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Abstract Reverse total shoulder arthroplasty (RTSA) has
become the treatment of choice for patients with rotator cuff
arthropathy. Complication rate after RTSA has been reported
to be three to five times that of conventional total shoulder
arthroplasty. Intraoperative and postoperative complications
include neurological injury, infection, dislocation or instabil-
ity, acromial or scapular spine fracture, hematoma, and scap-
ular notching. Knowledge of optimal component placement
along with preoperative planning and recognition of risk
factors are essential in optimizing patient outcome. The pur-
pose of this review article is to identify the most common and
serious complications associated with the RTSA and discuss
the current methods of management. Complications after
RTSA pose a significant challenge for healthcare providers
and economic burden to society. Therefore, it is essential to
make the proper diagnosis and develop and implement early
management plans to improve patient outcome and
satisfaction.
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Introduction (reverse total shoulder arthroplasty,
complications)

The development of the reverse total shoulder arthroplasty
(RTSA) in the late 1980s provided orthopedic surgeons with
an alternative to total shoulder arthroplasty (TSA) for the
treatment of rotator cuff tears and arthropathy. Conventional
TSA relies on the anatomical and functional integrity of the
rotator cuff muscles. This procedure can often be ineffective in
patients with massive rotator cuff tears and is associated with
high complication rates [1]. In contrast, RTSA is able to
restore functionality for patients with cuff tear arthropathy or
in patients with failed conventional total shoulder replacement
by virtue of the unique design [1]: the RTSA reverses the
shoulder joint by fixing a metal ball to the glenoid and intro-
ducing a spherical socket into the proximal end of the humerus
[2]. This new construct lowers the humerus and medializes the
center of rotation to decrease torque at the glenoid component
and recruit the deltoid muscle fibers rather than rotator cuff
muscles to facilitate arm flexion and drive upper extremity
function [3]. The ball and socket design with increased contact
surface area provide increased stability or constraint to the
shoulder joint.

Despite the benefits of the RTSA, patients who undergo
this procedure are often subject to complications that are
similar to conventional TSA as well as unique to RTSA
because of the major anatomical, physiological, and biome-
chanical changes to the shoulder joint. The purpose of the
present review is to describe the major potential complications
following RTSA and to provide an overview of management
of such complications. The complications to be covered
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include infection, nerve injury, intraoperative periprosthetic
fracture, hematoma, dislocation, scapular notching, acromial
fracture, and complications relating to the glenoid or humeral
components.

Complications
Nerve injury

The most common neurological injuries as a result of RTSA
procedure involve the brachial plexus or the axillary nerve [4].
This could be attributed to several intraoperative factors:
traction, manipulation of the arm, aberrant retractor place-
ment, or relative lengthening of the arm [2]. Furthermore,
during the glenoid exposure, the humerus is posteriorly
retracted, externally rotated, and abducted, resulting in exces-
sive traction on the brachial plexus and axillary nerve in
particular [2]. Electromyography (EMG) should be obtained
after 6 weeks from the onset of symptoms to document the
nerve injury (neuropraxia vs. transection) and should be re-
peated at 6 months to 1 year to follow improvement.

In addition, radial nerve palsy has been reported in the
literature in RTSA for treatment of failed hemiarthroplasty
for proximal humerus fractures. In this case, the patient had
subsequent resolution of symptoms with conservative man-
agement [5]. Fortunately, these neurological injuries are rela-
tively rare and majority of them are reversible within the first
three postoperative months [6].

While intraoperative manipulation of the arm certainly can
lead to nerve palsy, the actual design of the implant itself can
lead to problems as well. Because insufficient deltoid tension
can lead to prosthetic instability, reverse implants are designed
to distalize the center of rotation and increase the humeral
length in order to generate higher deltoid tension and stability,
which can also put undue stress on the nerves of the upper
extremity. Van Hoof et al. used a three-dimensional computer
model of a RTSA construct and estimated that the insertion of
prosthesis can lead to 15.3 and 19.3 % increase in strain on the
lateral and medial roots of the median nerve, respectively [7].
Similarly, Boileau et al. [8] reported 1 case of axillary nerve
palsy in a study of 45 consecutive patients who had RTSA
with the original Grammont (Delta III; Depuy) prosthesis.
Muh et al. [9¢] reported 1 case of radial and ulnar nerve palsy
in a series of 67 RTSA procedure using Grammont (Tornier,
France) prosthesis. The patient had incomplete resolution of
symptoms at 30 months follow-up. Wingert et al. [10] report-
ed 1 patient with persistent radial, ulnar, and
musculocutaneous nerve injury after intraoperative axillary
artery avulsion and placement of synthetic arterial graft. For-
tunately, most of these neurological complaints are transient
and should be treated with observation alone.
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In a cadaver study, Ladermann et al. [11] demonstrated that
after implantation of the reverse shoulder components, the
distance of the axillary nerve was >15 mm from the
glenosphere; however, the main anterior branch of the axillary
nerve was in close contact with the posterior metaphysis or
humeral component of the reverse shoulder prosthesis (5.2+
2.1 mm). They theorized that with distalization of the center of
rotation, the axillary nerve is lowered and lateralized from the
glenosphere component, which protects it from impingement.
This altered position places the axillary nerve in close prox-
imity to the posterior humeral component and may therefore
increase the risk of injury. The authors recommended caution
when reaming the humeral metaphysis and also avoid retro-
version greater than 20 to 30°.

