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Abstract: Although fibrous dysplasia is not considered a potentially premalignant disorder, malignant transformation 
occurs. Because of its rarity, radiographic features of malignantly transformed fibrous dysplasia on cross-sectional 
imaging modalities are less recognized, making diagnosis and differential diagnosis of the disease quite difficult 
in clinical practice. In this study, we analyzed the clinical characteristics, imaging features, pathology findings and 
surgery strategies of 19 malignantly transformed fibrous dysplasia. We found that there was significant male pre-
dominance in this specific cohort (13/6). While osteosarcoma (63.2%) was the most frequently occurring neoplasm 
secondary to fibrous dysplasia, other less commonly malignantly changed types included fasciculated sarcoma, 
malignant fibrous histiocytoma, fibrosarcoma and chondrosarcoma. We found that the diagnostic value of single 
modality imaging method, like conventional X-ray, computed tomography or non-contrast magnetic resonance im-
aging, was limited mainly because of a lack of whole-body metabolic information. In contrast, we highlighted that 
99mTc-MDP SPECT/CT and/or 18F-FDG PET/CT scanning could exert a pivotal role in the management of malignantly 
transformed fibrous dysplasia by guiding precise biopsy and optimizing surgery options. 
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Introduction

Fibrous dysplasia (FD) is a benign disorder of 
the bone, with monostotic fibrous dysplasia sig-
nificantly more common than polyostotic dis-
ease. Monostotic fibrous dysplasia is frequently 
encountered in adolescents and young adults 
and usually becomes inactive at the onset of 
puberty. Because of its nonspecific symptoms 
including pain, swelling, and pathologic frac-
ture, monostotic fibrous dysplasia is often diag-
nosed incidentally on radiographic examina-
tions. Polyostotic fibrous dysplasia represents 
approximately 20-30% of all cases and can fre-
quently involve the pelvis (78%), femur (92%), 
tibia (82%), craniofacial bones (~50%), upper 
extremities, ribs, shoulder girdle and spine [1]. 
Polyostotic variants can be further classified 
into monomelic and polymelic subtypes. While 
the former affects the lower extremities and 

ipsilateral hemi-pelvis, the latter usually invol- 
ves the extremities, axial skeleton, and cranio-
facial bones. It has been reported that polyos-
totic fibrous dysplasia typically presents during 
the first decade, and the relatively earlier age 
distribution is related to more severe clinical 
symptoms. 

Although rare, malignant transformation of fib- 
rous dysplasia occurs in up to 2.5% of all cases 
[2]. Clinically, these patients may present with 
increasing pain, swelling and/or pathological/
stress fracture. Radiologically, a fibrous dyspla-
sia-like lesion with radiographic features of cor-
tical destruction generally suggests low-grade 
central osteosarcoma or malignant transforma-
tion [2]. Other radiographic changes may 
include osteolysis and adjacent soft-tissue 
mass. However, the radiographic features of 
malignantly transformed FD on cross-sectional 
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Table 1. Clinical and pathological characteristics of the included patients
No (#). Sex Subtype Age Symptoms Site Treatment Imaging Modalities Pathology
1 F Mono-FD 52 Swelling, pain, LOM1 Femur Tumor resection, prosthetic replacement X-ray, CT, MRI Osteosarcoma

2 M Mono-FD 54 Pathological fracture of femur Femur Tumor resection, prosthetic replacement, 
amputation, chemotherapy

X-ray, MRI, 99mTc-MDP bone scan, 
PET/CT  

Osteosarcoma

3 F Mono-FD 45 Swelling, pain Tibia Curettage , bone graft & fixation X-ray, 99mTc-MDP bone scan Osteosarcoma

4 F Mono-FD 20 Swelling, pain, LOM Tibia Tumor resection, total knee replacement X-ray, CT, Untrasound Fasciculated sarcoma

5 M Poly- FD 48 Tenderness Femur, tibia, ilium, pubis Bone graft & fixation , tumor resection, total 
knee replacement, chemotherapy

X-ray, CT, MRI, 99mTc-MDP bone scan, 
PET/CT

Osteosarcoma

6 F Mono-FD 46 Tenderness, swelling Femur Curettage, bone graft & fixation, tumor resec-
tion, prosthetic replacement, chemotherapy

