
Reverse total shoulder arthroplasty (RTSA) is an innova-
tive surgical technique that can compensate the force of 

the deltoid muscle when the rotator cuff does not function. 
The mechanical principle of RTSA, which was invented 
by Grammont and Baulot,1) is medialization of the center 
of rotation relative to the native level of the glenoid to al-
low for a greater deltoid lever arm at the start of shoulder 
movement.2,3) Although RTSA has been associated with 
significant improvement in pain and function, many com-
plications have been reported, including scapular notch-
ing, fixation failure, infection, instability, glenoid compo-
nent loosening, nerve injury, and acromial fracture.4,5)
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Background: The purpose of this study was to investigate the incidence of acromial fracture after reverse total shoulder arthro-
plasty (RTSA) and clinical and radiological outcomes of treatment of the fracture.

Methods: A systematic review was performed to identify studies that reported the results of treatment of acromial fractures after 
RTSA. A literature search was conducted by two investigators using four databases (PubMed, Embase, Cochrane, and Ovid Med-
line).

Results: Fifteen studies (2,857 shoulders) satisfied our inclusion criteria. The incidence of acromial fracture after RTSA was 4.0% 
(114 / 2,857). The mean age of the patients at the time of fracture was 72.9 years (range, 51 to 91 years). The mean time from 
RTSA to diagnosis of acromial fracture was 9.4 months (range, 1 to 94 months). One hundred shoulders (87.7%) were treated con-
servatively and 14 shoulders (12.3%) were treated surgically. The mean follow-up period after acromial fracture was 33.8 months. 
The overall union rate was 50.0% (43.8% for conservative treatment and 87.5% for operative treatment). The fracture incidence 
was significantly different among the medial glenoid and medial humerus prosthesis design (8.4%), the lateral glenoid and medial 
humerus design (4.0%), and the medial glenoid and lateral humerus design (2.8%). The mean values at final follow-up were as fol-
lows: visual analog scale score, 2.2; American Shoulder and Elbow Surgeons score, 59.1; Constant score, 59.7; and Simple Shoul-
der Test, 5.8. The mean forward flexion, abduction, and external rotation were 102.3°, 92.3°, and 25.8°, respectively.

Conclusions: Acromial fractures after RTSA are a complication neither uncommon nor negligible. In the absence of studies with 
high-level evidence, there is a controversy on the outcomes after treatment. Further well-designed prospective randomized con-
trolled studies with a long-term follow-up should be performed to ascertain the diagnosis, treatment, and prognosis of acromial 
fractures after RTSA.
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The reported incidence of acromial fractures after 
RTSA ranges from 0.6% to 15.8%.6-21) Because of the lon-
ger arm length and greater deltoid tension after RTSA, the 
force on deltoid muscle origin increases. Thus, fractures 
after RTSA can occur at various locations from the acro-
mion to the scapular spine.14,21) Since RTSA has been intro-
duced recently, the management of postoperative acromial 
fractures is not well established.19)

Crosby et al.21) classified acromial fractures into 
three distinct patterns: (1) type I, avulsion fractures of the 
anterior acromion; (2) type II, fractures of the acromion 
posterior to the acromioclavicular joint; and (3) type 
III, scapular spine fractures. They proposed that type I 
fractures can be treated conservatively, whereas unstable 
type II and type III fractures require open reduction and 
internal fixation (ORIF). Levy et al.14) reclassified acromial 
fractures into three types on the basis of the degree of del-
toid origin involvement and recommended nonoperative 
treatment regardless of fracture type. Until now, there have 
been no clear treatment guidelines for acromial fractures 
after RTSA. Furthermore, there has been controversy 
regarding the outcomes of conservative or operative treat-
ment of acromial fractures.2,7,10,13,14,16,17,20) 

Acromial fractures after RTSA are challenging for 
the orthopedic surgeon to diagnose and manage, and this 
may lead to functional deterioration in the long term.22) 
Acromial fractures after RTSA can be either nondisplaced 
or displaced fractures. Nondisplaced fractures, if detected 

early, can be treated conservatively, whereas management 
of displaced fractures with delayed or neglected diagnosis 
is challenging because of high rates of malunion or non-
union, functional deterioration, and inconsistent results 
after operative treatment.23) 

Although acromial fractures are a recognized com-
plication after RTSA, the incidence, treatment methods, 
and outcomes are poorly understood. To the best of our 
knowledge, there has been no systematic review on acro-
mial fractures after RTSA. The purpose of this study was 
to investigate the incidence of acromial fractures after 
RTSA and clinical and radiological outcomes of treatment 
through a systematic review.

