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Summary. Five patients with biopsy-proven craniofacial 
fibrous dysplasia underwent MRI  with T1- and T2- 
weighted sequences and a gadolinium-enhanced T1- 
weighted spin-echo sequence. Low to intermediate signal 
intensity was usually seen in the largest part of the lesion 
on both spin-echo sequences, but smaller regions of 
hyperintensity on T1- and T2-weighted images and in- 
termediate signal intensity throughout a lesion on T1- 
weighted images were also seen. All lesions enhanced but 
only two became iso- or hyperintense compared to fat. 
High clinical and pathological activity in three cases cor- 
related with high signal intensity on both spin-echo se- 
quences and with strong enhancement in two of the three. 
The presence of large veins or sinusoids on pathological 
examination did not correlate with the enhancement pat- 
tern. 
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Fibrous dysplasia (FD) is one of the most common benign 
skeletal disorders [1]. The skull and facial skeleton are in- 
volved in 25 % of patients with the monostotic form and in 
40-60 % of those patients with the polyostotic form [2]. 

The typical plain film and CT changes are well known 
[3, 4]. There have been few reports on MRI  [5-8] and even 
fewer on contrast-enhanced MR!  [8, 9]. The likelihood of 
finding this relatively common skeletal disorder during 
a routine brain study is not small and so one should be 
familiar with the MRI  patterns. We studied MRI  signal 
characteristics on T1- and T2-weighted images in five 
patients with craniofacial FD, and the enhancement pat- 
tern following gadolinium-DOTA (Gd-DOTA),  and 
looked for signal characteristics which could distinguish 
active and inactive lesions. 

Patients and methods 

Five females (average age 33 years, range 13-57 years) with biopsy- 
proven craniofacial FD underwent MRI. Three had monostotic dis- 
ease, involving the mandible, maxilla or orbital roof and two had 
multiple loci: temporal bone and skull vault, sphenoid bone and lum- 
bar vertebra. All patients were studied on a 1.0 T system. A standard 
quadrangular head coil was used and all patients underwent un- 
enhanced Tl-weighted (600/15/2 - TR/TE/excitations) and T2- 
weighted (2500/15-90/i) sequences, the former was repeated after 
intravenous administration of 0.1 mmol/kg Gd-DOTA. Slice thick- 
ness varied from 4 to 7 mm depending on the extent of the lesion. 
The signal intensities on the unenhanced images were compared to 
brain tissue: less intense( - ), isointense(0) or more intense( + ). En- 

Table 1. Clinical and pathological data 

Case Age Bones involved Presentation Pathological examination Angiectasia/ 
Sex Cellularity/caleification sinusoids 

1 15 F Temporal bone and occipital, parietal, Dysequilibrinm, deformity of skull 0/0 Absent 
frontal and sphenoidal vault (P) vault, narrowing of external auditory 

canal, conductive hearing loss 

57 F Alveolar pain, prosthesis no longer fits 0/1 Few 

13 F Deformaty left cheek 1/1 Few 

37 F Visual impairment 1/1 Several 

44 F Small supraorbital lump 0/0 Several 

2 Mandible (M) 

3 Maxilla (M) 

4 Sphenoid bone, htmbar vertebra (P) 

5 Orbital roof-frontal bone (M) 

(M), Monostotic form; (P), polyostotic form 



Table 2. Clinical and pathological activity 

Case Clinical activity 
Pain or cranial nerve in- 
volvementa/Deformity b 

Pathological activi- 
ty CellularityqCal- 
cification d 

Combined 
activity 

1 1/1 0/0 2 
2 1/1 0/1 3 
3 0/1 1/1 3 
4 1/0 1/1 3 
5 0/0 0/0 0 

a 0, No pain, no palsies; 1, pain and/or palsies 
b 0, No deformities; 1, skull or facial deformity 
c 0, Moderate; 1, pronounced 
d 0, More than 50 %; 1, less than 50 % calcification 

Table 3. MRI findings and correlation with clinical/histological 
activity 

Case Tl-weight- T2-weight- Gadolinium Combined 
ed signal ed s igna l  enhance- clinical and 
intensity intensity ment histological 

activity 

1 Low Low, isointense Moderate 2 
2 Low, high Isointense, high Marked 3 
3 Low, high Low, high Moderate 3 
4 Isointense, high Isointense, high Marked 3 
5 Low, isointense Low Moderate 0 

hancement was assessed as moderate (less intense than fat = + ) or 
marked (isointense with or more intense than fat = + + ). Activity of 
the lesions was quantified clinically: cranial nerve palsies or pain and 
growth or extension of the craniofacial lesions were considered to in- 
dicate activity [10, 11]; a score of 0 or 1 was allotted to each. In the 
same way the histological activity was graded by the amount of calci- 
fication (bone islands and woven bone) in the lesions (< 50 % = 1, 
> 50 % = 0) and by the degree of cellularity of the uncalcified parts 
of the lesions [5]; moderate cellularity with more pronounced scle- 
rosis (score 0) or vice versa (score 1) can be found. This scoring sys- 
tem was further used to allow comparison between MRI findings 
and the clinical and pathological activity of the lesions. Finally, the 
pathologist paid special attention to the presence of enlarged veins, 
sinusoids and abnormal arteries, a possible explanation for gadoli- 
nium enhancement. 

