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Abstract
Background The purpose of this paper was to survey members of the American Shoulder and Elbow Surgeons (ASES) to assess
their opinion on management options, help highlight important clinical factors, and elucidate surgical preferences for the
treatment of a symptomatic meso-os.
Methods An online questionnaire was distributed to the active members of the ASES. The survey queried surgeon demographics
and perioperative management preferences, and presented multiple clinical case scenarios of patients with a presumed symp-
tomatic, unstable os acromiale.
Results There were 116 ASES members who responded to the survey, and 26% (n = 30) who stated they do not operatively
manage a symptomatic os. We identified two main clusters of respondents. Cluster 1 (n = 67) (as compared to cluster 2, n = 19)
was comprised of surgeons with significantly more experience treating a symptomatic os acromiale (p < 0.05). These surgeons
regarded gender, age, BMI, and hand dominance as important clinical factors when deciding when to proceed to surgery. Overall,
arthroscopic management of the os was preferred, but those surgeons more experienced in treating os acromiale preferred open
reduction and internal fixation (ORIF) in specific clinical cases.
Conclusion The survey findings reflect the current lack of consensus in the treatment of a unstable, symptomatic os acromiale.
Overall, arthroscopic management was preferred by most surgeons, though ORIF was preferred in certain clinical scenarios by
those more experienced with os acromiale. The overall preference for arthroscopy suggests a possible shift in the treatment
paradigm for patients with symptomatic meso-acromions, but higher level studies are needed to substantiate these findings.
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Introduction

Os acromiale is a relatively rare finding in the shoulder and
represents a failure of fusion between any two of the acromial
aphophyses in a skeletally mature individual (see Fig. 1) [1].
The age of appearance of acromial secondary ossification cen-
ters ranges between ten and 16 years of age [1–3], followed by
apophyseal closure generally between the ages of 16 and

25 years old. Given the late closure of the more anterior ossi-
fication centers, it is important to differentiate open growth
plates from an os acromiale in younger individuals [4–7].

Although most often an incidental and asymptomatic find-
ing on imaging (see Fig. 2a–c), os acromiale is also an un-
common cause of shoulder pain secondary to an unstable
meso-acromion [8]. The management of a symptomatic, un-
stable meso-os acromiale is controversial with no firmly
established treatment guidelines [8]. Conservative manage-
ment, involving a combination of nonsteroidal anti-
inflammatory agents, local corticosteroid injections, and/or
physical therapy, can yield satisfactory results [9]. However,
in scenarios where conservative management fails, or con-
comitant pathology is also present, surgical management
may be necessary [4, 5, 7, 10–13]. Surgical options include
open reduction and internal fixation (ORIF) (see Fig. 3), with
or without bone grafting, open excision, or arthroscopic
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management. Various arthroscopic procedures have been de-
scribed, ranging from a standard anterior acromioplasty to a
partial or complete excision to an arthroscopically assisted
reduction and internal fixation [4–7, 14, 15].

Operative indications and specific surgical approach and
technique are among some of the variables a surgeon must
consider when faced with a presumed unstable, symptomatic
os. Although there have been an increased number of recent
studies exploring the outcomes of various surgical techniques,
there are still a relatively small number of procedures per-
formed to address os acromiale making prospective, random-
ized, controlled trials difficult to perform. Thus, there is no
clear consensus-driven algorithm for the treatment of a symp-
tomatic os. In lieu of this, relying on surgical experience and
expert opinion is essential to helping define the factors in-
volved in clinical decision-making when treating a symptom-
atic os acromiale.

Given the breadth of potential operative interventions for
an unstable os acromiale, the purpose of our study was to
survey the members of the American Shoulder and Elbow
Surgeons to determine the factors that drive surgeons’ deci-
sions in the treatment of an unstable, symptomatic os
acromiale. By exploring surgeon demographics, peri-
operative factors, and surgical management options, the goal
of this study was to elucidate a consensus opinion on specific
treatment options among expert surgeons. We hypothesize
that age, comorbidities, presence of a concomitant rotator cuff
tear, and/or a concomitant indication for shoulder arthroplasty
will be factors that affect the management of these lesions.

Methods

After obtaining Institutional Review Board (IRB) approval, a
21-item electronic questionnaire was sent out to all members

of the American Shoulder and Elbow Surgeons (ASES) soci-
ety practicing in various hospitals across the USA and other
countries between September 2016 and October 2016.
Demographic data was queried of each surgeon in order to
establish a surgical-demographic profile (number of years in
practice, fellowship training, annual surgical volume of shoul-
der cases, and the annual number of os acromiale cases man-
aged). The main point of emphasis of the questionnaire was
the surgeons’ treatment preferences for a presumed symptom-
atic, unstable os acromiale. The participants were also queried
on what factors would drive a surgical indication, such as the

Fig. 1 BA basi-acromion, MTA meta-acromion, MSA meso-acromion,
PA: pre-acromion (sketch courtesy of Sarah Lynn Yong, B.S.)

