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A B S T R A C T   

Parosteal Osteosarcoma (POS) is a well-differentiated low-grade malignant sarcoma occurring at the bone sur-
face. POS of the skull is exceedingly rare, with only 4 temporal bone cases reported in modern literature. This 
tumor may resemble a multitude of entities, hence identifying it is critical. This may be achieved through a 
combination of clinical, histopathological, and imaging diagnostic techniques. POS may recur locally or dedif-
ferentiate, the latter having a worse prognosis. This review aims to update the reader regarding the management 
of the rare Parosteal Osteosarcoma located in the skull bone.   

1. Introduction and classification 

Parosteal Osteosarcoma (POS) is a rare low-grade bone tumor arising 
from the outer layer of the cortex. In 1951 Geschickter and Copeland 
were the first to describe this tumor. The first reported POS in the 
craniofacial location was reported in 1961 [16,15,8]. 

Sarcoma may arise from bone or connective tissue with the former 
called bone sarcoma [Fig. 1]. Osteosarcoma is a subtype of bone sar-
comas. Osteosarcoma develop in bone manufacturing osteoblastic cells 
and therefore may produce osteoid. Osteosarcoma are further divided 
based on there location within the bone. ‘Central osteosarcoma’ origi-
nate intramedullary, whereas the much rarer ‘Surface osteosarcoma’ 
arise from the peripheral part of the bone. WHO further subclassifies 
Surface osteosarcomas into Parosteal, Periosteal, and the high-grade 
surface Osteosarcoma. On histologically, POS is the most well differ-
entiated low grade variant, low to intermediate grade is the Periosteal 
osteosarcoma, whereas the High-Grade Surface osteosarcoma is the least 
differentiated variant of the three. The origin of these sub types Varies. 
The high-grade surface osteosarcoma arises from the bone surface, POS 
from the outer periosteum while periosteal osteosarcoma originates 
from the inner periosteum [9,6,11,16,10,1,5,2,13,4,3]. 

Alternatively, Zarbo and Carlson classified osteosarcomas according 
to the site of origin into conventional (intramedullary), juxtacortical and 
extra-skeletal osteosarcomas. The Juxtacortical variant originates on the 

external surface of the bone (periosteum, connective tissue), and in-
cludes both intermediate or high grade periosteal, and POS variants 
[17]. 

POS is further categorized as either conventional POS (CPOS) or 
Dedifferentiated POS (DPOS). Both may be either histologically low, 
intermediate (predominantly chondroblastic periosteal osteosarcoma) 
or high grade. High grade DPOS coexists with the usual low-grade POS. 
This is more commonly seen at the time of presentation in Synchronous 
DPOS, or at the time of recurrence with Metachronous DPOS [9,6,11,1, 
13]. 

2. Incidence 

POS is an uncommon tumor of the human body, found exceedingly 
rarely in the skull. This carcinoma is most prevalent in the mandible and 
maxillary bones. To date, temporal bone POS has only 4 reported cases 
in literature [9]. 

Only a minute fraction of DPOS lesions are in the skull; current 
literature spots only 2 skull DPOS cases. In a study done by the Rizzoli 
Institute, out of the 29 patients diagnosed with DPOS, only 1 of them had 
a skull lesion. [12,6,11,14,16,10]. 
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3. Presentation 

POS most commonly presents in females in their thirties as a slowly 
progressing painless swelling on the surface of the bone; hence it may be 
mistaken for a benign lesion. Lasting for years, the mass is non-lobular, 
expansile, exophytic and osseous in nature, with a potential for over-
lying mucosal ulceration, and may decrease range of motion of the 
adjacent joint. Whilst majority of cases reported are painless, lack 
paresthesia and lymphadenopathy, a dull aching pain with local 
tenderness may also be felt by some patients. 

In contrast, DPOS may present with pain, with an older mean age of 
36 years. Jaw POS may present in older age males, with a peak age of 39 
years, and a higher histological grade. One study found up to 65 % DPOS 
patients presenting with medullary canal invasion, when compared to 
only 28 % in CPOS [12,9,6,11,14,16,10,13]. 

4. Etiology 

Osteosarcomas may result from radiation therapy and a multitude of 
other causes. Radiation that inadequately destroys all viable cells may 
induce malignant transformation in cells. Other risk factors include 
preexisting bone abnormalities, hereditary retinoblastoma, Li–Fraumeni 
syndrome and Rothmund–Thomson syndrome [9]. 

Hypotheses suggest DPOS, along with CPOS, may originate from a 
common nest of mesenchymal cells, which subsequently differentiate 
along separate cellular lineages [14]. 