Intraoperative fracture

Intraoperative fractures can occur on either the humeral or the
glenoid side. They are relatively uncommon but can be chal-
lenging to manage. Intraoperative humeral fractures mainly
occurred during revision surgeries in the process of removing
the primary stem or the associated cement mantle. Commonly
used techniques such as avoiding excessive torque and
reaming the canal by hand can minimize the chances of
intraoperative humeral fracture. If the fracture occurred prior
to humeral implantation, then it should be stabilized using
cerclage wiring, allograft strut augmentation, or plate and
screws in addition to a longer stem to bypass the fracture site
[2, 12]. If the fracture occurred after humeral stem implanta-
tion and the implant is stable, then the fracture should be fixed
using a combination of cerclage wires or plates and screws
[12].

Intraoperative glenoid fractures can be a result of the
reaming process or the fixation technique. Care must be taken
during the reaming process to ensure the reamer is started on
full speed prior to contacting the glenoid and it does not ream
beyond the subchondral bone so that adequate bone stock may
be preserved [12]. If intraoperative glenoid fracture does
occur, fragment-specific fixation or redirecting the baseplate
and screws may create a strong fixation for a stable
glenosphere component. In the case of catastrophic glenoid
failure, a two-stage procedure with glenoid bone grafting
(allograft or iliac crest) and reimplantation of the components
after bone incorporation into the glenoid. Alternatively, com-
plete resection of the glenopshere component and conversion
of the reverse arthroplasty to a large head hemiarthroplasty or
complete resection arthroplasty may be performed, which will
result in suboptimal patient outcomes. Boileau et al. [8] re-
ported 1 case of humeral fracture and 1 case of glenoid
fracture in a series of 45 patients. In a review article published
by Zumstein et al., the rate of intraoperative humeral fracture
was 2.0 % (16/782), and the intraoperative glenoid fracture
was 0.9 % (7/782) [13¢e].



Curr Rev Musculoskelet Med

Infection

Infection rate after RTSA has a reported incidence that ranges
from 1 to 10 % [2, 14—18]. Zumstein et al. reported the
incidence of deep infection to be 3.8 % (30/782), which was
similar other arthroplasty procedures but higher than other
shoulder surgeries [13¢¢]. The incidence of infection was
statistically higher in revision cases than primary cases (5.9
vs. 2.9 %). The most common offending organisms were low
virulence in nature, including Priopionibacterium acnes and
Staphylococcus epidermidis [19, 20]. Treatment for RTSA
infection is similar to other joint arthroplasty procedures.
Preoperative antibiotics should be administered within 1 h of
incision and antibiotic-impregnated cement may substantially
decrease the rate of infection especially in patients who are
high risk [21]. In the case that postoperative infection does
occur, antibiotic infusion should be started only after cultures
are taken to allow speciation of the bacteria and antibiotics
should tailored accordingly. Acute infection (<6 weeks)
should be treated with thorough irrigation, debridement, and
polyethylene exchange [2]. In the case of chronic infection, a
two-stage complete revision approach may be warranted.
Stage 1 includes hardware removal, irrigation and debride-
ment, and antibiotic spacer placement with at least 6 weeks of
culture-specific antibiotics [2]. Stage 2 involves prosthesis
reimplantation, after confirmation of elimination of the infec-
tion, often done by image-guided aspiration of the
glenohumeral joint. Beekman et al. [22] reported successful
one-stage revision to limit the amount of anesthesia and the
morbidity of a second procedure to the patient. Zavala et al.
[20] reported successful treatment of infected RTSA with a
combination debridement, liner/glenosphere exchange, and
IV antibiotics regardless of chronicity of the infection. Tradi-
tional staged resection arthroplasty can lead to significant
bone and soft tissue loss and should be reserved for persistent
infections or significant bone stock loss unsuitable for reim-
plantation [20, 22]. Utilization of an open biopsy prior to the
reimplantation stage may be beneficial, Zhang et al. [23]
reported 22 % of patients (4 out of 18 patients) with
periprosthetic infection still had positive cultures during the
open biopsy procedure even after a formal irrigation and
debridement (I&D), implant resection, antibiotic spacer, and
a course of antibiotics. Interestingly, three of the four patients
had persistent P. acnes infection. They were treated with
another 1&D, antibiotic spacer placement, and 6 weeks of
culture specific antibiotics. With this protocol, the authors
reported 100 % eradication of infection in all 18 patients.

