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Abstract 

 

Background: Oral Pathologists often come across fibro-osseous lesions involving the jaws with intersecting clinico-pathologic features 

which makes their diagnosis challenging. Due to the difference in their pathogenesis, the treatment varies and so does the prognosis 

which makes differentiation essential. 

Objectives: This study intended to evaluate the stromal components of fibrous dysplasias, central and juvenile ossifying fibromas affect-

ing the jaw bones using histochemical stains and to determine the histological parameters important for their differentiation. 

Methods: Three sections each of forty-seven formalin-fixed decalcified paraffin-embedded tissues were stained with three special stains 

(Modified Tetrachrome, Modified Attwood’s and Potassium-monopersulfate aldehyde fuschin stain) and analysed for  morphology and 

structure of calcifications, osteoblastic rimming, cellularity and  vascularity of the stroma, collagen pattern and oxytalan fibers.  

Results: Despite the overlap in the histopathological features, few parameters were more pertinent to one lesion than the others. Fibrous 

dysplasia cases had characteristic thin curvilinear calcifications which were discontinuous whereas central and juvenile ossifying fibro-

mas had broader calcifications which were interconnected. The structure of calcifications was mostly woven in fibrous dysplasia but few 

longstanding cases did show lamellar bone. The cellularity and vascularity was considerably higher in ossifying fibromas than fibrous 

dysplasia. Oxytalan fibers were more evident in cases of ossifying fibromas. 

Conclusion: Histopathological analysis alone may not suffice for the diagnosis of fibro-osseous lesions due to the apparent similarity, 

thus stressing on the importance of radiologic and genetic analysis in the diagnosis of fibro-osseous lesions. 
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1. Introduction 

The term "fibro-osseous lesions" (FOLs) has gained wide ac-

ceptance as a general designation for a challenging group of 

pathologic conditions that often pose difficulty in diagnosis. 

Common to all these pathologic entities is the replacement of 

normal bone architecture by a benign fibrous tissue composed of 

fibroblasts and collagen, consisting of varying amounts of miner-

alized material. Categorization of the fibro-osseous lesions de-

pends on correlation of the patient's history, clinical findings, ra-

diographic criteria, and histopathology. However, because of over-

lapping clinical, radiological and histological features, their classi-

fication has evoked much discussion. 

Amongst the broad category of FOLs, some lesions are considered 

neoplastic while others are developmental or reactive in nature. 

Juvenile ossifying fibroma (JOF) and central ossifying fibroma 

(COF) are considered true neoplastic lesions, while fibrous dys-

plasia (FD) and cemento-osseous dysplasia (COD) are said to be 

developmental and reactive lesions respectively (Nwizu et al. 

2010). Central ossifying fibroma and fibrous dysplasia of the jaws 

are the two most common fibro-osseous lesions which may be 

associated with significant cosmetic and functional disturbances. It 

is important to distinguish the two as they show distinct patterns 

of disease progression.  

 

 

Routine histological procedures pose a difficulty in distinguishing 

osteoid from woven bone in decalcified, routinely stained prepara-

tion of bone. However, obvious distinction between osteoid, wo-

ven and lamellar bone is possible with special staining and this 

facilitates the study of fibro-osseous lesions. It also has the ad-

vantage of displaying simultaneously irregularities in the mineral-

ized matrix and morphology of bone cells (Ralis & Watkins 

1992). 

This study is an attempt to compare the stromal components of 

fibrous dysplasia, central and juvenile ossifying fibroma affecting 

the jaw bones using special stains in order to identify the histolog-

ical features which are more pertinent to one condition than the 

other and may facilitate their differentiation in correlation with 

their clinical and radiographic features. 

2. Materials and methods 

Study sample included a total of forty-seven formalin fixed, decal-

cified, paraffin embedded tissue blocks which included eighteen 

cases of fibrous dysplasia, nineteen cases of central ossifying fi-

broma and seven cases of juvenile ossifying fibroma. One case 

each of peripheral ossifying fibroma, normal bone tissue and one 

tissue block of fracture callus were used as a control. The diagno-
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sis of these cases was based on clinical, radiographical and 

histopathological criteria using hematoxylin and eosin staining. 

