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 � The reported rate of complications of reverse shoulder 
arthroplasty (RSA) seems to be higher than the complica-
tion rate of anatomical total shoulder arthroplasty.

 � The reported overall complication rate of primary RSA is 
approximately 15%; when RSA is used in the revision set-
ting, the complication rate may approach 40%.

 � The most common complications of RSA include instabil-
ity, infection, notching, loosening, nerve injury, acromial 
and scapular spine fractures, intra-operative fractures and 
component disengagement.

 � Careful attention to implant design and surgical technique, 
including implantation of components in the correct ver-
sion and height, selection of the best glenosphere-humeral 
bearing match, avoidance of impingement, and adequate 
management of the soft tissues will hopefully translate in 
a decreasing number of complications in the future.
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Reverse shoulder arthroplasty (RSA) was initially designed 
to address rotator cuff tear arthropathy in elderly patients.1,2 
Over time, indications of RSA were expanded to other 
conditions with various degrees of cuff deficiency, such 
as irreparable rotator cuff tears without osteoarthritis,3 
inflammatory arthritis,4 fracture sequelae,5 tumour resec-
tion,6 failed hemiarthroplasty after fracture,7 failed hemiar-
throplasty with cuff deficiency,8 failure after total shoulder 
arthroplasty9 and deep infection.10 Other indications now 
include the treatment of complex fractures of the proximal 
humerus in the elderly,11 as well as osteoarthritis with pos-
terior subluxation and a biconcave  glenoid.12 Since RSA is 

commonly used to salvage complex conditions, not sur-
prisingly the reported complication rate is relatively high.13

Most published studies on RSA have reported on either 
a so-called Grammont-style RSA (medialised centre of rota-
tion) or a glenoid-based lateralised RSA. Lessons learned 
using both styles of prosthesis have led to the introduction 
more recently of new designs with a steeper joint line, 
multiple options for glenosphere offset and eccentricity, 
and humeral-based lateralisation, but the available litera-
ture on these designs is still scarce. The introduction of lat-
eralised glenospheres, lateralised humeral components, 
and various humero-diaphyseal joint line angulations 
translates into different biomechanics compared to the first 
generation of RSA; the rate and type of complications may 
change in the future to some degree.

The purpose of this article is to provide a review of the 
complication rates reported after implantation of an RSA, 
taking into account the timing of the complications, the 
underlying diagnoses, and the various designs used.

Definition and incidence
The definition of a complication varies between authors.14-16 
Zumstein et al. defined ‘complication’ as any intra-operative 
or post-operative event that was likely to have a negative 
influence on the final outcome (infection, dislocation, nerve 
problems, aseptic loosening of any component, disassocia-
tion of the components or glenoid screw problems).14 They 
used the term ‘problem’ to refer to those events perceived 
as adverse, but unlikely to affect the final outcome (notch-
ing, hematoma, heterotopic ossification, algodystrophy, 
intra-operative fracture, cement extravasation or glenoid 
lucent lines). Some of these decisions are arbitrary; for exam-
ple, notching could be considered a complication by those 
who believe it leads to worse clinical outcomes, and as a 
problem by those who believe it is inconsequential. Other 
authors have used different criteria for the definition of an 
intra-operative or post-operative complication.

The reported rate of complications has varied substan-
tially amongst authors, and it seems to be influenced sub-
stantially by the underlying indication and the mix of 
primary and revision procedures included in each study. 
Other factors that influence complication rates include 
component design and surgeon experience.13,17,18 Wall 
et  al reported a 13% complication rate for primary RSA 
and a 37% complication rate for revision RSA.11 Wierks 
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et al reported 33 complications in 15 patients; the most 
frequent complications were neuropathies, intra-opera-
tive fracture and dislocation, with the primary cause for 
revision surgery being dislocation.  15   Other authors have 
reported even higher complication rates, in some studies 
as high as 68% for primary RSA.  13   Walch et al reported an 
incidence of 19% in primary RSA and 24% in revision RSA 
with a rate of revision surgery of 7.5%.  17   The reported 
complication and revision rates in the meta-analysis by 
Zumstein et al were 24% and 10%, respectively.  14    

