 In contrast, in 2018, Verdano et al.39 performed a
retrospective assessment of clinical and radiographic out-
comes to compare lateralized reverse prostheses on the
humeral side with the Grammont medialized model in the
treatment of displaced proximal humeral fractures. The

Table 1 Clinical data from the studies comparing RSA and HA

Author (year) Sample Constant-Murley
score

AF Abd LR MR Greater tuberosity
consolidation

Cuff and
Pupello 26

(2013)

27 RSA
26 HA

NI 139o RSA
100o HA

NI 24° RSA
25° HA

NI RSA 83%
HA 37%
(p¼ 0.17)

Namdari et al.30

(2013)
210 RSA
231 HA

50..3 RSA
(41.1–70..9)
56 HA
(38.7–61.9)

114° RSA
(97°–137°)
117° HA
(96°–133°)

92° RSA
(66°–119°)
111° HA
(70°–151°)

20° RSA
(3°–37°)
34° HA
(21°–47°)

NI NI

Mata-Fink et al.27

(2013)
377 RSA
504 HA

54.7 RSA
48.6 HA

113° RSA
92° HA

NI 20° RSA
22° HA

L3 RSA
T12 HA

NI

Sebastiá-Forcada
et al.19 (2014)

31 RSA
31 HA

56.1 RSA
(24–80)
40 HA
(8–74)

120° RSA
(40°–180°)
80° HA
(20°–180°)

113° RSA
(50°–170°)
79° HA
(30°–150°)

30° RSA
(0°–10°)
26° HA
(0°–10°)

Sacral RSA
Sacral HA

RSA 64.5%
HA 56.7%
(p¼NI)

Baudi et al.28

(2014)
25 RSA
28 HA

56.2 RSA
42.3 HA

131° RSA
89° HA

128° RSA
82° HA

15° RSA
23° HA

NI RSA 84%
HA 37%
(p< 0.05)

Ferrel et al.29

(2015)
322 RSA
1.024 HA

54.6 RSA
58 HA

118° RSA
108° HA

98° RSA
94° HA

20° RSA
30° HA

NI RSA 82.8%
HA 73.9%

Bonnevialle
et al.22 (2016)

41 RSA
57 HA

57 RSA
(23–90)
54 HA
(19–89)

130° RSA
(50°–180°)
112° HA
(20°–180°)

NI 23° RSA
(-20°–70°)
28° HA
(0°–80°)

Sacral RSA
L3 HA

RSA 73%
HA 72%
(p¼ 0.95)

Abbreviations: Abd, abduction; AF, anterior flexion; HA, hemiarthroplasty; LR, lateral rotation; MR, medial rotation; NI, not informed; RSA, reverse
shoulder arthroplasty.
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Constant-Murley score and lateral and medial rotation
rangeswere similar, while anterior flexion and consolidation
of the greater tuberosity were higher in patients receiving a
medialized prosthesis. However, this study39 did not use any
type of humeral component with a specific design for the
treatment of fractures. This work, with the limitations of
such a type of review, does not clearly establish which
implant must be used.39–41

Reverse arthroplasty for the treatment of fractures is
traditionally performed with cemented humeral compo-
nents. The literature suggests that cementless humeral com-
ponents in RSA for the treatment of fractures show inferior
outcomes in subjective scores, although there is no correla-
tion with pain, mobility, and tuberosity consolidation.42

A key point for RSA is the preparation and placement of
the glenoid component, even in proximal humeral fractures.

Fig. 5 Postoperative radiographic image of a hemiarthroplasty with
avulsion of the greater tuberosity.

Fig. 6 Postoperative radiographic image of a hemiarthroplasty with
avulsion of the lesser tuberosity.

Fig. 4 (A) Image of a fracture stem with bone graft in the proper orifice. (B) Perioperative image of a fracture-specific stem.

Rev Bras Ortop Vol. 57 No. 4/2022 © 2021. Sociedade Brasileira de Ortopedia e Traumatologia. All rights reserved.

Arthroplasty for Proximal Humeral Fractures Motta Filho, Amaral534



However, few studies address this topic. There are reports
regarding loosening of themetal base (0.52% to 3.5%) and the
high incidence of scapular impingement (43.6%) related to
inadequate positioning and incorrect version of the gleno-
sphere. The factors preventing scapular impingement in-
clude inclination and inferior positioning of the glenoid
component, cervical-diaphyseal angle lower than 155°, and
lateralized implants. Therefore, in addition to implant selec-
tion, understanding the morphology of the glenoid is
important.39

Regarding themomentwhenpatients should be operated,
the literature reports good results from the use of ARO both
for the treatment of acute displaced fractures as for fractures
treated late.36,37

It is worth mentioning what the literature defines as
“late”. After 20 days, the mobilization and fixation of the
tuberosities are compromised by bone consolidation and
reabsorption.43 In the personal opinion of the authors of the
present study, the treatment of the sequelae of proximal
humeral fractures implies a more complex, extensive dissec-
tion, and surgeons must be prepared to deal with the
compromised bone stock that may exist depending on the
characteristics of the injury. In addition, greater blood loss is
expected, with its potential results, as well as higher percen-
tages of neurological complications, instability, and
infection.

