
INTRODUCTION 

Reverse shoulder arthroplasty (RSA) was developed initially as a 
salvage procedure for cuff tear arthropathy; however, its use has 
been extended to other shoulder conditions, such as irreparable 
rotator cuff tear, glenohumeral osteoarthritis, proximal humerus 
fracture, and failed anatomical shoulder arthroplasty [1]. The 
surgical outcome of RSA is promising, and the technique has 
been increasingly used [2,3]. However, with increasing applica-
tion of RSA, the number of complications has increased, which 
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occasionally requires interventions [3]. 
The rate of complications with RSA is approximately 15%–24% 

[3-6]. The complication rate differs among studies because of 
different definitions of complications and different prostheses 
used [6]. Some authors reported only major complications that 
affect the clinical outcome. Other studies reported both major 
and minor complications, including reversible neurologic deficit 
and minimal scapular notching [3,6-8]. 

The incidence of complications has changed over time. Ac-
cording to a systemic review conducted by Zumstein et al. [6] in 
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2011, the most common complication of RSA is instability 
(6.9%), followed by infection (5.6%), aseptic glenoid loosening 
(5.0%), acromion/scapular spine fracture (2.2%), glenoid or hu-
meral disassembly (2.2%), humeral fracture (2.1%), humeral 
loosening (1.9%), and neurologic complications (1.7%). Howev-
er, Ascione et al. [5] reported in 2018, a total complication rate of 
18.7% in 1,035 cases of RSA in a 5-year follow-up study. They re-
ported that infection (4.1%) was the most common complication, 
followed by instability (3%), neurologic complications (2.1%), 
glenoid complications (2.3%), and scapular fractures (1.1%). 
With improvements in prosthesis design and surgical skills, the 
rate of infection seems to be outpacing the rate of dislocation af-
ter RSA. 

In our clinic, 438 RSAs were performed between March 2009 
and December 2019, and 40 cases of complications were report-
ed. The total complication rate after RSA was 9.1%. The most 
common complication was intraoperative humerus fracture 
(3.2%), followed by periprosthetic joint infection (1.1%), acromi-
on/scapular spine fracture (1.1%), neurologic complications 
(0.7%), and dislocation (0.5%). In addition, minor problems in-
cluding grade 1 or higher scapular notching (32.7%) and stress 
shielding of humerus (26.3%) were observed in our clinic. The 
purpose of this article is to describe the complications after RSA 
with the aim to provide information to help clinicians manage 
RSA-related complications. 

DISLOCATION 

Dislocation is a common complication after RSA and requires 
surgical intervention in the early period ( < 2 years) [3,5,6,9]. The 
incidence of dislocation was reported to be 4.7% by Zumstein et 
al. [6]. A recent systemic review stated that dislocation was the 
second most common complication [5]. With improvements in 
RSA prosthesis design and surgical skills, the incidence of early 
dislocation after RSA seems to be decreasing. However, disloca-
tion remains a difficult complication to correct because of the 
high failure rate after reoperation. Chalmers et al. [10] reported 
that 85% of primary RSA cases and more than 50% of revision 
RSA cases had successful outcomes after revision surgery. 

There are multiple predisposing factors for early dislocation; 
therefore, it is important to determine the main cause of disloca-
tion before reoperation. Previous surgery, including anatomical 
total shoulder arthroplasty and hemiarthroplasty, is a risk factor 
for dislocation after RSA [9,11]. The lack of soft tissue tension 
due to implant malposition, improper version of implant, and 
mechanical impingement [9,11,12] as well as subscapularis defi-
ciency in medialized prosthesis design are known risk factors for 

dislocation [9,11,12]. If early dislocation is caused by improper 
humeral or glenoid implant version, reoperation must be per-
formed to normalize the implant version [9]. The humeral im-
plant version can be measured by torsional-computed tomogra-
phy including the elbow joint. 

Deltoid tension is increased by glenoid lateralization and hu-
merus distalization [9,11]. In cases of excessive medialization of 
the center of rotation, lateralization of the glenoid should be per-
formed [9]. When humeral medialization is less than 15 mm, a 
larger or lateralized glenosphere or lateralizing is a choice 
[9,13,14]. However, when these options are not sufficient because 
of severe deficiency of the glenoid bone stock, bony increased 
offset-reversed shoulder arthroplasty is an option [9,11]. 

Humeral distalization is determined by humeral length and 
glenosphere position/size. Humeral length can be shortened if 
the original length is not restored. In proximal humeral bone loss 
such as proximal humerus fracture, revision RSA, osteolysis of 
proximal humerus, or overcutting of the humeral head in prima-
ry RSA, restoring the original length is challenging. If humeral 
height is short compared with the normal opposite side on plain 
radiograph, it can be increased using a thick polyethylene liner 
or thick metal tray (Fig. 1) [9,10,14]. However, the typical in-
crease in height is 15–20 mm and differs by prosthesis [9]. If the 
height reduction exceeds 15–20 mm compared with the humeral 
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Fig. 1. Early dislocation after reverse shoulder arthroplasty (RSA). 
(A) Anteroposterior (AP) radiograph after primary RSA. AP (B) and 
scapular (C) Y-views showed anterior dislocation (arrows) of the hu-
meral prosthesis at 4 months after surgery. (D) Revision RSA with 
polyethylene liner change was performed, and no dislocation had re-
curred over 2 years of follow-up.
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length on the opposite side, humeral stem revision for height res-
toration using a cemented stem or structural humeral bone graft 
should be considered [3,9]. In addition, using a larger gleno-
sphere and placing a glenosphere inferiorly can generate humer-
us distalization and increased deltoid tension. 

Late dislocation can be caused by a change in implant position. 
There are many causes of implant position change, such as sub-
sidence or rotation of the humeral stem and baseplate movement. 
Implant loosening can be detected by serial radiograph during 
follow-up and can arise from aseptic or septic loosening. Aseptic 
humeral loosening can be caused by stress shielding of the hu-
merus or polyethylene debris of scapular notching [5]. Cases of 
glenoid baseplate loosening have been reported; however, in 
RSA, the rate of aseptic loosening of the baseplate was lower than 
that of the humeral stem [5,9]. Because of medialization of the 
glenoid in RSA, torque stress was lower on the glenoid side than 
on the humeral side [9,15]. In cases of implant loosening by peri-
prosthetic infection, two-stage revision is the treatment of choice. 

Subscapularis restoration also affects dislocation. The sub-
scapularis is considered a protector of anterior dislocation in me-
dialized RSA design [9,11,12]. In lateralized RSA design, hori-
zontal deltoid compression stabilizes the shoulder joint; there-
fore, subscapularis repair is not required to prevent shoulder dis-
location [16]. However, a recent meta-analysis showed that sub-
scapularis repair reduces the rate of dislocation regardless of im-
plant design [17]. Surgeons should assess the subscapularis ten-
don before the operation and consider implant design and posi-
tion to prevent dislocation after surgery. 

PERIPROSTHETIC JOINT INFECTION 

Periprosthetic joint infection has been the second most common 
complication of RSA, with an incidence rate ranging from 1% to 
10% [5,6]. However, given the recent decrease in rate of disloca-
tions, infection has become the most common complication [5]. 
Ascione et al. [5] reported a 4.1% rate of periprosthetic infection, 
which was the most commonly observed complication in 1,035 
RSAs with an at least 5-year follow-up in 2018. In addition, Por-
tillo et al. [18] reported that prosthesis failure within 2 years of 
implantation is a strong indicator of infection. Also, periprosthet-
ic joint infection is the most common reason for revision arthro-
plasty within 2 years after RSA [19]. 

