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Objective: This study aims to assess the CT and MRI features of head and neck osteosar-
coma (HNO).
Methods: 37 HNOs were identified, and the following imaging characteristics were reviewed 
on CT and MRI.
Results: A total of 37 patients(age 41.5 ± 15.0 years old; 16 males, 21 females) were included 
in the study. Tumours occurred in the maxilla (16, 43.2%), mandible (8, 21.6%), skull base (6, 
16.2%), calvarium (5, 13.5%), paranasal sinuses (1, 2.7%) and cervical soft tissue (1, 2.7%). 16 
patients received radiotherapy for nasopharyngeal carcinoma. Three patients (8.1%) devel-
oped osteosarcomas related to a primary bone disease. 16 of the (43.2%) tumours demon-
strated lytic density on CT scans, followed by 13 (35.1%) showing mixed density and 7 (18.9%) 
with sclerotic density. Matrix mineralization was present in 32 (86.5%). 3 out of 24 (12.5%) 
tumours showed lamellar periosteal reactions, 21 out of 24 (87.5%) showed spiculated peri-
osteal reactions. 12 tumours showed low signal intensities on T1WI, with 16 having heteroge-
neous signal intensities. 10 tumours showed high signal intensities on T2WI, and 18 showed 
heterogeneous signal intensities. With contrast- enhanced images, 3 tumours showed homoge-
neous enhancement (2 osteoblastic and 1 giant cell- rich), 18 tumours showed heterogeneous 
enhancement (13 osteoblastic, 4 fibroblastic and 1 giant cell- rich), and 7 tumours showed 
peripheral enhancement (6 chondroblastic and 1 osteoblastic). These tumours were character-
ized by soft tissue masses with a diameter of 5.6 ± 1.8 cm.
conclusions: HNO is a rare condition and is commonly associated with previous radiation 
exposure. This study provides age, sex distribution, location, CT and MRI features of HNO.
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Background

Osteosarcoma is the most common primary malig-
nant bone tumour and mostly occurs in the metaphysis 
of long bones. Headand neck osteosarcoma (HNO) is 
a rare condition that accounts for less than 10% of all 
types of osteosarcoma and 1% or less of all head and 
neck cancers.1,2 A small subset of patients present with a 
history of prior radiotherapy, and it is likely that osteosar-
coma is induced by radiation in these individuals.2 Patients 
with HNO have an average age of 45 and have a 20 year 

longer life expectancy than those with long bone osteosar-
coma.3–5 HNOs are often aggressive and have high histo-
logical grades.4 Unlike tumours of the extremities, HNO 
presents a diagnostic challenge due to its rare occurrence, 
its variation in presenting complaints and its suboptimal 
visualization of the typical radiological features, which 
often leads to the misinterpretation of lesions as other 
diseases. Until now, there have been few studies reporting 
the imaging features of HNO,6–10 with case reports only 
describing CT features in review articles and case series in 
the head and neck. The present large series aims to review 
the imaging features of HNO in CT and MRI scans from 
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37 patients and to analyze the clinical and pathological 
characteristics of patients with HNO across three institu-
tions from June 2005 to January 2019.

Methods

The study identified a total of 37 patients with HNO 
across 3 hospitals from all available electronic patho-
logic databases who met the inclusion criteria with a 
diagnosis of HNO based on open surgical resection (n 
= 15) and biopsy (n = 22). A trained radiologist with 
12 years of experience reviewed the medical records to 
obtain demographic information on the patients’ age 
and sex, history of prior radiation, latency of radiation- 
induced osteosarcoma and primary tumour site in 
which osteosarcoma could arise as a secondary lesion. A 
trained pathologist with 10 years of experience reviewed 
all available histological biopsies and/or resections and 
classified the tumours according to the World Health 
Organization histologic classification of bone tumours. 
Only patients with previously untreated, histologically 
confirmed HNO were included in this report. Tumour 
size was estimated through CT or MRI. CT examina-
tion was performed in all patients. A 16- slice CT scanner 
(LightSpeed Ultra 16, GE Healthcare, Milwaukee, WI) 
was used for 15 patients, and two 64- slice CT scan-
ners (SOMATOM Definition AS, Siemens Healthcare, 
Erlangen, Germany) were used for 22 patients. The 
acquisition slice thickness was 3 mm, the sagittal and 
coronal reconstruction thickness was 5 mm with 5 mm 
intervals using bone or/and soft tissue algorithms. A 
90 ml intravenous bolus dose of non- ionic iodinated 
contrast agent was administered at a rate of 3 ml s−1. 
MR examination was performed in 28 patients. A 3.0 T 
MR imaging system (Signa Excite HD, GE Healthcare, 
Milwaukee, WI) was used in 21 patients, and a 1.5 T MR 
imaging system (Magnetom Avanto, Siemens Health-
care, Erlangen, Germany) was used in 7 patients. All 
images were obtained at a section thickness of 5 mm 
with a 1 mm intersection gap. Axial non- fat- suppressed 
T2 weighted fast spin- echo [2100–4000/60–140 repetition 
time/echo time (TR/TE)], axial non- fat- suppressed T1 
weighted spin- echo [400–650/10–25 (TR/TE)] and axial 
gadolinium- enhanced fat- suppressed T1 weighted spin- 
echo [460–630/9–25 (TR/TE)] images were obtained in 
all 28 patients.

