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Resumo

As metástases ósseas representam uma 
entidade frequente em contexto oncológico, 
cujo diagnóstico é, habitualmente, evidente. 
Contudo, a diferenciação entre lesões malignas e 
benignas coloca por vezes desafios significativos, 
já que diversas patologias musculoesqueléticas 
benignas podem sugerir clinicamente processos 
metastáticos. Torna-se por isso fundamental a 
intervenção especializada do Radiologista para 
esclarecer o diagnóstico e orientar a conduta 
terapêutica. Este artigo revê quatro entidades 
benignas inicialmente interpretadas como 
metástases, enfatizando que o diagnóstico 
definitivo exige uma abordagem integrada, 
combinando achados imagiológicos, dados 
clínicos e laboratoriais e, em casos de persistente 
ambiguidade, a realização de biópsia.
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Abstract

Bone metastases are common in the oncological 
setting, and their diagnosis is usually evident. 
Nonetheless, differentiating malignant from 
benign lesions can present significant challenges, 
as various benign musculoskeletal conditions 
may mimic metastatic processes. Consequently, 
specialised intervention by a radiologist is 
fundamental to establish a correct diagnosis and 
guide therapeutic strategy. This article reviews 
four benign entities initially interpreted as 
possible metastases, highlighting that definitive 
diagnosis relies on an integrated approach, 
combining imaging features, clinical and 
laboratory data, and, when ambiguity persists, 
biopsy and histological confirmation.
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Introduction

Bone metastases are a frequent finding in the oncological 
setting, and their diagnosis is usually straightforward. 
Nevertheless, several benign disorders are often 
misinterpreted as metastatic disease, particularly when the 
full clinical context is not considered and multidisciplinary 
expert opinions are not sought. Such cases can be diagnostic 
challenges, occasionally necessitating biopsy for confirmation. 
In this article, we review four musculoskeletal lesions initially 
misinterpreted as bone metastases in the clinical setting: 
bisphosphonate-related atypical femoral fractures, vertebral 
osteoporotic compression fractures, brown tumours 
of  hyperparathyroidism, and gluteus maximus calcific 
tendinopathy. Our focus is primarily on the imaging features 
that enable a definitive and accurate diagnosis, highlighting 
the crucial role of  specialised radiological assessment in the 
diagnostic pathway.

Bisphosphonate-Related Atypical Femoral 
Fracture

A 58-year-old woman under follow-up for breast carcinoma 
was receiving bisphosphonate therapy for a remote history of  
bone metastasis. She presented to the emergency department 
following trauma to the left thigh, reporting severe pain and 
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functional limitation. The radiograph showed a complete 
subtrochanteric fracture of  the femoral diaphysis (Fig. 1). 
Retrospective evaluation of  a scout image from a follow-up 
thorax, abdomen, and pelvis CT acquired 10 months earlier 
revealed lateral cortical thickening of  the left femur in a 
subtrochanteric location (Fig. 2), which had gone unnoticed 
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Figure 1 – Pelvic radiograph demonstrates a subtrochanteric 
fracture of  the left femoral diaphysis (yellow arrow), typical 
of  a bisphosphonate-related atypical fracture. Lateral cortical 
thickening of  the right femur in a subtrochanteric location is also 
present (blue arrow).
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at the time. These findings are typical of  a bisphosphonate-
related atypical femoral fracture. Nevertheless, the fracture 
was clinically assumed to be pathological, secondary to 
bone metastasis from breast carcinoma. No radiologist 
was consulted. The patient was treated with intramedullary 
nailing, and bisphosphonate therapy was continued. 
Four years later, a similar fracture occurred in the right 
femur (Fig. 3), which was again clinically interpreted as a 
pathological fracture. Retrospective evaluation of  scout 
image from a previous CT scan acquired 15 months earlier 
showed evidence of  an atypical femoral fracture developing 
at the lateral cortex of  the right femoral diaphysis (Fig. 4). 
This fracture was also treated with intramedullary nailing. On 
this occasion, however, a biopsy was performed, and showed 
no evidence of  neoplastic tissue. 