Results 

Clinical and pathological data are presented in Table 1. In 
two patients (cases 1,2) both pain or nerve involvement 
and bone deformities were found on clinical examination; 
in one (case 4) cranial nerve involvement only was de- 
tected and in one only deformity of the facial skeleton. 
High cellularity and few islands of calcification were 
found by the pathologist in cases 3 and 4, while in case 1 
only moderate  cellularity was found, but calcification of 
the lesion was limited. Clinical and histological scoring 
showed three lesions to be active, one moderately active 
and one inactive (Table 2). 

The MRI  findings are listed in Table 3. In cases 2-4 
small regions of high signal intensity on Tl-weighted and 
T2-weighted images were seen. Marked enhancement 
with gadolinium was seen in two of these (cases 2 and 4). 
Marked differences in signal intensity within a lesion were 
seen on Tl-weighted images in four cases and on T2- 
weighted images in three. In case 4 most of the lesion gave 
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intermediate signal on Tl-weighted images and marked 
enhancement was seen after gadolinium. In three patients 
only moderate  enhancement was seen after gadolinium 
administration. In only one case were no dilated veins or 
large sinusoids detected. In all cases no abnormal arteries 
were found. 

Discussion 

FD most often affects and young adults adolescents. The 
disease is monostotic in 70 % of cases [11], involvement of 
the ribs and femurs being most frequent. Cranio facial le- 
sions are more frequent (40-60 %) in the polyostotic than 
in the monostotic (25 %) form and are usually unilateral. 
The clinical diagnosis can be confirmed with plain radio- 
graphy, bone scintigraphy [12] or CT. FD is also often found 
in incidentally, but pathological confirmation is sometimes 
needed to confirm the diagnosis [8]. However, pathological 
differentiation from aneurysmal bone cyst (in case 3) and 
osteoblastoma (in case 2) was difficult, and a second, more 
representative biopsy was needed to make the final diag- 
nosis. The MRI picture of FD has been described [11-13]. 
Initial studies reported low signal on T1- and T2-weighted 
spin-echo images [14], as seen throughout the lesion in 
cases 1 (Fig. 1) and 5 and in large parts of the affected bone 
in case 3. Fibrous tissue is responsible for this low to inter- 
mediate signal intensity [13]. Varying signal intensity, in- 
cluding higher intensity on T2-weighted images, has been 
explained by the complex histology of FD, and because the 
lesion is metabolically active [12]. A lesion of mainly high 
signal intensity on T2-weighted images was seen in case 2. 
In cases 3 and 4 only small regions showed high signal in- 
tensity on T2-weighted images, which were of intermediate 
(case 3; Fig.2) or high (case 4; Fig.3) intensity on T1- 
weighting and probably represent cyst formation and 
bleeding into the cyst [8]. Most of these signal patterns have 
been described in patients with FD of the long bones of the 
limbs [8, 12]. Only a fewreportshave dealtwithgadolinium 
enhancement in FD, and the most extensive concerning the 
long bones [8]. We found enhancement in all our cases and 
in two a large part (case 2) or nearly all the lesion (case 4; 
Fig. 3) became as intense as or more intense than fat. These 
two patients had lesions active both clinically and histologi- 
cally (Table 2). In case 4 deformity of the sphenoid was 
marked, but due to its deep location it was not detected 
clinically, resulting in an underestimation of activity Both 
strongly enhancing lesions had regions of high intensity on 
both T1- and T2-weighted images (Fig. 3). Unfortunately, 
marked enhancement with gadolinium is not always pres- 
ent in clinically and pathologically active lesions or in le- 
sions with high signal intensity regions on both spin-echo 
sequences (Fig.2). However, in all three patients with 
the highest combined "clinical-pathological" activity 
(cases 2-4) high-intensity region~ were seen on both spin- 
echo sequences. The reason for the enhancement  in fibrous 
dysplasia is unknown. Probably the fibrocellular tissue re- 
placing the normal bone marrow is responsible for the en- 
hancement. Enhancement  is seen in fibrous lesions with 
low signal intensity on both sequences (Figs. 1, 4). Why 
more marke d enhancement  was present in two of the three 
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Fig. la-c.  Fibrous dysplasia of temporal bone and skull vault (case 1). Axial images taken at the level 
of the inner ear. Low intensity on T1-, low to intermediate intensity on T2-weighted images; moderate 
enhancement. 
a Tl-weighted image (600/15/2) shows bone thickening and signal change in occipital (large white 
arrows), sphenoid (long black arrows) and temporal (large black arrows) bone. The intensity is 
homogeneous and lower than that of brain. 
h T2-weighted image (2500/90/1). The signalin the occipital (small white arrows), sphenoid (long 
white arrows) and temporal (large white arrows) lesions remains lower than that of brain. Notice the 
high intensity of the endolymph in the right posterior semicircular canal (white arrowheads) sur- 
rounded by abnormal bone. 
e Gd-enhanced Tl-weighted image (600/15/2). Moderate homogeneous enhancement is seen in the 
occipital (small black arrows), sphenoid (long white arrows) and temporal (large black arrows) 
lesions, but theil"intensity remains lower than that of the subcutaneous fat 