The CT and MR imaging data were recorded for 
all patients. All baseline tumour imaging scans were 
obtained prior to treatment or intervention. All images 
were made available in real- time through the Picture 
Archiving and Communication System. The images were 
examined by two radiologists with more than 10 years 
of experience who were blinded to the tumour histolog-
ical types. The analyses of CT imaging included (1) bone 
destruction (classified as lytic, osteoid, mixed, or none), 
(2) the presence of periosteal reaction (classified as 
none, lamellar or spiculated), (3) the presence of matrix 
mineralization (recorded as present or absent), (4) the 

margins of the mass (classified as ill- or well- defined) 
and (5) the size of the mass (based on MRI assessment 
or CT imaging by considering its longest diameter).

Analyses of MRIs were based on the (1) presence of 
a soft tissue component (recorded as present or absent), 
(2) size of the mass (measured using its longest diam-
eter), and (3) signal intensities of the mass on T2- and T2 
weighted images (classified as low, isointense, or high) 
compared with those of normal bone marrow and on 
contrast- enhanced images (classified as homogeneous, 
heterogeneous or with peripheral enhancement).

The diagnosis of osteosarcoma was established by 
clinical and imaging findings. It was confirmed on histo-
logic slides of the tumor tissue specimens obtained from 
biospy, as well as by evaluation of the resected specimen. 
When the diagnosis of osteosarcoma was confirmed, 
the subtype was classified retrospectively using World 
Health Organization criteria.11 This classification was 
made considering both biopsy and surgical specimens. 
The common feature in all cases was the presence of 
osteoid material or bone directly formed by undiffer-
entiated tumor cells. On the basis of the predominant 
cell type and intercellular material (osteoid, cartilage, or 
collagen), osteosarcoma was classified as osteoblastic, 
fibroblastic, chondroblastic, giant cell- rich, small cell or 
well- differentiated variants.

Results

The clinical features of 37 patients with HNOs are 
summarized in Table  1. The study cohort comprised 
37 patients with 16 males and 21 females, aged 41.5 ± 
15.0 (range 9–68) years old. Tumours most frequently 
occurred in the maxilla (16 out of 37, 43.2%), followed 
by the mandible (8, 21.6%), skull base (6, 16.2%), 
calvarium (5, 13.5%), paranasal sinuses (1, 2.7%), and 
cervical soft tissue (1, 2.7%).

Among all patients, 16 patients (43.2%) received 
radiotherapy for nasopharyngeal carcinoma. One 
patient was diagnosed with radiation- induced extraskel-
etal osteosarcoma in the cervical soft tissue. Three 
patients (8.1%) developed osteosarcomas related to a 
primary bone disease, with two patients diagnosed with 
fibrous dysplasia and one with osteoblastoma.

table 1 Clinical features of all 37 head and neck osteosarcomas

Location No. % M F Prior radiation
Underlying 

disease

Maxilla 16 43.2 8 8 6 1

Mandible 8 21.6 4 4 2 1

Skull base 6 16.2 2 4 4

Calvarium 5 13.5 1 4 2 1

Paranasal sinuses 1 2.7 1 0 1 0

Cervical soft tissue 1 2.7 0 1 1 0

Total 37 100 16 21 16 3
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In terms of the histological classification, most (34, 
91.8%) tumours consisted of high- grade HNO, with 
the histology summarized in Table  2. The histological 
subtype was reported as conventional high- grade in 
almost (32, 94.1%) all cases; more than half  (19, 59.4%) 
were reported as osteoblastic, followed by a quarter (8, 
25%) that were reported as chondroblastic, fibroblastic 
(5, 15.6%), and giant cell- rich tumours (2, 5.9%).