One predisposing factor for infection after RSA is prior shoulder 
surgery [11]. Previous arthroscopic rotator cuff repair is related to 
increased infection rates [9,11]. Other predisposing factors include 
morbid obesity (body mass index >40 kg/m2), uncontrolled diabe-
tes (glucose >200 mg/L, hemoglobin A1C >7%), rheumatoid ar-

thritis, malnutrition, young age ( <65 years), intravenous drug 
abuse, long operation time (>115 minutes), and number of times 
the surgical room door was opened during surgery [9,20,21]. 

Unlike hip and knee arthroplasty, in shoulder arthroplasty, the 
most commonly isolated organism is Cutibacterium acnes (for-
merly Propionibacterium acnes) (38.9%) [12,22-24]. This lipo-
philic and anaerobic non-spore forming Gram-positive rod-
shaped bacteria is part of the normal flora of human skin [23-25]. 
In the deep dermis, the bacteria digests the sebum and secretes 
free fatty acids on the skin, generating the overall acidic environ-
ment of the skin [23]. The bacterial burden of C. acnes is higher 
in the anterior and posterior acromion and the axilla compared 
to other skin areas [26]. Men have a higher bacterial burden on 
the shoulder than women [25]. 

C. acnes is a slow-growing organism, and it takes 10–14 days to 
detect positive results from culture [27]. In addition, the bacteria 
produces biofilms on the body and metal prostheses, disturbing 
phagocytosis [27]. Patients with C. acnes infection present with 
unexplained continuous shoulder pain, stiffness, and osteolysis 
without overt signs of infection, such as swelling, redness, heat 
sensation, and effusion [23-25,28]. Staphylococcus epidermidis 
(14.8%) and Staphylococcus aureus (14.5%) are other commonly 
observed organisms [9,11,12]. 

Many strategies can be used for prevention of periprosthetic 
infection. Bathing with chlorhexidine gluconate on the day be-
fore surgery reduces the risk of infection [22,29]. Hair shaving 
before surgery is not necessary [30]. Administration of first-gen-
eration cephalosporin as a preventive antibiotic 1 hour before 
surgery is recommended; however, C. acnes will not be complete-
ly eliminated from the surgical field [31]. During skin prepara-
tion, chlorhexidine must be allowed to dry completely before 
draping [32]. Benzoyl peroxide recently has been reported to ef-
fectively decrease the burden of C. acnes [24]. Laminar flow in 
the operating room was ineffective for reducing risk, but reduc-
ing the number of times the surgical room doors were opened 
during surgery helps reduce the risk of infection [33]. Changing 
surgical gloves regularly, changing the blade after skin incision, 
frequent surgical site irrigation, irrigation with diluted povidone 
(1.3 g/L), injection of gentamicin at the time of closure, use of 
antibiotic-loaded cement (1 g of vancomycin/bone cement), and 
use of topical adhesives for skin closure were reported to be ef-
fective in decreasing the risk of infection after arthroplasty [18-
20,34-36]. 

If patients have purulent joint fluid with pus discharge fistula, 
diagnosis of periprosthetic joint infection is not difficult. Howev-
er, in cases of low-grade infection without joint fluid or normal 
infection markers on laboratory tests, intraoperative biopsy and 
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culture play a crucial role in diagnosis [37]. Tissue biopsy is more 
accurate than fluid aspiration; biopsy tissue culture has 100% 
sensitivity and 100% specificity, while aspirate culture has 16.7% 
sensitivity and 100% specificity [37]. In addition, Hsu et al. [22] 
recommended harvesting a minimum of five biopsy samples 
during surgery for C. acnes culture. 

The preferred management strategy for infected RSA remains 
controversial [34]. In cases of acute infection ( < 6 weeks), open 
irrigation and debridement with exchange of modular compo-
nents are regarded as standard treatment [38]. However, the re-
sults of this treatment strategy are not conclusive. Ortmaier et al. 
[36] reported a success rate of 50% (2/4) with prior treatment, 
and patients with failure required additional surgery. In cases of 
chronic infection, traditional two-stage revision is the gold stan-
dard treatment for periprosthetic joint infection [12,36,39]. Two-
stage revision showed an infection recurrence rate of 0%–36% 
[40]. This strategy shows the best result in terms of eradication of 
infection, pain relief, and restoration of function but requires a 
long treatment time (Fig. 2) [41]. 

Some short-duration treatment procedures have been attempt-
ed to reduce treatment time and patient discomfort. Debride-
ment and retention of the prosthesis have been attempted, but 
have not shown consistent satisfactory results [9,34]. In a French 
multicenter study, among 17 patients who underwent debride-
ment and partial component retention, 7 showed clearance of in-
fection [42], and Romanò et al. [34] reported unsatisfactory re-
sults after component retention. One-stage exchange has been 
gaining attention for its advantages of reduced dissection length, 
reduced stress to soft tissues, and reduced time and costs [40]; 
furthermore, Klatte et al. [43] reported a 94% success rate with a 
mean follow-up period of 4.7 years. In a systematic review, both 
one- and two-stage exchange provided greater than 85% eradica-
tion rates [41]. In addition, cement spacers could be a long-term 
treatment option for joints with low functional demands [41,44]. 

INTRAOPERATIVE FRACTURE 

Intraoperative fractures can occur on the humeral or glenoid side 
during surgery. Both types of fracture are uncommon complica-
tions during surgery but are difficult to manage. Boileau et al. 
[45] reported one case of perioperative humeral fracture and one 
case of intraoperative glenoid fracture in 45 patients over a mean 
follow-up of 40 months. In a review article by Zumstein et al. [6], 
the rate of intraoperative humeral fracture was 2.0% (16/782), 
and that of intraoperative glenoid fracture was 0.9% (7/782). 

Humeral side fractures during surgery are more common than 
glenoid fractures. A systemic review reported humeral side frac-

tures in 1.8% (91/5,539 shoulders) of patients [3]. In our clinic, 
intraoperative humeral fracture was observed in 3.2% of 438 
RSAs. In particular, if a large press-fit stem (high filling ratio) 
[46] is used, the proximal humerus rim can be damaged during 
impaction. In addition, fractures occur frequently during arm 
positioning, such as extension, rotation, and translation, to dislo-
cate or reduce the humeral head. During arm positioning, spiral 
fracture of the humeral metaphysis or greater tuberosity avulsion 
fracture could occur [47]. Other risk factors for intraoperative 
humeral fracture are osteopenia, rheumatoid arthritis, and revi-
sion surgery [47]. To prevent intraoperative humeral fractures, 
surgeons should be aware of the risk factors for periprosthetic 
fracture [48]. During humerus positioning, inferior capsular re-
lease from the humerus must be carried out. In addition, during 
implant insertion, broaching should be performed parallel to the 
humeral shaft, and excessive fitting of the humeral stem should 
be avoided. 