Fig. 2 a Anteroposterior radiograph of an os acromiale patient. The
meso-os is not immediately obvious; however, the Bdouble-density^ sign
can be appreciated with the meso-acromion superimposed over the base
of the intact acromion. b Axillary lateral radiograph demonstrating a
meso-os acromiale. cMRI of a shoulder demonstrating a meso-acromiale
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presence of a full-thickness rotator cuff tear, patient age, ac-
tivity level, sex, and comorbidities (including smoking and
diabetes). Based on hierarchical clustering analysis, we iden-
tified two main clusters of respondents, with significant inde-
pendent differences in clinical experience and the frequency
of symptomatic os management (Table 1). Cluster 1 (com-
pared to cluster 2) was defined by surgeons with > 15 years
of clinical experience (76% vs. 0%, p < 0.0001), those who
treated a symptomatic os more often (occasionally and fre-
quently: 61% vs. 11%, p < 0.0005), and those who treated ≥
2 symptomatic os annually (52% vs. 26%, p < 0.05). Surgical
preferences between the two clusters were compared to deter-
mine if any significant differences existed perhaps due to ex-
perience with treating os acromiale.

The goal of the survey was to try and determine consensus
indications for operative management, particularly in regard
to arthroscopic management vs. open reduction and internal
fixation (ORIF). To this end, three specific clinical scenarios
were created by the senior authors (AH, RFH, MG) in order to
understand the respondents’ treatment algorithm for a symp-
tomatic unstable os acromiale. These scenarios included the
following: a suspected symptomatic, unstable meso-os
acromiale in either a 45- or a 60-year-old patient without a
full-thickness rotator cuff tear (case 1A and 1B, respectively);
a suspected symptomatic, unstable meso-os acromiale in ei-
ther a 45- or a 60-year-old patient with a full-thickness rotator
cuff tear (case 2A and 2B, respectively); a patient with ad-
vanced glenohumeral arthritis and a suspected unstable
meso-os acromiale who needs an anatomic total shoulder
arthroplasty (TSA) (case 3A); and a patient with advanced
rotator cuff arthropathy and a suspected unstable meso-os
acromiale who needs a reverse total shoulder arthroplasty
(RTSA) (case 3B).

Statistical analysis

Survey data was collected using the online software, www.
surveymonkey.com (SurveyMonkey Inc., San Mateo, CA,
USA, 1999–2017). All data obtained from SurveyMonkey©

was anonymous. Continuous data was reported as means and
standard deviations (SD), while categorical data was reported
as frequencies and percentages. Multivariate hierarchical
clustering was performed to group surgeons together based
on similar values across a number of demographic variables.
Given that we were constrained by a set number of
respondents, we carried out a post hoc statistical power
analysis. Power was computed by performing a two sample,
two-tailed proportions analysis, with type 1 error (alpha) set at
0.05, and power = 0.80. The projected sample size needed to
detect a significant difference is approximately N = 52. Thus,
the sample size ofN = 86 used was more than adequate for the
main objectives of this study. Pearson chi-square tests for in-
dependence (or Fisher’s exact test when appropriate) were
used to determine whether there were significant differences
between the two clusters of surgeons and surgical preferences.
Multiple correspondence analyses were used to identify rela-
tionships between categorical data points. JMP Pro, Version
13 software (JMP®, Version 13. SAS Institute Inc., Cary, NC)
was used for all analyses, with a p value < 0.05 indicating
statistical significance.

Results

Demographics

A total of 116 ASES members responded to our email ques-
tionnaire. Thirty of the 116 respondents (26%) stated that they
do not operatively manage a symptomatic meso-os acromiale,
and were therefore excluded from further analysis. Of the
respondents (Table 1), 41 (48%) practiced in an academic
institution, 64 (74%) were fellowship trained in Shoulder
and Elbow, and 61 (71%) belonged to at least two professional
societies. Only two respondents stated that they Bfrequently^
managed a symptomatic os acromiale, whereas the majority
reported that they either Brarely^ (43, 50%) or Boccasionally^
(41, 48%) treated a symptomatic os.

Fig. 3 a Lateral scapular BY^
view and b velpeau axillary view
radiographs of a symptomatic os
acromiale patient who underwent
successful ORIF
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Peri-operative factors and general surgical questions

Overall, the respondents attempted conservative treatment for
six ± two months before moving on to surgical options
(Table 2). The most preferred imaging modalities were mag-
netic resonance imaging (MRI) (67%) and plain radiographs
(53%) (see Fig. 2a–c). The most important comorbidity was
smoking (51%), followed by weight bearing shoulder, high
body mass index (BMI), and diabetes. Surgeons with more

experience treating os acromiale regarded the clinical factors
of gender (p = 0.0056), age (p = 0.0484), higher BMI (p =
0.0307), and hand dominance (p = 0.0404) as significantly
more important when deciding when surgery was indicated.