Dezfuli et al.43 evaluated 49 patients who underwent RSA
to treat proximal humerus fractures. They stratified the
patients according to acute and chronic fractures operated
for different reasons. The group of acute fractures showed
better outcomes compared to all other groups. In cases of late
fractures or fracture sequelae, including mal union and
pseudoarthrosis, the RSA outcomes, although lower com-
pared to those of the RSAs performed in cases of acute
fractures, were superior to RSAs performed to review poor
outcomes in fractures submitted to other primary techni-
ques, such as HA or osteosynthesis.

Seidl et al.37 compared patients who underwent reverse
arthroplasty to treat acute fractures occurred within four
weeks with patients previously submitted to another type of
treatment. The authors concluded that, although all the
subjects may present satisfactory outcomes, the acute
patients presented superior tuberosity consolidation and
improved external rotation.

In 2019, Torchia et al.36 performed a meta-analysis in-
cluding 16 studies and 322 subjects to determine which
patients should be operated on during the acute or late
phase. Of these, 4 were comparative studies and 12 were
case series. In the first group, consisting of comparative
studies, there were no differences in anterior flexion, clinical
scores, or reoperation rates. Among the patients treated
later, lateral rotation increased 6o, which was statistically
significant. The authors concluded that, facing the risk
associated with surgery in the elderly population, the closed
treatmentmust be considered, reserving the RSA for patients
with therapeutic failure.36

Boileau et al.34 hypothesized that fixation and consolida-
tion of the greater tuberosity would result in better clinical

outcomes in patients undergoing RSA for the treatment of
proximal humeral fractures. Patients with fractures and an
average age of 80.4 years underwent RSA using a fracture-
specific stem, which enables the placement of a bone graft
removed from the humeral head and the suture of the
tuberosities around it. Healing of the fractures occurred in
84% of the patients, with 4 cases of resorption and 2 cases of
non-union and migration. These 6 patients had an SSV score
of 65% compared to 83% in subjects with consolidation of the
tuberosities. Regarding range of motion, the anterior flexion
was of 115°, compared to 141°, while the lateral rotation
wasof 11°, compared to 27° respectively. Despite the higher
age of the patients, the authors concluded that reconstruc-
tion and consolidation of the tuberosities provided better
clinical outcomes, as well as better anterior flexion and
lateral rotation.34 It is worth noting the small number of
patients to support this conclusion.

The experience of the SOFCOT shows that the fixation and
consolidation of the tuberosities around the RSA corroborate
the expectation of improved rotation.35

In 2018, Torrens et al.33 carried out a retrospective study
with 41 consecutive subjects to assess the influence of the
consolidation of the greater tuberosity on the functional
outcomes after an RSA for the treatment of proximal humeral
fractures. Consolidation occurred in 68% of the cases. In this
study, the functional scores, range of motion and scapular
impingement were similar regardless of the consolidation
status. Although expected, this case series showed no im-
provement in shoulder functional outcomes33 (►Figs. 7 and
8A-C).

We can conclude that the literature is controversial re-
garding the influence of the consolidation of the tuberosities
by RSA on the clinical outcomes and range of motion,
especially in lateral and medial rotation and essential daily
activities (►Fig. 9A-B).32–34

It is worth mentioning some differences between the RSA
and HA for the treatment of proximal humeral fractures
regarding the consolidation of the tuberosities. For RSA, the
functional outcomes can be satisfactory even when the
consolidation does not occur, unlike HA, in which there is
a marked functional deficit.32–34

Shoulder arthroplasty is not associated with extensive
bleeding, but all measures must be taken to minimize blood
loss. Tranexamic acid (TXA), an antifibrinolytic agent, has the
potential of reducing blood loss and the need for blood
transfusion after hip and knee arthroplasties.44

Several studies tried to evaluate the effectiveness and
safety of TXA. Gillespie et al.44 carried out a randomized trial
with 111 patients divided into 2 groups. The group treated
with 2 g of TXA topically applied at the surgical wound
presented lower blood loss and a lower reduction in the
level of serum hemoglobin compared to the placebo group.

