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Abstract  

Pneumosinus dilatans is a rare condition of abnormal 

dilatation of the paranasal sinuses. It can involve one or all 

of the sinuses. It may be developmental or associated with 

other conditions, mainly potentially obstructive lesions of 

the sinus cavity. Fibrous dysplasia is a benign condition in 

which the normal bone matrix is replaced by a disorganized 

fibrous tissue that involves craniofacial bones or peripheral 

skeleton. The entity may be a part of McCune-Albright 

syndrome or Mazabraud syndrome. Complications include 

extra skeletal manifestations like hyper functioning 

endocrinopathies and malignant transformation. 

 

Here we report a case of long-standing fibrous dysplasia 

leading to a frontal swelling due to complex dilatation of 

left frontal sinus- pneumosinus dilatans. 

 

Keywords: Pneumosinus dilatans, Fibrous dysplasia, 

Fibro-osseous dysplasia, CSOM, Temporal bone, Imaging 

 

1. Introduction  

Pneumosinus dilatans is a rare condition of abnormal 

dilatation of the paranasal sinuses characterized by the 

hyperpneumatisation of a single or multiple paranasal 
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sinuses. The condition was originally described by Meyes 

in 1898 followed by refinement of the entity later by 

Benjamins and Urken et al [1-3]. This nomenclature is 

typically reserved for a sinus that is abnormally expanded 

beyond its normal boundaries with an intact wall and 

normal wall thickness. This is in contrast to pneumatocoele, 

which is an expansion of a sinus associated with thinned 

sinus wall. A typical pneumosinus dilatans is radiologically 

an abnormal dilation of one or more paranasal sinuses 

without any features of localized bone destruction, 

associated hyperostosis, or thickening of the mucous 

membrane [4]. Rarely along with generalized invol-vement 

of paranasal sinuses, there is associated dilation of mastoid 

air cells and is termed as pneumosinus dilatans multiplex 

[5]. The etiology of the condition is contested and the 

proposed mechanism include obstruction of the sinus by a 

mass, the presence of gas-forming microorganisms, 

spontaneous drainage of a mucocele, the presence of a one-

way valve, abnormalities of hormonal regulation leading to 

a disturbance of osteoblastic and osteoclastic activity [4, 5]. 

 

Fibrous dysplasia is part of a spectrum of anomalies termed 

fibro-osseous lesions, a diverse group of processes that are 

characterized by the replacement of normal bone by a 

fibrous tissue containing a newly formed mineralized 

product. Apart from the more important fibrous dysplasia 

(FD), the group includes cemento-osseous dysplasia and 

ossifying fibroma. Fibrous dysplasia is a non-hereditary, 

developmental tumor-like condition in which the normal 

trabecular bone is replaced by cellular fibrous connective 

tissue proliferation intermixed with irregular trabeculae [6, 

7]. In general, three major patterns of fibrous dysplasia are 

described namely monostotic, polyostotic and craniofacial 

form. About 3% of patients are associated with McCune–

Albright syndrome featuring skin pigmentation and hyper-

functioning endocrine disorders [7, 8]. 

 

2. Clinical Observations and Imaging Findings 

A 32-year-old man was admitted to the emergency 

following an episode of seizure. An emergency CT head 

was performed which showed areas of bilateral frontal lobe 

gliosis and changes of left front parietal craniectomy. He 

also had a sclerosing disease of the skull involving the left 

frontal, temporal, zygomatic bones, and a part of the left 

parietal bone. There were also patchy areas of involvement 

in the right frontal, temporal and parietal bones. Associated 

bone disease in the form of fibrous dysplasia was thought 

of and a detailed clinical assessment was made after his 

recovery from seizure and postictal confusion. 

 

The patient was suffering from epilepsy since infancy and 

was on medication. He was found to have a bony disease of 

the calvarium when he was15 years old, after a CT 

examination. As the expansile bony lesion was found to 

cause compression of the left frontal lobe, a wide excision 

craniectomy was done to remove the bony lesion. The 

resection biopsy proved fibrous dysplasia. 

 

Current CT shows a craniectomy defect with the margins 

showing irregular sclerosis and calvarial thickening 

indicating recurrent disease. There is bilateral frontal lobe 

gliosis on CT scan and MRI, which may be attributed to 

sequelae of the previous compression by the expansile bony 

lesion and with a possible contribution from surgery 

(Figure 1). The patient’s seizures are now occasional, about 

once in 6 months to 5 years. He is on a maintenance dose of 

antiepileptic. 
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Figure 1: 1a. Axial CT at a high level shows bifrontal hypodense areas, indicating gliosis. Note the central nodular bone 

density and changes of craniectomy; 1b. Axial FLAIR images showing gliosis and expanded left frontal bone with high signal 

than the corresponding normal area on the right side indicating residual lesions of fibrous dysplasia. 