Fig.2a-d. Fibrous dysplasia of the left maxilla (case 3). Low signal intensity 
on Tl-weighted and foci of high intensity on T2-weighted images; moderate 
contrast enhancement, a Axial Tl-weighted image (600/15/2), Involvement 
of the left maxilla with convex protrusion of the anterior and lateral walls of 
the sinus towards the surrounding soft tissues (long black arrows). The lesion 
was hypointense compared to brain although some slightly hyperintense 
regions were noted (white arrowheads). Air is present only posteriorly in 
the maxillary sinus (long white arrow), b T2-weighted image (2500/90/1) 
at same level. The regions of intermediate signal become of high intensity 
(white arrowheads). A low intensity region on the Tl-weighted image is of 

high intensity on T2-weighting (large black arrow), this probably corresponds 
to a proton-rich part of the lesion, which is not purely cystic (see d). Air is 
again seen (long white arrow), c T2-weighted image (2500/90/1) 1 em more 
craniad. Most of the lesion remains hypointense, filling the enlarged maxillary 
sinus (large black arrows), d Gd-enhanced image at same level as a. All thele- 
sion has increased slightly in intensity but more marked enhancement is seen 
at the borders of the intermediate intensity regions on the Tl-weighted image 
(white arrowheads) and the most marked enhancement was seen in a more 
posterior, proton-rich part of the lesion (small white arrows) 

clinically and pathologically active cases, with high signal 
intensity on both T1- and T2-weighted images (cases 2-4) 
is still unknown. FD lesions are well vascularized [10, 12] 
and angiectasia or large peripheral sinusoids can be pres- 
ent. In our study no histological explanation was found for 
the marked enhancement and as angiectasia or sinusoids 
were present not only in the two markedly enhancing le- 

sions but also in two which enhanced only moderately, this 
feature fails to explain the difference in enhancement pat- 
tern. The cellularity of the lesions did not correlate well 
with the enhancement pattern [1]. A possible explanation 
is that biopsies are often too small and not truly repre- 
sentative of the total lesion. 
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Fig.3a-c. Fibrous dysplasia of the sphenoid bone with obliteration 
of the sinus (case 4). Intermediate signal intensity on T1- and T2- 
weighted images (with small region of high intensity on both); 
marked contrast enhancement, a Sagittal Tl-weighted image 
(600/15/2). The abnormal bone of the sphenoid sinus (long white 
arrows) is isointense with brain tissue and a small rim of high inten- 
sity is seen anteroinferiorly (white arrowheads), b Axial T2-weight- 
ed image (2500/90/1) through the inferior border of the lesion. Low 
intensity is seen in most of the sphenoid sinus (large black arrows). 
The anteroinferior border of the lesion remains of high intensity 
(small white arrows) and probably represents cyst formation or 
bleeding, c Sagittal Gd-enhanced Tl-weighted image (600/15/2). 
Inhomogeneous enhancement is seen throughout the sphenoid 
sinus and marked enhancement (as bright or even brighter than 

fat) is seen in the posterosuperior part of the lesion (small black 
arrows) 

Fig.4 a-c. Fibrous dysplasia of the left orbital roof and frontal bone 
(case 5). Low signal intensity on T1- and T2-weighted images; 
moderate contrast enhancement, a Axial Tl-weighted image 
(600/15/2). Enlargement of the frontal bone (large black arrows); 
most of the lesion is of low intensity, although two small isointense 
spots (white arrowheads) are visible, b Axial T2-weighted image 
(2500/90/1) at the same level. The lesion (large black arrows) re- 
mains hypointense, c Axial Gd-enhanced Tl-weighted image. En- 
hancement is seen throughout the lesion; the signal intensity ap- 
proaches that of fat in the two small spots which were of relatively 
high signal intensity on the unenhanced image (large black arrows) 
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