The treatment plan for intraoperative humeral fracture must 
include fracture site, displacement, bone quality, and stability of 
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Fig. 2. Two-stage revision for infected reverse shoulder arthroplasty 
(RSA). (A) Anteroposterior radiograph of primary RSA after 18 
months. Radiolucency around the humeral stem (arrows) at the me-
taphysis and glenoid baseplate (arrowhead) was observed. (B) Im-
plant removal and anti-mixed cement spacer insertion was per-
formed. (C) After infection control, revision RSA with cemented hu-
meral stem was performed, and (D) greater than 120° of left shoul-
der elevation was achieved at 2 years after the final surgery (photo-
graph used with permission for study purpose).
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the humeral stem. If a displaced fracture occurs before humeral 
insertion or if impending fracture occurs without displacement, 
cerclage wiring can help stabilize the fracture site during subse-
quent procedures [49]. If a fracture occurs after humeral stem in-
sertion, the stability of the humeral stem should be evaluated. In 
a stable humeral stem, cerclage wiring and additional fixation 
without stem change are sufficient, while unstable humeral stem 
requires repair with a long or cemented stem to achieve stability 
(Fig. 3) [49]. 

Intraoperative glenoid fractures rarely occur during surgery, 
with an incidence rate of 0.3% [3]. These fractures can occur 
during the reaming procedure or fixation of glenoid implants. In 
patients with osteoporosis, care must be taken during reaming 
and impaction of the baseplate. In addition, in patients with de-
generative osteoarthritis, the glenoid can be fractured despite a 
high level of hardness [50]. This can be caused by decreased elas-
ticity of the sclerotic bone. If an intraoperative fracture occurs, 
fixation with locking screws from the baseplate can be attempted, 
while small marginal fractures can be ignored [11]. However, if 
such fixation is not possible, fragment-specific fixation using a 
screw or wire is the second choice. In catastrophic glenoid fail-
ure, bone grafting and fixation of the glenoid implant should be 
discussed. These processes can be performed in one or two stages 
(prepare the bone graft and glenoid bone stock and re-implant 
the glenoid component). However, negative outcomes have been 
reported in cases of glenoid fracture [6]. 

Our first case of periprosthetic fracture was intraoperative gle-
noid fracture during trial reduction. This was the first case of 
RSA in our department for 12 years. Therefore, we had to con-
vert to hemiarthroplasty, since our experience of RSA was limit-
ed (Fig. 4). 

ACROMION/SCAPULAR SPINE FRAC-
TURE 

Acromial or scapular spine fracture after RSA is a rare complica-
tion, with incidence rates ranging from 0.9% to 10% [11,15,51]. 
The acromion and spine of the scapula are the origins of the del-
toid muscle. The mean arm length increases by 2.5 cm with dis-
talization of the humerus, and the center of rotation is medialized 
after RSA, increasing the tension in the deltoid muscle [52]. In 
addition, during arm elevation after RSA, the deltoid muscle acts 
as an elevator, and the load on the acromion is increased. In-
creased tension and load can cause stress fracture of the acromi-
on or scapular spine. 

Initially, patients experience lateral shoulder pain with de-
creased shoulder function [11,12]. Moreover, the patients are not 
able to elevate their arm due to loss of tension in the deltoid mus-
cle [11]. The fracture can be treated with conservative treatment, 
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Fig. 3. Periprosthetic humeral fracture during reverse shoulder arthroplasty. (A) During surgery, the humeral spiral fracture was stabilized 
with cerclage wire (arrow), and the humeral stem was inserted with firm fixation. (B) Immediate postoperative anteroposterior radiograph 
showed fracture around the humeral stem (arrow). (C) The fracture was healed at 4 months after surgery (arrow).

BA

Fig. 4. Intraoperative glenoid fracture during reverse shoulder ar-
throplasty. (A) Preoperative humeral head deformity (arrow) with 
glenohumeral joint space narrowing was observed (arrowhead). (B) 
Glenoid fracture occurred during the reduction procedure, and sur-
gery was converted to hemiarthroplasty (arrow).
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such as shoulder immobilization, or surgical treatment, but this 
is debated. Levy et al. [53] reported 18 cases of conservative treat-
ment of acromion/spine fracture, and the patients showed de-
creased shoulder function, while Hattrup [54] reported good re-
sults after conservative treatment of acromion/spine fracture. In 
scapular spine fracture, Crosby et al. [51] reported high non-
union rate after conservative treatment and recommend surgical 
treatment with tension band wiring and buttress plate. 

Osteoporosis and acromial erosion before surgery are risk fac-
tors for acromion or scapular spine fractures [11,12]. Excessive 
distalization of the humerus and medialization of the center of 
rotation result in high tension in the deltoid muscle. Hence, sur-
geons should not position the baseplate excessively inferiorly to 
avoid humeral overdistalization in patients with osteoporosis or a 
thin acromion. In addition, use of a lateralized-type prosthesis 
rather than a Grammont-type prosthesis is recommended to pre-
vent overtension of the deltoid muscle. In addition, malposition-
ing of the superior or posterior baseplate screws is associated 
with scapular spine stress fracture [11]. Pointing the upper screw 
of the baseplate toward the coracoid base could prevent scapular 
spine fractures. During postoperative outpatient visits, surgeons 
should assess the serial changes in acromion tilt on plain radiog-
raphy and should cautiously investigate percussion tenderness 
over the acromion. 

We report two cases of an acromial stress fracture after RSA. 
The first patient recovered with conservative treatment, while the 
second patient required arthroscopic rotator cuff repair for a me-
dium-sized rotator cuff tear with acromioplasty and did well for 
5 years. The patient then complained of increasing right shoulder 
pain; hence, we performed RSA with a lateralized glenoid design. 
Before surgery, she had osteopenia (T-score, –0.6) and her acro-
mion was 4.8 mm thick. After surgery, the humerus was distal-
ized by 2.4 cm. Four months after surgery, she developed 
new-onset lateral shoulder pain, and plain radiograph showed 
inferior tilt of the lateral acromion. Conservative management 
was performed for 2 years. Although shoulder function improved 
gradually, she showed a low degree of shoulder elevation (active 
forward elevation, 80°) and low functional scores (Fig. 5). 

SCAPULAR NOTCHING 

Scapular notching is a unique complication of RSA resulting 
from changes in the glenohumeral anatomical structure [55]. It is 
usually observed 6 months postoperatively on plain radiography, 
and the reported incidence of scapular notching ranges from 
4.6% to 96% [6,8,11,56,57]. Scapular notching is the most com-
monly observed complication; hence, Zumstein et al. [6] classi-
fied this as a postoperative problem rather than a complication. 
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Fig. 5. Acromion fracture after reverse shoulder arthroplasty (RSA). (A) Initial anteroposterior (AP) radiograph and (B) early postoperative 
AP radiograph showed an intact acromion (arrow). (C) Acromial inferior tilt (arrow) was observed at 4 months after RSA. Two years after 
RSA, (D) inferior tilt of acromion (arrow) and (E) non-union of acromion (arrow) were observed on computed tomography. (F) The patient 
had decreased right shoulder elevation at 2 years after surgery (photograph used with permission for study purpose).
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Notching refers to mechanical impingement of the humeral com-
ponent at the scapular neck during extension and external rota-
tion at the side [56]. The main position of notching is the pos-
teroinferior aspect of the scapular neck, but it can occur at the 
anteroinferior aspect of the neck [56]. 

The occurrence of notching depends on multiple factors, such 
as implant design and position, patient anatomy, and range of 
motion [11,57]. The Grammont-type implant has a high tenden-
cy for scapular notching because of the large neck shaft angle of 
the humeral stem [56]. In a study by Kolmodin et al. [56], scapu-
lar notching was observed in 59% of cases with Grammont-type 
prostheses. A decreased humeral neck shaft angle tends to pro-
tect against scapular notching [58]. In addition, inferior gleno-
sphere placement, inferior tilt, and lateralization of the center of 
rotation are thought to decrease the risk of notching [57]. 