Hematoma
Hematoma formation occurrence is relatively common in

RTSA, and the reported incidence ranges from 1 to 20 % [2,
14, 16, 24]. Although it does not affect the overall outcome,

there is evidence to suggest it can increase the rate of infection.
The design of the prosthesis inherently creates a larger dead
space after RTSA compared to TSA. The glenosphere is
placed more inferior which leads to increased acromiohumeral
distance. Certain designs medialize the glenoid thereby plac-
ing the humerus in a more valgus position which can also
create a larger dead space [2]. Furthermore, patients with
severely deficient rotator cuffs potentially can have a larger
dead space. Careful intraoperative hemostasis should be main-
tained and postoperative suction drain placement can be help-
ful to decrease the amount of hematoma formation. In the case
of major hematoma formation, prompt surgical intervention
should be considered.

Dislocation

Dislocation is one of the most common complications report-
ed after RTSA (Fig. 1). Zumstein et al. reported the incidence
of instability to be 4.7 % (37/782) in a systematic review
[13e], but the previously published incidence ranges from
2.4 to 31 % [2, 14, 25-27]. A deltopectoral approach was
used in 97.3 % of the patients reported in Zumstein et al., and
87.5 % needed reoperation with increased frequency in the
revision group compared to primary arthroplasty. There are
several contributing factors that can lead to dislocation or
instability: lack of soft tissue tension, mechanical impinge-
ment, mismatch of the glenosphere and humeral socket, and
improper version of the prosthesis. Adequate soft tissue ten-
sion is essential in the stability of the reverse shoulder. Vertical
offset of the acromion-greater tuberosity distance and lateral
offset of the tuberosity-glenoid distance should be recreated to
achieve anatomic soft tissue tension [2]. The type of implant
used can also influence soft tissue tensioning. In Grammont-
style prostheses, soft tissue tension can be achieved with a
combination of inferior glenosphere placement, large
glenosphere, and valgus neck-shaft angle. In a prosthesis with
a laterally offset glenosphere, the increased lateral-medial soft

Fig. 1 Anterior dislocation after reverse shoulder arthroplasty. Patient
was treated with closed reduction and eventual revision surgery
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tissue tension may decrease the need for tension in the vertical
direction [2].

The role of subscapularis muscle in the setting of instability
is currently controversial. Ackland et al. suggests that in
RTSA patients, the superior aspect of muscle acts as an
abductor while the inferior aspect acts like an adductor, lead-
ing to increased tension and stability [12, 28]. This study has
not been correlated in the clinical setting. Edwards et al. [29]
evaluated 138 reverse shoulder arthroplasty patients with and
without subscapularis repair. All postoperative dislocations
were seen in the patients with irreparable subscapularis at
the time of surgery. Risk factors for dislocation include prox-
imal humerus nonunions, fixed glenohumeral dislocations,
and failed prior arthroplasty or revisions. Chalmers et al.
[30] also supported the above findings and reported increased
risk of dislocation in males, BMI>30 kg/m? subscapularis
deficiency, and revision surgery after reverse shoulder.

In the setting of dislocation, immediate closed reduction
should be followed by a period of sling immobilization and
avoidance of extension, adduction, and internal rotation [2].
Patients should be placed in an abduction brace for 6 weeks.
Malposition of implants and inadequate of soft tissue tension-
ing should be considered in cases of recurrent dislocation and
revision surgery that include component exchange to a larger
glenosphere and increasing the size of the humeral tray or
thickness of the polyethylene insert may be necessary to
increase the soft tissue tension to provide increased stability.
In the subset of patients that have an increased risk for dislo-
cation (male, higher BMI, irreparable subscapularis, and revi-
sion surgery), an abduction orthosis should be considered in
the postoperative phase to decrease risk of dislocation [30].

Scapular notching

Scapular notching is the most commonly reported complica-
tion associated with RTSA. Notching is caused by direct
mechanical impingement of the humeral prosthesis or
metaphyseal bone on the inferior scapular neck. This leads to
radiographic appearance of wear of the lateral pillar of the
scapula immediately medial and progressively superior to the
inferior aspect of the baseplate. Sirveaux et al. classified scap-
ular notching based on the defect size seen on radiographs.
Grade 1 defects are confined to the pillar, grade 2 extends to the
lower screw, grade 3 compasses the screw, and grade 4 in-
volves the central post under the baseplate [31]. Several factors
are associated with developing notching: rotator cuff arthrop-
athy and fatty infiltration of the infraspinatus, narrow
acromiohumeral distance, and superiorly oriented glenoid [3].
Scapular notching was reported in 35 % (277/782) of the
patients in Zumstein et al. [13+¢] but the true incidence of
notching varies and it is dependent upon the type of prosthesis
used. Grammont-style prostheses, in which the glenosphere is
placed on the face of the glenoid, has a reported incidence of

@ Springer

notching that ranges from 51 to 96 % [2, 8, 14, 15, 32-34].
New reports using a laterally offset glenosphere have reported
notching incidence that ranges from 0 to 13 % [1, 2, 35].