The most important factors when deciding whether to man-
age a symptomatic os with ORIFwere as follows: the patients’
activity level (22%), age (20%), the presence of a full-
thickness rotator cuff tear (20%), and comorbidities (19%)
(see Fig. 4). When performing ORIF, the two most preferred

Table 1 Demographics of survey
respondents Number (%) p value

Total Cluster 1 Cluster 2
Number of respondents 86 67 (78) 19 (22)

Practice setting

Academic 41 (48) 33 (49) 8 (42) 0.2502
Private 33 (38) 23 (34) 10 (53)

Hospital employed 12 (14) 11 (16) 1 (5)

Fellowship

Shoulder and elbow 64 (74) 47 (70) 17 (89) 0.0884

Sports medicine 31 (36) 26 (39) 5 (26) 0.3169

Hand 8 (9) 7 (10) 1 (5) 0.4923

Other 4 (5) 4 (6) 0 (0) 0.2754

None 4 (5) 4 (6) 0 (0) 0.2754

Society membership

ASES 85 (99) 67 (100) 18 (95) 0.0589

AOSSM 35 (41) 27 (40) 8 (42) 0.8875

AANA 32 (37) 23 (23) 9 (47) 0.2993

Other 18 (21) 15 (22) 3 (16) 0.5326

How often do you manage a symptomatic meso-os acromiale?

Rarely 43 (50) 26 (39) 17 (89) 0.0005*
Occasionally 41 (48) 39 (58) 2 (11)

Frequently 2 (2) 2 (3) 0 (0)

Shoulder surgeries performed annually

< 250 20 (23) 19 (28) 1 (5) 0.1087
250–400 47 (55) 34 (51) 13 (68)

> 400 19 (22) 14 (21) 5 (26)

Number of years in practice

5–15 21 (24) 2 (2) 19 (22) < 0.0001*
> 15 65 (76) 65 (76) 0 (0)

Approximately how many surgical procedures do you perform to address a symptomatic meso-os
acromiale each year?

< 2 46 (53) 32 (48) 14 (74) 0.0455*
≥ 2 40 (47) 35 (52) 5 (26)

Approximate age of the youngest patient you have treated surgically to address a symptomatic meso-os
acromiale?

12–17 4 (5) 2 (3) 2 (11) 0.3197
18–25 31 (37) 23 (36) 8 (42)

> 25 48 (58) 39 (61) 9 (47)

% based off of a totalN of 86 respondents. Cluster 1:more experienced surgeons (> 15 years of clinical experience
and a greater frequency of symptomatic os management (≥ 2/year)). Cluster 2: less experienced surgeons (5–
15 years of clinical experience and a lower frequency of symptomatic os management (< 2/year)
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techniques of fixation were (1) the use of cannulated screws
and a non-absorbable suture tension band (34%), and (2) the
use of cannulated screws and a wire tension band (32%) (see
Fig. 5). More than half (57%) the surgeons used bone graft
when performing ORIF, and the most preferred source for the
graft was local bone (56%) (Table 2).When performing ORIF,
surgeons experienced with os acromiale were significantly
more likely to use cannulated screws and a wire tension band
(38% vs. 0%, p < 0.0069).

Clinical case scenarios

Case 1 (see Fig. 6) described a symptomatic, unstable meso-os
acromiale in a patient without a full-thickness rotator cuff tear.
In a 45-year-old patient (case 1A), respondents were slightly
more in favour of performing open reduction and internal
fixation (ORIF) (49%), followed by arthroscopic management
(44%). However, in a 60-year-old patient (case 1B), respon-
dents were more in favour of arthroscopic management vs.
ORIF (45% vs. 32%). Regardless of age, the most preferred
arthroscopic technique was Barthroscopic complete excision
with preservation of the periosteal sleeve^ (22% and 26% in
the 45-year-old and 60-year-old patients, respectively). In case

1A, surgeons experienced with os acromiale (cluster 1) were
significantly more likely to perform ORIF compared to sur-
geons less experienced with os acromiale (cluster 2) (56% vs.
26%, p = 0.0442).

Case 2 (see Fig. 7) described a symptomatic, unstable
meso-os acromiale in a patient with a full-thickness rotator
cuff tear. Irrespective of age, the preferred treatment option
was rotator cuff repair and arthroscopic management of the
symptomatic os (≥ 50%). In a 45-year-old (case 2A), the pre-
ferred arthroscopic technique was Bcomplete excision of the
os with preservation of the periosteal sleeve^ (20%). In a 60-
year-old (case 2B), the preferred arthroscopic technique was
Barthroscopic acromioplasty^ (21%). Surgeons experienced
with os acromiale (cluster 1) were significantly more likely
to perform rotator cuff repair and ORIF, both in case 2A (52%
vs. 0%, p < 0.0001) and 2B (48% vs. 0%, p = 0.0002).