The clinical and histological subtypes of 16 cases 
of radiation- induced HNOs are illustrated in Table  3. 
The median latency period from the end of radiation 
therapy to the diagnosis of radiation- induced osteo-
sarcoma was 9.7 years (range 2.5–20 years). More than 
half  of the cases of radiation- induced osteosarcoma (9, 
56.3%) occurred 5–10 years after radiotherapy, and up 
to 87.5% of the cases of radiation- induced osteosar-
coma developed within 15 years after radiotherapy. All 
the cases were considered primary tumours at the initial 
evaluation.

Imaging evaluations of the tumours at the time of 
presentation included CT (37, 100%) and MRI (28, 
75.7%). More than 80% of patients (30, 81.1%) under-
went contrast- enhanced CT, while all patients received 
contrast- enhanced MRI.

Table  4 summarizes the CT imaging features of 
HNOs. One patient was shown to have extraskeletal 
osteosarcoma without bone destruction (Figure  1), 
whereas most patients (36, 97.3%) had varying degrees 
of bone destruction (Figures 2–5); none of the patients 
had pathological fractures. 16 patients were shown to 
have lytic density (Figure 3), with 13 of mixed density 
(Figures 2 and 4) and 7 of sclerotic density (Figure 5). 
More than 85% (32, 86.5%) of the patients had soft 
tissue masses that penetrated into cortical bone with 
invasion of the surrounding soft tissue. Almost all (6, 
97.3%) tumours were heterogeneous in attenuation. 
The majority (32, 86.5%) of tumours exhibited matrix 
mineralization (Figures 1–5). Periosteal reactions were 
observed in 24 patients, the majority (21, 87.5%) of which 
were spiculated periosteal reactions (Figures 2 and 4); 
the remaining patients included those with (3, 12.5%) 
and without (13, 35.1%) lamellar periosteal reactions.

The MRI features of HNO in 27 patients are summa-
rized in Table 5. 12 patients (42.9%) showed low signal 
intensities on T1 weighted images, with 16 (57.1%) 
showing heterogeneous signal intensities in muscle 
(Figures  2–5). 10 (35.7%) patients showed high signal 
intensities on T2 weighted images, with 18 (64.3%) 
showing heterogeneous signal intensities (Figures 2–5).

Table  6 summarizes the relationships between the 
various enhancement patterns of MRI images and the 
histological subtypes of 28 HNOs. Contrast- enhanced 
scanning was performed in all patients. On contrast- 
enhanced images, 18 tumours showed heterogeneous 
enhancement [osteoblastic (13, 72.2%), fibroblastic (4, 
22.2%) and (1, 5.6%) giant cell- rich] (Figures 2, 3 and 5), 
whereas 3 demonstrated homogeneous enhancement 
(two were osteoblastic, and the other was giant cell- 
rich), with the remaining tumours showing peripheral 

table 2 The histology of all 34 high- grade head and neck osteosar-
comas

Histological subtypes Primary
Radiation- induced osteosar-

coma Total

Osteoblastic 7 12 19

Chondroblastic 7 1 8

Fibroblastic 2 3 5

Giant cell- rich 2 0 2

Total 18 16 34

table 3 The clinical and histological subtypes of 16 radiation- induced head and neck osteosarcomas

Case no. Histological subtypes Location
Age

(years)
Latency
(years) Size

Metastasis at the initial eval-
uation

1 Osteoblastic Paranasal sinuses 48 9 5.6 No

2 Chondroblastic Cervical soft tissue 40 6 2.5 No

3 Osteoblastic Temporal bone 53 10 3.9 No

4 Osteoblastic Temporal bone 40 8 8.0 No

5 Fibroblastic Sphenoid bone 62 9 6.3 No

6 Osteoblastic Sphenoid bone 50 12 7.4 No

7 Osteoblastic Sphenoid bone 19 2.5 7.1 No

8 Osteoblastic Sphenoid bone 57 14 4.8 No

9 Osteoblastic Maxilla 62 6 8.0 No

10 Fibroblastic Maxilla 41 8 7.1 No

11 Osteoblastic Maxilla 26 5 8.2 No

12 Osteoblastic Maxilla 56 17 3.1 No

13 Osteoblastic Maxilla 57 15 2.3 No

14 Osteoblastic Mandible 41 7 3.5 No

15 Fibroblastic Mandible 51 20 4.9 No

16 Osteoblastic Mandible 50 5 2.4 No
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enhancement of chondroblastic (6, 85.7%) (Figure  4) 
and osteoblastic (1, 14.3%) subtypes. The mean mass 
size was measured on CT or MR as approximately 5.6 ± 
1.8 cm (range, 2.4–10.0 cm; median, 5.4 cm).