Three sections were prepared from each tissue block at 5 µm 

thickness using a semi-automatic rotary microtome. Sections were 

deparaffinized in xylene and hydrated through decreasing grades 

of alcohol and stained with Modified tetrachrome stain (Ralis & 

Watkins 1992), Modified Attwood’s stain (Putns & Desa 1977) 

and Potassium monopersulfate-aldehyde fuchsin stain for oxytalan 

fibers. The cases were then evaluated for seven histological pa-

rameters which included the morphology and structure of calcifi-

cations, osteoblastic rimming of the calcifications, arrangement of 

collagen fibers in the stroma, cellularity and vascularity of the 

stroma; and the presence of oxytalan fibers. All these parameters 

were categorized and a pictorial template prepared to reduce the 

subjectivity in interpretation of the parameters amongst the ob-

servers. The categories were given scores for further evaluation. 

Statistical analysis was done using SPSS version 16 and the find-

ings obtained by the two observers were subjected to Kappa statis-

tical test to check for inter-observer agreement. Further, Chi-

square test was applied to analyze the statistical significance. 

3. Results and observations 

Modified Tetrachrome stain was found to be useful in distinguish-

ing woven bone from osteoid in decalcified paraffin-embedded 

sections which at times may be difficult in routine staining (Fig 1). 

Modified Attwood’s stain also stained woven bone, osteoid and 

lamellar bone analogous to the structures stained by Modified 

Tetrachrome stain facilitating the identification of the structure of 

bone in decalcified sections. Potassium monopersulfate-aldehyde 

fuchsin stained oxytalan fibers dark blue in contrast to the light 

green collagen fibers 

 

 
Fig. 1: Showing areas of woven bone (dark blue) and osteoid (light blue 
with pink patches) in control tissue stained with Modified tetrachrome 

stain (40x). 

 

Evaluation of morphology of calcifications revealed that eleven 

out of eighteen cases of fibrous dysplasia had thin curvilinear or 

Chinese letter shaped trabeculae which were disconnected (Fig 2). 

Five cases showed broad curvilinear trabeculae and two cases had 

trabeculae which were in the form of a lattice. One case of fibrous 

dysplasia also showed calcifications which resembled spherules in 

addition to thin curvilinear trabeculae. On the other hand, central 

ossifying fibroma cases showed broad curvilinear trabeculae in 

eleven out of nineteen cases, while in four cases they were con-

nected to form lattice. Fourteen out of nineteen cases also showed 

presence of spherules. Four cases of juvenile ossifying fibroma 

presented with calcifications in the form of broad curvilinear 

trabeculae, two in the form of lattice and four cases showed pres-

ence of spherules (Table 1). 

 
Fig. 2: Showing thin curvilinear trabeculae (dark blue) lacking osteoblastic 

rimming with low stromal cellularity and vascularity and loose collagen 
arrangement seen in FD stained with Modified tetrachrome stain (10x). 

 
Table 1: Comparison of morphology, structure and osteoblastic rimming 

of calcifications between different lesions. 

Parameter Group p-value Significance 

Morphology FD COF JOF 
 

 
 

0.001 

 

 

 

 
- 

Total number of cases 18 19 7 

Thin  and Curvilinear 

Broad & Curvilinear 
Lattice 

Spherules 

11 

5 
2 

1 

0 

11 
4 

14 

0 

4 
2 

4 

Structure FD COF JOF 

 

 

0.002 

 

 

- 

Woven 

Lamellar  

Globular Acellular 
Globular Cellular 

11 

7 

2 
0 

12 

3 

11 
2 

6 

0 

4 
2 

Osteoblastic rimming FD COF JOF 
 

0.019 

 

- 
Present 
Absent 

5 
13 

13 
6 

3 
4 

P value<0.001- Significant 

 

Next, the structure of the calcifications was evaluated. It was ob-

served that eleven out of eighteen fibrous dysplasia cases con-

tained woven bone while seven cases showed lamellar bone. Be-

sides woven and lamellar bone, globular acellular calcifications 

which were dark pink in the center with a dark blue periphery and 

lacked osteocytes were seen in two cases. However, central 

ossifiying fibroma cases showed woven bone in twelve cases and 

lamellar bone in three cases. 

Also globular calcifications were seen, which were acellular in 

eleven cases and cellular in two cases. Juvenile ossifying fibroma 

cases showed presence of woven bone or globular acellular calci-

fications but not lamellar bone (Fig 3). 

 

 
Fig. 3: Showing areas of globular acellular calcifications (dark blue) with 

high cellularity seen in a case of JPOF stained with Modified tetrachrome 

stain (4x). 

 

The calcifications were also evaluated for the presence of 

osteoblastic rimming. Thirteen out of eighteen cases of fibrous 
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dysplasia lacked osteoblastic rimming while it was present in thir-

teen out of nineteen cases of central ossifying fibroma.  