Case 3 (see Fig. 8) assesses the difference in treatment
when faced with a patient with advanced glenohumeral arthri-
tis and a suspected unstable meso-os acromiale who needs an
anatomic TSA (case 3A) vs. a patient who needs a RTSA
(case 3B). In either scenario, the most preferred treatment by
a wide margin (≥ 45%) was to perform the shoulder
arthroplasty and ignore the os. The second most preferred
treatment option was to perform an ORIF of the os at the time
of shoulder arthroplasty (≥ 10%).

Discussion

The results of this survey demonstrated several key findings,
which partly support our hypothesis regarding the surgical
management of a symptomatic os acromiale. (1) Surgeons,
on average, continued conservative treatment for six months
before proceeding to operative management. (2) The majority
consensus among respondents when presented with the clini-
cal cases was to choose some form of arthroscopic manage-
ment, as opposed to open reduction and internal fixation. (3)
However, the subset of surgeons who were more experienced
in managing os acromiale (cluster 1) was significantly more
likely to select ORIF for most of the presented clinical scenar-
ios. (4) When performing an ORIF, the preferred fixation in-
volved cannulated screws with either a non-absorbable suture
tension band or a wire tension band. (5) In patients who have
been indicated for either an anatomic or reverse total shoulder
arthroplasty and have a concomitant unstable meso-os
acromiale, surgeons prefer to proceed with the arthroplasty
and ignore the os. (6) Of the queried comorbidities, a history
of smoking was noted by the majority of surgeons as impor-
tant to their assessment when indicating a patient with an os
acromiale for surgery. Surgeons experienced with os
acromiale regarded gender, age, BMI, and hand dominance
as significantly important clinical factors when deciding when
surgical indication was appropriate.

Table 2 Perioperative management

Mean (± SD)

How long (months) would you continue conservative
treatment as outlined above before considering
operative intervention?

6 months (2)

N (%)

Preferred imaging modality

MRI 58 (67)

Plain radiographs 46 (53)

SPECT-CTw/bone scintigraphy 7 (8)

CT 6 (7)

CT arthrogram 2 (2)

Dynamic ultrasound 2 (2)

MR arthrogram 1 (1)

Comorbidities (in order of importance)

Smoker 44 (51)

Weight bearing shoulder 27 (31)

Elevated BMI 15 (17)

Diabetes 14 (16)

When performing an ORIF do you routinely use bone graft?

Yes 41 (57)

No 31 (43)

Preferred bone graft source

Local bone 23 (56)

Iliac crest 10 (24)

Allograft 5 (12)

Other (proximal tibia, distal clavicle, BMP) 3 (6)

% based off of a total N of 86 respondents
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Imaging/diagnosis

The majority of surgeons preferred to use both plain radio-
graphs and MRI in their radiographic assessment of a pos-
sible unstable os acromiale (see Fig. 2a–c). Neither ultra-
sound nor SPECT imaging was utilized in an appreciable
fashion. The use ofMRI likely reflects, in part, the difficulty
of making the diagnosis on plain films. Os acromiale is easy

to miss on plain radiographs if not specifically assessed for
on both AP and axillary lateral views. Lee et al. [16] report-
ed that up to 50% of os acromiale lesions was missed on AP
radiographs. They described a Bdouble-density^ sign on the
AP radiograph which represents the overlap between the os
acromiale and the native acromion (see Fig. 2a). A good-
quality axillary lateral view (see Fig. 2b) is essential [11, 15]
and can reveal the size and shape of the fragment, as well as

Activity Level
22%

Presence of a full-
thickness RCT

20%

Age
20%

Comorbidities (e.g. diabetes, 
smoker)

19%

Radiographic evidence of at 
least moderate AC joint 

arthritis
7%

Hand Dominance
4%

Focal Pain at the Os
4%

Sex
2%

Increased signal on MRI
2%

Fig. 4 What factors are important
in determining when you would
treat a meso-os with ORIF?

Cannulated screws and 
a non-absorbable 

suture tension band
34%

Cannulated screws 
and a wire tension 

band
32%

Cannulated screws 
only
12%

I don't ever 
perform ORIF

11%

K-wires and wire 
tension band

11%

Fig. 5 When performing an
ORIF, what is your preferred
technique of fixation?
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any degenerative changes present. Thus, relative to plain
radiographs, MRI is a useful adjunctive imaging tool.
Fluid-sensitive sequences can demonstrate widening of the
synchondrosis as well as fluid within the synchondrosis,
both of which may suggest an unstable os. MRI also allows
for accurate assessment of hypertrophic osteophyte forma-
tion, and edema within both the os and intact acromion,
suggesting symptomatic degenerative changes at the
synchondrosis, analogous to an arthritic acromioclavicular
joint [17]. Axial cuts on MRI can reliably detect an os

acromiale, whereas it is often misinterpreted on sagittal
and oblique cuts. Furthermore, MRI is especially important
for detecting associated pathology, such as rotator cuff tears,
which may alter surgical management.