X-ray, CT, MRI, PET/CT Osteosarcoma

7 M Mono-FD 25 Swelling Femur Tumor resection, prosthetic replacement X-ray, CT, MRI MFH2

8 M Mono-FD 14 Pathological fracture Humerus Free fibula transplantation and fixation X-ray Fibrosarcoma

9 M Mono-FD 47 Pathological fracture Femur Curettage, chemotherapy, amputation X-ray, MRI Osteosarcoma

10 M Mono-FD 68 Pain, LOM Tibia Tumor resection, prosthetic replacement, 
amputation

X-ray ,CT guided biopsy Fasciculated sarcoma

11 F Poly-FD 33 Swelling, pain, LOM Humerus, shoulder 
blade, ribs, femur, ilium

Tumor resection, prosthetic replacement, 
chemotherapy, zoledronic acid

X-ray, CT, MRI, PET/CT Osteosarcoma, ABC3

12 M Poly-FD 44 Blindness, numbness Skull, ribs, vertebrae Resection of pituitary tumor, Chemotherapy CT guided biopsy, X-ray, CT, MRI, 
99mTc-MDP bone scan

Osteosarcoma, chondro-
sarcoma

13 M Poly-FD 35 Pathological fracture Femur, ilium, Humerus Curettage, autologous Ilium graft, amputation, 
chemotherapy   

CT, MRI, PET/CT Osteosarcoma,
fibrosarcoma

14 M Mono-FD 36 Swelling, pain, malunion Radial bone Tumor resection, free fibula transplantation 
and fixation, ulna rection & joint fusion

X-ray, CT, MRI Osteosarcoma

15 M Poly-FD 86 Swelling, pain, LOM Radial bone, Humerus Amputation X-ray, CT, CT guided biopsy, 99mTc-
MDP bone scan, PET/CT

Osteosarcoma

16 M Mono-FD 14 Routine examination Femur Curettage, bone graft & fixation X-ray, CT, MRI, CT guided biopsy Undetermined 

17 M Mono-FD 45 Swelling, pain, LOM Tibia Curettage, bone graft & fixation, amputation X-ray, CT, Fasciculated sarcoma

18 F Mono-FD 23 Swelling, pain, LOM Femur Amputation, Chemotherapy X-ray, CT, MRI, CT guided biopsy Osteosarcoma

19 M Poly-FD 43 Swelling, pain Femur, tibia Amputation, Chemotherapy X-ray, CT, MRI, 99mTc-MDP bone scan MFH2

1LOM, limitation of motion; 2MFH, malignant fibrous histiocytoma; 3ABC, aneurysmal bone cyst.
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imaging modalities and their post-therapeutic 
radiological features are less recognized. Here, 
we summarized the clinicopathologic and radio-
logic features of 19 malignantly transformed 
FD cases. More importantly, we highlighted 
that nuclear medicine imaging modalities, 
99mTc-MDP SPECT/CT and 18F-FDG PET/CT could 
play a pivotal role in assessing malignant trans-
formation of FD, in detecting disease recur-
rence and in optimizing the biopsy site.

Methods, patients and imaging modalities

This retrospective study was approved by our 
institutional review board. Pathology, radiology 
and electronic health record (EHR) systems 
were indexed when screening potential candi-
dates for this study. The inclusion criteria were 
as follows: (1) patients with initial histologically 
proven FD; (2) patients who received at least 
one modality radiological examination; (3) the 
FD underwent malignant transformation dis-
covered upon follow-up and was confirmed by 
histopathology; and (4) patients had integral 
EHRs, especially operation records and other 
non-operative treatment recordings such as 
chemotherapy records. Informed consent was 
waived for most patients except for those 
whose images were used in the current study. 
All methods were performed in accordance 
with the relevant guidelines and regulations. 

For 18F-FDG PET/CT scans, the patients were 
instructed to fast for at least 6 hours before the 
injection of 18F-FDG. The blood glucose level 
was measured before injection, and 18F-FDG 
was administered at glucose levels <150 mg/
dL. 18F-PET/CT scanning was performed one 
hour after i.v. injection of 3-4 MBq/Kg 18F-FDG. 
Generally, no intravenous contrast agent was 
administered. 18F-FDG PET/CT images were 
performed using a dedicated GE Discovery 
PET/CT scanner including 64-slice CT scanners 
with a dedicated PET (BGO plus crystal). 18F-
FDG images were acquired for 4 minutes at 
each bed position from the skull base to the 
superior mediastinum with the patients’ arms 
along the chest and from the neck to the mid-
thigh with the patients’ arms above the head. 
No specific breathing instructions were given. 
CT scanning was obtained from the orbitome-
atal line (OML) and progressed to the mid-thigh 
using a standardized protocol involving 140  
kV, 110 mA, 0.8 seconds/rotation, a pitch of 
1.75:1, a length of scan of 1.0 to 1.6 m and a 

slice thickness of 3.75 mm. Attenuation correc-
tion of PET images was performed using atten-
uation data from CT, and image reconstruction 
was performed using a standard reconstruc-
tion algorithm with ordered subset expectation 
maximization (OSEM). Image fusion was per-
formed using coordinate-based fusion software 
and was subsequently reviewed at a worksta-
tion (Xeleris) that provided multi-planar refor-
matted images and displayed PET, CT, and PET/
CT fusion images. 99mTc-MDP SPECT/CT, CT and 
MRI imaging were acquired according to our 
previously reported instructions [3, 4].

