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Abstract. Pure intraosseous arteriovenous malformation 
(AVM) in a limb bone is extremely rare. Furthermore, there 
is currently insufficient information on the diagnostic and 
therapeutic strategies for pure intraosseous AVMs. We herein 
report a case of pure intraosseous AVM of the proximal femur 
occurring in a patient with polyostotic fibrous dysplasia. The 
patient was a 39‑year‑old woman who presented with pain in 
the right thigh. Plain radiographs and computed tomography 
scans revealed a medullary lytic lesion with expansion and 
thinning of the bone cortex in the right proximal femur, 
mimicking a primary bone tumor. Magnetic resonance 
imaging (MRI) examination revealed intramedullary signal 
voids and feeding arteries arising from the deep femoral 
artery. A non‑surgical approach using embolization and deno-
sumab achieved satisfactory results, which included complete 
obliteration of the AVM, increased cortical thickness of the 
right proximal femur, and attenuation of the high‑turnover 
bone metabolism 1 year later. Careful review of MRI images 
is crucial for distinguishing between bone tumors and intraos-
seous AVM, which exhibit signal voids and feeding arteries, in 
order to avoid unnecessary interventions such as bone biopsy 
or surgery.

Introduction

The International Society for the Study of Vascular Anomalies 
(ISSVA) classifies vascular anomalies into vascular tumors and 

vascular malformations, according to the biological classifica-
tion proposed by Mulliken and Glowacki (1,2). Arteriovenous 
malformations (AVMs) are high‑flow vascular malformations 
in which well‑formed arterial and venous elements communi-
cate directly, rather than through a normal capillary network. 
Although the majority of AVMs occur in soft tissues, osseous 
involvement is occasionally encountered, with symptoms such 
as pain, mass effects with pulsation, swelling of the extremity, 
skin ulceration, bone overgrowth, bone destruction, and heart 
failure (3,4).

Intraosseous AVMs, which are relatively rare, predomi-
nantly occur in craniofacial bones, such as the mandible and 
maxilla (5,6). Pure intraosseous AVMs that do not involve soft 
tissue are extremely rare (3,4). Although several intraosseous 
AVMs have been described in the spine or long bones (7‑14), 
little is known on the diagnostic and therapeutic strategies 
for pure intraosseous AVMs. It is crucial for physicians, 
particularly orthopedic oncologists, to understand the clinical 
characteristics of pure intraosseous AVMs in order to distin-
guish them from primary or metastatic bone tumors. We herein 
present a case of pure intraosseous AVM of the proximal 
femur in a patient with polyostotic fibrous dysplasia, which 
was treated by embolization and denosumab, and discuss the 
diagnostic characteristics and therapeutic approach.

Case report

A 37‑year‑old woman was referred to the Hirosaki University 
Hospital (Hirosaki, Japan) on December, 2014 with a 1‑year 
history of pain in the left thigh while walking. The patient's 
medical history included a diagnosis of polyostotic fibrous 
dysplasia (poly‑FD) when she was in her 20s at another 
hospital, without endocrinopathy or skin pigmentation. Plain 
radiographs and computed tomography (CT) examination 
revealed a central, longitudinal, medullary lytic lesion of the 
left proximal femur, with expansion and thinning of the bone 
cortex (Fig. 1A and B). An intramedullary lytic lesion and 
endosteal scalloping were also observed in the right proximal 
femur. There were multiple intramedullary lesions with a 
ground‑glass appearance and lytic lesions throughout the bilat-
eral femora and pelvis. Magnetic resonance imaging (MRI) 
revealed a lesion in the left proximal femur that exhibited a 
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homogeneous intermediate signal on T1‑weighted images and 
hyperintensity on the T2‑weighted images (Fig. 1C and D). 
In the right proximal femur, an intramedullary hypointense 
lesion was identified on both T1‑ and T2‑weighted images. 
An impending fracture of the left femur was diagnosed, 
resulting from a secondary cyst formation of the FD, and 
intramedullary nailing of the left femur was performed. The 
patient had an uneventful recovery after surgery. At the 1‑year 
follow‑up on December, 2015, she remained asymptomatic, 
without progressive changes in the right lower extremity on 
plain radiographs, and was scheduled for routine orthopedic 
follow‑up at another hospital.