Non-operative management

Our findings reaffirm the generally accepted practice of trying
conservative management for at least 6 months. If symptoms
persisted despite what was felt to be an appropriate trial of

Fig. 6 Case 1: A symptomatic, unstable meso-os acromiale in a patientwithout a full-thickness rotator cuff tear in a 45-year-old (1A) vs. a 60-year-old (1B)

Fig. 7 Case 2: A symptomatic, unstable meso-os acromiale in a patientwith a full-thickness rotator cuff tear in a 45-year-old (2A) vs. a 60-year-old (2B)
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non-operative treatment, surgeons elected to proceed with op-
erative intervention in essentially all cases with associated
full-thickness rotator cuff tears. However, in the absence of a
full-thickness rotator cuff tear, continuation of non-operative
treatment was selected at a rate of 7% and 19% for a 45-year-
old and 60-year-old, respectively.

There is limited information in the literature regarding the
prevalence of os acromiale in symptomatic patients. Mudge
et al. reported on 145 patients with a rotator cuff tear and found
nine (6.2%) cases of os acromiale [18]. Jerosch reported a 9.8%
(12/122) prevalence of os acromiale in patients with symptoms
of subacromial impingement without a tear of the rotator cuff
[19]. These reported incidences are similar to the incidence of os
acromiale in the general population. This, in part, may account
for the 30 surgeons who responded that they never operate on
an os acromiale, given that these surgeons may not consider os
acromiale as a cause of shoulder pain. However, there is good
evidence that in cases with tenderness over the os acromiale and
associated rotator cuff pathology, strong consideration should
be given to the os acromiale contributing to the pain [11]. A
presumed unstable meso-os acromiale is thought to contribute
to shoulder pain by one of the two pathways: (1) dynamic
impingement of the unstable anterior acromial fragment on
the rotator cuff, or (2) degenerative changes at the
synchondrosis analogous to an arthritic AC joint [8].

Open excision

Only a very small minority of surgeons selected open excision
as their preferred treatment for any of the clinical scenarios.
Avoiding open excision is supported by the literature as uni-
formly poor results have been reported with open excision of

large acromial fragments such as a meso-os acromiale [11,
20–22] Open excision is now typically indicated for unstable
pre-acromiale ossicles or as a salvage for a failed open reduc-
tion and internal fixation [23]. However, even those two sce-
narios, especially the latter, are likely best treated with arthro-
scopic excision of the os after hardware removal for a failed
ORIF [15]. Given the reported results, and availability of more
favorable alternatives, open excision cannot be reliably advo-
cated for the treatment of an unstable meso-os acromion.

ORIF vs. arthroscopic management

Overall, respondents chose some form of arthroscopic treat-
ment more often than open reduction and internal fixation.
While we expected that arthroscopic management would be
the preferred choice in the older age group of patients, the high
frequency of arthroscopic management in the younger age
group was somewhat of a surprise as we expected that in a
younger, presumably higher demand patient, ORIFwould have
been strongly preferred in order to maintain acromial length
and best preserve the deltoid lever arm. In the case scenario
of a 45-year-old without a rotator cuff tear (case 1A), respon-
dents preferred ORIF over arthroscopic management by a nar-
rowmargin (49% vs. 44%). Conversely, in a 45-year-oldwith a
full-thickness rotator cuff tear (case 1B), respondents preferred
arthroscopic management over ORIF (50% vs. 41%).
However, it is worth noting surgeons who were more experi-
enced in managing os acromiale (cluster 1) were significantly
more likely to select ORIF for all clinical scenarios presented
with one exception (case 1B). The high rate of arthroscopic
management being selected is likely explained in part because
ORIF is often perceived to be technically difficult with a

Fig. 8 Case 3: A patient with advanced glenohumeral arthritis and a suspected unstable meso-os acromiale who needs an anatomic TSA (3A) vs. a
patient who needs a RTSA (3B)
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prolonged, demanding rehabilitation and a high complication
rate (particularly related to retained hardware) [11, 24–26].
These concerns are further exacerbated if the unstable anterior
fragment is thin and osteopenic which can make it difficult to
achieve and maintain stable internal fixation. Although arthro-
scopic management obviates these complications related to
non-union or symptomatic retained hardware, concerns still
remain regarding loss of shoulder strength and function second-
ary to diminution of the deltoid lever arm after excision of a
large portion of the acromion. This is of particular concern in
younger, more active patients [11, 24–26].