in the treatment of  osteoporosis in the elderly.1,2 They are 
also effective bone-targeted therapies for patients with bone 
metastases, particularly those arising from breast cancer, 
prostate cancer, and multiple myeloma.3,4 Their mechanism 
of  action consists of  inhibiting osteoclast-mediated bone 
resorption, thereby increasing bone mineral density.5 
However, long-term use is associated with atypical femoral 
fractures.2,6 This complication is thought to result from 
suppressed bone turnover, accumulation of  microdamage, 
and increased bone mineralisation. Consequently, bone 
becomes brittle, may fail under normal physiological stress, 
and may demonstrate delayed healing.7,8

Patients typically describe dull, aching thigh or groin pain 
weeks to months before fracture occurrence.9,10 These 
fractures usually originate in the lateral cortex of  the 
upper third of  the femur in a subtrochanteric location,1,11 
distinguishing them from osteoporotic fractures, which most 
commonly involve the femoral neck or intertrochanteric 
region.1
Radiological features of  atypical femoral fractures include 
initial lateral cortical thickening (beaking), followed by 
a transverse or short-oblique fracture that may initially 
be incomplete and subsequently progress to a complete, 
non-comminuted fracture12 at the aforementioned site. 
Approximately one in three to four patients presents with 
bilateral involvement,1 underscoring the importance of  
imaging the contralateral femur, even in the absence of  
symptoms.
Management includes discontinuation of  bisphosphonate 
therapy and surgical intervention for both complete and 
incomplete fractures.13

Vertebral Compression Fractures

A 77-year-old man with a history of  prostate adenocarcinoma, 
treated with a combination of  radiotherapy and androgen 
deprivation therapy three years earlier, presented with sudden-
onset back pain. CT images revealed generalised decreased 
bone density suggestive of  osteopenia/osteoporosis (Fig. 
5), with endplate compressions involving T12, L2, and L3 
(Fig. 6A), which were symmetrical on coronal reconstruction 
(Fig. 6B). There was no extension to the posterior elements, 

Figure 2 – Scout image of  a follow-up abdominopelvic CT, 
obtained 10 months before the fracture depicted in fig. 1, 
demonstrates a faint lateral cortical thickening of  the left femur in 
a subtrochanteric location (blue arrow).

Figure 3 – Hip radiograph demonstrates a subtrochanteric fracture 
(yellow arrow) of  the right femoral diaphysis, occurring one year 
after the scout image shown in Fig. 2.

A musculoskeletal radiologist was consulted, who made 
the diagnosis of  bisphosphonate-related atypical femoral 
fractures. The patient showed no evidence of  metastatic 
lesions elsewhere in the skeleton, and treatment was 
modified, including cessation of  bisphosphonate therapy.
Bisphosphonates are a class of  drugs commonly used 

Figure 4 – Scout image from another follow-up abdominopelvic 
CT, acquired 15 months before the second fracture shown in fig. 3, 
shows an intramedullary nail (orange arrow) from previous fixation 
of  a left femoral fracture, with fracture callus in the subtrochanteric 
region. In the right femur, lateral cortical thickening is observed 
(blue arrow), representing a prodromal radiological sign of  a 
bisphosphonate-related atypical femoral fracture.
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Indeed, acute osteoporotic vertebral compression fractures 
can mimic pathological fractures caused by metastatic disease 
on MRI, making differentiation challenging, particularly in 
older adults and in patients with known primary tumours.14 

Certain imaging features favour a neoplastic cause, including 
diffuse vertebral body involvement with low T1 signal and 
complete fatty marrow replacement, pedicle or posterior 
element involvement, a convex or bulging posterior vertebral 
border, an epidural or paraspinal soft-tissue mass, and 
additional focal lesions in other bones.14,15

Conversely, osteoporotic fractures typically show a linear low-
signal-intensity band on T1- and T2-weighted images parallel 
to the endplate (fracture line or trabecular compaction) (Fig. 
7C), marrow signal sparing (islands of  preserved high T1 fat) 
within the collapsed body, and posterior bony retropulsion 
of  a cortical fragment, rather than a soft-tissue mass.16 In 
addition, chemical-shift imaging may be useful, as an in-phase 
and out-of-phase signal drop greater than 20% is suggestive 
of  benignity.17

T2-weighted imaging is generally not helpful in distinguishing 
benign from malignant fractures.14

Given the clinical importance of  accurate differentiation, MRI 
features alone are often insufficient. If  diagnostic uncertainty 
persists, follow-up MRI after six to eight weeks or biopsy is 
recommended.14 Osteoporotic fractures typically show partial 
or complete resolution of  marrow signal abnormalities on 
follow-up imaging, whereas metastatic lesions usually remain 
unchanged or demonstrate progression.