 

Another complaint is a progressive bulging hard swelling of 

the left frontal region with minor disturbance to the visual 

field. X-ray skull reveals unusually large paranasal sinuses 

(Figure 2). CT images show that much of the frontal 

bossing is due to an unusually large left frontal sinus which 

is protruding to create the frontal bulge (Figure 3). There is 

an irregular lobulated thickening of the left frontal sinus 

wall with a sclerotic or ground glass haze indicating 

involvement by fibrous dysplasia. Maxillary, ethmoid, and 

sphenoid sinuses are relati-vely larger than normal. The 

right frontal sinus is normal in size. The left frontal sinus is 

grossly enlarged with a tortuous cavity extending higher up 

and posteriorly with many intervening bony septae (Figure 

4). It is expanding the ethmoid and left sphenoid bone areas 

crossing the midline at places reaching as far posteriorly to 

cause a bulge into the left anterior temporal fossa. This 

unusual dilation of the left frontal sinus can be described as 

a complex pneumosinus dilatans frontalis. The ostium of 

the left frontal sinus appears patent on CT, though narrowed 

by expanded ethmoid and maxillary sinuses. There is no 

bony involvement of maxillary or ethmoid sinuses by 

fibrous dysplasia. There is irregular polypoid-nodular wall 

thickening of the left frontal bone with outer and inner 

cortical projections showing sclerosis with central areas of 

high density or ground glass haze. This is causing 

compression of the left frontal lobe and mild asymmetry of 

intracranial structures (Figures 5, 6). No evidence of any 

extracranial involvement or skin involvement was evident 

on history and physical examination to diagnose McCune-

Albright syndrome. The visual acuity is normal. He has 

moderate-severe conductive hearing loss of the left ear on 

audiometry. 
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Figure 2: Lateral X-ray of skull showing unusually expanded paranasal sinuses-Pneumosinus dilatans. 

 

Figure 3: Surface rendered CT images showing a large bulge in the left frontal area which is extending to the left orbital area. 

 

Figure 4: 4a. Axial CT at mastoid level showing grossly dilated left frontal sinus (F) encroaching the left middle cranial fossa; 

4b. Axial CT bone window images showing the grossly dilated left frontal sinus (L) with multiple bony septations indicating 

pneumosinus dilatans. Compare this with a near-normal size of the right frontal sinus (R). 
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Figure 5: 5a. Coronal CT sections showing dilated left frontal sinus (L) compared to the right side. Left side frontal, temporal 

and zygomatic bones are expanded with lobulated outline (T); 5b.Coronal T2 MR image showing the sinus changes and the 

expanded left side bone matrix with a heterogeneous hyperintense signal (F) indicating fibrous dysplasia. Areas of frontal lobe 

gliosis (G) are also evident. 

 

 

 

Figure 6: 6a. Axial CT sections showing dilated left frontal sinus surrounded by an expanded left frontal bone; 6b, 6c. 

Sections higher up showing the expanded diploic space and lobulated cortical margins. The margins are sclerosed with a 

relatively ground glass density matrix indicating the sclerosing phase of fibrous dysplasia. 
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Figure 7: 7a. Axial CT sections showing soft tissue density filling the left mastoid antrum and air cells (C) indicating otitis 

media; 7b. Coronal CT image shows a sclerosed left temporal bone including the mastoid with a homogenous matrix of fibrous 

dysplasia. The left external auditory canal (E) is irregular. Soft tissue density noted in the left middle ear cavity and mastoid air 

cells indicating CSOM. 

 

He was suffering from recurrent left ear pain and ear 

discharge indicating chronic suppurative otitis media 

(CSOM). He underwent resection of fibrous dysplasia of 

the left external auditory canal about 5 years back. Current 

CT and MRI show diffuse involvement of left temporal 

bone with thickening, widening of diploic space, and 

lobulated appearance of outer cortex mimicking exostosis at 

places. His left external ear canal is roomy with nodular 

granulation tissue on physical examination. CT shows soft 

tissue density filling the left middle ear cavity and mastoid 

indicating cholesteatoma or granulation tissue.  

 

There is diffuse sclerotic involvement of left petrous 

temporal bone involving the mastoid, walls of the external 

ear canal, and the mandibular cavity of the temporal bone 

on CT scan (Figure 7). The left Eustachian tube is 

narrowed. The left internal ear structures, middle ear 

ossicles, and the internal auditory canal are intact. 