Open reduction and fixation does offer the advantage of
preserving acromial length and thereby maintaining the deltoid
lever arm. However, early studies in which K-wire fixation was
placed through an anterior deltoid-releasing approach reported
a high non-union rate, as well as a high rate of symptomatic
hardware removal [11, 24–26]. More recent studies have dem-
onstrated improved union rates (86–96%) with the use of a
cannulated screw and tension band construct (either wire or
suture tension band) and exposure through a trans-acromial
deltoid-splitting approach which is thought to better preserve
the blood supply to the anterior acromial fragment [11, 25–27].

Spiegl et al. [10] showed that using cannulated screws
along with a tension band provided a significantly higher
repair-strength compared to fixation with cannulated
screws only. Shiu et al. [7] demonstrated a similar strength
of fixation with cannulated screws and polyethylene su-
ture. The use of cannulated screws and suture tension
bands has also resulted in lower rates of hardware compli-
cations with a meta-analysis demonstrating an 83% inci-
dence of hardware removal with a K-wire construct com-
pared with only 38% for a cannulated screw construct.
Echoing the results from these clinical studies, the majority
of respondents in our study preferred the use of cannulated
screws with either a suture tension band (34%) or a wire
tension band (32%) when performing ORIF.

Various arthroscopic techniques have been described to
treat os acromiale. In this study, of the surgeons who chose
arthroscopic management, complete excision of the unstable
fragment with preservation of the periosteal sleeve was the
most commonly selected procedure, followed by a standard
acromioplasty regardless of the associated rotator cuff pathol-
ogy. While good results for the former procedure have been
reported in the literature, the same cannot be said for the latter
and this is discussed further below. Other arthroscopic tech-
niques include an Bextended acromioplasty^ which represents
a partial excision of the unstable fragment, leaving a superior
cortical shell intact [28]. Resection of bone on either side of
the synchondrosis to eliminate bony contact (analogous to a
AC joint resection) along with resection of any prominent
anterior acromial bone, leaving the rest of the os intact has
also been described [5]. Such a technique was preferred by a
minority of the surgeons surveyed.

A simple anterior decompression in the setting of an os
acromiale has had uniformly poor results [19, 29]. However,
with modification in arthroscopic techniques, better outcomes
have been reported in more recent studies, especially with
arthroscopic techniques characterized by complete excision
of the os fragment and preservation of the periosteal sleeve
[30–32]. The advantages conferred by arthroscopic manage-
ment, including more rapid rehabilitation, and decreased sur-
gical time, as well as recent studies reporting good results with
arthroscopic management [28, 33–36], are likely factors un-
derlying the shift in surgical preferences away from ORIF
when treating an unstable meso-acromion.

It must be noted, however, that both the arthroscopic stud-
ies and ORIF studies are limited by small sample sizes, lack of
controls, randomization, and short-term follow. Thus, further
investigation is necessary to more reliably reaffirm the out-
comes following either arthroscopic management or ORIF of
an unstable, symptomatic os acromiale, with or without con-
comitant pathology. The findings in this study, instead, repre-
sent a gauge by which the treatment preferences for an unsta-
ble meso-acromion can be measured.

Limitations

One of the main limitations of the study is the nature of the
data. The cross-sectional survey design effectively prohibits a
causal analysis of the relationships observed. Another limita-
tion relates to the sampling of participants. The survey itself
may be subject to the element of self-selection given that
participation is voluntary. Those who declined to participate
may have done so for a certain, non-random reason. The re-
sults are not generalizable to orthopaedic surgeons who are
not members of the American Shoulder and Elbow Surgeons
society. Given that membership in ASES is heavily based in
North America, our results may not represent the preferences
of surgeons working in other continents.

Conclusion

The results of this study highlight the lack of consensus in the
preferred treatment of an unstable os acromiale. For most of the
clinical scenarios presented, the majority of surgeons favored
arthroscopic treatment over open reduction and internal fixa-
tion. However, in specific clinical scenarios, surgeons more
experienced with os acromiale chose ORIF. Nevertheless, the
overall preference for arthroscopy suggests a possible shift in
the treatment paradigm for patients with symptomatic meso-
acromions. The results of this study suggest that further long-
term, controlled studies would be beneficial in defining a
consensus-driven treatment algorithm for managing symptom-
atic os acromiale.

International Orthopaedics (SICOT) (2019) 43:2569–2578 2577



Compliance with ethical standards

Conflict of interest The authors declare that there is no conflict of
interest.