The cellularity of the stroma was evaluated by counting the num-

ber of cells lying on the meridian line of the grid reticule at high 

power. It was observed that stromal cellularity varied significantly 

(p value<0.01) between fibrous dysplasia with mild to moderate 

cellularity, central ossifying fibroma and juvenile ossifying fibro-

ma cases with moderate to severe cellularity (Table 2). Vascularity 

of the stroma was categorized as less or more based on the number 

of blood vessels present per 3 high power fields (HPF). Fibrous 

dysplasia cases showed less vascularity in eleven out of eighteen 

cases while central ossifying fibroma cases showed more vascular-

ity in twelve out of nineteen cases. Juvenile ossifying fibroma 

cases had more vascularity in five out of seven cases (Table 2). On 

analyzing collagen fiber arrangement, fibrous dysplasia cases 

mainly had a parallel or loose arrangement, while central ossifying 

fibroma cases and juvenile ossifying fibroma cases predominantly 

showed whorled arrangement of collagen fibers (Table 2). 

The presence of oxytalan fibers in the connective tissue was ob-

served in seventeen out of nineteen cases of central ossifying fi-

broma (Fig 4), five out of seven cases of juvenile ossifying fibro-

ma though only in five out of eighteen cases of fibrous dysplasia. 

Out of all the parameters cellularity and presence of oxytalan fi-

bers differed significantly between the lesions (Table 2). 

 
Table 2: Comparison of stromal cellularity, vascularity, collagen pattern 

and presence of oxytalan fibers between different lesions. 

Parameter Morphology p-value Significance 

Cellularity FD COF JOF 
 

 
< 0.001 

 

 

 
 

Significant 

Total number of 

cases 
18 19 7 

Mild 
Moderate 

Severe 

13 
5 

0 

0 
9 

10 

0 
2 

5 

Vascularity FD COF JOF  
 

0.032 

 
 

- 

Less 

More 

11 

7 

7 

12 

2 

5 

Collagen Pattern FD COF JOF 
 

 
 

0.008 

 

 
 

- 

Whorled 

Parallel 

Random 
Loose 

1 

7 

4 
6 

8 

7 

4 
0 

3 

0 

3 
1 

Oxytalan fibers FD COF JOF 
 

<0.001 

 

Significant 
Present 
Absent 

5 
13 

17 
2 

5 
2 

P value <0.001- Significant 

 

 
Fig. 4: Showing oxytalan fibers (dark purple) interwoven with collagen 

fibers (light green) in the stroma of COF stained with Potassium 
monopersulphate aldehyde fuchsin stain (40x). 

3.1. Scoring Criteria 

Each parameter was allotted a score (Table 4) and a total score for 

each case was calculated. Each category of morphology of calcifi-

cation was allotted a score of 5 as they were independent of each 

other. In structure of calcification woven bone was allotted a score 

of 5, whereas lamellar bone was allotted 10 as it follows only after 

formation of woven bone. Globular acellular and cellular calcifi-

cations were allotted a score of 5. Presence of osteoblastic rim-

ming of the calcifications was allotted a score of 5 whereas ab-

sence was given a score of 0. Score of 5 was given for mild stro-

mal cellularity, 10 for moderate and 15 for severe stromal cellular-

ity. Vascularity was scored 5 if it was less and 10 if it was more. 

All collagen patterns were given a score of 5. Presence of oxytalan 

fibers was given a score of 5, while its absence was given 0 score. 

It was observed that score for fibrous dysplasia was less than 45 

whereas it was more than or equal to 45 in central ossifying and 

juvenile ossifying fibroma cases. 

 
Table 3: Scores for parameters 

Parameter Score Parameter Score 

Morphology of calcification 
Thin curvilinear 

Broad curvilinear 

Lattice 
Spherules 

 
5 

5 

5 
5 

Cellularity 

Mild 
Moderate 

Severe 

 

5 
10 

15 

Structure of calcification 

Woven 
Lamellar 

Globular acellular 

Globular cellular 

 

5 
10 

5 

5 

Vascularity 
Less 

More 

 
5 

10 

Osteoblastic rimming 

Present 
Absent 

 

5 
0 

Collagen Pattern  

Whorled 

Parallel 
Random 

Loose 

 

5 

5 
5 

5 

 
 

 