The clinical significance of scapular notching is controver-
sial. Wemner et al. reported on 58 consecutive patients who
underwent RTSA with Delta III prosthesis to manage irrepara-
ble rotator cuff tears with average follow-up duration of
38 months. The study found scapular notching in 96 % of the
follow-up patients with even distribution of grades 1 and 2
versus grades 3 and 4 [14]. The authors did find any correlation
between notching and objective or subjective clinical outcome.
Wall et al. [15] reported 186 patients (191 shoulders) with a
majority of them using the Delta I1I system. Fifty-seven percent
of the patients (152 shoulders) who had radiographic follow-up
had evidence of scapular notching. The mean constant score
was 60.6 points in patients with notching compared to 58.7 in
those without. The mean elevation was 132° for patients with
notching and 131° for those without. There was no glenoid
loosening in group of patients with notching. Cazeneuve et al.
[26] reported 19 out of 36 patients who underwent RTSA with
the Delta III prosthesis had scapular notching at a mean follow-
up of 6.6 years. Twenty-three patients had radiographic evi-
dence of loosening of the glenoid component and 1 had aseptic
baseplate failure. Gutierrez et al.[36] used a virtual model of the
RTSA to evaluate factors that may lead to inferior impinge-
ment. The authors concluded that the lateralized center of
rotation was the most important variable in the avoidance of
inferior impingement. Furthermore, Nyffeler et al. [37]. and
Levigne et al. [34] suggested inferior placement of the
glenosphere can also reduce the incidence of scapular notching.
Li et al. [38] found that only inferior placement, inferior tilt of
15-30°, and lateralization best allowed impingement-free mo-
tion during external and internal rotation, which is associated
with posterior and anterior notching, respectively.

Acromial/scapular spine fracture

Acromial fractures are infrequently seen in patients who
underwent RTSA (Fig. 2). In the systematic review performed

Fig. 2 Acromial fracture after reverse shoulder arthroplasty. Patient was
treated with conservative management
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by Zumstein et al., the combined incidence of acromial and
scapular spine fracture was 1.5 % (12/782) [13e+]. Patients
typically report a sudden onset of lateral shoulder pain with
associated decline in function. In patients who are candidates
for RTSA, acromial erosion has already occurred due to the
underlying humeral head. If the subscapularis is intact, the
erosion may be more posterior and potentially affect the
scapular spine. Postoperatively, due to increased deltoid ten-
sion and medialization of the center of rotation, the load across
the acromion significantly increases. Levy et al. [39] classified
acromial fractures into three types based on CT scans: type 1
involves a portion between the anterior and medial deltoid
origin, type Il involves at least the entire medial deltoid origin
with a portion of the posterior deltoid, and type III involves the
entire middle and posterior deltoid origin. All acromial frac-
tures were treated with conservative management and resulted
in limitation in function. Hattrup et al. [40] reported improved
functional outcome results with conservative management of
acromial and scapular spine fractures with greater of 1 year of
follow-up. The authors cautioned against open reduction and
internal fixation due to the challenges of stable internal fixa-
tion around this particular location. Crosby et al. [41] recom-
mended conservative management in the acromial avulsion
fractures and internal fixation in patients with scapular spine
fracture to optimize outcome. Most acromial fractures can be
treated conservatively but scapular spine fractures can lead to
poor outcome with regard to constant score, active elevation,
and subjective satisfaction, and surgical intervention may be
required [2]. Osteoporosis along with a decrease in the
acromial to tuberosity distance is major risk factors for
acromial fractures. Increasing the acromial tilt on the radio-
graphs and also using advanced imaging studies will help in
the diagnosis [42].

Conclusion

Since the initial introduction by Grammont in France, the
indications for RTSA have expanded and the number of
procedures performed annually is expected to rise in the next
several years. Complications associated with reverse
arthroplasty include hematoma, neurological injury, disloca-
tion, infection, fractures, and scapular notching. These contin-
ue to pose a significant challenge to surgeons, an increasing
economic burden to society, and can lead to worsening patient
satisfactions and outcomes. Recognizing both the preopera-
tive risk factors and essential intraopative technical steps
while understanding the mechanics and component design is
essential to minimize patient morbidity and improve outcome.
Future mutli-center trials and national registries are needed to
further investigate the best approach and course of treatment

in patients that present with complications after the reverse
shoulder arthroplasty.
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