Decreased scapular neck length (SNL) leads to an increased 
rate of scapular notching [59]. SNL is determined innately; how-
ever, it can be shortened by wear of the glenohumeral joint by 
cuff tear arthropathy or degenerative/inflammatory arthritis [57]. 
In cases of short SNL, glenoid lateralization using an eccentric 
glenosphere or glenoid augmentation should be considered 
[57,59]. 

The clinical course of scapular notching is debated [60]. Many 
studies have reported that patients without scapular notching 
showed better range of motion and functional outcomes than pa-
tients with scapular notching [57,60]. Mollon et al. [58] observed 
scapular notching with a single implant (medial glenoid/lateral 
humerus design) in 10% of 476 cases and found that patients 
with scapular notching showed poor functional scores, low de-
gree of shoulder elevation, and reduced muscle strength [58]. 

In addition, patients with scapular notching showed signifi-
cantly higher complication rates and tended to have significantly 
higher rates of humeral radiolucent lines than patients without 
scapular notching [58]. Notching grades 1 and 2 are thought to 
be caused by mechanical friction, while grades 3 and 4 are con-
sidered to be biological responses to polyethylene particles re-
sulting from humeral or glenoid osteolysis [57]. Notching induc-
es wear of the polyethylene, resulting in osteolysis of the gleno-
humeral joint [58]. 

There are a few methods to prevent scapular notching. Lateral-
ization of the glenoid component is one method. When perform-
ing RSA in patients with SNL less than 9.0 mm, glenoid augmen-
tation should be considered or an implant with increased lateral 
offset can be used [57]. In addition, use of an eccentric gleno-
sphere is helpful [61]. Inferior overhang of the glenosphere of 3–4 
mm prevents scapular notching [56,57]. Inferior tilt of the gleno-
sphere by 15°–20° also prevents notching [61]; use of lateralized 

humeral prostheses increases postoperative external rotation and 
decreases the risk of scapular notching [13]. According to Ferrier 
et al. [62], the best clinical results and lowest incidence of scapu-
lar notching were found after lowering the humerus by more 
than 24 mm.  

NEUROLOGIC COMPLICATIONS 

Most minor neurologic complications after RSA cannot be de-
tected. The previously reported incidence of neurologic compli-
cations was 1%–4% after RSA [63]. Neurologic complications 
can occur during or after surgery. The most commonly injured 
nerves after RSA are the axillary nerve and brachial plexus [7,64]. 
In addition, suprascapular nerve and recurrent laryngeal/hypo-
glossal nerve injuries have been reported [65,66]. These injuries 
are generally reversible during the first 3 months after surgery, 
but some do not heal for long periods, resulting in neurologic 
deficits [11]. 

The axillary nerve originates from the posterior cord of the 
brachial plexus, runs anterior to the subscapularis, lies under the 
inferior capsule and glenoid rim, and runs through the quadrilat-
eral space. Anatomically, the axillary nerve passes 3.2–12.4 mm 
below the inferior glenoid rim [65,67]. The nerve then divides 
into the anterior and posterior branches, and the anterior branch 
wraps the inner surface of the deltoid muscle, which is 5–7 cm 
distal to the lateral acromial border, and innervates the deltoid 
muscle [67-69]. Injury to the axillary nerve causes deltoid dys-
function, resulting in difficulty in elevating the shoulder. In addi-
tion, decreased anterior-to-posterior deltoid tension can cause 
instability [68]. Additionally, gross wasting of the shoulder, per-
sistent shoulder pain, and impaired rehabilitation can be ob-
served [68]. 

The most common site of injury to the axillary nerve during 
surgery is the inferior glenoid rim [65]. During glenoid prepara-
tion, iatrogenic injury can occur due to prolonged retraction and 
wide exposure with electrocautery [65]. Deep and sharp retrac-
tors such as the Hormann retractor should be used cautiously, 
and careful periosteal detachment of the capsulolabral tissue for 
glenoid preparation is necessary to prevent iatrogenic axillary 
nerve injury. However, axillary nerve injury can be difficult to 
detect immediately after surgery since the operated shoulder 
usually is immobilized. In addition, Lädermann et al. [68] report-
ed axillary nerve injury at the posterior humeral metaphyseal 
level. They found that the axillary nerve to the deltoid muscle is 
close to the posterior humeral component; therefore, caution 
should be exercised when cutting the humeral neck and reaming 
to avoid damage to the posterior humeral cortex. 
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Injury to the brachial plexus can be caused by humerus posi-
tioning during surgery. During the deltopectoral approach, ex-
cessive humeral hyperextension, external rotation, and anterior 
translation of the humeral head can damage the brachial plexus 
[38]. Van Hoof et al. [70] reported a 15.3%–19.3% increase in 
strain at the median nerve root after surgery using a three-di-
mensional computer model. In addition, Lynch et al. [71] ob-
served nerve injury during shoulder joint replacement surgery in 
18 of 417 patients, and most injuries were neurapraxias from 
stretching injury due to positioning. Excessive humeral distaliza-
tion also can cause traction injury of the brachial plexus during 
or after surgery [11,71]. 

We observed one case of brachial plexus palsy among 438 RSA 
cases; the patient recovered only partially after 3 years of fol-
low-up. The patient was a 77-year-old woman who showed re-
duction in strength for shoulder elevation, wrist drop, and reduc-
tion in grasp power just after the surgery. Two years after surgery, 
a nerve conduction study showed a brachial plexus lesion (Fig. 6). 
One possible cause of injury was excessive positioning such as 
hyperextension, external rotation, and anterior translation during 
the humeral procedure. Since then, we have taken caution to 
avoid such situations. We have since performed RSA in 236 pa-
tients, and none experienced brachial plexus injury. 

Malpositioning of screws can be associated with suprascapular 
nerve injury during glenoid fixation. Extraosseous placement of 

superior and posterior screws can damage the suprascapular 
nerve at the scapular notch or spinoglenoid notch [11]. In addi-
tion, excessive head tilting during surgery could cause recurrent 
laryngeal nerve injury or hypoglossal nerve injury, resulting in 
Tapia’s syndrome [66]. 

CONCLUSION 

Given the increase in number of patients undergoing RSA, the 
number of patients experiencing complications is increasing. Al-
though it is difficult to manage complex complications after RSA, 
such as dislocation, infection, periprosthetic fracture, and aseptic 
loosening of the prosthesis, complications can be corrected by 
determining the underlying reasons and planning the treatment 
strategy accordingly. Importantly, surgeons should be cautious in 
addressing the pre- and intraoperative factors of complications to 
reduce the incidence of complications such as dislocation, scapu-
lar notching, and neurologic complications. 
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Fig. 6. Brachial plexus injury after reverse shoulder arthroplasty. (A) Preoperative scapular Y-view of magnetic resonance imaging showed 
greater than 50% muscle atrophy in the supraspinatus (arrow) and infraspinatus (arrowhead). Preoperative (B) and postoperative (C) antero-
posterior radiographs of the shoulder. (D) Decreased left shoulder elevation and (E) wrist drop sign were observed during follow-up, indicat-
ing brachial plexus injury (photographs used with permission for study purpose).

49https://doi.org/10.5397/cise.2021.00066

Clin Shoulder Elbow 2021;24(1):42-52



REFERENCES 

1. Levy JC, Everding NG, Gil CC Jr, Stephens S, Giveans MR. 
Speed of recovery after shoulder arthroplasty: a comparison of 
reverse and anatomic total shoulder arthroplasty. J Shoulder El-
bow Surg 2014;23:1872-81. 