POS patients genetically show amplified genes CDK4 and MDM2, 
both important in cell cycle regulation with gene protein products 
usually showing coordinate overexpression. In difficult cases, immuno-
histochemical stains for CDK4 and MDM2 prove noteworthy since le-
sions excluding POS and central low-grade osteosarcoma, rarely appear 
positive for these markers [10]. 

5. Pathology 

Macroscopically, POS are ill-defined, hard or ossified, broad based 
exophytic tumors with a regular external surface which may outgrow its 
base of origin. A cartilaginous cap has been observed in about a quarter 
case. The margins are well demarcated and lobulated, although sur-
rounding soft tissue invasion is seen. On sectioning the tumor, a ho-
mogeneous solid ivory bone resembling mass, composed of intermixed 
bone, fibrous, and cartilaginous tissue involving the periosteum is seen 
[6,11,10]. 

The most well recognized pattern of POS is the Streamer pattern. It is 
well-differentiated and biphasic, consisting of a spindle cell stroma 
phase alongside a trabecular bone phase. Since it is low in grade, the 

stroma constitutes fibroblastic spindle cells with moderate cellularity 
and minimal atypia immersed in a background of collagen. The nuclei 
are oval with tapered ends, 1–2 nucleoli, scattered chromatin, low 
mitotic activity and rare mitotic figures. Bone trabeculae comprise 
parallel mature woven bone scattered in the stroma, which may coalesce 
over time to form a large mass. Osteoblastic rimming, osteoclastic giant 
cells, and irregular cement lines may also be seen. [16,10]. 

Other variants include cartilaginous foci or differentiations, seen in 
up to 40–55 % POS cases, where irregularly arranged chondrocytes 
display mild to moderate pleomorphism and occasional binucleation. 
Another rare variant identified contained combined well differentiated 
lipo-sarcomatous elements [16,10]. 

CPOS may also be classified according to tumor histological grade. 
Broders Grade 1 tumors display minimal atypia and mitotic activity. 
Broders Grade 2 tumor spindle cells appear increasingly crowded, 
pleomorphic with elevated atypia. Broders Grade 3 and 4 are high grade 
anaplastic tumors with an increased mitotic rate. Therefore these tumors 
features overlap with those of osteoblastic osteosarcomas, fibroblastic 
osteosarcomas, giant cell-rich osteosarcomas, and chondroblastic oste-
osarcomas [6]. 

Certain studies have observed up to 10 % POS cases dedifferentiating 
into a high-grade osteosarcoma, presenting with a significantly worse 
prognosis. Therefore it is pertinent to microscopically distinguish DPOS 
from high-grade tumors. Histologically, DPOS presents as a nonhomo-
geneous solid gritty mass with soft tan sarcomatous areas, and possible 
focal necrosis and hemorrhage. Cortical destruction and medullary canal 
invasion may also be seen. Primary DPOS occurs when a high-grade 
sarcoma is found juxtaposed to a low-grade POS at presentation. Less 
commonly, secondary DPOS may be seen after multiple recurrences of a 
low-grade tumor. POS may dedifferentiate into many varieties of high- 
grade sarcomas, including fibroblastic, osteoblastic, or chondroblastic 
osteosarcoma; fibrosarcoma; malignant fibrous histiocytoma; and 
rhabdomyosarcoma [12,6,11,14,16,10]. 

6. Imaging 

Radiographically, POS of the skull are round or oval, sessile, cauli-
flower like, lobulated, exophytic bone growths arising from the outer 
table or external cortex of the skull, with irregular mineralization. These 
lesions are considered radio-dense forming a sunburst pattern, since the 
base is denser than its periphery [12,16,10]. 

6.1. Features 

Several distinct features help distinguish POS from other entities. 
The String sign is a characteristic cleavage plane seen in up to 30–65 % 
of cases. It is a radiolucent cleavage line which consists of partially 
eroded, thickened, unmineralized periosteum with poor to well defined 
margins. Periosteal reaction is minimal. Reflective of entrapped soft 
tissue, this periosteum cleavage line is sandwiched between two layers 
namely, the outer table of the skull or cortex, and the overlying tumor. 
The cortex of the skull may be normal, have reactive sclerosis, or may 
even show evidence of bony erosion or destruction. Various other 
radiological features have also been observed, including cotton wool 
with a distinct margin, patchy radiopacity, a diffuse hazy opacification 
with few fine bony spicules radiating from the lower border of the lesion, 
and many interlacing coalescing trabeculae of varying thickness forming 
a meshwork from the lower border of the cortex on Three Dimensional 
Computerized Tomography (3D CT) [12,16,10]. 