METHODS

A systematic review was performed in accordance with 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines.

Literature Search
Articles were retrieved from four computerized literature 
databases (PubMed, Embase, Cochrane library, and Ovid 
Medline), using the following search terms: “reverse total 
shoulder arthroplasty” OR “prosthesis” OR “replacement” 
or “acromion fracture” OR “scapular fracture.” All articles 
not pertaining to the shoulder were excluded. Considering 
the year of RTSA introduction, we limited the period of 
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publication to 2000–2018. The search was performed by 
two independent investigators (CHC, JWJ). If there was 
a disagreement about the inclusion of an article, the final 
decision was made by a senior author (CHC).

Inclusion and Exclusion Criteria
Inclusion criteria were articles (1) written in English, (2) 
with a minimum 12-month follow-up after RTSA, and (3) 
reporting outcome data including clinical score and range 
of motion (ROM). Exclusion criteria were (1) scapular 
body fracture, (2) case report, and (3) review article. 

Study Selection
The two investigators reviewed the articles separately and 
selected articles according to the inclusion and exclusion 
criteria. One investigator (JWJ) checked the full text of 
all selected articles and classified them in order of impor-
tance. The other investigator (CHC) double-checked the 
sorted articles and approved the sorting. According to the 
above criteria, 234 articles were first selected, 41 of them 
were excluded due to duplication. Among 193 articles, 145 
were excluded because acromial or scapular spine frac-
tures were not recorded, and seven were excluded because 
of language other than English (n = 1), lack of sufficient 
study population (n = 3), begin a case report or a review 
article (n = 3). A full-text review was performed for the 
remaining 41 articles, and 25 articles were excluded be-
cause they did not mention clinical scores or ROM of the 
affected shoulder. The two investigators and the senior 
author checked all references in each article. Two articles 
were excluded because they were multicenter studies and 
their study populations overlapped, and one article was 
included via citation tracking. Finally, 15 articles were in-
cluded in this systematic review (Fig. 1). 

Statistical Analysis
All statistical analyses were performed using IBM SPSS 
ver. 20.0 (SPSS Inc., Chicago, IL). The linear by linear as-
sociation was used to determine the correlation between 
the incidence and various factors. A p < 0.05 was consid-
ered statistically significant. 

RESULTS

Among the 15 articles, seven were level III studies and 
eight were level IV studies according to Level of Evidence 
Guidelines (Tables 1 and 2).6-20)

Incidence
Among 2,857 shoulders, 114 acromial or scapular spine 

fractures after RTSA were found. The overall incidence 
was 4.0% (range, 1.0% to 15.8%). Among 93 fractures de-
scribed in 14 studies,7-20) there were 46 (49.5%) acromial 
fractures and 47 (50.5%) scapular spine fractures.

Demographics
The mean age of the patients at the time of fracture was 
72.9 years (range, 51 to 91 years) and the male to female 
ratio was 1:5.4 in 10 studies. The mean time from RTSA to 
diagnosis of acromial fracture was 9.4 months (range, 1 to 
94 months) in 14 studies. The mean follow-up period after 
acromial fracture was 33.8 months in eight studies.

The incidence of postoperative acromial fractures 
was 4.2% (89 / 2,131) in the deltopectoral approach group 
in 13 studies, 2.2% (1 / 45) in the anterosuperior approach 
group in one study, and 1.1% (1 / 89) in the superolateral 
approach group in one study. There was no statistically 
significant difference between the three groups (p = 0.119). 
Twelve studies mentioned the prosthesis types used for 
RTSA. The incidence of postoperative acromial fractures 
was 2.8% (9 / 318) in patients with Equinoxe (Exactech, 
Gainesville, FL, USA), 8.1% (3 / 37) in patients with Delta 
Xtend (DePuy, Warsaw, IN, USA), 4.0% (50 / 1,237) in 
patients with the reverse shoulder prosthesis (RSP; DJO 
Surgical, Austin, TX, USA), 9.6% (9 / 94) in patients with 
Delta III (DePuy), 9.5% (17 / 179) in patients with Aequal-
is (Tornier, Montbonnot-Saint-Martin, France), and 10.7% 
(6 / 56) in patients with TM Reverse Shoulder System 
(Zimmer, Warsaw, IN, USA). The incidence according to 
prosthesis design was 8.4% (36 / 430) for the medial gle-
noid/medial humerus (MGMH) design (Delta III, Delta 
Xtrend, Aequalis, TM Reverse Shoulder System), 4.0% (50 
/ 1237) for the lateral glenoid/medial humerus (LGMH) 
design (RSP), and 2.8% (9 / 318) for the medial glenoid/
lateral humerus (MGLH) design (Equinoxe). There was 
statistically significant difference among the three designs 
(p < 0.001).