 The impact of the learning curve on complication rates 
is unclear.  19 , 20   Groh et al reported an overall complication 
rate of 7%, and failed to show an effect of their learning 
curve.  20   Kempton et al have established an early compli-
cation-based learning curve for RSA of approximately 40 
cases, whereas other authors have reported that the com-
plication rate decreases after the first 17 cases.  19 , 21   

 understanding the intricacies of a specific implant and its 
application for the different encountered surgical scenarios 
may take a number of cases. As surgeons expand their use 
of RSA to more complex indications, complication rates may 
vary significantly. Walch et  al 17  reviewed their experience 
with a Grammont-style RSA and analysed their complication 
rate at two time points. They showed a decreased rate of 
complications from 19% to 10%, mainly due to a decrease 
in the rate of infection and instability. The authors argued 
that the most probable cause for the decrease in their com-
plication rates was a change in indication, with fewer revi-
sion cases being performed using a RSA. However, this may 
not be the case for surgeons with less experience and lower 
volume practices.  22     

 Intra-operative fractures 
 Intra-operative fractures (Fig. 1) can happen on the glenoid 
or humeral side. Wierks et al reported six glenoid fractures 
and two humeral fractures in a series of 20 patients.  15   val-
enti et  al reported three glenoid fractures in 39 patients, 
and Boileau reported one glenoid fracture in a series of 45 
patients.  23   Recommendations to decrease the rate of gle-
noid fractures include starting power reaming prior to plac-
ing the reamer on the face of the glenoid, and avoidance of 
over-reaming. The absence of glenoid arthritis (i.e., RSA 
after a proximal humerus fracture) translates into minimal 
subchondral sclerosis; special care must be taken when 
reaming the glenoid. Substantial glenoid fractures may 
make it impossible to achieve component fixation and 
require intra-operative conversion to a hemiarthroplasty. 

 Fractures on the humeral side may happen during 
exposure in patients with either severe osteopenia or 
marked fibrosis, as seen in revision cases.  24   Although most 
early RSA were initially designed for cemented fixation of 
the humeral component, cementless fixation has become 
very common. Excessive uncontrolled reaming for 
cementless fixation should be avoided, as it may produce 

a stress riser area at the end of the reaming area, and may 
increase the risk of periprosthetic fracture.  25     

 Instability 
 Dislocation after reverse arthroplasty represents a major 
source of concern. Despite the semiconstrained nature of 
RSA, dislocations do happen, and sometimes it is extremely 
difficult to identify the causes and mechanisms. Some 
authors have proposed that dislocation occurs in abduc-
tion and extension. RSA as a concept relies on the effective 
lever arm of the deltoid to compensate for the absent rota-
tor cuff; this is partly achieved by lengthening the deltoid. 
Failure to achieve this tension may place the implants at 
risk of instability. Medial centre of rotation RSA changes the 
line of pull of the deltoid, which may have a dislocating 
effect.  18   However, dislocations are reported with both 
prosthesis styles.  26   Factors that can influence the degree of 
stability of RSA are the soft tissue balance, glenosphere 
size, the inclination of the humeral articular joint line, the 
version of the humeral component and the position of the 
metaglene (Fig. 2).  27 , 28   Impingement of either bone or 
soft-tissue structures may also contribute to dislocation.  

 using a medial centre of rotation prosthesis and a delt-
opectoral approach, Edwards et al reported the incidence 
of instability without subscapularis repair to be double 
compared to when subscapularis repair was obtained.  29   
This information may not apply when a lateralised centre 
of rotation is used or when the RSA is implanted through 
a superior approach. Of note, repair of the subscapularis 
was associated with a greater improvement in range of 
motion in internal rotation when compared to patients 
without repair in a study by Wall et al.  13   Trappey et al fur-
ther analysed 284 arthroplasties and found 11 cases of 
instability in 212 primary cases (5.2%) and six cases in 72 

    
 Fig. 1        This figure shows the case of a patient with an intra-
operative fracture. An anteroposterior radiograph of the right 
shoulder of a female patient operated for revision arthroplasty 
of a cemented hemiarthroplasty for post-traumatic sequelae of 
a proximal humerus fracture is shown (left column). Revision 
arthroplasty is at greater risk of suffering intra-operative fractures 
when compared to primary arthroplasty. When the fracture is 
proximal to the tip of the stem, most may be treated successfully 
by circumferential cerclage. In this case a long stem was used 
in addition to bypass a cortical window needed for cement 
extraction of the previous implant (middle and right columns).    
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revision arthroplasty cases (8.3%), and found a higher risk 
of dislocation when the subscapularis was irreparable and 
in fracture sequelae.30 Fracture sequelae, tumour surgery 
and instability arthropathy have shown the greatest inci-
dence of instability.5,6,30 The primary diagnosis may affect 
the status of the subscapularis, the rate of impingement, 
and may increase the difficulty of assessing the correct 
height, version and adequate soft tissue tension, all of 
which can affect the stability of the arthroplasty.