2. Best MJ, Aziz KT, Wilckens JH, McFarland EG, Srikumaran U. 
Increasing incidence of primary reverse and anatomic total 
shoulder arthroplasty in the United States. J Shoulder Elbow 
Surg 2020 Aug 25 [Epub]. https://doi.org/10.1016/j.jse. 2020. 
08.010. 

3. Shah SS, Gaal BT, Roche AM, et al. The modern reverse shoul-
der arthroplasty and an updated systematic review for each 
complication: part I. JSES Int 2020;4:929-43. 

4. Bacle G, Nové-Josserand L, Garaud P, Walch G. Long-term out-
comes of reverse total shoulder arthroplasty: a follow-up of a 
previous study. J Bone Joint Surg Am 2017;99:454-61. 

5. Ascione F, Domos P, Guarrella V, Chelli M, Boileau P, Walch G. 
Long-term humeral complications after Grammont-style re-
verse shoulder arthroplasty. J Shoulder Elbow Surg 2018;27: 
1065-71. 

6. Zumstein MA, Pinedo M, Old J, Boileau P. Problems, complica-
tions, reoperations, and revisions in reverse total shoulder ar-
throplasty: a systematic review. J Shoulder Elbow Surg 2011; 
20:146-57. 

7. Ball CM. Neurologic complications of shoulder joint replace-
ment. J Shoulder Elbow Surg 2017;26:2125-32. 

8. Alentorn-Geli E, Samitier G, Torrens C, Wright TW. Reverse 
shoulder arthroplasty. Part 2: systematic review of reoperations, 
revisions, problems, and complications. Int J Shoulder Surg 
2015;9:60-7. 

9. Boileau P. Complications and revision of reverse total shoulder 
arthroplasty. Orthop Traumatol Surg Res 2016;102(1 Sup-
pl):S33-43. 

10. Chalmers BP, Wagner ER, Sperling JW, Cofield RH, San-
chez-Sotelo J. Treatment and outcomes of reverse shoulder ar-
throplasty dislocations. J Shoulder Elb Arthroplast 2017;1: 
2471549217695260. 

11. Jauregui JJ, Nadarajah V, Shield WP 3rd, Henn RF 3rd, Gilotra 
M, Hasan SA. Reverse shoulder arthroplasty: perioperative 
considerations and complications. JBJS Rev 2018;6:e3. 

12. Zhou HS, Chung JS, Yi PH, Li X, Price MD. Management of 
complications after reverse shoulder arthroplasty. Curr Rev 
Musculoskelet Med 2015;8:92-7. 

13. Helmkamp JK, Bullock GS, Amilo NR, et al. The clinical and 
radiographic impact of center of rotation lateralization in re-
verse shoulder arthroplasty: a systematic review. J Shoulder El-

bow Surg 2018;27:2099-107. 
14. Boileau P, Melis B, Duperron D, Moineau G, Rumian AP, Han Y. 

Revision surgery of reverse shoulder arthroplasty. J Shoulder 
Elbow Surg 2013;22:1359-70. 

15. Farshad M, Gerber C. Reverse total shoulder arthroplasty-from 
the most to the least common complication. Int Orthop 2010; 
34:1075-82. 

16. Routman HD. The role of subscapularis repair in reverse total 
shoulder arthroplasty. Bull Hosp Jt Dis (2013) 2013;71 Suppl 
2:108-12. 

17. Matthewson G, Kooner S, Kwapisz A, Leiter J, Old J, MacDon-
ald P. The effect of subscapularis repair on dislocation rates in 
reverse shoulder arthroplasty: a meta-analysis and systematic 
review. J Shoulder Elbow Surg 2019;28:989-97. 

18. Portillo ME, Salvadó M, Alier A, et al. Prosthesis failure within 2 
years of implantation is highly predictive of infection. Clin Or-
thop Relat Res 2013;471:3672-8.  

19. Richards J, Inacio MC, Beckett M, et al. Patient and proce-
dure-specific risk factors for deep infection after primary shoul-
der arthroplasty. Clin Orthop Relat Res 2014;472:2809-15. 

20. Morris BJ, O’Connor DP, Torres D, Elkousy HA, Gartsman GM, 
Edwards TB. Risk factors for periprosthetic infection after re-
verse shoulder arthroplasty. J Shoulder Elbow Surg 2015;24: 
161-6. 

21. Simha S, Shields EJ, Wiater JM. Periprosthetic infections of the 
shoulder. JBJS Rev 2018;6:e6. 

22. Hsu JE, Bumgarner RE, Matsen FA 3rd. Propionibacterium in 
shoulder arthroplasty: what we think we know today. J Bone 
Joint Surg Am 2016;98:597-606. 

23. Elston MJ, Dupaix JP, Opanova MI, Atkinson RE. Cutibacteri-
um acnes (formerly Proprionibacterium acnes) and shoulder 
surgery. Hawaii J Health Soc Welf 2019;78(11 Suppl 2):3-5. 

24. Kolakowski L, Lai JK, Duvall GT, et al. Neer Award 2018: ben-
zoyl peroxide effectively decreases preoperative Cutibacterium 
acnes shoulder burden: a prospective randomized controlled 
trial. J Shoulder Elbow Surg 2018;27:1539-44. 

25. Hudek R, Sommer F, Kerwat M, Abdelkawi AF, Loos F, Gohlke 
F. Propionibacterium acnes in shoulder surgery: true infection, 
contamination, or commensal of the deep tissue. J Shoulder El-
bow Surg 2014;23:1763-71. 

26. Patel A, Calfee RP, Plante M, Fischer SA, Green A. Propionibac-
terium acnes colonization of the human shoulder. J Shoulder 
Elbow Surg 2009;18:897-902. 

27. Achermann Y, Goldstein EJ, Coenye T, Shirtliff ME. Propioni-
bacterium acnes: from commensal to opportunistic biofilm-as-
sociated implant pathogen. Clin Microbiol Rev 2014;27:419-40. 