The patient visited our hospital again at the age of 39 years 
on November, 2016, with a 5‑month history of right thigh 
pain while walking. Plain radiographs and CT scans revealed 
worsening of the findings compared with those 2 years earlier, 
consisting of a central, longitudinal medullary lytic lesion 
with expansion and thinning of the bone cortex (Fig. 2A‑C). 
There was a mild disruption of the intertrochanteric posterior 
bone cortex (Fig. 2D), but there were no soft tissue masses 
or periosteal reaction. MRI revealed an extended intramedul-
lary hypointense lesion on both T1‑ and T2‑weighted images 
(Fig. 3A and B). The fat‑suppressed post‑contrast T1‑weighted 
MRI revealed heterogeneous enhancement around the intra-
medullary hypointense lesion (Fig. 3C). There were no soft 
tissue masses near the right proximal femur. An impending 
fracture of the right femur was diagnosed, resulting from 
progression of the FD. Intramedullary nailing of the right 
femur was attempted, but the operation was discontinued due 
to rapid profuse bleeding after drilling the greater trochanter. 
The hemorrhage was controlled by filling the drill hole with 
bone wax. A review of the preoperative MRI revealed several 
feeding arteries arising from the deep femoral artery that were 
responsible for the intramedullary hypointense signal (signal 
void; Fig. 3D and E). Contrast‑enhanced CT and 3‑dimensional 
CT images obtained on the day after the discontinued surgery 
revealed marked intramedullary enhancement of the proximal 
femoral lesion and multiple hypertrophied perforating arteries 
arising from the deep femoral artery (Fig. 4A‑C). Selective 
angiography of the deep femoral artery demonstrated multiple 
hypertrophied perforating arteries penetrating the femoral 
cortex, as well as early formation of the nidus and venous 
sac within the medullary cavity of the femur (Fig. 4D and E). 
These findings indicated that the proximal femoral lesion was 
an intraosseous AVM.

Therapeutic embolization was then performed for a total 
of 3 times (on days 2, 9 and 21 after the initial surgery). In 
the first and second embolizations, transarterial n‑butyl‑2‑​
cyanoacrylate (NBCA) injections were performed. In the 
third embolization, a small venous sac remaining within the 
medullary cavity was completely obliterated by transvenous 
coil embolization (Fig. 4F and G). The patient was able to 
stand and walk with full weight‑bearing without pain on 
the day after the final embolization, but she was advised to 
walk with crutches with load restriction on the right lower 
extremity and to avoid activities that would increase the risk 
of pathological fracture for 3 months after the embolization. 
In addition, biochemical measurements, including serum 
total alkaline phosphatase (ALP), bone alkaline phos-
phatase (BAP), calcium, phosphate and urine N‑terminal 

cross‑linked telopeptide of type I collagen (NTX), 
indicated high bone turnover rate (Table  I). Therefore, 
subcutaneous injections of 60 mg denosumab (Pralia®; once 

Figure 2. Imaging findings when the same patient presented again 2 years 
later with a 5‑month history of right thigh pain. Plain radiographs of the 
(A) anteroposterior and (B) lateral view and (C) plain coronal computed 
tomography (CT) revealed marked worsening in the changes of the right 
proximal femur compared with those from 2 years earlier, consisting of a 
central longitudinally medullary lytic lesion with expansion and thinning of 
the bone cortex. (D) Plain axial CT revealed slight disruption of the intertro-
chanteric posterior bone cortex, but no soft tissue mass or periosteal reaction 
were identified.

Figure 1. Initial imaging findings in a 37‑year‑old patient with polyostotic 
fibrous dysplasia. (A) Plain radiograph (anteroposterior view) and (B) coronal 
plain CT revealed a central, longitudinal, medullary lytic lesion in the left 
proximal femur with expansion and thinning of the bone cortex. In the right 
proximal femur, an intramedullary lytic lesion and endosteal scalloping 
were also observed. Coronal MRI revealed a lesion with a (C) homogeneous 
intermediate signal on T1‑weighted images and (D) a hyperintense signal on 
T2‑weighted images in the left proximal femur. In the right proximal femur, 
an intramedullary hypointense lesion (arrowheads) was observed on both 
T1‑ and T2‑weighted images. CT, computed tomography; MRI, magnetic 
resonance imaging.
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every 6 months) with oral activated vitamin D and calcium 
were initiated. One year after the embolization, the patient 
remained asymptomatic, and the right proximal femur 
exhibited increased cortical thickness on plain radiographs 
and CT images (Fig. 5A‑D). No intramedullary signal void 
was detected on MRI (Fig. 5E‑G). Biochemical tests before 
and after treatment revealed attenuation of the high‑turn-
over bone metabolism (Table I). The bone mineral density 
(BMD) of the lumbar spine (L2‑L4) on dual‑energy‑X‑ray 
absorptiometry was also increased on December, 2017 after 
1 year treatment.

Discussion

The present case demonstrated that careful imaging review 
is crucial for distinguishing bone tumors from intraosseous 
AVMs, which are characterized by signal void and the pres-
ence of feeding arteries on MRI. Denosumab treatment also 
achieved a satisfactory result, including increased cortical 
thickness of the right proximal femur and attenuation of 
high‑turnover bone metabolism. To the best of our knowledge, 
this is the first report of pure intraosseous AVM occurring in 
combination with poly‑FD.