Treatment 
One hundred shoulders (87.7%) were treated conserva-
tively and 14 shoulders (12.3%) were treated surgically. 
Conservative treatment usually included immobilization 
with an abduction brace or arm sling for 6 to 8 weeks. 
Operative treatment included ORIF with plating (11 / 
14), ORIF with tension band wiring (2 / 14), and revision 
RTSA with ORIF (1 / 14). On the analysis of treatment 
method according to fracture location, 93.5% (43 / 46) 
of the patients with acromial fracture had conservative 
treatment in nine studies and 6.5% (3 / 46) had operative 
treatment in one study; 76.6% (36 / 47) of the patients 
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with scapular spine fracture had conservative treatment in 
10 studies and 23.4% (11 / 47) had operative treatment in 
four studies.

Outcomes 
The mean union rate after treatment of acromial and scap-
ular spine fractures reported in nine studies was 50% (28 / 
56) at the final follow-up. After conservative treatment, the 
union rate was 48.1% (13 / 27) for acromial fractures and 
38.1% (8 / 21) for scapular spine fractures. After operative 
treatment, it was 100% (3 / 3) for acromial fractures and 
80% (4 / 5) for scapular spine fractures. Overall, the union 
rate was 43.8% (21 / 48) for conservative treatment and 
87.5% (7 / 8) for operative treatment.

At the final follow-up after management of acro-
mial fractures, the mean American Shoulder and Elbow 
Surgeons (ASES) score was 59.1 in nine studies, the visual 
analog scale (VAS) for pain was 2.2 in seven studies, Sim-
ple Shoulder Test was 5.8 in four studies, Constant score 
was 59.7 in five studies, and Single Assessment Numeric 
Evaluation (SANE) score was 69 in two studies (Table 3). 
Four studies compared scores obtained before treatment of 
the fracture and at the final follow-up after treatment. The 
mean ASES score increased from 43.8 at the first visit after 
fracture to 71.0 at the final follow-up in patients with con-
servative treatment and from 5.8 to 80.3 in patients with 
operative treatment. The mean VAS score decreased from 
5.4 at the first visit after fracture to 1.0 at the final follow-
up in patients with conservative treatment and from 9.3 to 
0 in patients with operative treatment. The mean Constant 
score increased from 10.5 at the first visit after acromial 
fracture to 57 at the final follow-up in patients with con-
servative treatment and from 10.3 to 73 in patients with 
operative treatment. 

At the final follow-up after management of the 
fractures, the mean active forward flexion, abduction, and 
external rotation were 102.3°, 92.3°, and 25.8°, respectively. 
The mean forward flexion increased from 79.2° at the first 
visit after fracture to 108.3° at the final follow-up in pa-
tients with conservative treatment and from 61.5° to 126.9° 
in patients with operative treatment. The mean abduction 
increased from 15° at the first visit after fracture to 75° at 
the final follow-up in patients with conservative treatment 
and from 52.3° to 107.5° in patients with operative treat-
ment. The mean external rotation increased from –2.5° at 
the first visit after fracture to 32.5° at the final follow-up 
in patients with conservative treatment and from 0.8° to 
29.2° in patients with operative treatment.

 

DISCUSSION

To the best of our knowledge, this is the first systematic re-
view investigating the incidence and treatment outcomes 
of acromial fractures after RTSA. Our study revealed that 
acromial fractures after RTSA are a complication neither 
uncommon nor negligible. So far, there have been no clear 
treatment guidelines and there has been controversy re-
garding the outcomes of treatment because of the low level 
of evidence. 