6.2. CT/MRI 

Computed Tomography (CT) or Magnetic Resonance Imaging (MRI) 
scans are preferred over conventional radiographic imaging for accu-
rately diagnosing POS. The bone cortex and medullary cavity are better 
visualized by cross sectional imaging via CT or MRI, but many other 

Fig. 1. Classification of sarcoma.  
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reasons also come in play. Firstly, anatomically the characteristic 
radiolucent cleft on routine radiographs may be of hurdle. Especially 
with the jaw where tangential view or CT scans [Image 1] may prove 
beneficial, although this radiolucent cleft may obliterate as the tumor 
enlarges. Secondly, cross-sectional imaging with a CT scan may better 
demonstrate the architecture of the lesion. Tumor confinement, 
attachment to the cortex, cortical erosions, radiating bony trabeculae, 
hyperdense homogeneous compact bone like mass attached to the cortex 
by a short pedicle, a layer of hypodense tissue separating the sharply 
defined posterior margins from the maxillary cortex, irregularly thick-
ened anterior margins overlying the mucosa with no local infiltration. 
These features may also be important to distinguish these lesions from 
benign or low-grade osteosarcomas, or other processes, although un-
derlying bone sclerosis may also be seen in benign POS. Although the CT 
scan may not be able to differentiate a benign from a low-grade osteo-
sarcoma. Thirdly, the CT scan provides a preoperative evaluation of the 
tumor elaborating the heterogeneity of the tumor, satellite nodules, and 
the extent of skull involvement. Lastly, the CT or MRI stages the tumor 
and detects DPOS. Intramedullary extension or satellite lesions in sur-
rounding soft tissue are accurately identified. An MRI is advised when 
recurrence and bone marrow involvement is suspected, while a CT scan 
is diagnostic for evaluating cortical integrity and to rule out metastasis, 
specifically Scintigraphy and chest CT to confirm the presence of a sol-
itary tumor [12,11,16,10]. 

DPOS presents as an ill-defined soft tissue mass confined or adjacent 
to the ossified tumor. MRI, especially Gadolinium enhanced MRI, is 
instrumental in identifying DPOS due to a multitude of reasons. Firstly, 
Gadolinium enhanced MRI distinguishes the histologically high from the 
low-grade variant, since low-grade lesions display low signal intensity 
on Transverse Relaxation time (T1- and T2) weighted images, while 
high-grade, necrotic, fat, inflamed and hemorrhagic lesions correlate to 
high T2 signal intensity areas. Contrast enhancing demonstrates these 
areas to guide biopsy, where DPOS enhancement is dense relative to its 
marginally enhancing low-grade counterpart. Occasionally biopsy 
sampling DPOS within a densely calcified POS is troublesome, and if 
needle biopsy under fluoroscopic guidance also fails, CT and MRI im-
aging can identify the areas with the highest probability of DPOS for 
biopsy. Secondly, skull infections may imitate osseous skull lesions, 

which may be differentiated with the help of a Diffusion weighted MRI. 
Thirdly, Gadolinium enhanced MRI is useful for monitoring respon-
siveness to chemotherapy by highlighting non-enhancing chemotherapy 
induced necrosis regions within the enhancing DPOS. This is helpful 
since a discrepancy was observed in the necrosis highlighted by Gado-
linium enhanced MRI, when compared to the lesion histology, although 
dynamic enhanced MRI is preferred for monitoring in this scenario. Here 
an early phase steep and rapid uptake represents a viable tumor, 
whereas a gradual and delayed enhancement signals inflammation. 
Other studies suggest a correlation between angiographic vascularity, 
and high-grade or DPOS lesions. T2-weighted MRI has traditionally been 
preferred over the CT scan for diagnosing DPOS, since MRI better dis-
tinguishes DPOS from fat and necrosis. Whereas on CT, DPOS appears 
less radiopaque and iso-dense with the brain, when compared to POS, 
suggesting a liposarcoma. Low attenuation on CT may signal DPOS, but 
fibrosis, cartilage and entrapped soft tissue may also present similarly 
[12,14,7,10] (Image 2). 

7. Differential diagnosis 

POS is a highly misdiagnosed tumor. Accurate diagnosis requires 
correlation of clinical, radiographic, and histologic features, since an 
alternate diagnosis may significantly alter the prognosis and treatment 
plan. Additionally, high grade POS (Broders Grade 3 and 4) has a high 
mitotic rate and anaplasia; hence may overlap with osteoblastic osteo-
sarcomas, fibroblastic osteosarcomas, giant cell-rich osteosarcomas, and 
chondroblastic osteosarcomas [6,11,14,16,10]. 