3. Discussion 

3.1 Pneumosinus dilatans 

Pneumosinus dilatans is a rare condition with just more 

than 100 cases reported to date. A meta-analysis in early 

2021 counted a total of 145 patients from 103 articles [9] 

and an earlier article in 2013 reviewed 123 cases [10]. It is 

slightly more common among males (57%) with an average 

age of 32 years at presentation. It commonly involves the 

frontal sinus (62%), followed by sphenoid sinus (24%), 

maxillary sinus (20%), and rarely (19%) the ethmoid sinus 

[9, 10]. Commonly it affects a single sinus (81.5%) than 

multiple sinuses. Rarely all the sinuses and both mastoid air 

cells are involved and such cases are labeled as 

pneumosinus dilatans multiplex, with only three reported 

cases noted in our review [11, 12, 13]. About 50% of cases 

are associated with another condition, which is commonly 

an ethmoid sinus disease (81.5%) than frontal sinus 

(29.7%) involvement [9]. About 25% of symptomatic 
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frontal pneumosinus dilatans is associated with an 

intracranial pathology like meningioma, arachnoid cyst, or 

orbital tumor [10]. 

 

3.2 Aetiopathology of frontal pneumosinus dilatans 

Several theories on the etiology of pneumosinus dilatans are 

proposed, but not substantiated with reliable scientific 

evidence. The aetiology of the condition remains obscure 

even after 100 years of describing this entity [14]. Only a 

small number (about 19) of articles offer some form of 

evidence of aetiology. A "ball-valve" mechanism of sinus 

outflow obstruction causing air trapping is the most 

substantiated of the proposed aetiologies. Another is a 

primary fibro-osseous pathologic process with potential to 

disrupt the cellular milieu. A proposal like hormonal 

dysregulation or a spontaneously draining mucocele is even 

less substantiated. Causation by gas-forming bacteria was 

proposed but without adequate evidence. Epidemiological 

evidence of a bimodal distribution of disease occurrence in 

a younger population (16-25 years) and an older population 

(36-40 years) may indicate possible multiple etiologies [12, 

14]. Commonly reported symptoms of pneumosinus 

dilatans are facial deformities (39%), headache (24%), or 

visual loss (15%). Uncommon visual disturbances include 

diplopia, reduced visual acuity which is frequent with 

sphenoid sinus involvement. The presence of pneumosinus 

dilatans may be a sign of underlying disease or help in 

unmasking significant clinical findings like 

meningomyelocoele in some cases [9, 15]. Large 

pneumosinus dilatans can cause pressure effects like 

neurological deficits, cranial nerve palsies, and 

exophthalmos [16]. There is a wide difference in the size of 

the frontal sinus in the general population [17] and many 

cases of pneumosinus dilatans are associated with a many-

fold expansion of the sinus. At birth, frontal sinuses are 

absent or rudimentary. Pneumatisation starts at 4 years and 

becomes well-formed by 7-8 years to reach the full size by 

puberty. Pneumatisation may continue even after forty 

years. The average estimated size of a frontal sinus in an 

adult is 3.3cm height, 2.6cm width, and 1.8cm length [18, 

19]. Sinus expansion is often an ongoing process and is 

possibly due to a progressive increase in the sinus pressure 

as a result of a one-way ball valve mechanism allowing 

entering but not exiting of air at the level of the frontal 

sinus ostium. Drastic pressure changes occurring during the 

Valsalva maneuver or forced sneezing are possibly another 

mechanism for sinus expansion. Sinus overgrowth also 

occurs in acromegaly, influenced by general growth factor 

or due to compensatory expansion as in cases of cerebral 

agenesis. Other pathological entities like fibro-osseous 

diseases are probable causes. Normal development of 

frontal sinus may be modified by fractures, severe 

infections, or neoplasm. Frontal sinus expansion presents 

with changes of facial contour, headache, facial pain, or 

visual disturbances [19-22]. 

 

Having found a relatively uninvolved patent frontal sinus 

ostium and uninvolved osteomeatal complex and robust 

involvement of the left frontal bone, the possible aetiology 

in the index case appears to be due to a disruption of the 

cellular milieu leading to sinus expansion secondary to 

bony involvement with fibrous dysplasia. There are reports 

on the association of meningioma with pneumosinus 

dilatans, with the tumor tending to affect the trophic milieu 

of the adjacent bone [23, 24]. Fibrous dysplasia is a rare 

association of pneumosinus dilatans with occasional case 

reports [24, 25]. 
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3.3 Fibrous dysplasia 

Fibrous dysplasia was first described by Lichtenstein and 

Jaffe in 1942 and is sometimes called as Lichtenstein-Jaffe 

disease. It is a developmental non-inherited anomaly of 

bone where the normal bone marrow is replaced by a fibro-

osseous tissue. Commonly, it is a disease of a single bone 

(monostotic fibrous dysplasia) in 75-80% of cases, but in 

20-25% of cases, it is polyostotic, involving more than one 

bone [6, 26]. The exact incidence of fibrous dysplasia is 

uncertain as the disease is often asymptomatic and many 

cases are detected incidentally. Roughly, it accounts for 

about 5% of benign bone lesions [27]. It is a slow-growing 

lesion that clinically presents during the age of bone growth 

and is thus commonly noticed in early teenage and 

adolescent years. Polyostotic fibrous dysplasia usually 

presents earlier, an average of 8 years. Polyostotic fibrous 

dysplasia rarely occurs as part of syndromes like McCune-

Albright syndrome or Mazabraud syndrome. 