Brown Tumours of  Hyperparathyroidism

A 25-year-old male patient with an unremarkable medical 
history presented to the emergency department with pain 
following a low-energy injury to the right arm. A shoulder 
radiograph revealed a central lytic lesion in the proximal 
humerus with pathological fracture (Fig. 8). A CT scan of  the 
shoulder was subsequently obtained to further characterise 
the lesion and additionally demonstrated a lytic lesion in a rib 
(Fig. 9), raising suspicion of  bone metastasis.

Figure 5 – Coronal non-enhanced CT reconstruction 
in bone window reveals a vertebral attenuation of  
33,5 HU in L1, consistent with osteoporosis.

Figure 6 – Coronal (A) and sagittal (B) non-enhanced 
CT reconstructions in bone window, acquired four days 
after symptom onset, demonstrate endplate compression 
fractures (yellow asterisks) involving T12, L2, and L3, 
which are symmetrical on the coronal plane. Sagittal non-
enhanced CT reconstruction in soft-tissue window (C) 
shows no associated soft-tissue mass.

including the pedicles, and no associated soft-tissue 
component (Fig. 6C). Although the CT report favoured 
benignity, these fractures were initially interpreted clinically 
as bone metastases. 
A biopsy showed no evidence of  neoplasia, although the 
sample was deemed insufficient for definitive assessment. 
The patient underwent MRI (Fig. 7), which demonstrated 
a well-defined T1 hypointense signal localised to the T12 
fracture site, as well as to the upper endplate of  L1, with 
no involvement of  the posterior elements or associated soft-
tissue mass. Collectively, these findings supported a diagnosis 
of  osteoporotic rather than pathological fractures. Following 
consultation with a musculoskeletal radiologist, the vertebral 
collapses were defined as benign.

Figure 7 – Sagittal T1-weighted (A) MRI images acquired one month after 
symptom onset, demonstrate further collapse of  the T12 body (yellow 
asterisk), with well-defined T1 low signal and bone marrow oedema 
localised to T12 body and the adjacent L1 endplate, without involvement 
of  the posterior elements or an associated soft-tissue mass. These findings 
are consistent with progression of  T12 collapse and impending L1 fracture. 
Sagittal STIR (B) demonstrates faint bone marrow oedema in the L2, L3, 
and L5 vertebral bodies. Sagittal T1-weighted MRI image (C) acquired one 
year after symptom onset shows increased collapse of  the T12 (yellow 
asterisk), L2, and L3 vertebral bodies and development of  fracture lines in 
L2 and the upper endplate of  L1 (yellow arrows).
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Figure 8 – Shoulder radiograph demonstrates a central 
lytic lesion in the proximal humerus with a pathological 
fracture (yellow arrow). There is a narrow zone of  
transition, with no periosteal reaction or evident soft-
tissue mass, features favouring a benign, non-aggressive 
process. Bone resorption of  the acromioclavicular joint 
surfaces is also present (orange arrow).

Figure 9 – Non-enhanced CT of  the right shoulder. Sagittal CT 
reconstruction in bone window (A) and axial CT image in soft-tissue window 
(B) demonstrate a fractured central lytic lesion in the proximal humerus, 
with a narrow zone of  transition and no periosteal reaction (yellow arrow), 
favouring a benign process, as well as a lytic lesion in a rib (orange arrow). 
A fallen fragment is present within the lesion (yellow asterisk), a sign often 
observed in, but not specific to, simple bone cysts.

Consequently, a CT scan of  the thorax, abdomen and pelvis 
was performed to search for a primary tumour. This revealed 
multiple lytic lesions in the ribs and pelvis, as well as a cystic 
mass in the parathyroid gland (Fig. 10). Cytology suggested 
a parathyroid tumour, and the parathyroid hormone (PTH) 
level measured in the fine-needle aspiration washout fluid 
was elevated. Accordingly, the lytic lesions in the axial 
skeleton and shoulder were interpreted as brown tumours of  
hyperparathyroidism (HPT), rather than metastatic disease.
Additional imaging findings consistent with HPT were 
present, including acro-osteolysis of  the phalangeal tufts 
and subperiosteal resorption along the radial aspects of  the 
middle phalanges of  the hands, as well as a brown tumour on 
a toe in hand and foot radiographs (Fig. 11). Bone resorption 
at the acromioclavicular joint surfaces was also evident on 
the shoulder radiograph (Fig. 8).