Results

Clinical and pathological characteristics 

Of 19 malignantly transformed FDs, 13 (68.4%) 
were of the monostotic subtype with an aver-
age patient age of 37.6±17.0 yrs, and the re- 
maining 6 (31.6%) were of the polyostotic sub-
type with an average patient age of 40.95±18.0 
yrs. There was significant male predominance 
in this cohort (13/6). While pain, swelling, and 
limitation of motion (LOM) were the most com-
mon clinical symptoms and signs, 4 patients 
were initially admitted to the hospital for the 
evaluation of pathological fracture (#2, #8, #9, 
#13; Table 1). One patient (#12, 5.6%) with 
polyostotic lesions developed McCune-Albright 
syndrome (MAS) associated with a pituitary 
tumor but without café-au-lait pigmentation of 
the skin. Craniofacial lesions of the patient 
resulted in the impingement of cranial nerves-
the optic nerve and auditory nerve-affection of 
middle ear structures, and deformity. Of the 
included patients, monostotic and polyostotic 
forms arose more frequently in the long bones 
(proximal femur, tibia and humerus) and less 
frequently in the craniofacial bones (maxilla 
and mandible), ribs, ilium, pubis, radial bone, 
vertebrae and shoulder blade. All monostotic 
diseases affected a single bone with one focus. 
Of the 6 poly-type patients, while 3 cases pre-
senting with polyostotic monomelic FD involved 
the homolateral lower limb and ilium (#5, #19) 
and humerus and radial bone (#15), the remain-
ing 3 patients showed more severe polymelic 
FD (#11, #12, #13). Although the spine was an 
infrequent location, 1 patient (#12) showed 
spine involvement associated with the polyos-
totic form. Histopathology revealed that osteo-
sarcoma (63.2%) was the most frequently 
occurring neoplasm, followed by fasciculated 
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sarcoma (15.8%), malignant fibrous histiocyto-
ma (10.5%), fibrosarcoma (10.5%), chondrosar-
coma and undetermined pathology type. It was 
notable that the pathology results of two pat- 
ients revealed mixed malignant components 
(#12, #13) (Table 1).

Diagnostic modalities

For fibrous dysplasia, radiographs depict a well-
circumscribed lucent lesion in the metaphysis 
or diaphysis with a ground-glass appearance. 
The cortical bone may be thinned with diffuse 
endosteal scalloping. Periosteal reaction is 
usually not seen unless a pathologic fracture 
appears [5]. Compared with radiographs, CT is 
a better technique for characterizing the scle-
rotic margin of the lesion and visualizing the 
cortical detail. Fibrous dysplasia enhances wi- 
th the administration of intravenous contrast 
material due to the inherent vascularity of the 
lesion. The MR imaging appearance may not be 
helpful in differentiating fibrous dysplasia from 
other bone lesions [6]. Nuclear medicine imag-
ing modalities may be more effective tools for 
identifying the size of the area affected by 
malignantly transformed FD and could be use-
ful when the radiographic appearance of sus-
pected canceration is ambiguous [7]. Actually, 
9 of 19 patients received 99mTc-MDP SPECT/CT 
and/or 18F-FDG PET/CT examinations in the 
cohort reported here (Table 1), eventually facili-
tating a more precise biopsy and a more opti-

mal surgery strategy. The imaging features of 
the included patients were assessed from the 
following aspects: margins, periosteal reaction, 
multiplicity of lesions, soft-tissue involvement, 
enhancement and metabolic changes. 

Imaging features and typical cases

Long bone FD demonstrates the classic fea-
tures of fibrous dysplasia: intramedullary, pre-
dominantly diaphyseal, ground-glass density; 
expansive, well-defined often sclerotic borders 
(rind); endosteal erosions; intact cortex; and 
variable bone remodeling. Of the 10 long-bone 
FD cases that underwent osteosarcoma can-
ceration, 7 patients received 99mTc-MDP bone 
scans and/or 18F-FDG PET/CT examinations. 
Patient 3 (#3) received treatment for FD in the 
right tibia with curettage and bone grafting on 
10/2012. Histopathology disclosed that part of 
the disease had characteristics of intraosse-
ous well-differentiated osteosarcoma that had 
penetrated the adjacent cortical plate and infil-
trated parosteal soft tissue. Postoperative 
anteroposterior and lateral radiographs of the 
patient are shown (Supplementary Figure 1A, 
1B). Four years later, the patient complained of 
recurrent bone pain, but routine X-ray examina-
tions reported no significant findings (Supple- 
mentary Figure 1C, 1D). However, further 99mTc-
MDP SPECT/CT examination showed intense 
focal uptake of the radiotracer in the proximal 
end of the right tibia accompanied by expansile 