Osteochondroma is difficult to differentiate from POS since they both 
share morphological and clinical features, peak age occurrence, and up 
to a quarter of POS patients may also present with a cartilaginous cap. 
Osteochondroma clinically appears as a pedunculated sessile mass 
covered by a thin cartilage cap. Histologically, its chondrocytes form 
perpendicular columns displaying polarity; clusters of lacunae superfi-
cially and small immature chondrocytes at the base of the lesion. 
Endochondral ossification is seen in the underlying trabecular bone, 
between which adipose or marrow tissue may be seen. In comparison, 
POS chondrocytes are more pleomorphic, with occasional binucleation 
and irregular columnar arrangement and polarity. Around 15 % may 
have focal fat between the trabecular bone, but a high proportion of 
spindle cell stroma is always present. On imaging, osteochondromas 
show continuity of cortex and medulla with the base of the lesion, which 
rarely may also occur in POS. Intramedullary osteochondroma may 
present as aggressive exophytic nodules with rapid expansion and 
medullary involvement. High grade surface osteosarcomas macroscopi-
cally present similar to POS, although are much more rapidly pro-
gressing. Histologically, the tumor spindle cells show marked nuclear 
atypia with lace-like osteoid production. Periosteal Osteosarcomas may 
resemble intermediate grade chondroblastic osteosarcomas due to their 
lobulated well-defined periphery comprising poorly differentiated ma-
lignant cartilaginous tissue, although characteristic comb like new bone 
formation at the adjacent cortex distinguishes it from the latter. 
Radiographically, periosteal osteosarcoma has an intact cortex with 
radiating calcified spicules, lacks bone marrow involvement, a poorly 
defined periphery, and a less dense or homogenous tumor matrix than 
POS. POS also displays a lack of continuity with cortical bone with 
possible medullary involvement on a panorex, outgrows its base of 
origin whilst arising from the outer cortex hence not elevating the 
periosteum. In contrast, Periosteal Osteosarcoma forms the Codman 
triangle by elevating the periosteum and displays a confined fusiform 
pattern of growth. Osteogenic Sarcoma holds a much worse prognosis 
than POS. It presents as a cellular pleomorphic anaplastic stroma 
forming amorphous islands of osteoid, with cartilage and fibrous tissue. 
Noras lesion has cartilage capping and distinct zones which distinguish it 
from POS. On Imaging, it mimics tori and exotosis on imaging. Chon-
drosarcoma may present as an aggressive, rapidly expanding exophytic 
nodule displaying medullary involvement on imaging. Fibrous 

Image 1. CT scan without contrast: parosteal osteosarcoma of the temporal 
bone: Solid bony nodule (arrow) measuring 3.1 × 1.2 cm located on the right 
temporal bone. 
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dysplasia’s although pathologically distinct and intramedullary, may be 
misleading on small biopsy due to POS occasionally presenting in a 
similar manner. This pattern constitutes a Chinese calligraphy resem-
bling irregular arrangement of trabecular bone, or an exophytic mass 
(fibrous dysplasia protuberans). Notably skull, jaw and ribs are the most 
common fibrous dysplasia locations. Ossifying Fibroma’s desmoplastic 
fibroma like pattern may be seen uncommonly in POS on histopathol-
ogy, although in POS a predominance of spindle cell stroma with 
abundant collagen bundles may be noted. It is usually seen in the pe-
riphery of the POS tumor, infiltrating into the adjacent soft tissue. Here 
imaging is of pertinence since desmoplastic fibromas aren’t osteogenic 
hence the lesion appears less dense on radiographs. Myositis ossificans 
are clinically very rapidly progressing tumors. Histologically, the spin-
dle cell component displays reactive myofibroblasts, abundant cyto-
plasm, frequent mitotic figures and the secondary zoning phenomenon, 
comprising centrally located plump spindle cells due to immature 
osteoid production, and peripheral mature trabecular bone. On Imaging 
when involving the periosteum, it may present identically to the POS. 
Osteomas are composed of mature bone hence lacking the spindle cell 
proliferation, cellular pleomorphism, anaplasia and mitotic activity 
commonly seen in POS. The low-grade intraosseous osteosarcoma his-
tology may overlap with that of POS. Fortunately on imaging, peripheral 
osteomas are more radio dense due to absent cartilaginous areas, and 
close fine trabecular striae resemble a feathers edge. Reactive processes 
due to trauma e.g. fractures, calluses, and ossifying hematomas may 
simulate mature bone tumors. This would necessitate a thorough clinical 
history. Hyperostosis on biopsy will show hyperplastic lamellar bone 
which differentiated it from POS. On imaging, Tori and exostosis occur at 
the same site, are painless slow growing masses with limited growth 
potential and can attach to the jaw cortex via a pedicle or wide base. 
Histopathology is preferred for diagnosis purposes [6,11,14,16,10]. 

