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Introduction

The acromion process is an anatomical structure that is
essential in stabilizing the shoulder complex and forms
attachments to many important muscles of the shoulder
joint. Tumors arising from the acromion process are consid-
ered rare and the literature regarding their clinicopathologi-
cal characteristics, radiological findings, and management is
scarce. Due to this, diagnosis is often delayed, resulting in
poor patient outcomes.1

Radiographs, computed tomography (CT), and magnetic
resonance imaging (MRI) all play a major role in the charac-
terization of these lesions. This study reports the largest case
series of isolated tumors of the acromion, and provides a
pictorial review to illustrate imaging findings of tumors and
tumor-like lesions at this site.

Methodology

A retrospective review of the oncology and radiology data-
basewithin our tertiary center for orthopaedic oncologywas

performed to identify all tumors of the acromion over the
past 30 years. All available imaging were reviewed by a
musculoskeletal radiologist with more than 8 years’ experi-
ence. Patient demographics including age, sex, and tumor
type were recorded.

Results

We identified a total of 31 lesions arising in the acromion
(►Table 1). The average age was 52 years (range: 12–84
years). There was a female predominance with a female-to-
male ratio of 1.6:1 (19 females and 12males). Themajority of
the lesions identified within our cohort were malignant
constituting 75% (n¼23) of all cases. Benign tumors were
found in 19% (n¼6) and nonneoplastic lesions formed 6% of
all cases (n¼2) (►Table 2). There was a mixture of benign
andmalignant lesions in different age groups (especially>30
and <30 years).

The most common isolated malignant tumor identified
was chondrosarcoma (n¼7). This was closely followed by
plasmacytoma in six cases. All other malignant tumors are
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Abstract Introduction Acromion is essential for stabilizing the shoulder complex. Tumors of
the acromion are rare. We report the largest series of acromion tumor and tumor-like
lesion.
Materials and Methods A retrospective review of the oncology and radiology
database within our tertiary center for orthopaedic oncology was performed to identify
all tumors of the acromion over the past 30 years and imaging was reviewed.
Results We identified a total of 31 lesions arising in the acromion and chondrosar-
coma was the commonest.
Conclusion One needs to be aware of tumor and tumor-like lesions of acromion.
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illustrated in ►Table 2. The most frequent benign tumor
encountered within the study was osteochondromas (n¼3).
Nonneoplastic lesions included total of four cases of osteo-
myelitis, fibrous dysplasia, and eosinophilic granuloma.

Discussion

Anatomy
The acromion is a large, flat bony anatomical structure that
arises from the lateral end of the spine of the scapula and
projects anteriorly to articulate with the lateral end of the
clavicle. In the adult, it measures �2.5 cm in width and is
roughly 5 cm long. It serves as an important landmark of the
skeletal system, and provides muscle attachments for the

deltoid and trapezius which are essential to the function of
the shoulder joint. Lesions arising within the acromion have
the potential to disrupt the shoulder complex, leading to
severe morbidity due to loss of function.

Chondrosarcoma
Chondrosarcomas are malignant tumors that originate from
cartilage producing cells (chondrocytes). They are known to
be the second most common primary malignant osseous
lesions, second to osteosarcoma.2 Chondrosarcoma of the
scapula is relatively rare with a reported incidence of �5%.3

The incidence in the acromion is unknown. They typically
arise between the fourth and fifth decades of life and have a
slight male predilection. Clinically, chondrosarcomas have

Table 1 Acromial tumors population demographics

Patient Gender Age at diagnosis (y) Tumor type Diagnosis

1 M 12 Benign Fibrous dysplasia

2 M 16 Benign Osteochondroma

3 F 22 Malignant Chondrosarcoma

4 F 29 Benign Eosinophilic granuloma

5 M 29 Malignant Chondrosarcoma

6 F 30 Benign Osteochondroma

7 M 38 Malignant Metastasis

8 M 38 Malignant Plasmacytoma

9 F 39 Malignant Chondrosarcoma

10 F 41 Malignant Chondrosarcoma

11 M 43 Benign Osteochondroma

12 F 46 Malignant Metastasis

13 F 49 Malignant Lymphoma

14 F 51 Malignant Chondrosarcoma

15 M 53 Malignant Lymphoma

16 M 54 Benign Chondroblastoma

17 F 59 Malignant Multiple myeloma

18 M 61 Malignant Chondrosarcoma

19 F 62 Malignant Metastasis

20 F 66 Malignant Metastasis

21 F 66 Benign Infection

22 F 66 Malignant Metastasis

23 F 67 Malignant Chondrosarcoma

24 F 69 Benign Infection

25 F 70 Malignant Multiple myeloma

26 M 70 Malignant Metastasis

27 M 71 Malignant Multiple myeloma

28 F 71 Malignant Lymphoma

29 F 72 Malignant Plasmacytoma

30 M 77 Malignant Plasmacytoma

31 F 84 Malignant Metastasis
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nonspecific symptoms often presenting with a painful pal-
pable lump or local mass effect.4 Since clinical diagnosis is
unreliable, patients suspected of having chondrosarcoma
often undergo imaging.