Figure 1. Malignant transformation of fibrous dysplasia to osteosarcoma in a 45-year-old woman presenting with 
swelling and pain. 99mTc-MDP bone scan and SPECT/CT fusion images of the patient disclosed a positive finding. 
A: Delayed scintigram showed focal radionuclide activity. B-D: Reformatted coronal non-contrast CT of the proximal 
tibia showed an oval low-density area accompanied by increased uptake of radiotracer. E-G: Corresponding axial 
fusion images confirmed the above findings.
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well-circumscribed lesions on corresponding 
CT images, indicating remnant or, more likely, 
recurrence of the disease (Figure 1). Patient 5 
(#5) initially came to the hospital complaining 
of right tibia pain in 07/2013, and initial radio-
logical examinations revealed FD. The patient 
then received curettage, bone grafting and fixa-
tion surgery (Figure 2A). Upon follow-up (08/ 
2015), coronal T1-weighted imaging (T1 WI) 
showed that the lesion together with the pack-
ing materials was isointense to muscle (Figure 
2B). Coronal STIR MR imaging showed that the 
lesions were hyperintense to muscle and seem-
ingly invaded adjacent cortical bone (Figure 
2C), and dynamic contrast enhanced MRI (DCE-
MRI) showed that one lesion was enhanced sig-
nificantly (Figure 2D). Notably, we also found 

that the right femur of the patient was involved 
concomitantly (Figure 2E, 2F). In the presence 
of the massive prosthesis, the bone scan of the 
patient showed uptake of radiotracer in the dis-
tal right femur and proximal right tibia, possibly 
representing remnant and/or recurrent disease 
(Figure 2G). In the context of prosthesis, the 
bone scan can also be helpful in demonstrating 
complications, such as loosening or infection 
[8]. 18F-FDG PET/CT can be extremely helpful in 
locating sites of disease where the anatomy is 
complex or altered by surgery. It may locate dis-
ease when other cross-sectional imaging mo- 
dalities have demonstrated normal size nodes 
[9]. Despite diffuse diseased areas on MRI and 
bone scan images (Figure 2), subsequent 18F-
FDG PET/CT examination demonstrated intense 

Figure 2. Malignant transformation of fibrous dysplasia to osteosarcoma in a 48-year-old man presenting with 
tenderness (patient 5). A: Lateral X-ray examination after initial bone grafting and fixation surgery. B, C: T1- and 
T2-weighted MRI showed heterogeneous signal intensity of the involved right tibia but no obvious remnant or recur-
rent disease. D: Sagittal dynamic contrast-enhanced MRI (DCE-MRI) showed a well-circumscribed soft-tissue mass 
enhanced significantly after injection of MRI contrast agent. E, F: T1- and T2-weighted MRI of bilateral femoral bones 
showed that the right tibia of the patient was also infiltrated by FD. G: 99mTc-MDP bone scan showed sites of polyos-
totic FD with dense uptake, indicating monomelic subtype of Poly-FD in this patient.
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focal uptake of the radiotracer in the proximal 
right tibia (SUVmax=23, Figure 3A, 3B). The com-
bination of PET/CT scanning with conventional 
imaging changed the management of the pat- 
ient from extensive high amputation to more 
conserved tumor resection and total knee re- 
placement (Figure 3C-F). Bone scan performed 
7 months after the second surgery showed 
postoperative imaging without notable disease 
remnants (03/2016, Figure 3G). The additional 
value of 18F-FDG PET/CT in detecting osteosar-
coma recurrence secondary to FD canceration 
was further consolidated by patient 6 (Sup- 
plementary Figure 2). However, the differential 
diagnosis of osteosarcoma recurrence from 
postoperative myositis ossificans, a rare benign 
cause of heterotopic bone formation within soft 

tissue, is sometimes challenging because the 
latter may also show 18F-FDG uptake [10-12]. 