28. Dizay HH, Lau DG, Nottage WM. Benzoyl peroxide and clin-

https://doi.org/10.5397/cise.2021.0006650

Su Cheol Kim, et al.  Diagnosis, prevention, and treatment strategy

https://doi.org/10.1016/j.jse.2014.04.014
https://doi.org/10.1016/j.jse.2014.04.014
https://doi.org/10.1016/j.jse.2014.04.014
https://doi.org/10.1016/j.jse.2020.08.010
https://doi.org/10.1016/j.jse.2020.08.010
https://doi.org/10.1016/j.jse.2020.08.010
https://doi.org/10.2106/jbjs.16.00223
https://doi.org/10.2106/jbjs.16.00223
https://doi.org/10.2106/jbjs.16.00223
https://doi.org/10.1016/j.jse.2010.08.001
https://doi.org/10.1016/j.jse.2010.08.001
https://doi.org/10.1016/j.jse.2010.08.001
https://doi.org/10.1016/j.otsr.2015.06.031
https://doi.org/10.1016/j.otsr.2015.06.031
https://doi.org/10.1016/j.otsr.2015.06.031
https://doi.org/10.1177/2471549217695260
https://doi.org/10.1177/2471549217695260
https://doi.org/10.1177/2471549217695260
https://doi.org/10.1177/2471549217695260
https://doi.org/10.2106/jbjs.rvw.17.00152
https://doi.org/10.2106/jbjs.rvw.17.00152
https://doi.org/10.2106/jbjs.rvw.17.00152
https://doi.org/10.1007/s12178-014-9252-9
https://doi.org/10.1007/s12178-014-9252-9
https://doi.org/10.1007/s12178-014-9252-9
https://doi.org/10.1016/j.jse.2018.07.007
https://doi.org/10.1016/j.jse.2018.07.007
https://doi.org/10.1016/j.jse.2018.07.007
https://doi.org/10.1016/j.jse.2018.07.007
https://doi.org/10.1016/j.jse.2013.02.004
https://doi.org/10.1016/j.jse.2013.02.004
https://doi.org/10.1016/j.jse.2013.02.004
https://doi.org/10.1007/s00264-010-1125-2
https://doi.org/10.1007/s00264-010-1125-2
https://doi.org/10.1007/s00264-010-1125-2
https://www.ncbi.nlm.nih.gov/pubmed/24328591
https://www.ncbi.nlm.nih.gov/pubmed/24328591
https://www.ncbi.nlm.nih.gov/pubmed/24328591
https://doi.org/10.1016/j.jse.2018.11.069
https://doi.org/10.1016/j.jse.2018.11.069
https://doi.org/10.1016/j.jse.2018.11.069
https://doi.org/10.1016/j.jse.2018.11.069
https://doi.org/10.1007/s11999-013-3200-7
https://doi.org/10.1007/s11999-013-3200-7
https://doi.org/10.1007/s11999-013-3200-7
https://doi.org/10.1007/s11999-014-3696-5
https://doi.org/10.1007/s11999-014-3696-5
https://doi.org/10.1007/s11999-014-3696-5
https://doi.org/10.1016/j.jse.2014.05.020
https://doi.org/10.1016/j.jse.2014.05.020
https://doi.org/10.1016/j.jse.2014.05.020
https://doi.org/10.1016/j.jse.2014.05.020
https://doi.org/10.2106/jbjs.rvw.17.00191
https://doi.org/10.2106/jbjs.rvw.17.00191
https://doi.org/10.2106/jbjs.15.00568
https://doi.org/10.2106/jbjs.15.00568
https://doi.org/10.2106/jbjs.15.00568
https://doi.org/10.1016/j.jse.2018.06.012
https://doi.org/10.1016/j.jse.2018.06.012
https://doi.org/10.1016/j.jse.2018.06.012
https://doi.org/10.1016/j.jse.2018.06.012
https://doi.org/10.1016/j.jse.2014.05.024
https://doi.org/10.1016/j.jse.2014.05.024
https://doi.org/10.1016/j.jse.2014.05.024
https://doi.org/10.1016/j.jse.2014.05.024
https://doi.org/10.1016/j.jse.2009.01.023
https://doi.org/10.1016/j.jse.2009.01.023
https://doi.org/10.1016/j.jse.2009.01.023
https://doi.org/10.1128/cmr.00092-13
https://doi.org/10.1128/cmr.00092-13
https://doi.org/10.1128/cmr.00092-13
https://doi.org/10.1016/j.jse.2017.03.003


damycin topical skin preparation decreases Propionibacterium 
acnes colonization in shoulder arthroscopy. J Shoulder Elbow 
Surg 2017;26:1190-5. 

29. Murray MR, Saltzman MD, Gryzlo SM, Terry MA, Woodward 
CC, Nuber GW. Efficacy of preoperative home use of 2% chlor-
hexidine gluconate cloth before shoulder surgery. J Shoulder El-
bow Surg 2011;20:928-33. 

30. Marecek GS, Weatherford BM, Fuller EB, Saltzman MD. The 
effect of axillary hair on surgical antisepsis around the shoulder. 
J Shoulder Elbow Surg 2015;24:804-8. 

31. Longo UG, Candela V, Facchinetti G, et al. Antibiotic prophy-
laxis in primary and revision shoulder replacement: a systemat-
ic review. BMC Musculoskelet Disord 2020;21:292. 

32. Saltzman MD, Nuber GW, Gryzlo SM, Marecek GS, Koh JL. Ef-
ficacy of surgical preparation solutions in shoulder surgery. J 
Bone Joint Surg Am 2009;91:1949-53. 

33. Rezapoor M, Alvand A, Jacek E, Paziuk T, Maltenfort MG, 
Parvizi J. Operating room traffic increases aerosolized particles 
and compromises the air quality: a simulated study. J Arthro-
plasty 2018;33:851-5. 

34. Romanò CL, Borens O, Monti L, Meani E, Stuyck J. What treat-
ment for periprosthetic shoulder infection? Results from a mul-
ticentre retrospective series. Int Orthop 2012;36:1011-7. 

35. Khurana A, Parker S, Goel V, Alderman PM. Dermabond 
wound closure in primary hip arthroplasty. Acta Orthop Belg 
2008;74:349-53. 

36. Ortmaier R, Resch H, Hitzl W, Mayer M, Stundner O, Tauber M. 
Treatment strategies for infection after reverse shoulder arthro-
plasty. Eur J Orthop Surg Traumatol 2014;24:723-31. 

37. Dilisio MF, Miller LR, Warner JJ, Higgins LD. Arthroscopic tis-
sue culture for the evaluation of periprosthetic shoulder infec-
tion. J Bone Joint Surg Am 2014;96:1952-8. 

38. Cheung E, Willis M, Walker M, Clark R, Frankle MA. Compli-
cations in reverse total shoulder arthroplasty. J Am Acad Or-
thop Surg 2011;19:439-49. 

39. Hsu JE, Gorbaty JD, Whitney IJ, Matsen FA 3rd. Single-stage re-
vision is effective for failed shoulder arthroplasty with positive 
cultures for Propionibacterium. J Bone Joint Surg Am 2016;98: 
2047-51. 

40. Kunutsor SK, Wylde V, Beswick AD, Whitehouse MR, Blom 
AW. One- and two-stage surgical revision of infected shoulder 
prostheses following arthroplasty surgery: a systematic review 
and meta-analysis. Sci Rep 2019;9:232. 

41. Mercurio M, Castioni D, Iannò B, Gasparini G, Galasso O. Out-
comes of revision surgery after periprosthetic shoulder infec-
tion: a systematic review. J Shoulder Elbow Surg 2019;28:1193-
203. 

42. Jacquot A, Sirveaux F, Roche O, Favard L, Clavert P, Molé D. 
Surgical management of the infected reversed shoulder arthro-
plasty: a French multicenter study of reoperation in 32 patients. 
J Shoulder Elbow Surg 2015;24:1713-22. 

43. Klatte TO, Junghans K, Al-Khateeb H, et al. Single-stage revi-
sion for peri-prosthetic shoulder infection: outcomes and re-
sults. Bone Joint J 2013;95:391-5. 

44. Belay ES, Danilkowicz R, Bullock G, Wall K, Garrigues GE. Sin-
gle-stage versus two-stage revision for shoulder periprosthetic 
joint infection: a systematic review and meta-analysis. J Shoul-
der Elbow Surg 2020;29:2476-86. 

45. Boileau P, Watkinson D, Hatzidakis AM, Hovorka I. Neer 
Award 2005: the Grammont reverse shoulder prosthesis: results 
in cuff tear arthritis, fracture sequelae, and revision arthroplasty. 
J Shoulder Elbow Surg 2006;15:527-40. 

46. Schnetzke M, Coda S, Raiss P, Walch G, Loew M. Radiologic 
bone adaptations on a cementless short-stem shoulder prosthe-
sis. J Shoulder Elbow Surg 2016;25:650-7. 