Figure 10 – Contrast-enhanced CT of  the thorax, abdomen, and pelvis. 
Coronal (A) and axial (B, C) images in bone window demonstrate multiple 
lytic lesions in the ribs and pelvis (orange arrows) and a sclerotic lesion 
in the right iliac wing (blue arrow). Axial image in soft-tissue window (D) 
demonstrates a hypodense cystic mass posterior to the right thyroid lobe 
(green arrow), suggestive of  a parathyroid tumour.

Figure 11 – Magnified radiographs of  the right-hand (A) and left-foot (B) 
demonstrate acro-osteolysis of  the phalangeal tufts of  the fingers and toes 
(examples pointed by blue arrows) and subperiosteal resorption along the 
radial aspects of  the middle phalanges of  the fingers (example pointed by 
yellow arrow), characteristic features of  hyperparathyroidism. A lytic lesion 
in the proximal phalanx of  the third toe (orange arrow), consistent with a 
brown tumour, is also present.

Brown tumours, also known as ‘osteitis fibrosa cystica’ 
or ‘Von Recklinghausen’s disease of  the bone’, are non-
neoplastic focal bone lesions that arise in the setting of  
prolonged HPT, whether primary, secondary, or tertiary.18 

Excess PTH stimulates osteoclastic bone resorption, leading 
to replacement of  bone by fibrovascular tissue containing 
multinucleated giant cells. Haemorrhage and subsequent 
hemosiderin deposition account for the characteristic brown 
coloration of  these lesions.19 Commonly affected sites 
include the pelvis, ribs, clavicles, mandible, and long bones, 
and lesions may be solitary or multiple.19

Clinically, brown tumours are often asymptomatic but may 
present as a palpable, slow-growing bony swelling associated 
with bone pain or pathological fractures.20

On radiographs and CT, brown tumours typically appear as 
well-defined, expansile lytic lesions with cortical thinning, 
which may be multiloculated, but they can also be mixed lytic–
sclerotic and may even develop a sclerotic rim.20 They may be 
solitary or multiple and can be complicated by pathological 
fracture.20,21 After correction of  the underlying metabolic 
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abnormality, brown tumours often undergo sclerosis and 
demonstrate regression.22

Additional skeletal manifestations of  HPT, including 
subperiosteal bone resorption, osteopenia, and the “salt-and-
pepper” appearance of  the skull, may also be observed.21 
Neck ultrasound or CT may demonstrate a parathyroid 
adenoma in cases of  primary HPT.20 On MRI, brown tumours 
are usually hypointense to isointense on T1-weighted images 
and show avid enhancement, although imaging appearances 
are variable, with three described patterns: solid, cystic, and 
mixed.23

Diagnosis should integrate serum calcium and PTH levels, 
imaging findings, and the overall clinical context. Biopsy 
alone is not definitive and may be inconclusive, as brown 
tumours share histological features with other giant cell–
containing lesions.20,21

A multidisciplinary approach is essential in determining 
appropriate management.21 Treatment is primarily directed at 
correcting the underlying HPT.21,24 Orthopaedic management 
is indicated for impending or actual pathological fractures.21 
Surgical resection of  the bone lesions is generally not 
indicated.24

Gluteus Maximus Calcific Tendinopathy

A 49-year-old woman under follow-up for breast carcinoma 
presented with low back pain and inability to mobilise her left 
lower limb. SPECT-CT, performed one month after symptom 
onset, demonstrated increased uptake in the subtrochanteric 
region of  the right femur, raising suspicion of  bone 
metastasis. She was referred to the Radiology Department 
for further evaluation and was scheduled two months after 
symptom onset. By that time, she was asymptomatic, and 
both the lateral hip radiograph and pelvic CT scan showed 
no abnormalities (Fig. 12).
Retrospective analysis of  the axial CT images in bone 
windows included in the SPECT-CT revealed an ill-defined, 
faint calcification at the posterior aspect of  the proximal left 
femur, associated with cortical erosion (Fig. 13), which had 
been overlooked at the time but was highly suggestive of  the 
final diagnosis.