References

1. Zember JS, Rosenberg ZS, Kwong S, Kothary SP, Bedoya MA
(2015) Normal skeletal maturation and imaging pitfalls in the pedi-
atric shoulder. Radiographics 35(4):1108–1122. https://doi.org/10.
1148/rg.2015140254

2. McClure J, Ramey R (1975) Anomalies of the scapula. Clin Orthop
Relat Res 110:22–31

3. Yammine K (2014) The prevalence of Os acromiale: a systematic
review and meta-analysis. Clin Anat 27(4):610–621. https://doi.
org/10.1002/ca.22343

4. Atoun E, van Tongel A, Narvani A, Rath E, Sforza G, Levy O
(2012) Arthroscopically assisted internal fixation of the symptom-
atic unstable os acromiale with absorbable screws. J Shoulder Elb
Surg 21(12):1740–1745. https://doi.org/10.1016/j.jse.2011.12.011

5. Johnston PS, Paxton ES, Gordon V, Kraeutler MJ, Abboud JA,
Williams GR (2013) Os acromiale: a review and an introduction
of a new surgical technique for management. Orthop Clin North
Am 44(4):635–644. https://doi.org/10.1016/j.ocl.2013.06.015

6. Kawaguchi S, Fukuta S, Tsutsui T, Matsuura T, Suzue N, Hamada
D, Goto T, Miyagi R, Wada K, Kita K, Tamaki S, Matsumura T,
Nagamachi A, Sairyo K (2016) Arthroscopic excision of unstable os
acromiale associated with impingement syndrome: a case report. J
Med Investig 63(1–2):131–134. https://doi.org/10.2152/jmi.63.131

7. Shiu B, Song X, Iacangelo A, Kim H, Jazini E, Henn RF, Gilotra
MN, Hasan SA (2016) Os acromiale fixation: a biomechanical
comparison of polyethylene suture versus stainless steel wire ten-
sion band. J Shoulder Elb Surg 25(12):2034–2039. https://doi.org/
10.1016/j.jse.2016.04.028

8. Kurtz CA, Humble BJ, Rodosky MW, Sekiya JK (2006)
Symptomatic os acromiale. J Am Acad Orthop Surg 14(1):12–19

9. Jerosch J, Hepp R, Castro WH (1991) An unfused acromial epiph-
ysis. A reason for chronic shoulder pain. Acta Orthop Belg 57(3):
309–312

10. Spiegl UJ, Smith SD, Todd JN, Wijdicks CA, Millett PJ (2015)
Biomechanical evaluation of internal fixation techniques for unsta-
ble meso-type os acromiale. J Shoulder Elb Surg 24(4):520–526.
https://doi.org/10.1016/j.jse.2014.09.040

11. Warner JJ, Beim GM, Higgins L (1998) The treatment of symptom-
atic os acromiale. J Bone Joint Surg Am 80(9):1320–1326

12. Satterlee CC (1999) Successful osteosynthesis of an unstable
mesoacromion in 6 shoulders: a new technique. J Shoulder Elb
Surg 8(2):125–129

13. Ortiguera CJ, Buss DD (2002) Surgical management of the symp-
tomatic os acromiale. J Shoulder Elb Surg 11(5):521–528

14. Barbier O, Block D, Dezaly C, Sirveaux F, Mole D (2013) Os
acromiale, a cause of shoulder pain, not to be overlooked. Orthop
Traumatol Surg Res 99(4):465–472. https://doi.org/10.1016/j.otsr.
2012.10.020

15. Edelson JG, Zuckerman J, Hershkovitz I (1993) Os acromiale:
anatomy and surgical implications. J Bone Joint Surg Br 75(4):
551–555

16. Lee DH, Lee KH, Lopez-Ben R, Bradley EL (2004) The double-
density sign: a radiographic finding suggestive of an os acromiale. J
Bone Joint Surg Am 86-A(12):2666–2670

17. Park JG, Lee JK, Phelps CT (1994) Os acromiale associated with
rotator cuff impingement: MR imaging of the shoulder. Radiology
193(1):255–257. https://doi.org/10.1148/radiology.193.1.8090902

18. Mudge MK, Wood VE, Frykman GK (1984) Rotator cuff tears
associated with os acromiale. J Bone Joint Surg Am 66(3):427–429

19. Jerosch J, Steinbeck J, Strauss JM, Schneider T (1994)
Arthroscopic subacromial decompression–indications in os
acromiale? Unfallchirurg 97(2):69–73

20. Armengol J, Brittis D, Pollock RG, Flatow EL, Self EB, Bigliani
LU (1994) The association of unfused acromial epiphysis with tears
of the rotator cuff: a review of 42 cases. J Shoulder Elb Surg 3:S14

21. Neer CS 2nd, Marberry TA (1981) On the disadvantages of radical
acromionectomy. J Bone Joint Surg Am 63(3):416–419

22. Flatow EL, Soslowsky LJ, Ticker JB, Pawluk RJ, Hepler M, Ark J,
Mow VC, Bigliani LU (1994) Excursion of the rotator cuff under
the acromion. Patterns of subacromial contact. Am J Sports Med
22(6):779–788

23. Edelson J, Zuckerman J, Hershkovitz I (1993) Os acromiale: anat-
omy and surgical implications. J Bone Joint Surg Br Vol 75-B(4):
551–555