Primary osteosarcoma most frequently affects 
long bones, particularly around the knee joints. 
However, it seemed that this rule did not apply 
to the secondary osteosarcomas reported here 
because 4 (#11, #12, #14, #15) of the includ-
ed secondary osteosarcomas arose from gen-
erally less involved bones (Table 1). A typical 
case was patient 15, who was an 86-year-old 
male patient admitted to our hospital for the 
evaluation of swelling and tenderness of the 
right forearm. Initial X-ray, CT and MRI imaging 
indicated possible FD in the middle segment of 
the right radius. However, 18F-FDG PET/CT scan-
ning revealed pathological fracture together 

Figure 3. Preoperative and postoperative medical imaging examinations of patient 5. A, B: Axial and coronal PET/CT 
fusion images demonstrated recurrence of the tumor with increased 18F-FDG uptake with SUVmax of 23. C, D: Antero-
posterior and lateral radiographs performed after the second surgery. E, F: Anteroposterior and lateral radiographs 
performed two months after second the surgery. G: 99mTc-MDP bone scan performed 7 months after the second 
surgery showed successful resection of the tumor tissue without notable disease remnants or recurrence.
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with intense radiotracer 
uptake with SUVmax of 7.6  
in the corresponding area 
(05/2016, Figure 4A-D). 
Additional multiple calcifi-
cations in the medullary 
cavity of the right humerus 
were also noted. X-ray  
confirmed multiple dense, 
spotty calcifications in the 
medullary cavity of the right 
humerus without bony 
destruction or soft tissue 
involvement (Figure 4E). 
The patient then received 
conservative amputation 
surgery, and postoperative 
histopathology confirmed 

Figure 4. Malignant transformation of fibrous dysplasia to osteosarcoma in an 86-year-old male presenting with 
swelling, pain, and limitation of motion (Patient 15). A: Maximum intensity projection (MIP) of the patient revealed 
increased uptake of radionuclide in the right forearm. B-D: Fusion 18F-FDG PET/CT images revealed discontinuity of 
cortex of the right radius accompanied by increased glucose metabolism. E: The radiograph further showed multiple 
enchondroma-like lesions in the diaphysis of the right humerus. F, G: Radiographs taken five days and one month 
after amputation revealed stable diseases in the diaphysis of the right humerus. 

Figure 5. 99mTc-MDP bone scan and corresponding SPECT/CT fusion images 
taken half a year after surgery. A: The delayed bone scan showed abnormal 

99mTc-MDP uptake in the up-
per end of the right humerus. 
B-D: SPECT/CT fusion images 
confirmed that the increased 
concentration of radiotracer 
coincided with enchondroma-
like lesions in the diaphysis.
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the malignant transformation of FD and that 
the major component of the examined tissue 
was osteosarcoma. Follow-up 99mTc-MDP 
SPECT/CT revealed that enchondroma-like 
lesions in the right humerus concentrated MDP 
accompanied by the abnormal uptake of the 
radiotracer in the left kidney, indicating nephry-
drosis (12/2016, Figure 5). Enchondroma is a 
common benign intramedullary neoplasm com-
posed of mature hyaline cartilage, which is 
most frequently found in the small tubular 
bones of the hands and less frequently in the 
proximal humerus and proximal and distal 
femur and tibia [13]. Multiple enchondromato-
sis consists of Ollier’s disease and Maffucci’s 
syndrome. The former is a rare condition in 
which multiple enchondromas are present, fre-
quently leading to significant deformity. The lat-
ter often presents with multiple enchondromas 
and multiple soft tissue hemangiomas. Both 
Ollier’s disease and Maffucci’s disease are 
much more prone to the development of sec-
ondary chondrosarcoma than patients with a 
solitary enchondroma [14-16]. Regarding this 
patient, we tend to believe that diseases in the 

right radial bone and humerus are of the same 
origin, although they have different imaging 
features.      

As mentioned above, craniofacial bones (espe-
cially the mandible and maxilla), ribs, and 
femurs are the most commonly affected sites 
by poly-FD. Skull base lesions of patient 12 
involved the greater and lesser wings of the 
sphenoid bone and further extended into the 
facial bones. These lesions were expansile and 
demonstrated increased sclerosis. The above 
observations were associated with the oblite- 
ration of the right frontal/sphenoid/maxillary 
sinuses, displacement of the right posterior 
orbital and auditory canals (Figure 6A, 6B). 
Deformed ribs (Figure 6C, 6D) and expansive 
spinal lesions with septations were also 
observed (Figure 6E). MR imaging was taken to 
assess the involvement of the brain tissue. 
Brain MRI showed heterogeneous high signal 
intensity on T2 WI, notably, disease in the nasal 
septum enhanced significantly after injection of 
the gadolinium contrast agent (Figure 6F-H). 
CT-guided biopsy in the pterygomaxillary fossa 