 

Monostotic fibrous dysplasia commonly involves ribs, 

proximal femur, or craniofacial bones which typically 

involves the posterior maxilla. The lesion may involve a 

small area of bone or occupy the entire bone. Polyostotic 

fibrous dysplasia involvement varies from just two bones to 

more than 75% of the entire skeleton. The most common 

locations of this form of the disease are femur, tibia, pelvis, 

and foot bones. Less commonly affected sites include ribs, 

skull bones, upper extremity, lumbar spine, cervical spine, 

and clavicle [28, 29]. Limb deformities, pain, pathological 

fracture, facial asymmetry due to cranial involvement are 

common presentations. Symptomatic involvement is more 

common (75%) in polyostotic disease [30, 31]. 

 

Many cases of fibrous dysplasia are stabilised at bone 

maturity, but the deformity caused by it may progress. 

About 0.9-4% of fibrous dysplasia can undergo an 

aggressive form which often occurs more than 20 years of 

onset. It is more common in the polyostotic form [6, 32]. 

Malignant transformation of fibrous dysplasia occurs in 

about 0.4 to 4% as per different literature. It is more 

common in polyostotic form and is frequently (39%) 

associated with previous irradiation, cautioning against 

undue radiation exposure. The craniofacial region is the 

most common site of malignant transformation followed by 

femur, tibia, and pelvis [6, 33]. 

 

There is no tendency for the monostotic form to convert to 

the polyostotic form. A high rate of recurrence of fibrous 

dysplasia is seen after curettage and bone grafting. The 

majority of the lesions stabilize by skeletal maturity. But 

the deformity caused by the disease may persist or worsen 

[34] as in the index case. The bone lesions appear sclerotic 

and quiescent in the current imaging of our index case 

compared to the cystic nature before. However, the 

pneumosinus dilatans appear progressive with increasing 

bossing of the left frontal region. Apart from the cosmetic 

problems and mass effect, pneumosinus dilatans can cause 

erosion of the sinus resulting in pneumocephalus, and can 

rarely become severe enough to cause tension 

pneumocephalus [35]. The index patient underwent 

excision of the left external auditory canal wall. But 

sclerosis and thickening of the left temporal bone are 

causing narrowing of the Eustachian tube with a soft tissue 

density of the middle ear cavity and mastoid air cells, which 

might be caused by cholesteatoma or chronic granulation 

tissue. The patient continued to have left ear pain and 

discharge which occasionally get worse. Surprisingly the 

persistent gliosis of both frontal lobes is not causing any 
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notable neurological deficit, although the patient rarely 

experiences seizure which is under control compared to 

early childhood. Because of the complexity of the disease, 

the patient chose to be on conservative management and is 

able to perform his routine occupational activities. As of 

now, there is no effective medication for fibrous dysplasia 

with a capacity to change the course of the disease. 

Bisphosphonates may be helpful for related bone pain. 

Surgical interventions are reserved for addressing specific 

issues than as a main treatment option [6]. 

 

3.4 Temporal bone involvement in fibrous dysplasia 

Temporal bone involvement in fibrous dysplasia is frequent 

in craniofacial disease. Most cases occur around the 

external auditory canal causing stenosis. Frequent clinical 

complaints include headache, otalgia, otorrhea, temporal 

region mass, or trismus. Most affected patients (about 80% 

in some series) have a varying degree of stenosis of the 

external auditory canal leading to conductive hearing loss. 

Cholesteatoma is frequent in such patients causing 

destruction of the middle and inner ear. Facial nerve 

involvement can lead to facial nerve palsy [36]. Polyostotic 

lesions affecting temporal bones are rarely reported and 

bilateral temporal bone involvement is unusual [37]. In a 

large review, hearing loss from fibrous dysplasia was found 

commonly due to crowding of the ossicular chain and 

elongation of the internal auditory canal [38]. External ear 

canal stenosis and otic capsule invasion were less often 

encountered causes. CT imaging with multiplanar 

reconstruction and HRCT is the optimal imaging modality 

to study craniofacial involvement [39, 40] and the easy way 

to assess disease burden. 

 

 

4. Conclusion 

Advanced craniofacial fibrous dysplasia may have multiple 

complications such as hearing loss, chronic otitis media, 

pneumosinus dilatans, and neurological complications. A 

comprehensive multimodality approach may be needed in 

managing such cases. CT scan is highly valuable in 

assessing the cranial involvement of fibrous dysplasia. 
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