To date, pre-operative templating with comparison of 
both arms remains the only objective evaluation to assess 
for the correct length of the arm at the time of arthroplasty. 
Intra-operative assessment of stability and impingement 
are advisable in all cases.31 When encountered, modern 
modular designs allow for a number of alternatives to 
improve stability, including sequentially increasing the 
height of the polyethylene, the use of a constrained poly-
ethylene, the use of lateralised glenospheres or glenoid 
implants that extend distally.

When instability happens, it is usually in the first six 
months, and of those, half occur in the first three months.26 
Conservative management can be successful in almost 
half of patients, and shoulders that remain stable after 
closed reduction have a similar outcome in terms of pain 
and motion. On the contrary, recurrent instability may 

lead to revision surgery. This may in turn increase the risk 
of infection (Fig. 3).26,30

Infection
The reported rate of infection for RSA is higher than for 
anatomic shoulder arthroplasty. The reasons are not 
always clear. Factors that may explain the higher infection 
rate include increased implant surface, a larger dead 
space, patient factors and the complexity of some of the 
indications.16 The reported incidence in the literature var-
ies from 1% to 15%. In a meta-analysis, Zumstein et  al 
reported a mean infection rate of 3.8% in a systematic 
review including primary and revision RSA, with a higher 
rate in revision surgery.14 For non-reverse arthroplasty, 
lower rates of infection have been reported. In a single 
institution study, the rates were 0.7% (18/2512) for pri-
mary and 3.15% (7/22) for revision anatomic arthroplasty. 
Comparable rates have been reported in an integrated 
healthcare system (7.5% – 24/3014 in primary; 2.4% – 
21/868 in revision anatomical arthroplasty).32,33

In a study involving 3906 patients, Richards et al reported 
a six times greater risk of infection when performing RSA, 
when compared to an unconstrained TSA.34 They found 
younger age and male gender to be risk factors for an 

Fig. 2 This figure demonstrates a patient with a right uncemented RSA with a short stem (left column) suffering a post-operative 
episode of anterior shoulder dislocation (middle column) after an initial satisfactory outcome. The patient underwent revision 
surgery and stability was achieved using an increased glenosphere size (right column). Further options may include lateralisation/
distalisation of the glenosphere, the use of more constrained liners and correcting the height and version of the humeral stem, if 
anomalous.
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infection, and this is consistent with other studies.30,34,35 A 
history of prior trauma or failed hemiarthroplasty has been 
shown in some studies to be a risk factor.30,34 Interestingly, 
smoking, rheumatoid arthritis or obesity did not increase 
the risk of infection in a single surgeon series when account-
ing for confounding variables.35 The incidence of positive 
cultures by Propionibacterium acnes is increased in shoulder 
surgery, but a true understanding of its significance in 
patients with minor symptoms is lacking.36

Mechanical failure
Mechanical failure may occur at the humeral or glenoid 
side. Due to the forces occurring at the glenoid, most early 
reports were wary of the outcome of these implants. 
Guery et al have shown a 91% implant survival rate at ten 
years, although it should be emphasised that most of the 
patients included in this study were elderly with low func-
tional demands, and the primary diagnosis was rotator 
cuff tear arthropathy (Fig. 4).37

Melis et al reported on the radiological findings of a mul-
ticentre study evaluating 122 RSA with eight years’ mini-
mum follow-up.38 Cemented stems showed signs of 
radiolucency without implant migration in 20% of cases. In 
this study, eight of 34 uncemented humeral stems failed for 
aseptic loosening at eight years of follow-up. There were 
no glenoid failures. uncemented stems showed proximal 
bone resorption and signs of stress shielding in 8% of cases, 
with stem diameter being related to the degree of bone 
resorption. The long-term effects of these changes are 
unknown, but they are probably the effect of the specific 
biomechanics and constraints of RSA. Other authors using 
a lateralised glenosphere have not reported humeral stem 

problems at short- and medium-term follow-up.39,40 Wiater 
et al have shown similar clinical and radiological outcomes 
in a cohort study comparing 37 patients with cemented 
RTSA, with 64 patients with cementless RTSA. none of the 

Fig. 3 This figure shows an anteroposterior radiograph of a patient that had suffered a revision arthroplasty for failure of a 
hemiarthroplasty for fracture. A cement-in-cement fixation was used along with preventive cerclage due to the high risk of intra-
operative fracture (left column). After 1.5 years the patient was diagnosed with a periprosthetic joint infection and underwent a 
two-stage revision arthroplasty. During the first surgery all the components were removed and an antibiotic-cemented spacer was 
used along with specific intravenous antibiotics targeting the intra-operative cultures (Staph. epidermidis)(middle column). After 
normalisation of pCR and ESR counts and a successful clinical course, the patient was revised to another cemented reverse shoulder 
arthroplasty. Intra-operative unexpected cultures grew (P. acnes) and antibiotic suppression was initiated (lateral column).