On radiographs, chondrosarcomas demonstrate intrale-
sional calcification, seen as ring-and-arc chondroid or pop-
corn-like calcification, with endosteal scalloping and soft
tissue extension (►Figs. 1,2,3). CT can also be useful to aid in
delineating chondrosarcomas. On CT, chondrosarcoma
appears with osteolytic destruction, endosteal scalloping,

cortical breaching, calcification, and an expansile remodel-
ing component (►Figs. 1,2,3).3

MRI is the gold standard imaging modality for radiologi-
cal diagnosis. The nonmineralized portion of the lesion, the
soft tissue mass, as well as the surrounding tissues can all
be evaluated on MRI. The calcifications appear hypointense
on all pulse sequences. The cartilaginous matrix manifests
as lobulated high T2 and low T1 signal areas5 (►Figs. 1

and 2). It is important to note that when the thickness of the
cartilage cap is more than 2 cm in mature bone, it is highly
suggestive of malignant transformation from an original
osteochondroma.

The radiological findings can reflect the pathological
appearances of the different distinctive subtype features.
High-grade chondrosarcomas are more likely to show vari-
able MR appearance. The typical lobular appearance of the
chondroid matrix is often absent in the dedifferentiated
chondrosarcoma. Low-grade chondrosarcomas may have
fibrovascular septa between lobules of hyaline cartilage
and are more difficult to be distinguished from enchondro-
mas.6 Therefore, an accurate diagnosis based onmorphologic
feature alone is difficult, and correlation of radiological and
clinicopathological features is mandatory.7

Metastasis—Breast and Renal Cell Carcinomas
Skeletal metastasis is very common and considerably more
prevalent than primary bone malignancy.8 The most com-
mon metastatic tumors identified within our cohort
were secondary to breast and renal cell carcinoma primaries.

Table 2 Breakdown of type of acromial tumors

Diagnosis Number of
patients

Percentage

Chondrosarcoma 7 23

Metastasis 7 23

Multiple myeloma or
plasmacytoma

6 19

Lymphoma 3 10

Osteochondroma 2 6.4

Chondroblastoma 2 6.4

Infection 2 6.4

Other benign lesions
1. Fibrous dysplasia
2. Eosinophilic granuloma

2 6.4

Fig. 1 Chondrosarcoma. Anteroposterior radiograph (a), computed tomography axial (b), sag (c), magnetic resonance imaging coronal T1 (d),
sag T2 (e), and axial T1 (f) showing chondrosarcoma (arrow).

Fig. 2 Chondrosarcoma. Anteroposterior radiograph (a), magnetic resonance imaging coronal T1 (b), and short-tau inversion recovery coronal
(c) chondrosarcoma (arrow).
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Bone metastasis associated with breast and renal cancers
is common, and thought to be due to the selective coloniza-
tion of the tumor toward bone.9 History and clinical exami-
nation are key in ensuring appropriate diagnosis and
management. Furthermore, imaging is essential to further
confirm diagnosis and aid in management plans.

Radiographs are nonspecific and are mostly useful in the
identification of associated pathological fractures. MRI is
more conclusive, and features ofmetastatic breast carcinoma
in the acromion process appear as destructive low signal
intensity lesion on T1-weighted imaging (T1WI), with no
significant fluid signal in the destructive lesion on T2-
weighted imaging (T2WI) (►Figs. 4,5,6).

In metastatic renal cell carcinoma, radiographs can dem-
onstrate a more characteristic “soap bubble appearance,” a
poorly demarcated osteolytic lesion within the acromion
process (►Fig. 4). MRI is highly sensitive, due to its capability
in demonstrating intramedullary metastatic deposits in the
early stages of the disease. Signal voids can be seen in these as
there is hypervascular metastasis (flow void sign). Moreover,
it can be used to assess metastatic spread in the marrow
cavity, the extension of tumor disease, and the involvement
of other surrounding structures. Bony metastasis involving
the scapula is generally treated nonsurgically with radio-
therapy playing a critical role in the palliative management
of these lesions.10

Multiple Myeloma and Plasmacytoma
Multiple myeloma (MM) is a plasma cell dyscrasia charac-
terized by the abnormal proliferation of plasma cells and
immunoglobulins in theblood that lead to specific end-organ

damage. Plasmacytoma is the solitary localized variant of
MM.11 Osseous manifestations of this tumor constitute a
very important component of the disease. However, the
incidence in the acromion process is not known, and as far
as the authors are aware, it has not been reported in the
literature.