Oxytalan fibers 
Present 

Absent 

 
5 

0 

4. Discussion 

Amidst the overlapping presentations of many fibro-osseous le-

sions, fibrous dysplasias of the jaws are the hardest to differentiate 

from central ossifying fibroma in the same location. Although 

some criteria namely presence of woven bone, peripheral 

osteoblastic rimming, and curvilinear pattern of bone have been 

laid down for the diagnosis of fibrous dysplasia, but their diagnos-

tic significance has been questioned. Most of these criteria have 

been adapted from the fibrous dysplasia lesions affecting the long 

bones. However, the embryological difference in the origin of the 

craniofacial bones has distinguished lesions in the craniofacial 

region from those occurring in other parts of the body and hence 

the two lesions cannot be totally equated. Need of the hour is to 

validate or renew the criteria for the differentiation of the fibro-

osseous lesions of the jaw. 

The morphology of the calcified component was noticeably differ-

ent in each of the lesions. Significant number of fibrous dysplasia 

presented with thin curvilinear trabeculae which were disconnect-

ed whereas central ossifying fibroma and juvenile ossifying fi-

broma cases mostly presented with broad curvilinear trabeculae or 

spherules. A possible explanation for the variation in morphology 

could be the difference in expression of osteocalcin, a bone matrix 

protein between FD and COF which has been reported by many 

authors [Toyosawa et al. (2007), Hopyan et al. (1999)]. 

Osteocalcin, is secreted by fully differentiated osteoblasts and 

osteocytes and is functional in inhibiting crystal growth and en-

hancing recruitment of osteoclasts.  Hopyan et al. (1999) have 

reported a higher expression of osteocalcin in fibrous dysplasia 

cases when compared to osteosarcoma and myositis ossificans. 

They concluded that the lack of osteocalcin is associated with an 

increase in bone of improved functional quality in the absence of 

the effect of osteocalcin on the number of osteoblasts, bone 

resorption or mineralization. He concluded that osteocalcin is 

thought to be a negative regulator of bone formation and may be 

responsible for the disconnected appearance of trabeculae in fi-

brous dysplasia by inhibition of bone formation. 

The structure of calcifications also differed between the lesions. 

Though fibrous dysplasia cases mostly contained woven bony 
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trabeculae, few cases showed lamellar bone formation. This ob-

servation is also in agreement with Waldron (1960) and others 

who have reported lamellar bone formation in lesions that other-

wise met the clinical and radiologic criteria of fibrous dysplasia. 

Therefore the presence of lamellar bone cannot rule out fibrous 

dysplasia as a diagnosis. To reason the presence of lamellar calci-

fications in fibrous dysplasia requires a look into its pathogenesis. 

The certainty of the mosaic nature of this lesion having both mu-

tated and non-mutated osteoblasts was confirmed by Riminucci et 

al. (2006). They showed that pure strains of mutated cells from 

Fibrous Dysplasia would fail to generate fibrous dysplasia tissue 

in the mouse as the mutated cells were less viable and were even-

tually lost and replaced by normal osteoblasts in the long standing 

lesions. This was an important study as it gave an explanation as 

to why long standing lesions of FD may present with lamellar 

bone. Riminucci et al. (2006) further proposed that normal osteo-

blasts which undergo full differentiation may remodel the bone 

trabeculae and rim the calcifications. Thus, presence of 

osteoblastic rimming cannot exclude the diagnosis of FD. 

Osteoblastic rimming was absent in most but not all of our cases 

of fibrous dysplasia. On the contrary it was present in majority of 

the central ossifying fibroma cases.   

Riminucci et al. (2006) also observed that different clinical lesions 

of FD include different proportions of assayable mutated cells and 

they seem to decline progressively with age and may ultimately 

disappear. Hence, though there is a maturation arrest of the patho-

logical bone in fibrous dysplasia due to the mutated osteoblasts 

which fail to undergo complete differentiation, there is a possibil-

ity of it getting replaced by the lamellar bone with the ageing of 

the lesion. However, the presentation of calcifications in different 

lesions is directly dependent on the relative frequency of the mu-

tated and non-mutated osteoblasts. If the latter concept is assumed 

to be true it can be accepted that in contrast to extragnathic fibrous 

dysplasia lesions, gnathic fibrous dysplasia lesions show tendency 

towards maturation. The difference in maturation between the 

fibrous dysplasia of long bones and that of craniofacial bones is 

thought to be due to the different inductive influences during de-

velopment of these embryologically distinct types of bones. Marie 

et al have showed that the fraction of osteoid surface with mor-

phologically mature osteoblasts was very low in fibrous dysplasia 

compared with the normal bone (Marie et al. 1997). Further, the 

artefactual separation of the connective tissue stroma from the 

calcification may lead to difficulty in discerning the rimming in 

some of central ossifying fibroma lesions. In the present study 

also, lamellar calcifications were found in the cases of FD which 

belonged to lesions of long standing duration. Similar cases have 

also been reported by Eversole et al where woven bone was re-

placed by lamellar bone seen on a subsequent biopsy within an 

interval of two years in pre-pubertal age group individuals 

(Eversole et al. 1972). 