Figure 6. McCune-Albright syndrome of in a 44-year-old male patient with polyostotic fibrous dysplasia (Patient 12). 
A: Facial deformity of the patient. B: Coronal reformatted CT image demonstrated craniofacial fibrous dysplasia with 
a ground glass matrix, expansion of the diploic space, and deformity of the involved bones. There was cortical spar-
ing, unlike the cortical thickening of Paget’s disease. C, D: Anteroposterior chest radiograph and chest CT showed 
thickening, osseous expansion, and deformity of the patient’s ribs. E: Axial CT of the lower thoracic spine showed 
expansive, radiolucent lesions of the vertebral body, adjacent ribs and appendix of vertebra. F, G: Brain T1 and T2 
weighted MR imaging showed expansion of the medullary canal of the right temporal bone and compression of the 
patient’s cranial cavity. Involvement of the nasal cavity by the poly-FD tissue was also observed. H: Poly-FD tissue in 
the nasal cavity enhanced significantly after the administration of contrast agent.
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revealed that malignantly transformed tissue 
contained not only osteosarcoma but also 
chondrosarcoma. Clinically, the patient showed 
vision deterioration of the right eye and hearing 
impairment of the right ear. The patient received 
cycles of chemotherapy but responded mini-
mally as assessed by post-therapeutic SPECT/
CT scanning and MRI imaging (Figure 7 and 
data not shown). The medical imaging findings 
of the patient were similar to those of previous-
ly reported poly-FD [5]. Only one polyostotic FD 
patient (5.3%) in our cohort developed McCune-
Albright syndrome (MAS), a finding that was 
consistent with that in a previous study report-
ing one case with polyostotic disease and sar-
coma (3.6%) [2].  

Two of our patients (#8, #13) underwent fibro-
sarcoma transformation, which has no known 
causes and may appear secondarily on numer-
ous conditions like fibrous dysplasia, Paget’s 
disease, Ollier’s disease, osteochondromato-

sis, giant cell tumor, bone infarct, dedifferenti-
ated chondrosarcoma and dedifferentiated pa- 
rosteal osteosarcoma. Similar to osteosarco-
ma, fibrosarcoma had a preference for metaph-
yses of the long bones, especially the distal 
femur (#13), followed by the proximal femur, 
distal humerus (#8), proximal tibia, and pelvis 
in frequency. 18F-FDG PET/CT of patient 13 
showed metaphyseal lytic bone destruction, 
periosteal bone reaction, cortical permeation 
and soft tissue extension accompanied by 
abnormally increased glucose metabolism (wi- 
th early phase SUVmax of 13.6 and lag phase 
SUVmax of 16.5). Different from osteosarcoma, 
there was no sign of mineral deposits or of 
bone production by the tumor (Supplementary 
Figure 3).

Differential diagnosis

Malignantly transformed FD needs to be differ-
entiated from adamantinoma (AD). The latter 

Figure 7. A: 99mTc-MDP bone scintigraphy helped depict the extent and distribution of the polyostotic FD. Note the le-
sions in the skull, submaxilla, ribs, pelvis, and vertebrae. B-J: SPECT/CT fusion images demonstrated a ground glass 
matrix on CT images and increased radiotracer uptake in the corresponding SPECT and fusion images.
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are low-grade malignant tumors that can occur 
over a wide age range, but the majority (75%) 
occur in the mature skeleton within the second 
and third decades. AD has an exquisite predi-
lection for the tibial diaphyseal cortex; however, 
the majority (67-88%) show complete involve-
ment of the medullary cavity [17]. Most AD 
lesions have prominent reactive sclerosis 
accompanied by moth-eaten or ill-defined mar-
gins [18]. Extra-osseous spread and soft-tissue 
involvement have been reported in approxi-
mately 15% of AD [19]. Although not specific, 
MRI is useful in assessing the extent of the 
tumor, cortical disruption, and intramedullary 
extension. In addition, MRI can help delineate 
multifocal disease and guide preoperative plan-
ning [20]. Unlike osteofibrous dysplasia-like 
adamantinoma (OFD/LA) and AD, FD primarily 
involves the medullary cavity. Cortical involve-
ment and endosteal scalloping in FD are usual-
ly due to the pressure effects of the medullary 
lesion. Although the definitive diagnosis rests 
with the pathologist, it is important to stress 
that FD may be associated with dedifferentiat-
ed AD [21].

Focal uptake of 99mTc-MDP in the context of FD 
may be similar to that of nonossifying fibroma 
or a fibrocortical defect (Figure 1). The latter 
has a characteristic appearance on a radio-
graph of a cortically based lytic lesion, with a 
thin sclerotic margin, and can show mild uptake 
on bone scan with more intense uptake during 
the healing sclerotic phase due to osteoblastic 
activity. Fusion images of SPECT/CT may help 
the differential diagnosis under this condition. 
Osteofibrous dysplasia, which usually occurs in 
the first two decades of life and affects the tibia 
and fibula, is a fibro-osseous lesion with many 
pathologic features similar to that of fibrous 
dysplasia. Notably, osteofibrous dysplasia char-
acteristically and distinctively involves the cor-
tex as multiple lytic lesions. As we reported pre-
viously, most of the involved sites of FD are the 
extremities and ribs, and the corresponding hot 
spots usually appear in a bar shape and involve 
the whole bones. Concerning metastatic bone 
tumors, hot spots on bone scans and/or 99mTc-
MDP SPECT/CT usually emerge as multiple 
bone lesions [22]. Some previous studies have 
demonstrated that 18F-FDG-PET did not play a 
role in the assessment of FD because FD gen-
erally did not uptake 18F-FDG; consequently, 
these reports implied that the lack of 18F-FDG 