Fig. 4 Ap radiograph of a right shoulder in a patient with a 
RSA for rotator cuff arthropathy two years after implantation 
showing grade III scapular notching. The exact degree of 
scapular notching may be underdiagnosed if true Ap views are 
not obtained. High-degree notching may be at risk for implant 
loosening and the patient must be closely monitored for 
evolving notching and advised of the possibility of component 
revision and bone grafting. Distalisation of the glenoid 
component with an eccentric component, along with the use 
of a humeral component with a more vertical joint line with or 
without humeral lateralisation may be advantageous in these 
situations.
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patients had humeral loosening or radiological signs of 
loosening at two years’ follow-up. Comparative long-term 
data were unavailable.

Glenoid loosening has been reported with both medial-
ised and lateralised RSA to be 2.6% and 4.6 %, respectively, 
with an increased risk of revision surgery in lateralised 
designs.41 Significant mechanical stress at the bone-
implant interface may influence bony ingrowth and may 
impact long-term stability.42 The addition of an hydroxyapa-
tite coating and 5 mm peripheral screws reduced the rate 
of baseplate failure of a specific design of RSA, emphasising 
the importance of initial mechanical stability.43

Ek et al reported the results of patients undergoing RSA 
for massive irreparable cuff tears with a mean age of 
60 years, at a mean follow-up of 93 months.3 Three of 46 
implants (6.5%) required removal due to glenoid loosen-
ing, with an impact on outcome scores. The long-term 
implant survival at ten years was 91%, with 16% radio-
logic signs of glenoid loosening at ten years for older 
patients with rotator cuff arthropathy.37 It remains to be 
seen whether the long-term results of medialised RSA are 
replicated with more lateralised designs.

The rate of notching using an RSA with a medialised 
centre of rotation has been 47.3% in RSA with a medialised 
centre of rotation, with some studies reporting rates of up 
to 97%.2,23,44,46 The reported rate of notching of 4.6% with 
the use of lateralised RSA is significantly lower compared to 
medialised designs.27 Another radiological finding some-
times seen in the same location as notching is traction 
spurs in the inferior glenoid, which some authors have 
attributed to triceps traction enthesopathy due to insuffi-
cient release when using an antero-superior approach and 
heterotopic ossification, which is usually found in associa-
tion with notching. Heterotopic ossification may be found 
distal to the glenoid and can limit range of motion.38

While some authors have suggested an increased risk 
of loosening with notching,44,47-49 others have not found 
such a relationship.13,14,38,41,50 The clinical implications of 
notching are controversial, and some authors have 
reported no effect over the clinical outcome,13,38,50 while 
others have reported that high grades of notching may be 
associated with a worse outcome.50,51 The use of an 
antero-superior approach, a high position of the metaglene 
on the glenoid, and superior tilting have all been associ-
ated with an increased rate of notching due to mechanical 
impingement with the arm in adduction.50

Eccentric glenospheres with an inferior offset and gle-
noid components with increased lateral offset (bony or 
metal) can reduce the rate of notching. Mizuno et al ana-
lysed the influence of an eccentric glenosphere in 47 con-
secutive cases compared with an historical group operated 
by the same surgeon.52 The rate of notching was not dif-
ferent, but the severity was reduced by the use of an 
eccentric glenosphere. Other authors have reported neg-
ligible rate of notching with the use of inferior offset 

component.53 Bony or metallic lateralisation of the gleno-
sphere has shown decreased rates of notching.40,54

Glenosphere dissociation has been reported with a 
number of designs. Cusack et al reported on 13 patients 
with glenosphere dissociation using a lateralised centre of 
rotation RSA.55 The authors found that increasing the gle-
noid size led to an increased risk of component dissocia-
tion due to a higher surface for impinging with potentially 
improper taper engagement. Middernacht et al reported 
partial and complete disengagement using two different 
Grammont-type RSA implants.56 Revision was performed 
in two of the cases with complete disengagement. Differ-
ent systems may have different modes of disassembly, and 
it remains to be seen whether this complication can be 
completely eliminated.