Discussion

Osteosarcoma is the most common malignant bone 
tumour that affects long bones in children and adoles-
cents with HNO and is known to be a rare condition. A 
limited number of studies have described the occurrence 
of HNO among different small- sized patient population 
groups. In the present study, HNO arose in a number of 
sites with the most common occurrence in the cranio-
facial region, specifically in the maxilla.1 Our study 
results were in accordance with those of a literature 
review, whereby it was common for skull osteosarcoma 
to be present in the middle of the skull base.12 In our 
study, a patient was diagnosed with radiation- induced 
extraskeletal osteosarcoma with a tumour located in the 
cervical soft tissue. Extraskeletal osteosarcoma is a rare 
malignancy that is different from conventional osteosar-
coma of bone in terms of both clinical and radiological 

perspectives. Roller et al13 reported that most of these 
tumours occurred in extremities, with one in the neck, 
of which the patient had a history of previous radio-
therapy at the site of the tumour.

With more than a third of patients (43.2%) presenting 
with a history of prior radiotherapy, and all the primary 
tumours in our study were nasopharyngeal carcinoma. 
Three patients within the study developed osteosarcoma 
related to a primary bone disease (fibrous dysplasia and 
osteoblastoma), which was in agreement with other 
studies.2,14,15

According to our results, the mean age of HNO 
patients ranges from 26 to 40 years old, which is in line 
with the literature.16–18 In our series, lesions in 37 patients 
occurred over a wide age range (9–68 years old), with a 
mean age of 41.5 years old. HNO tends to develop in 
females, with a male- to- female ratio of 1:1.31, as shown 
in our study. This male- to- female ratio was similar to 
that of the one stated in a review article reported by 
Chen et al with a ratio of 1:1.21.16

More than 90% of patients in the current study had 
high- grade tumours, with the majority of tumours 
classified as osteoblastic rather than chondroblastic 

table 4 The CT imaging characteristics of all 37 head and neck osteosarcomas

Location Bone destruction Matrix mineralization Periosteal reaction Margin definition

Mixed Lytic Osteoid No Yes No Spiculated Lamellar No Ill Well

Maxilla 6 7 3 0 13 3 9 1 6 13 3

Mandible 2 3 3 0 8 0 5 1 2 6 2

Skull base 2 4 0 0 5 1 3 0 3 0 6

Calvarium 3 2 0 0 4 1 3 1 1 1 4

Paranasal sinuses 0 0 1 0 1 0 1 0 0 0 1

Cervical soft tissue 0 0 0 1 1 0 0 0 1 0 1

Total 13 16 7 1 32 5 21 3 13 20 17

Figure 1 (a, b) A 40- year- old female with radiation- induced extraskeletal osteosarcomas in cervical soft tissue 5 years after nasopharyngeal 
carcinoma radiotherapy (histological subtypes, chondroblastic). (a) Axial CT with the soft tissue algorithm showing a soft tissue mass posterior 
to the right sternocleidomastoid and separate from the cervical vertebra with hyperdense peripheral matrix mineralization (white arrows). (b) Post- 
contrast multiplanar reformatted coronal CT scan with the soft tissue algorithm showing a peripheral rim- enhancing soft tissue mass.
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Figure 2 (a–d) A 33- year- old female with osteosarcoma of the middle skull base (histological subtypes, osteoblastic). (a) Multiplanar refor-
matted sagittal CT with the bone algorithm showing mixed lytic and blastic lesions of sphenoidalis, suggestive of matrix mineralization (white 
arrows) and spiculated periosteal reactions (black arrows). (b) Axial T1 weighted image of the soft tissue component showing heterogeneous signal 
intensity with patchy low signal intensities, suggestive of matrix mineralization (white arrows). (c) FLAIR image of the soft tissue component 
showing heterogeneous high signal intensity with patchy low signal intensities, suggestive of matrix mineralization (white arrow). (d) Axial T1 
weighted contrast- enhanced image showing a heterogeneous markedly enhancing mass in the sphenoid sinus with low signal intensity, suggesting 
matrix mineralization (white arrow) with lesions extending into the ethmoid sinus and right orbit. FLAIR,fluid- attenuated inversion recovery.
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and fibroblastic, which is consistent with the results of 
previous studies.4,5,19 Surprisingly, although most of the 
patients in the current study had high- grade osteoblastic 
tumours, the most common types of primary osteosar-
coma were chondroblastic and osteoblastic.