uptake in FD enabled the identification of glu-
cose-avid bone metastases and osseous lym-
phoma with FD [23, 24]. By contrast, Stegger et 
al. reported that benign FD could show elevat-
ed uptake of 18F-FDG as well [25]. Here, our 
study clearly demonstrated that malignantly 
changed FD, rather than FD, showed markedly 
increased 18F-FDG uptake (#2, #5, #6, #13, 
#15). Furthermore, attention should be paid to 
traumatic history because posttraumatic reac-
tive bony neoformations of the skull can mimic 
osteosarcoma affecting the craniofacial bones 
[26].

Treatment and follow-up

For most incidentally discovered asymptomatic 
FD, no treatment is warranted. Surgery is con-
sidered in patients with progressive symptoms 
or when the disease threatens important ana-
tomical structures [27]. Historically, FD under-
going malignant transformation is treated with 
extensive amputation. However, due to surgical 
advances and improved imaging modalities, 
limb salvage is now considered the standard of 
care. All of our patients underwent at least one 
surgery after being diagnosed with FD. Of the 9 
patients who received a 99mTc-MDP bone scan 
and/or 18F-FDG PET/CT scanning, 5 patients 
received (#3, #5, #6, #13, #15) a conservative 
surgery strategy rather than a traditional exten-
sive amputation. Additionally, 9 of the 19 pat- 
ients received chemotherapy; however, to date, 
none of the patients have responded substan-
tially. These patients are still under follow-up; 
therefore, we currently cannot calculate the 
survival rate of this specific cohort and overall 
response rate to chemotherapy. 

Therapy with bisphosphonates has been sug-
gested to cause pain relief and to have a heal-
ing effect on bone lesions. One of our patients 
received zoledronic acid treatment but showed 
little efficacy (#11). While some studies demon-
strated the efficacy of pamidronate, alendro-
nate, and zoledronic acid in filling in osteolytic 
lesions and decreasing the rate of bone resorp-
tion [28-32], other studies have not shown 
such effects [33-35]. By far, no randomized 
controlled clinical trial has been completed 
thus far. The results from published studies are 
therefore limited by the lack of a control group. 
Of note, for patients who have a clear decrease 
in bone pain following the above-mentioned 
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treatment, bone scintigraphy is useful in asse- 
ssing a therapeutic response [33].  

Discussion

In addition to the most commonly used X-ray, 
CT, MRI and bone scintigraphy have been used 
as corollary imaging modalities in the assess-
ment of FD. Computed tomography demon-
strates detailed anatomic information and can 
exclude a malignant process in certain complex 
areas such as the spine, pelvis, and skull. FD is 
typically hypointense or isointense on T1 WI 
and heterogeneously hyperintense on T2 WI  
(in relation to skeletal muscle). A surrounding 
hypointense T1 and T2 rim is often present if 
there is a sclerotic rind seen on radiographs. 
Increased uptake on delayed bone scintigraphy 
is sensitive for the early detection of fibrous 
dysplasia and for assessing the extent of poly-
ostotic FD, but it is not specific [36]. Therefore, 
the combination of scintigraphic and radio-
graphic images is complementary in assessing 
the extent and therapeutic response of disease 
[22]. Indeed, nearly all of the included patients 
except one (#8) received systemic medical 
imaging examinations (Table 1). Previously, the 
role of 18F-FDG PET/CT in the management of 
FD was controversial. While some studies dem-
onstrated FD lesions as 18F-FDG avid [25], oth-
ers reported negative abnormal 18F-FDG uptake 
in patients with FD [23, 24]. There are several 
potential factors explaining the phenomenon 
that FD can appear with or without increased 
18F-FDG uptakes, such as changes in endocrine 
function, gender or chemotherapy. Chemothe- 
rapy, especially granulocyte colony-stimulating 
factor (G-CSF), may induce diffuse 18F-FDG 
uptake in the bone marrow [37]. However, 
increased focal 18F-FDG concentration on 18F-
FDG PET/CT images in the current study, as 
depicted in Figures 3, 4, Supplementary Figures 
2 and 3, was caused by focal malignant trans-
formation of FD rather than other reasons. 
Although the radiographic appearances of pri-
mary osteosarcoma are typical and suggestive 
of a specific diagnosis, the patterns of second-
ary osteosarcoma transformed from FD may be 
delusive. Thus, we highlight that additional 
imaging modalities, including 99mTc-MDP bone 
scan and 18F-FDG PET/CT scanning, can pro-
vide vital information for preoperative staging, 
guiding biopsy and planning surgical manage-
ment for this specific cohort.      