Figure 12 – Lateral left hip radiograph (A) and axial non-enhanced CT 
image in bone window (B) are unremarkable. Both were obtained three 
months after symptom onset.

As the patient had undergone additional imaging at an outside 
institution, these studies were subsequently obtained. MRI, 
performed a few days after symptom onset, demonstrated 
extensive deep soft-tissue oedema adjacent to the posterior 
femur, surrounding a focal hypointense soft-tissue lesion. 
A small focus of  cortical interruption was present in this 
region, associated with mild medullary bone marrow oedema 
(Fig. 14). We also had access to a hip radiograph and CT scan 
obtained at the same institution one year prior to symptom 
onset (Fig. 15), which demonstrated a juxta-osseous 

Figure 13 – Anterior planar image (A), axial low-dose CT (B), and axial (C) 
and coronal (D) SPECT-CT images, performed one month after symptom 
onset, demonstrate increased tracer uptake in the left proximal femur (yellow 
arrows), corresponding to the faint, ill-defined calcification on B (green 
arrow).

Figure 14 – Axial T2-weighted MRI image of  the left 
upper thigh, obtained a few days after symptom onset, 
demonstrates extensive deep soft-tissue oedema adjacent to 
the posterior femur, a focal hypointense lesion (green arrow), 
cortical interruption (yellow asterisk), and mild endosteal 
bone marrow oedema (yellow arrowhead).

calcification at the posterior aspect of  the proximal left 
femur (Fig. 15).
The final diagnosis was calcific tendinopathy of  the gluteus 
maximus with associated bone involvement.
Gluteus maximus tendinopathy is far less common than 
pathology affecting the gluteus medius and minimus. It 
encompasses tendinosis, calcific tendinopathy, and partial- or 
full-thickness tears.25,26 Calcific tendinopathy of  the gluteus 
maximus results from deposition of  calcium hydroxyapatite 
within the tendon at its femoral insertion at the gluteal 
tuberosity. It may be asymptomatic but can trigger acute 
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This entity is considerably less common in the hip region 
than in the shoulder.27
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findings are similar to those observed in shoulder calcific 
tendinopathy. During the resorptive phase, marked soft-
tissue oedema may surround the calcific focus. In rare cases, 
associated cortical erosion and reactive bone marrow oedema 
may be present.27,28 These features can mimic osteomyelitis 
or neoplastic disease and must be interpreted with caution. 

Figure 15 – Lateral left hip radiograph (A) and axial CT image (B), obtained 
one year prior to symptom onset, demonstrate a focal, well-defined calcific 
density along the posterior aspect of  the proximal femur (green arrow), 
corresponding to the gluteus maximus tendon insertion.

Calcifications demonstrate low signal intensity and are 
more readily identified on radiographs than on routine MRI 
sequences, particularly when small. Therefore, MRI findings 
should be correlated with radiographs whenever possible.14 
On bone scintigraphy, a peri-insertional focus of  increased 
uptake may be observed, potentially mimicking underlying 
osseous pathology.27

In contrast, bone metastases typically present as 
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to tendon insertions. They are characterised by aggressive 
marrow replacement, cortical destruction, and tumour matrix 
or associated soft-tissue mass.14,29 Moreover, they lack the 
tendon-centric hydroxyapatite morphology often observed 
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Calcific tendinopathy is usually self-limiting. First-line 
management includes activity modification, non-steroidal 
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Ultrasound-guided corticosteroid injection or barbotage 
of  the calcification may be performed to reduce symptom 
duration and severity.27,28,30

Conclusion
Several benign musculoskeletal entities can mimic bone 
metastases. Recognition of  characteristic imaging patterns, 
such as lateral cortical thickening and a subtrochanteric 
location in bisphosphonate-related atypical femoral fractures, 
marrow fat sparing, linear fracture lines, and posterior 
bony retropulsion in osteoporotic vertebral compression 
fractures, well-defined expansile lytic lesions associated with 
ancillary signs of  hyperparathyroidism in brown tumours, 
and intratendinous or periarticular calcifications in calcific 
tendinopathy, can prevent delayed or misdiagnosis and 
inappropriate treatment.
When diagnostic uncertainty persists, multidisciplinary 
discussion involving a radiologist is essential, together with 
careful clinical and laboratory correlation, short-interval 
imaging follow-up, and biopsy when indicated.
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