Neurological injuries
Subclinical neurological injuries with post-operative EMG 
changes are common after RSA, while the incidence of 
clinically evident neurological injury is much less frequent. 
They may also be under-reported due to the fact that 
spontaneous recovery happens in many cases.57 The most 
common nerve dysfunction after RSA involves the axillary 
nerve, although post-operative radial, ulnar, and muscu-
locutaneous nerve palsies have been reported as well.58 
partial recovery of the axillary nerve may affect the clinical 
outcome, as it can affect deltoid strength.46 The supras-
capular nerve and artery may be at risk at the spinogle-
noid notch when drilling the posterior screw. Avoiding 
this complication is important, especially in cases where 
there is presence of a functional infraspinatus muscle.60

Excessive arm lengthening greater than 2 cm has been 
shown as a potential risk.31 Anatomical studies show that 
lateralisation is less harmful for the nerve than distalisa-
tion.59 Alentorn-Geli et al showed in their meta-analysis a 
2.9% rate of neurological injury in medialised RSA versus 
0.5% in lateralised COR. All surgeries included in this 
study were performed through a deltopectoral approach, 
which could potentially better isolate the effect of implant 
design on the rate of neurological deficit, albeit most com-
plex and revision cases are performed through this 
approach.41 As in other shoulder surgeries, extreme posi-
tions of the arm may stretch the neurological structures; 
avoidance of unnecessary prolonged surgery and nerve 
‘time-out’ recovery periods may prove beneficial to 
decrease the rate of nerve injuries.57

Acromion and scapular fractures
Excessive tensioning of the deltoid may place a weakened 
acromion at risk of fracture after the implantation of an RSA 
(Fig. 5). Mottier et al were the first to study the influence of 
acromial injuries on the outcome of RSA.61 In their study, 
the presence of pre-operative acromial injury (acromial 
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stress fracture or os acromiale) did not influence the out-
come, with comparable Constant Scores. However, two 
cases with post-operative scapular spine fractures were 
reported to have a poor outcome, with pain and poor 
motion. Walch et al studied the influence of an injury to the 
acromion in 457 consecutive RSA.62 pre-operative acromial 
injuries did not affect the clinical outcome, but post-opera-
tive spine fractures were detrimental in regard to function. 
pre-operative acromion tilt worsened after surgery, but 
without an impact on the Constant Score. patients with 
post-operative scapular fractures were managed conserva-
tively in three cases, and with ORIF in one case. The mean 
Constant Score and forward active elevation of this group 
was 35 and 81º, compared with 57 and 124º in the control 
group, with three being dissatisfied with the result. post-
operative fractures occurred without trauma in three of 
four cases and all appeared in the first post-operative year.

The location of the acromial fracture may impact the 
outcome. Wahlquist et al reported on five cases with frac-
tures of the base of the acromion with mean active for-
ward elevation of only 43º and pain; after union occurred, 
pain improved and the mean arc of motion also improved 
to 83º of active elevation, so these fracture locations may 
not be benign.63

Crosby et  al suggested a classification and treatment 
strategy on the basis of a retrospective review of 400 
patients treated with RTSA over 4.5 years. They identified 
three discrete patterns: avulsion fractures of the anterior 
acromion (Type I); fractures of the acromion posterior to 
the acromioclavicular joint (Type II); and fractures of the 

Fig. 5 This figure shows the case of a patient that four months after uneventful RSA for rotator cuff arthropathy (left column) 
suffered a fall with acute onset of pain on the top of his right shoulder. Advanced imaging techniques are helpful in the diagnosis of 
acromial and scapular spine fractures (middle column). Subsequent evaluation of these patients shows a displaced acromion without 
functional impairment and a satisfied patient (right column). This may not be the case in patients with fractures of the scapular spine 
and it is yet not clear which patients may benefit from internal fixation.

scapular spine (Type III). They found eight type I, ten 
type  II, and four type III fractures. Type I fractures were 
seen post-operatively while type II and III were seen at a 
mean of 10 months post-operatively. non-operative man-
agement was used in all type I fractures and in low-
demand patients in type II injuries, while surgical 
management was preferred in all type III and seven of the 
ten type II fractures. no functional data were reported, 
but all surgically treated fractures in types II and III united, 
and the authors recommend avoiding the superior screw 
in the metaglene because of concerns it could act as a 
stress riser.64 Otto et al also found that 14 of 16 scapular 
spine fractures arose from a screw location, but only 
found osteoporosis to be a risk factor. In common with 
other authors, they highlighted the difficulty in diagnos-
ing these injuries upon presentation when they are undis-
placed, and recommend advanced imaging for their 
prompt diagnosis.65

Summary
Complications after reverse shoulder arthroplasty (see 
Table 1) continue to be higher in primary and revision 
shoulder surgery when compared to total shoulder arthro-
plasty. Despite continued experience and better knowl-
edge of the basic concepts of RSA, complications still 
occur, even in the most experienced hands. The rate of 
complications is influenced by many factors. As the con-
cept and design of the reverse shoulder is evolving, the 
rate and type of complication may change over time.
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