Radiologically, four types of bone destruction can be
caused by MM.12

• Type I: solitary plasmacytoma: a single expansile lesion,
most common in vertebra and pelvis

• Type II: multiple “punched out” osteolytic lesion
• Type III: disseminated skeletal osteopenia causing diffuse

osteoporosis
• Type IV: diffuse osteosclerosis.

The radiographic appearances of MM are nonspecific, and
can present as a subtle lytic lesion in the acromion process
(►Figs. 7 and 8).

Fig. 3 Chondrosarcoma. Anteroposterior radiograph (a), computed tomography sag (b), and axial (c) showing chondrosarcoma (arrow).

Fig. 4 Renal metastasis. Anteroposterior radiograph (a) and axial
computed tomography (b) showing renal metastasis (arrow).

Fig. 5 Breast metastasis. Anteroposterior radiograph (a) and positron
emission tomography–computed tomography (PET-CT) (b) showing
left acromial metastasis with increased uptake on PET-CT (arrow).

Fig. 6 Lung metastasis. Anteroposterior radiograph showing right
bronchogenic carcinoma (arrow head) and left acromion metastasis
(arrow).
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On CT, features include a large expansile soft tissue mass
with cortical breakthrough (►Fig. 7). CT imaging is also
useful in evaluating pathological fracture risk and provides
a platform to perform percutaneous imaging biopsy when
required.

MRI is the imaging modality of choice when evaluating
this lesion, and is highly sensitive and additionally plays a
major diagnostic role in disseminated MM. On T1WI, MM
appears as a homogenous isointense signal to themuscle. On
T2WI, the lesion appears brighter than normal marrow
signifying increased signal intensity. On fat-suppressed T1-
weighted sequences, the lesion has increased signal intensity
(►Fig. 8). On gadolinium postcontrast sequence, myeloma
deposits demonstrate contrast enhancement in acromion.
On short-tau inversion recovery (STIR), the tumor appears to
have high intensity signal. Treatment options vary and
depend on stage and progression of disease.12 In plasmacy-
toma, localized radiotherapy is the preferred treatment of
choice. In MM, the current recommended treatment is
chemotherapy, and bone marrow or peripheral stem cell
transplant along with other conservative measures.

Non-Hodgkin’s Lymphoma
Primary osseous non-Hodgkin’s lymphoma (NHL) is rare and
accounts for 3 to 5% of all primary bone tumors.13 NHL has
many different subtypes, of which diffuse large B cell lym-
phoma or follicular lymphoma most commonly affects the
bone.14

Radiographic features of osseous lymphoma are variable
and depend on the subtype present. Often, extensive in-

volvement of the bone with a “moth-eaten” destructive
appearance is present and the periosteal reaction can
show a “lamellated onion peel” or “discontinuous” appear-
ance, associated with poor outcomes.15 CT plays a role in the
staging of the disease,16 while MRI is the mainstay imaging
modality for the diagnosis of lymphoma.

On MRI, T1-weighted pulse sequences are optimal for
demonstrating marrow changes, revealing areas of low
signal intensity. On T2 images, the peritumoral area and
reactive marrow changes generally appear bright. The soft
tissue extension is usually disproportionately large in com-
parison to the cortical destruction (►Fig. 9). It has been
suggested that this finding occurs due to the spread of the
tumor cells from the bone marrow through small vascular
channels that run through the cortex into the surrounding
soft tissue.17 Despite imaging proving useful, a biopsy is
almost always required to confirm the diagnosis. Treatment
of NHL involves a mixture of chemotherapy and immuno-
therapy agents with aims to reduce the size of the lesion.

Benign Lesions of the Acromion Process

Benign lesions of the acromion process are rare and their
incidence is not reported in the literature. Benign tumors of
the acromion identified within our cohort included osteo-
chondromas and chondroblastoma.

Osteochondroma
Osteochondroma is the most common benign bone tumor. It
is commonly found in adolescents and children.18 They can

Fig. 7 Myeloma. Anteroposterior radiograph (a), magnetic resonance imaging (MRI) axial T1 (b), MRI axial short-tau inversion recovery (STIR)
(c), and sag STIR (d) showing myeloma deposit (arrow).