The incidence of acromial fractures after RTSA 
ranges from 0.6% to 15.8%.6-21) In our systematic review 
of 15 studies,6-20) the overall incidence was 4.0% (range, 
1.0% to 15.8%). We think that the incidence may have 
been underestimated; the fractures are difficult to detect 
in plain radiographs, and thus the diagnosis is frequently 
neglected. This may be one of the reasons for the large 
difference in the incidence among previous studies. Otto 
et al.22) reported that 32.1% of patients with postoperative 
acromial or scapular fractures initially had unremarkable 
radiographs but finally were diagnosed with displaced 
fractures. Therefore, we believe that the reported incidence 
will increase, given that more attention is paid to the diag-
nosis and radiological assessment of acromial or scapular 
fractures and RTSA is more frequently performed23) and 
followed by long-term follow-up.14) In our systematic re-
view, the mean time from RTSA to diagnosis of acromial 
fracture was 9.4 months (ranges, 1 to 94 months).6-16,18-20) 
Although Teusink et al.18) reported a case of scapular spine 
fracture that occurred 94 months after RTSA, we found 
that most acromial and scapular spine fractures occurred 
within 24 months after RTSA. If a patient with RTSA 
complains of shoulder pain and limited ROM during the 
early postoperative period, physicians should suspect the 
presence of postoperative acromial fracture. Computed 
tomography can be a useful diagnostic tool to prevent ad-
ditional fracture displacement and provide proper treat-
ment.23)

Factors associated with postoperative acromial frac-
tures include osteoporosis, prosthesis design, surgical ap-
proach, screw position and length in the glenoid, and tech-
nical factors such as excessive deltoid tension.11,20-23) In our 
systematic review, we performed a statistical analysis of the 
association between postoperative acromial fractures and 
the implant design. The incidence was significantly differ-
ent between the prosthesis designs: 8.4% for the MGMH, 
4.0% for the LGMH and 2.8% for MGLH. According to 
Giles et al.,24) the lateralized center of rotation is smaller 
in MGLH than in LGMH, the abductor moment arm is 
larger in MGLH, and forces required for active abduction 
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and joint load are significantly smaller in MGLH. There-
fore, they suggested that the incidence of acromial fracture 
should be highest in MGMH and decrease in the order of 
LGMH and MGLH.24) This was confirmed in our system-
atic review. However, we could not analyze the association 
between postoperative acromial fractures and other factors 
including osteoporosis, surgical technique, and screw po-
sition because of the lack of available data. Further large-
scale studies for identifying risk factors may help to reduce 
the incidence of acromial fracture after RTSA.

In our systematic review, the overall union rate was 
50.0% (43.8% for conservative treatment and 87.5% for 
operative treatment). However, we found no clear treat-
ment guidelines for postoperative acromial fractures ac-
cording to the displacement or location of fracture. The 
level of evidence was low in most articles included in this 
study, hence the lack of evidence-based treatment recom-
mendations for the fracture. Furthermore, inconsistent 
results were reported after conservative treatment and op-
erative treatment.2,7,10,13,16,17,20) 

Acromial fractures after RTSA have varying effects 
on final outcomes. Boileau et al.2) reported two acromial 
fractures that appeared as incidental findings 3 months 
after RTSA. Both patients were completely asymptomatic, 
and the fractures did not appear to have any detrimental 
effect on function. Dubrow et al.6) reported that most pa-
tients who had an acromial fracture appeared to be able 
to return to the previous level of postoperative function 
after conservative treatment. On the other hand, Walch 
et al.20) reported that postoperative acromial fracture sig-
nificantly worsened pain and function. Even after fracture 
union, postoperative acromial fractures can be associated 
with inferior outcomes.9,20) Teusink et al.18) reported that 
patients with a postoperative acromial fracture may be at 
increased risk for revision surgery and inferior outcomes 
compared with patients without a fracture. However, 
none of the studies that reported favorable outcomes after 

acromial fractures provided long-term follow-up results. 
Despite the presence of a report showing that acromial or 
scapular spine fractures lead to subsequent instability, it 
has not been elucidated whether revision rates are affected 
by postoperative fractures.14,18)

This study has several limitations. First, most of the 
included articles were case series with low quality of evi-
dence. Our systematic review was based on level III and 
IV studies with low quality evaluation and short- to mid-
term follow-up. Second, data presentation and reported 
outcome measures were heterogeneous among the studies, 
which precluded statistical analysis of risk factors and out-
comes. Therefore, it is difficult to draw any definitive con-
clusions regarding the difference in the outcomes between 
conservative and operative treatment. Further studies are 
required to identify fracture characteristics that determine 
the benefit from conservative or operative treatment. 

In conclusion, acromial fractures after RTSA are a 
complication that is neither uncommon nor negligible. 
There is controversy on the outcomes after treatment of 
acromial fractures owing to the lack of studies with high-
level evidence. There are no clear treatment guidelines for 
acromial fractures after RTSA. Further well-designed pro-
spective randomized controlled studies with a long-term 
follow-up should be performed to ascertain the diagnosis, 
treatment, and prognosis of acromial fractures after RTSA.
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