47. Brusalis CM, Taylor SA. Periprosthetic fractures in reverse total 
shoulder arthroplasty: current concepts and advances in man-
agement. Curr Rev Musculoskelet Med 2020;13:509-19. 

48. Mesiha M, Boileau P, Walch G. Technique for reverse total 
shoulder arthroplasty for primary glenohumeral osteoarthritis 
with a biconcave glenoid. JBJS Essent Surg Tech 2013;3:e21. 

49. Jarrett CD, Brown BT, Schmidt CC. Reverse shoulder arthro-
plasty. Orthop Clin North Am 2013;44:389-408.  

50. Zilber S, Camana E, Lapner P, Haritinian E, Nove Josserand L. 
Reverse total shoulder arthroplasty using helical blade to opti-
mize glenoid fixation and bone preservation: preliminary re-
sults in thirty five patients with minimum two year follow-up. 
Int Orthop 2018;42:2159-64. 

51. Crosby LA, Hamilton A, Twiss T. Scapula fractures after reverse 
total shoulder arthroplasty: classification and treatment. Clin 
Orthop Relat Res 2011;469:2544-9. 

52. Werner BS, Ascione F, Bugelli G, Walch G. Does arm lengthen-
ing affect the functional outcome in onlay reverse shoulder ar-
throplasty. J Shoulder Elbow Surg 2017;26:2152-7. 

53. Levy JC, Anderson C, Samson A. Classification of postoperative 
acromial fractures following reverse shoulder arthroplasty. J 
Bone Joint Surg Am 2013;95:e104. 

54. Hattrup SJ. The influence of postoperative acromial and scapu-
lar spine fractures on the results of reverse shoulder arthroplas-
ty. Orthopedics 2010;33:302. 

55. Sirveaux F, Favard L, Oudet D, Huquet D, Walch G, Molé D. 
Grammont inverted total shoulder arthroplasty in the treat-
ment of glenohumeral osteoarthritis with massive rupture of 
the cuff. Results of a multicentre study of 80 shoulders. J Bone 

51https://doi.org/10.5397/cise.2021.00066

Clin Shoulder Elbow 2021;24(1):42-52

https://doi.org/10.1016/j.jse.2017.03.003
https://doi.org/10.1016/j.jse.2017.03.003
https://doi.org/10.1016/j.jse.2017.03.003
https://doi.org/10.1016/j.jse.2011.02.018
https://doi.org/10.1016/j.jse.2011.02.018
https://doi.org/10.1016/j.jse.2011.02.018
https://doi.org/10.1016/j.jse.2011.02.018
https://doi.org/10.1016/j.jse.2014.10.007
https://doi.org/10.1016/j.jse.2014.10.007
https://doi.org/10.1016/j.jse.2014.10.007
https://doi.org/10.1186/s12891-020-03332-z
https://doi.org/10.1186/s12891-020-03332-z
https://doi.org/10.1186/s12891-020-03332-z
https://doi.org/10.2106/jbjs.h.00768
https://doi.org/10.2106/jbjs.h.00768
https://doi.org/10.2106/jbjs.h.00768
https://doi.org/10.1016/j.arth.2017.10.012
https://doi.org/10.1016/j.arth.2017.10.012
https://doi.org/10.1016/j.arth.2017.10.012
https://doi.org/10.1016/j.arth.2017.10.012
https://doi.org/10.1007/s00264-011-1467-4
https://doi.org/10.1007/s00264-011-1467-4
https://doi.org/10.1007/s00264-011-1467-4
https://www.ncbi.nlm.nih.gov/pubmed/18686460
https://www.ncbi.nlm.nih.gov/pubmed/18686460
https://www.ncbi.nlm.nih.gov/pubmed/18686460
https://doi.org/10.1007/s00590-013-1251-9
https://doi.org/10.1007/s00590-013-1251-9
https://doi.org/10.1007/s00590-013-1251-9
https://doi.org/10.2106/jbjs.m.01512
https://doi.org/10.2106/jbjs.m.01512
https://doi.org/10.2106/jbjs.m.01512
https://doi.org/10.5435/00124635-201107000-00007
https://doi.org/10.5435/00124635-201107000-00007
https://doi.org/10.5435/00124635-201107000-00007
https://doi.org/10.2106/jbjs.16.00149
https://doi.org/10.2106/jbjs.16.00149
https://doi.org/10.2106/jbjs.16.00149
https://doi.org/10.2106/jbjs.16.00149
https://doi.org/10.1038/s41598-018-36313-3
https://doi.org/10.1038/s41598-018-36313-3
https://doi.org/10.1038/s41598-018-36313-3
https://doi.org/10.1038/s41598-018-36313-3
https://doi.org/10.1016/j.jse.2019.02.014
https://doi.org/10.1016/j.jse.2019.02.014
https://doi.org/10.1016/j.jse.2019.02.014
https://doi.org/10.1016/j.jse.2019.02.014
https://doi.org/10.1016/j.jse.2015.03.007
https://doi.org/10.1016/j.jse.2015.03.007
https://doi.org/10.1016/j.jse.2015.03.007
https://doi.org/10.1016/j.jse.2015.03.007
https://www.ncbi.nlm.nih.gov/pubmed/23450026
https://www.ncbi.nlm.nih.gov/pubmed/23450026
https://www.ncbi.nlm.nih.gov/pubmed/23450026
https://doi.org/10.1016/j.jse.2020.05.034
https://doi.org/10.1016/j.jse.2020.05.034
https://doi.org/10.1016/j.jse.2020.05.034
https://doi.org/10.1016/j.jse.2020.05.034
https://doi.org/10.1016/j.jse.2006.01.003
https://doi.org/10.1016/j.jse.2006.01.003
https://doi.org/10.1016/j.jse.2006.01.003
https://doi.org/10.1016/j.jse.2006.01.003
https://doi.org/10.1016/j.jse.2015.08.044
https://doi.org/10.1016/j.jse.2015.08.044
https://doi.org/10.1016/j.jse.2015.08.044
https://doi.org/10.1007/s12178-020-09654-8
https://doi.org/10.1007/s12178-020-09654-8
https://doi.org/10.1007/s12178-020-09654-8
https://doi.org/10.2106/jbjs.st.m.00048
https://doi.org/10.2106/jbjs.st.m.00048
https://doi.org/10.2106/jbjs.st.m.00048
https://doi.org/10.1016/j.ocl.2013.03.010
https://doi.org/10.1016/j.ocl.2013.03.010
https://doi.org/10.1007/s00264-018-3891-1
https://doi.org/10.1007/s00264-018-3891-1
https://doi.org/10.1007/s00264-018-3891-1
https://doi.org/10.1007/s00264-018-3891-1
https://doi.org/10.1007/s11999-011-1881-3
https://doi.org/10.1007/s11999-011-1881-3
https://doi.org/10.1007/s11999-011-1881-3
https://doi.org/10.1016/j.jse.2017.05.021
https://doi.org/10.1016/j.jse.2017.05.021
https://doi.org/10.1016/j.jse.2017.05.021
https://doi.org/10.2106/jbjs.k.01516
https://doi.org/10.2106/jbjs.k.01516
https://doi.org/10.3928/01477447-20100329-04
https://www.ncbi.nlm.nih.gov/pubmed/15125127
https://www.ncbi.nlm.nih.gov/pubmed/15125127
https://www.ncbi.nlm.nih.gov/pubmed/15125127
https://www.ncbi.nlm.nih.gov/pubmed/15125127


Joint Surg Br 2004;86:388-95. 
56. Kolmodin J, Davidson IU, Jun BJ, et al. Scapular notching after 

reverse total shoulder arthroplasty: prediction using pa-
tient-specific osseous anatomy, implant location, and shoulder 
motion. J Bone Joint Surg Am 2018;100:1095-103. 