In the present study, spherical calcifications or spherules were 

observed in the central ossifying fibroma cases and in two cases of 

fibrous dysplasia. These were acellular round to oval structures of 

various sizes with darker staining than others. Boysen et al. (1979) 

have also reported the presence of spheroid calcifications more in 

COF cases than in FD cases. However, Sisson et al. (1993) report-

ed the presence of calcified spherules in cases of extragnathic 

fibrous dysplasia and suggested that presence of calcified spher-

ules is not suggestive of diagnosis of cementifying fibroma or of 

odontogenic origin. The true nature of these calcifications cannot 

be determined by light microscopy therefore it is difficult to say 

whether they are bone, cementum, metaplastic bone or dentin 

[Sisson et al. (1993), Burkhardt (1989)].  

According to the present study, cellularity of stroma (p val-

ue<0.001) is a significant parameters in differentiating fibrous 

dysplasia from central ossifying fibroma and juvenile ossifying 

fibroma. Our results were in agreement with the reports of other 

authors that cases of fibrous dysplasia usually exhibit mild to 

moderate cellularity. The cellularity of the stroma decreases in old 

fibrous dysplasia cases with a relative increase in collagen ar-

ranged in a parallel fashion and has a rather monotonous distribu-

tion [Nwizu et al. (2010), Neville 2009 p639]. Sakamoto et al have 

also reported lower cellularity in older cases of fibrous dysplasia 

in comparision to early cases with a statistical significance (Sa-

kamoto et al. 2005). The reason for decrease in cellularity can be 

attributed to the decrease in frequency of mutated cells which have 

a higher proliferation rate compared to normal cells (Riminucci et 

al. 2006). In contrast, the central ossifying fibroma and juvenile 

ossifying fibroma lesions show moderate to severe cellularity and 

contain dense collagenous stroma arranged in whorls with com-

paratively more vascularity. 

 In the present study oxytalan fibers were observed in all but two 

cases of ossifying fibroma and in five cases of fibrous dysplasia. 

Our findings indicate that presence of oxytalan fibers cannot be 

correlated with odontogenic origin or with any particular FOL as 

they were also found in fibrous dysplasia cases as well which is 

considered non-odontogenic. Hamner & Fullmer (1966) also 

found oxytalan fibers in most fibro-osseous lesions of the jaw 

including fibrous dysplasia, provided that mature collagen was 

present. Also, Ono et al. (2007) found oxytalan fibers in only 50% 

of their cases and concluded that ossifying fibroma does not al-

ways originate from the periodontal tissue, even if they are near 

the alveolar bone area. Thus, presence of oxytalan fibers cannot be 

used as a criterion to differentiate fibrous dysplasia from central 

ossifying fibroma and juvenile ossifying fibroma. Thus, histo-

pathology alone may not suffice the diagnosis of fibro-osseous 

lesions due to the varied presentation depending on the stage of 

the lesion. 

The present study also proposes a scoring criterion which may 

help in differentiating fibrous dysplasia from central ossifying 

fibroma and juvenile ossifying fibroma of the jaws in a more ob-

jective way.  According to this criteria, a unique score was allotted 

to each category or histological presentation of the seven parame-

ters (morphology of calcifications, structure of calcifications, 

osteoblastic rimming of calcifications, cellularity of stroma, vas-

cularity of stoma, collagen pattern of the stroma and presence of 

oxytalan fibers), and the total of all the scores for a particular case 

was calculated. It was found that above criteria clearly differenti-

ated fibrous dysplasia with a score less than 45 from central ossi-

fying fibroma and juvenile ossifying fibroma with score more than 

or equal to 45 in all the forty-four cases. Nonetheless, these scor-

ing criteria require further validation by application on a larger 

sample size and lesions of different stages. 

5. Conclusion  

The histopathological characteristics may aid towards the diagno-

sis of FOL, however it should not be based on any single criteria. 

The dynamic nature of these lesions requires correlation with 

clinical, radiographic features and genetic analysis. 
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