CT and MRI both have their own superiorities in 
detecting osteosarcoma, and the combination of CT 
and MRI indeed improved the diagnostic accuracy 
for patients suffering from osteosarcoma.20 The osteo-
sarcomas in the present series had CT features similar 
to those of osteosarcoma of the extremities.6,21 HNO 
primarily exhibits osteolysis and/or osteoblastic destruc-
tion, as well as having an irregular tumour margin 
on CT imaging. The mixed and sclerotic radiological 
pattern in the head and neck region is highly suggestive 

of osteosarcoma, with differential diagnoses of metas-
tasis, lymphoma, and chondrosarcoma. The primary 
features are local or patchy high- density shadows in the 
medullary cavity with varying degrees of bone destruc-
tion and matrix mineralization. All lesions were of 
considerable size when first observed, and osteoid- type 
calcification was demonstrated in almost all patients. 
The characteristic osteoid matrix production of HNO 
is of high density on unenhanced CT scans. The pattern 
of periosteal reaction can be classified as aggressive or 
non- aggressive according to Rana et al.22 Aggressive 
reactions include laminated, spiculated (hair- on- end, 
sunburst), disorganized, or Codman triangle reac-
tion patterns, while non- aggressive periosteal reac-
tions include thin, solid, thickly irregular, or septated 

Figure 3 (a–d) A 40- year- old female with osteosarcoma of the right temporal bone (histological subtypes, osteoblastic). (a) Axial CT with the 
bone algorithm showing a lytic lesion of the right temporal bone with extraosseous soft tissue extension, suggestive of matrix mineralisation 
(white arrows). (b) Axial T1 weighted image of the soft tissue component showing heterogeneous signal intensity with patchy high signal intensity, 
suggestive of haemorrhage (white arrows). (c) FLAIR image of the soft tissue component showing heterogeneous high signal intensity with patchy 
low signal intensity, suggestive of matrix mineralization (white arrow). (d) Axial T1 weighted contrast- enhanced image showing a heterogeneous 
markedly enhancing mass in the right temporal bone with a lesion invading the temporal lobe.
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patterns. The speculated (sunburst, hair- on- end) or 
Codman triangle subtypes of periosteal reactions are 
most frequently observed in bones of the extremities. 
In our study, cases of HNOs with a spiculated peri-
osteal reaction were common (56.8%), but those with 
a lamellar periosteal reaction were rare (8.1%). Bone 
destruction without periosteal reaction also existed in 
some cases of HNO. These results are similar to those 
of Wang et al,6 who found the presence of periosteal 
reactions of any kind in 62% of patients, and he specu-
lated that periosteal reactions were more common than 
laminated reactions.

MRI is widely accepted as the imaging method 
of choice for the evaluation of the extent of primary 

lesions and their relationship with anatomic structures. 
MRI depicts soft tissues and bone marrow infiltration 
(medulla) better than CT imaging, showing cortical 
destruction and expansive masses. The masses within 
this study showed low (n = 12) or heterogeneous signal 
intensities (n = 16) on T1 weighted images and high (n 
= 10) or heterogeneous signal intensities (n = 18) on T2 
weighted images. These masses can contain haemor-
rhage or necrosis as well as osteoid matrix, which are 
both commonly found in osteosarcoma.23 The impor-
tance of non- enhanced and Gd- DTPA- enhanced MR 
imaging has been demonstrated by their ability to 
enhance tissue characterization in some instances with 
heterogeneous or peripheral enhancements related to 