57. Friedman RJ, Barcel DA, Eichinger JK. Scapular notching in re-
verse total shoulder arthroplasty. J Am Acad Orthop Surg 2019; 
27:200-9. 

58. Mollon B, Mahure SA, Roche CP, Zuckerman JD. Impact of 
scapular notching on clinical outcomes after reverse total shoul-
der arthroplasty: an analysis of 476 shoulders. J Shoulder Elbow 
Surg 2017;26:1253-61. 

59. Paisley KC, Kraeutler MJ, Lazarus MD, Ramsey ML, Williams 
GR, Smith MJ. Relationship of scapular neck length to scapular 
notching after reverse total shoulder arthroplasty by use of plain 
radiographs. J Shoulder Elbow Surg 2014;23:882-7. 

60. Kim YK, Won JS, Park CK, Kim JG. Evaluating scapular notch-
ing after reverse total shoulder arthroplasty. Clin Shoulder Elb 
2015;18:248-53. 

61. Li X, Knutson Z, Choi D, et al. Effects of glenosphere position-
ing on impingement-free internal and external rotation after re-
verse total shoulder arthroplasty. J Shoulder Elbow Surg 2013; 
22:807-13. 

62. Ferrier A, Blasco L, Marcoin A, et al. Geometric modification of 
the humeral position after total reverse shoulder arthroplasty: 
what is the optimal lowering of the humerus. J Shoulder Elbow 
Surg 2018;27:2207-13. 

63. Carofino BC, Brogan DM, Kircher MF, et al. Iatrogenic nerve 
injuries during shoulder surgery. J Bone Joint Surg Am 2013;95: 
1667-74. 

64. Parisien RL, Yi PH, Hou L, Li X, Jawa A. The risk of nerve inju-
ry during anatomical and reverse total shoulder arthroplasty: 
an intraoperative neuromonitoring study. J Shoulder Elbow 
Surg 2016;25:1122-7. 

65. Leschinger T, Hackl M, Buess E, et al. The risk of suprascapular 
and axillary nerve injury in reverse total shoulder arthroplasty: 
an anatomic study. Injury 2017;48:2042-9. 

66. Kraus MB, Cain RB, Rosenfeld DM, et al. Tongue tied after 
shoulder surgery: a case series and literature review. Case Rep 
Anesthesiol 2019;2019:5392847. 

67. Yoo JC, Kim JH, Ahn JH, Lee SH. Arthroscopic perspective of 
the axillary nerve in relation to the glenoid and arm position: a 
cadaveric study. Arthroscopy 2007;23:1271-7. 

68. Lädermann A, Stimec BV, Denard PJ, Cunningham G, Collin P, 
Fasel JH. Injury to the axillary nerve after reverse shoulder ar-
throplasty: an anatomical study. Orthop Traumatol Surg Res 
2014;100:105-8. 

69. McFarland EG, Caicedo JC, Guitterez MI, Sherbondy PS, Kim 
TK. The anatomic relationship of the brachial plexus and axil-
lary artery to the glenoid: implications for anterior shoulder 
surgery. Am J Sports Med 2001;29:729-33. 

70. Van Hoof T, Gomes GT, Audenaert E, Verstraete K, Kerckaert I, 
D'Herde K. 3D computerized model for measuring strain and 
displacement of the brachial plexus following placement of re-
verse shoulder prosthesis. Anat Rec (Hoboken) 2008;291:1173-
85. 

71. Lynch NM, Cofield RH, Silbert PL, Hermann RC. Neurologic 
complications after total shoulder arthroplasty. J Shoulder El-
bow Surg 1996;5:53-61. 

https://doi.org/10.5397/cise.2021.0006652

Su Cheol Kim, et al.  Diagnosis, prevention, and treatment strategy

https://doi.org/10.2106/jbjs.17.00242
https://doi.org/10.2106/jbjs.17.00242
https://doi.org/10.2106/jbjs.17.00242
https://doi.org/10.2106/jbjs.17.00242
https://doi.org/10.5435/jaaos-d-17-00026
https://doi.org/10.5435/jaaos-d-17-00026
https://doi.org/10.5435/jaaos-d-17-00026
https://doi.org/10.1016/j.jse.2016.11.043
https://doi.org/10.1016/j.jse.2016.11.043
https://doi.org/10.1016/j.jse.2016.11.043
https://doi.org/10.1016/j.jse.2016.11.043
https://doi.org/10.1016/j.jse.2013.09.003
https://doi.org/10.1016/j.jse.2013.09.003
https://doi.org/10.1016/j.jse.2013.09.003
https://doi.org/10.1016/j.jse.2013.09.003
https://doi.org/10.5397/cise.2015.18.4.248
https://doi.org/10.5397/cise.2015.18.4.248
https://doi.org/10.5397/cise.2015.18.4.248
https://doi.org/10.1016/j.jse.2012.07.013
https://doi.org/10.1016/j.jse.2012.07.013
https://doi.org/10.1016/j.jse.2012.07.013
https://doi.org/10.1016/j.jse.2018.05.027
https://doi.org/10.1016/j.jse.2018.05.027
https://doi.org/10.1016/j.jse.2018.05.027
https://doi.org/10.1016/j.jse.2018.05.027
https://doi.org/10.2106/jbjs.l.00238
https://doi.org/10.2106/jbjs.l.00238
https://doi.org/10.2106/jbjs.l.00238
https://doi.org/10.1016/j.jse.2016.02.016
https://doi.org/10.1016/j.jse.2016.02.016
https://doi.org/10.1016/j.jse.2016.02.016
https://doi.org/10.1016/j.injury.2017.06.024
https://doi.org/10.1016/j.injury.2017.06.024
https://doi.org/10.1016/j.injury.2017.06.024
https://doi.org/10.1155/2019/5392847
https://doi.org/10.1155/2019/5392847
https://doi.org/10.1155/2019/5392847
https://doi.org/10.1016/j.arthro.2007.07.011
https://doi.org/10.1016/j.arthro.2007.07.011
https://doi.org/10.1016/j.arthro.2007.07.011
https://doi.org/10.1016/j.otsr.2013.09.006
https://doi.org/10.1016/j.otsr.2013.09.006
https://doi.org/10.1016/j.otsr.2013.09.006
https://doi.org/10.1016/j.otsr.2013.09.006
https://doi.org/10.1177/03635465010290061001
https://doi.org/10.1177/03635465010290061001
https://doi.org/10.1177/03635465010290061001
https://doi.org/10.1177/03635465010290061001
https://doi.org/10.1002/ar.20735
https://doi.org/10.1002/ar.20735
https://doi.org/10.1002/ar.20735
https://doi.org/10.1002/ar.20735
https://doi.org/10.1016/s1058-2746(96)80031-0
https://doi.org/10.1016/s1058-2746(96)80031-0
https://doi.org/10.1016/s1058-2746(96)80031-0

	INTRODUCTION 
	DISLOCATION 
	PERIPROSTHETIC JOINT INFECTION 
	INTRAOPERATIVE FRACTURE 
	ACROMION/SCAPULAR SPINE FRACTURE 
	SCAPULAR NOTCHING 
	NEUROLOGIC COMPLICATIONS 
	CONCLUSION 
	ORCID 
	REFERENCES 