MRI examination in this case clearly demonstrated 
intramedullary signal voids and feeding arteries in a pure 
intraosseous AVM of a limb bone. MRI is an extremely 
important modality for assessing vascular tumors and 
malformations, and the presence of signal void is a hallmark 
MRI finding in AVMs (15‑17). In previous reports  (7‑14), 
intramedullary lesions exclusively displayed a hypointense or 

isointense signal on T1‑weighted images and a hyperintense 
signal on T2‑weighted images, without signal voids. However, 
in the present case, MRI demonstrated intramedullary signal 
voids and feeding arteries, indicating a high‑flow malforma-
tion. Although the signal voids were misinterpreted as solid 
fibrous tissues on initial diagnosis, contrast‑enhanced CT 
pointed towards the correct diagnosis, as it revealed marked 
intramedullary enhancement and hypertrophied surrounding 
arteries. Therefore, careful imaging review is warranted to 
avoid unnecessary bone biopsies and surgeries that may cause 
excessive bleeding.

In this case, complete obliteration of the intraosseous AVM 
was achieved by transarterial NBCA injections and transve-
nous coil embolization. The management of patients with AVM 
includes conservative treatment, transcatheter embolization, 
sclerotherapy, surgical resection, or a combination of these 
methods. Conservative treatment is recommended for asymp-
tomatic or mildly impaired patients, as incomplete treatment 
may stimulate more aggressive growth  (17). Transcatheter 
embolization is recommended for symptomatic, impaired 
patients with extensive high‑flow lesions, either preoperatively 
or as a first‑line therapeutic strategy, when surgical resection 
carries a significant risk of postoperative morbidity (5,6). In 
addition, sclerotherapy may be applied preoperatively or as a 
definitive treatment in selected patients (18). Do et al reported 

Figure 4. Contrast‑enhanced computed tomography (CT) and selective 
angiography of the patient in Figs. 2 and 3 after discontinued surgery for 
intramedullary nailing of the right femur. Post‑contrast (A)  axial and 
(B) coronal CT and (C) 3‑dimensional CT images revealed marked intra-
medullary enhancement of the right proximal femoral lesion, as well as 
multiple hypertrophied perforating arteries arising from the deep femoral 
artery. (D and E) Digital subtraction angiography images revealed multiple 
hypertrophied perforating arteries penetrating through the femoral cortex 
and early formation of the nidus and venous sac within the medullary cavity 
of the femur. (F and G) Digital subtraction images after the third emboliza-
tion demonstrated that the venous sac had been completely obliterated by the 
transvenous coil embolization.

Figure 3. Magnetic resonance imaging (MRI) findings of the patient at 
the same time as Fig. 2. Coronal MRI revealed an extended intramedul-
lary hypointense lesion both on (A)  T1‑ and (B)  T2‑weighted images. 
(C‑E)  Coronal fat‑suppressed post‑contrast T1‑weighted MRI revealed 
heterogeneous enhancement around the intramedullary hypointense lesion, 
as well as several feeding arteries (arrowheads) arising from the deep femoral 
artery.
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good results of ethanol embolotherapy for extremity AVM 
involving bone  (3). Complete surgical resection is recom-
mended when the AVM is small and located in a surgically 
accessible area.

In the present case, denosumab achieved increased cortical 
thickness of the proximal femur and attenuated the high‑turn-
over bone metabolism. Pathological fracture was a concern 
in this case, due to the low blood supply post‑embolization 
and the high‑turnover bone metabolism. Although surgical 
treatment is usually recommended for FD of the lower limbs 
causing pain and deformity (19), good results were achieved 
with denosumab, which rapidly decreased the serum ALP, 
BAP and urine NTX levels (Table I). Several previous studies 
reported that intravenous pamidoronate or oral alendronate 
markedly relieved bone pain, improved radiological find-
ings, increased bone density and decreased bone turnover in 
children or adults with poly‑FD (20,21). Ganda and Seibel 
reported that denosumab induced a rapid biochemical response 
and alleviated bone pain in two poly‑FD patients in whom the 
efficacy of prior long‑term bisphosphonate therapy was unsat-
isfactory (22). In the present case, we hypothesized that the 
increased cortical thickness of the proximal femur 1 year after 
embolization was the result of improved bone metabolism by 
denosumab, as well as of the spontaneous bone remodeling 
after the complete obliteration of the AVM.

In conclusion, we herein report a case of pure intraos-
seous AVM of the proximal femur in a patient with poly‑FD. 
Non‑surgical treatment by embolization and denosumab 
achieved a satisfactory result, which included complete 
obliteration of the AVM, increased cortical thickness of the 
proximal femur, and improvement of the high‑turnover bone 
metabolism 1  year after embolization. Careful imaging 

Figure 5. Imaging findings of the patient 1 year after embolization and deno-
sumab treatment. Plain radiographs on (A) anteroposterior and (B) lateral 
view, as well as plain (C) coronal and (D) axial CT, revealed increased cortical 
thickness of the right proximal femur. Coronal MRI did not show an intra-
medullary signal void on (E) T1‑, (F) T2‑, or (G) fat‑suppressed post‑contrast 
T1‑weighted images. CT, computed tomography; MRI, magnetic resonance 
imaging. 
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review is crucial for distinguishing between bone tumors and 
intraosseous AVMs, which is characterized by the presence 
of signal voids and feeding arteries on MRI, in order to avoid 
unnecessary bone biopsy or surgery.
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