In mono-FD, the zygomatic-maxillary complex is 
reported to be the region most commonly in- 
volved. In the less prevalent poly-FD and MAS, 
the craniofacial region is involved in 90% of the 
cases, and the anterior cranial base is involved 
in over 95% of cases [38]. Consequently, symp-
toms like facial deformity and asymmetry, 
vision changes, hearing impairment, nasal con-
gestion and/or obstruction, pain, paresthesia, 
and malocclusion occur inevitably but vary in 
different individuals. In some patients, FD is 
associated with other pathological lesions such 
as aneurysmal bone cysts (ABCs) or mucoceles 
[39-41] or, more rarely, with malignant transfor-
mation, representing less than 2% of all FD 
cases [2]. Malignant changes to osteosarcoma 
[42, 43], fibrosarcoma, chondrosarcoma, and 
malignant fibrohistiocytoma have been report-
ed previously [44]. Consistently, we confirmed 
these previous observations as osteosarcoma, 
the major component of malignantly trans-
formed FD in the cohort reported here. In addi-
tion, Ruggieri et al. reported that approximately 
50% of malignantly transformed lesions were 
associated with radiation therapy [2]. However, 
in our case series, no one had a radiation his-
tory, demonstrating that malignancies arise de 
novo as well. Moreover, the vast majority of sec-
ondary osteosarcomas are associated with Pa- 
get disease or previous irradiation rather than 
FD. While the frequency of malignant transfor-
mation to osteosarcoma in Paget disease was 
believed to be approximately 1% [45], radia-
tion-induced osteosarcoma represents 3-5% of 
all osteosarcomas and 50-60% of all radiation-
induced sarcomas [46]. Therefore, comprehen-
sive understanding of the imaging characteris-
tics of bone tumors and exhaustive collection 
of medical history are of critical importance to 
make the proper diagnosis and differential 
diagnosis.

Conclusion

In summary, 99mTc-MDP SPECT/CT and 18F-FDG 
PET/CT scanning can play a significant role not 
only in detecting canceration of fibrous dyspla-
sia but also in optimizing management strate-
gies for patients with malignantly transformed 
fibrous dysplasia. 
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Supplementary Figure 1. Malignant transformation of fibrous dysplasia to osteosarcoma in a 45-year-old female 
presenting with swelling and pain (patient 3). A, B: Anteroposterior and lateral radiographs performed after initial 
surgery. C, D: Anteroposterior and lateral radiographs performed four years later at follow-up.

Supplementary Figure 2. A 46-year-old female patient with malignantly transformed FD. A: The lateral radiograph 
showed an expansile lytic lesion involving the right posterior femur (10/2013). B: Note the ground-glass appearance 
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with internal septa on the coronal CT image. C: The coronal T1-weighted image showed that the lesion was hypoin-
tense and infiltrated into the adjacent cortical bone. D: Coronal fat-suppressed MRI image confirmed the cortical 
involvement and surrounding dropsy. E: Anteroposterior radiograph taken after initial curettage and fixation surgery. 
F: Anteroposterior radiograph taken one year after initial surgery found disruption of the diseased area (10/2014). 
G-I: Subsequent 18F-FDG PET/CT scanning of the patient demonstrated focal intense 18F-FDG uptake accompanied 
by bone destruction without bone metastasis and distant metastasis. The patient then underwent tumorous end 
removal and artificial limb replacement. To date, the patient lives quite well without any disease recurrence or 
remnants.  

Supplementary Figure 3. Concomitant malignant transformation of fibrous dysplasia to osteosarcoma and fibrosar-
coma in a 35-year-old man presenting with pathological fracture (patient 13). A: 18F-FDG PET/CT scanning after ini-
tial fixation surgery (11/2011), MIP image showed multiple abnormal radiotracer uptakes in the cervix, armpit, groin 
and lower left femur. B-G: Coronal and axial 18F-FDG PET/CT fusion images of the bilateral femurs demonstrated 
disunion of the fractured femur and involvement of adjacent soft tissue accompanied by increased 18F-FDG uptake. 
H-J: 18F-FDG PET/CT fusion images of the pelvis showed dense lesions in the bilateral iliac bones without radiotracer 
uptake, possibly representing normal fibrous dysplasia or other benign bone tumors.