Kirsch et al.45 and Sun et al.46 performed meta-analyses
regarding the administration of TXA in RSAs, and found a
significant reduction in the alteration of hemoglobin, sug-
gesting a reduced need for transfusion.

In summary, the literature clearly suggests the adminis-
tration of of TXA in RSAs.
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Complications

The overall average for RSA complications in acute fractures
is 25%, with 17.4% and 7.6% classified as minor and major
complications respectively.47,48

Lopiz et al.49 performed a retrospective evaluation of 42
patients undergoing RSA to treat proximal humeral frac-
tures. The subjectswere divided into 2 groups, one consisting
of patients younger than 80 years of age (<80), and the other
with patients with 80 years old or older (¼80). The average
follow-up period was of 32.6 months. The Constant-Murley
score, adjusted for gender and age, was of 64 for the <80
group and of 33 for the ¼80 group. Regarding the range of
motion, the <80 and¼ 80 groups presented, respectively,
126° and 110° of anterior flexion, 117° and 105° of abduc-
tion, 22° and 20° of lateral rotation, andmedial rotation at L3
and the sacrum. There were 9.5% of prosthesis- and proce-
dure-related complications in both groups. The authors
concluded that age is a critical factor for the success of the
RSA.49

Noguera et al.47 evaluated the complications associated
with RSAs for the treatment of proximal humeral fractures in
103 patients older than 65 years of age, with a mean age of
77.3 years. In total, there were 25% of complications, includ-
ing 17.4% simple and 7.6% complex intercurrences. The
correlation between severe complications and the American
Society of Anesthesiologists (ASA) score was statistically
significant. Complications occurred within an approximate
period of 90 days. There was also a trend towards simple
complications within the first week, associated with a high
ASA score. Rheumatoid disease was significantly associated
with severe complications. The rate of transfusion was of
11.5%. This study concluded that the average rate of severe
complications in patients undergoing RSA for the treatment
of fractures was low in the elderly population.47

In a systematic review and meta-analysis, Austin et al.50

suggested that RSA improved the range of motion, the
clinical follow-up scores, and the rate of reoperations for
all causes when compared to HA; in addition, there was no
difference in the rate of infection associated with both
techniques. The authors concluded that RSA for the treat-
ment of acute proximal humeral fractures in the elderly
population may result in better outcomes both in the short-
and medium-terms when compared to HA. Finally, they
suggest that long-term assessments are required to define
whether these RSA benefits will persist.50

Costs

The significant increase in the complexity of the cenario of
health systems worldwide requires a rationalization of costs
and expenditures51 The economic viability of incorporating
high-cost technologies depends on the interpretation of the
clinical outcomes in the context of cost compensation.51 The
increased performance of RSAs to treat proximal humeral
fractures makes this issue extremely relevant, mainly be-
cause this procedure is associated with longer hospitaliza-
tions, a higher incidence of complications, and higher costs
when compared to RSA for the treatment of rotator-cuff
arthropathy.52 Relevant studies must consider the

Fig. 8 Range of motion of the patient shown in Figure 7. The range of motion was achieved despite the radiographic aspect. (A) anterior flexion;
(B) lateral rotation; (C) medial rotation.

Fig. 7 Radiographic image illustrating the consolidation of the
greater tuberosity with proximal migration associated with an RSA.
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relationship between total hospital costs, including the
length of hospital stay, the surgical time, the rate of blood
transfusions, the clinical and surgical complications, and the
cost of the implant, and compare them to the functional
clinical outcomes.52–54

Liu et al.52 demonstrated that RSAs have higher costs
compared to HAs, but with no difference in length of
hospital stay, use of blood products, and final range of
motion, despite improved pain and functional scores.52

The authors suggested that a better investigation regarding
the costs of postoperative rehabilitation, special nursing
care and the rate of surgical revision are required for the
best interpretation of the cost-benefit ratio of this type of
treatment.52

Some financial analyses suggest that RSA for the treat-
ment of proximal humeral fractures in elderly patients is the
preferred strategy when compared to HA.53,54 Cost calcu-
lations demonstrate that the increased cost of RSA to treat
these fractures is well below the standard payment thresh-
olds for technologies that improve the quality of life, and its
cost-benefit ratio is similar to that of other surgical therapies
that are widely successful in orthopedics, such as total hip
arthroplasties for osteoarthritis.53

Final Considerations

Due to the heterogeneous HA outcomes, which are directly
related to the quality of the reduction and consolidation of
the tuberosities, RSA has been increasingly used, resulting in
more homogeneous functional outcomes and similar com-
plication rates.

There are doubts regarding the selection of appropriate
patients for HA or RSA mainly because all meta-analyzes are
limited by the heterogeneity of the studies.
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