24. Boehm TD, KennW,MatzerM, Gohlke F (2003) Ultrasonographic
appearance of os acromiale. Ultraschall Med 24(3):180–183.
https://doi.org/10.1055/s-2003-40063

25. Hertel R, Windisch W, Schuster A, Ballmer FT (1998)
Transacromial approach to obtain fusion of unstable os acromiale.
J Shoulder Elb Surg 7(6):606–609

26. Peckett WR, Gunther SB, Harper GD, Hughes JS, Sonnabend DH
(2004) Internal fixation of symptomatic os acromiale: a series of
twenty-six cases. J Shoulder Elb Surg 13(4):381–385. https://doi.
org/10.1016/S1058274604000400

27. Abboud JA, Silverberg D, Pepe M, Beredjiklian PK, Iannotti JP,
Williams GR, Ramsey ML (2006) Surgical treatment of os
acromiale with and without associated rotator cuff tears. J
Shoulder Elb Surg 15(3):265–270. https://doi.org/10.1016/j.jse.
2005.08.024

28. Wright RW, Heller MA, Quick DC, Buss DD (2000) Arthroscopic
decompression for impingement syndrome secondary to an unsta-
ble os acromiale. Arthroscopy 16(6):595–599. https://doi.org/10.
1053/jars.2000.9239

29. HutchinsonMR, Veenstra MA (1993) Arthroscopic decompression
of shoulder impingement secondary to os acromiale. Arthroscopy
9(1):28–32

30. Campbell PT, Nizlan NM, Skirving AP (2012) Arthroscopic exci-
sion of os acromiale: effects on deltoid function and strength.
Orthopedics 35(11):e1601–e1605. https://doi.org/10.3928/
01477447-20121023-16

31. Pagnani MJ, Mathis CE, Solman CG (2006) Painful os acromiale
(or unfused acromial apophysis) in athletes. J Shoulder Elb Surg
15(4):432–435. https://doi.org/10.1016/j.jse.2005.09.019

32. StetsonWB,McIntyre JA,Mazza GR (2017) Arthroscopic excision
of a symptomatic meso-acromiale. Arthrosc Tech 6(1):e189–e194.
https://doi.org/10.1016/j.eats.2016.09.021

33. Altchek DW, Warren RF, Wickiewicz TL, Skyhar MJ, Ortiz G,
Schwartz E (1990) Arthroscopic acromioplasty. Technique and re-
sults. J Bone Joint Surg Am 72(8):1198–1207

34. EllmanH,Kay SP (1991) Arthroscopic subacromial decompression
for chronic impingement. Two- to five-year results. J Bone Joint
Surg Br 73(3):395–398

35. Esch JC, Ozerkis LR, Helgager JA, Kane N, Lilliott N (1988)
Arthroscopic subacromial decompression: results according to the
degree of rotator cuff tear. Arthroscopy 4(4):241–249. https://doi.
org/10.1016/S0749-8063(88)80038-0

36. Norlin R (1989) Arthroscopic subacromial decompression versus
open acromioplasty. Arthroscopy 5(4):321–323

International Orthopaedics (SICOT) (2019) 43:2569–25782578

https://doi.org/10.1148/rg.2015140254
https://doi.org/10.1148/rg.2015140254
https://doi.org/10.1002/ca.22343
https://doi.org/10.1002/ca.22343
https://doi.org/10.1016/j.jse.2011.12.011
https://doi.org/10.1016/j.ocl.2013.06.015
https://doi.org/10.2152/jmi.63.131
https://doi.org/10.1016/j.jse.2016.04.028
https://doi.org/10.1016/j.jse.2016.04.028
https://doi.org/10.1016/j.jse.2014.09.040
https://doi.org/10.1016/j.otsr.2012.10.020
https://doi.org/10.1016/j.otsr.2012.10.020
https://doi.org/10.1148/radiology.193.1.8090902
https://doi.org/10.1055/s-2003-40063
https://doi.org/10.1016/S1058274604000400
https://doi.org/10.1016/S1058274604000400
https://doi.org/10.1016/j.jse.2005.08.024
https://doi.org/10.1016/j.jse.2005.08.024
https://doi.org/10.1053/jars.2000.9239
https://doi.org/10.1053/jars.2000.9239
https://doi.org/10.3928/01477447-20121023-16
https://doi.org/10.3928/01477447-20121023-16
https://doi.org/10.1016/j.jse.2005.09.019
https://doi.org/10.1016/j.eats.2016.09.021
https://doi.org/10.1016/S0749-8063(88)80038-0
https://doi.org/10.1016/S0749-8063(88)80038-0

	Management of symptomatic os acromiale: a survey of the American shoulder and elbow surgeons
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Statistical analysis

	Results
	Demographics
	Peri-operative factors and general surgical questions
	Clinical case scenarios

	Discussion
	Imaging/diagnosis
	Non-operative management
	Open excision
	ORIF vs. arthroscopic management
	Limitations

	Conclusion
	References