Figure 4(a–d) A 43- year- old female with osteosarcoma of the left maxilla (histological subtypes, chondroblastic). (a) Axial CT with the bone 
algorithm showing a mixed lytic and blastic lesion of the left maxilla with large extraosseous soft tissue extension, suggestive of matrix miner-
alization (white arrows) and spiculated periosteal reactions (black arrows). (b) MRI performed 3 months after the CT examination. Axial T1 
weighted image showing an increase in tumour size with the soft tissue component showing heterogeneous signal intensity and patchy low signal 
intensity, suggestive of matrix mineralization (white arrow). (c) Axial T2 weighted image of the soft tissue component showing heterogeneous high 
signal intensity with patchy low signal intensity, suggestive of matrix mineralization (white arrow). (d) Fat- suppressed axial T1 weighted contrast- 
enhanced image showing a peripheral rim- enhancing soft tissue mass.
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various components (osteoid matrix, haemorrhage, 
and necrosis) within tumour masses.24 MRI plays an 
important role in depicting the tumour location and 
size. However, despite recent improvements in MRI 
techniques,25 the histological diagnosis of bone tumours 
by MRI remains challenging. In our study, although the 
features of osteoblastic osteosarcoma on MRI scans 
were non- specific and rather indistinguishable from the 
features of other sarcomas with T2 hyperintense signals 
and heterogeneous post- contrast enhancement, periph-
eral rim enhancement was observed on Gd- enhanced 

MR imaging, which supports the diagnosis of chondro-
blastic osteosarcoma.

The early diagnosis and treatment of HNO are of 
great importance, and the diagnosis of HNOs should 
be considered when individuals exhibit previously 
described symptoms or imaging characteristics.

Several limitations exist in our study. First, although 
the number of patients was relatively large, the number 
of several histological subtypes remained limited, which 
could be explained by the rare occurrence of osteo-
sarcoma occurring within the head and neck region. 

Figure 5 (a–d.) A 48- year- old male with osteosarcoma of the right paranasal sinuses 9 years after radiotherapy for nasopharyngeal carcinoma 
(histological subtypes, osteoblastic). (a) Axial CT with the bone algorithm showing the tumour mass with osteoblastic destruction of the right 
paranasal sinuses. (b) Axial T1 weighted image of the soft tissue component showing low signal intensity. (c) Axial T2 weighted image of the soft 
tissue component showing heterogeneous high signal intensity with agglomerate low signal intensity, suggestive of matrix mineralization (white 
arrow). (d) Axial T1 weighted contrast- enhanced image showing a heterogeneously enhancing mass in the right paranasal sinuses.
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Second, different CT or MR scanners and protocols 
were used, and not all the patients had both CT and 
MR examinations performed. This technical difficulty 
could be avoided since data were collected from three 
different hospitals. Third, the present series focused on 
the CT and MR imaging features of HNO, and no treat-
ment strategies or clinical outcomes were documented, 
with a number of patients lost to follow- up. Finally, this 
was a retrospective study. Nevertheless, a prospective 
study would be rather difficult to conduct because it is 
uncommon for osteosarcoma to occur in the head and 
neck region.

conclusions

HNO is rare, and for those cases that do develop, they 
are often associated with previous radiation exposure. 
The features of osteoblastic HNO on MRI scans are 

non- specific and often indistinguishable from those of 
other types of sarcoma with T2 hyperintense signals 
and heterogeneous post- contrast enhancement. Never-
theless, the peripheral rim enhancement observed on 
Gd- enhanced MR images supports the diagnosis of 
chondroblastic HNO. An initial diagnosis of HNO 
should be considered when tumours with matrix miner-
alization are present early in the fourth decade of life. In 
lieu of these unusual locations and challenges in differ-
entiating osteosarcomas from other common tumours, 
keeping these clinical and imaging features in mind will 
support the diagnosis with a high degree of confidence.
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table 5 The MRI characteristics of 28 head and neck osteosarcomas

Location Soft tissue component t1WI t2WI Magnetic resonance contrast- enhancement patterns

Present Absent Low Heterogeneous High Heterogeneous Heterogeneous Homogeneous Peripheral

Maxilla 9 1 5 5 3 7 9 0 1

Mandible 6 0 1 5 1 5 2 1 2

Skull base 6 0 3 3 3 3 2 1 3

Calvarium 5 0 2 3 3 2 1 1 3

Paranasal sinuses 1 0 1 0 0 1 1 0 0

Total 27 1 12 16 10 18 15 3 10

T1 WI, T1 weighted imaging; T2WI, T2 weighted imaging.

table 6 The various enhancement patterns of magnetic resonance images correlated with histological subtypes of 28 head and neck osteosar-
comas

Histological subtypes Magnetic resonance contrast enhancement—patterns

TotalHeterogeneous Homogeneous Peripheral

Osteoblastic 13 2 1 16

Chondroblastic 0 0 6 6

Fibroblastic 4 0 0 4

Giant cell- rich 1 1 0 2

  Total 18 3 7 28
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