8. Prognosis and treatment 

CPOS has a favorable prognostic profile in comparison to conven-
tional osteosarcomas and periosteal osteosarcomas. Craniofacial POS 
present as slow growing, low-grade tumors, with a metastatic rate of just 
5 % metastatic rate. Unfortunately they may recur following local 
excision, an overlapping characteristic also seen in long bone POS. 
Aggressive extension of the tumor into the medullary cavity may occur 
in up to 22–58 % patients, although fortunately this doesn’t seem to 
significantly affect the prognosis of this tumor. Mandibular POS has seen 
to hold improved outcomes when compared to maxillary bone POS. This 
may be due to the higher recurrence rate, increased intramedullary 

involvement, and dedifferentiation to high grade sarcoma observed in 
POS of the maxillary bone [12,9,6,11,16,10]. 

Differentiating CPOS from benign lesions may prove bothersome. 
This may be due to the tendency of benign lesions to recur following 
limited local excision. A resultant recurrent or long-standing POS lesion 
mistaken to be benign may have evolved into an increasingly aggressive 
tumor. This necessitates a radical surgical excision or En bloc surgical 
resection with a wide cut of normal bone and negative margins, since the 
wide margins remove any satellite lesions and prevent local spread 
along the bone surface. This may be followed by chemotherapy if his-
tologically malignant features, or recurrence is seen [12,9,11,16]. 

DPOS with transformation to a higher-grade sarcoma is important to 
recognize due to its worse prognosis. This is because of the accelerated 
tumor growth and tendency to recur and metastasize. 10 % POS dedif-
ferentiate to a high-grade osteosarcoma. This demands radical treatment 
which constitutes wide excision with adjuvant chemotherapy, and oc-
casional limb amputation. Although, one study noted up to 80 % pa-
tients treated with wide surgical excision alone survived; similar 
survival rates were also observed in the combined surgery and chemo-
therapy cohort. Likewise this treatment plan doesn’t eliminate the 
chance of local recurrence, as a series noted out of the seven patients 
who experienced local recurrence, four had undergone chemotherapy 
and four patients had inadequate surgical margins. Both Metachronous 
and synchronous variants of DPOS have similar outcomes although 
patients with tumors that histologically show Broders Grade 4 dedif-
ferentiation had a worse prognosis. The high-grade component of the 
lesion should be identified to surround the area with normal tissue. 
Preoperative chemotherapy should also be administered. Another study 
noted 62 % of their DPOS patients experiencing radiographic lucency, 
hence they encouraged biopsy of lucent areas, and if not present, 
hypervascular lesions, since DPOS may be difficult to diagnose with 
needle or incisional biopsy. If in proximity to a neurovascular bundle, 
reduction of the tumor burden via neoadjuvant chemotherapy may 
make the lesion more resectable and save the limb. Medullary canal 
invasion has not been associated with tumor aggressiveness, although in 
one study, out of the nine patients who died, seven had metastases, 
noting a metastatic rate of 31 %, comparing to 5 % seen in CPOS [12,6, 
14,16]. 

9. Conclusion 

Overall, POS is a well-differentiated low-grade malignant sarcoma 
found at the bone surface. POS in the skull may resemble a multitude of 
entities, which it may successfully be distinguished from through 

Image 2. MRI skull: parosteal osteosarcoma of skull: Densely calcified mass (arrows) measuring 3.6 × 1.5 × 3.0 cm involving the inferior aspect of the squamosal 
portion of the right temporal bone that is immediately superior to the petrous portion. 
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combined clinical, histopathological and imaging diagnosis. POS may 
recur locally but with a good prognosis and low potential for systemic 
metastasis. Dedifferentiation of this tumor may occur, with a low-grade 
POS and high grade sarcomatous component simultaneously, or with 
transformation into a high-grade sarcoma, associated with accelerated 
growth and a worse prognosis. Surgery with wide surgical margins alone 
or associated with chemotherapy is the treatment of choice. Metastasis 
being the major cause of treatment failure, identification of DPOS in a 
timely fashion and ablation of the metastasis is key [6,14]. 
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