Fig. 8 Plasmacytoma. Anteroposterior radiograph (a), magnetic resonance imaging sag short-tau inversion recovery (b), and axial computed
tomography (c) showing plasmacytoma (arrow).
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be solitary or multiple, the latter often associated with
hereditary multiple exostoses syndrome. Osteochondroma
of the scapula is found in �3 to 5% of all osteochondroma
cases.19 Their incidence in the acromion is unknown, with
limited reported cases in the literature.20–22 Osteochondro-
mas of the acromion can either present with a noticeable or
asymptomaticmass, signs of impingement syndrome,20,21 or
with secondary complications caused by the tumor including
fractures, bony deformity, vascular compromise, neurologi-
cal sequelae, or bursa formation.23 It is important to note that
osteochondromas do also have a potential for malignant
transformation.23,24

Both radiographs and CT images of osteochondroma may
demonstrate a sessile or pedunculated lesion with cortical
irregularity, medullary continuity, and a cartilage cap.

MRI is the gold standard imaging modality used to assess
the cartilage cap (►Fig. 10). Postcontrast MRI may demon-
strate the heterogenous enhancement in the lesion. Treat-
ment options are individualized to patient’s preference, with
asymptomatic or minimally symptomatic lesions often un-
dergo surveillance and provided with supportive care. Sur-
gical resection can be considered if there is a risk of an
impending fracture or the presence of the other secondary
complications described earlier.

Chondroblastoma
Chondroblastoma is a rare benign but aggressive cartilagi-
nous neoplasm formed of chondroblasts.25 Chondroblasto-
mas are rare and represent less than 1 to 2% of all primary

bone tumors. It usually affects adolescents and young
adults, with a slight male predominance. The acromion is
a very rare site for this tumor to arise with only a few cases
reported in the literature.26 Chondroblastomas are best
demonstrated on MRI appearing as a low to intermediate
signal intensity homogenous lesion on T1WI. On T2WI, the
lesion demonstrates intermediate to high signal intensity.
Moreover, secondary aneurysmal bone cysts can be seen
accompanying chondroblastomas in �20% of cases, classi-
cally presenting with the fluid–fluid levels.27 On radio-
graphs and CT images, chondroblastomas are
characteristically seen as single lucent lesions, with either
smooth or lobulated margins, septations, cortical expan-
sion, or a sclerotic rim. CT is particularly useful to define the
relationship of the tumor with the surrounding tissues
given the destructive nature of the tumor. Management
of chondroblastoma includes curettage, marginal resection,
and percutaneous radiofrequency ablation.

Osteomyelitis
Other lesions we identified within our cohort included
infection. These lesions can be distinguished with appropri-
ate clinical history and examination. Patients with osteomy-
elitis or eosinophilic granuloma of the acromion can present
with debilitating symptoms such as pain, sepsis, and loss of
function.28 Therefore, early diagnosis and management are
essential to ensure effective treatment is initiated.

Nonneoplastic lesions can have similar imaging features
to that of tumors. Radiographic imaging is usually first line,

Fig. 9 Lymphoma. Anteroposterior radiograph (a) magnetic resonance imaging T1 sag (b), and coronal short-tau inversion recovery (c) showing
lymphoma involving the acromion (arrow).

Fig. 10 Osteochondroma. Magnetic resonance imaging short-tau inversion recovery (STIR) axial (a, b) and sag STIR (c) showing osteochon-
droma (arrow).
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but has a low sensitivity and specificity for detecting infec-
tion of the bone.29 However, it is necessary to exclude other
pathologies such as fractures. Late signs (7–10 days) that can
be seen on radiographs include destruction of the bone
typically manifesting as a focal radiolucent lesion. MRI is
the predominant imagingmodality for diagnosis of infection,
owing to its high sensitivity for detecting edema around the
focus of infection. T2-weighted and STIR images may dem-
onstrate high signal intensity in the acromion, subperiosteal
fluid, and subacromial bursa fluid. CT may be helpful if a
sequestrum is suspected on MRI.

Other lesions of acromion include eosinophilic granuloma
and fibrous dysplasia (►Fig. 11).

Conclusion

Tumors of the acromion are rare. We provide the largest case
series of lesions of the acromion and present a comprehen-
sive pictorial review and diagnostic algorithm aimed at
aiding radiologists in the diagnosis of these lesions
(►Fig. 12). Majority of acromion tumors are malignant.

Funding
None.

Conflict of Interest
None declared.

Fig. 11 Fibrous dysplasia. Anteroposterior radiograph (a), axial (b), and Y view (c) showing fibrous dysplasia (arrow).

Fig. 12 Diagnostic algorithm of acromion tumors.
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