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Abstract

Introduction: Intracranial chondroma and chondrosarcoma are very rare tumors that mainly originate from the base of the skull.
Advanced neuroimaging studies, including magnetic resonance spectroscopy (MRS), play a pivotal role in both tumor diagnosis
and presurgical planning.

Case Presentation: We present two cases of intracranial cartilaginous tumors, including a chondroma and a chondrosarcoma,
both of which presented with severe headaches. Due to inconclusive conventional MRI and MRS results, they were both primarily
diagnosed as intra-axial brain tumors. However, pathological reports later confirmed the diagnosis of a chondroma and a
chondrosarcoma.

Conclusion: Based on the present findings, the use of advanced neuroimaging techniques, such as MRS, may improve diagnostic
accuracy. We believe that MRS can play a significant role in the surgical planning of similar cases. Also, reporting rare cases
worldwide can contribute to the improvement of radiographic diagnosis.
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1. Introduction Intracranial chondromas are rare, and those originating

. . from the cranial vault are even less common (2).
Chondroma is a well-known benign tumor that @)
commonly occurs in the extremities. However, it may be Chondrosarcomas are rare malignant tumors that
also found in less common locations, such asthebrainand  are most commonly diagnosed in the pelvic bones

cranial vault. According to previous studies, the incidence and the epiphyses of long bones. Only 7% of all

rate of chondroma is almost 0.2 - 0.5% of all intracerebral
tumors (1). Most cases of intracranial chondromas have
been reported in the skull base, the convexity of the dura
mater, or the falx cerebri. These tumors are believed

to originate from the cartilage of the synchondroses.

chondrosarcomas originate from the craniocervical
region. Chondrosarcomas are slow-growing tumors, and
intracranial chondrosarcomas originate from primitive
mesenchymal cells in the craniocervical junction or the
skull base (3). The role of computed tomography (CT) scans
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and magnetic resonance imaging (MRI) in the diagnosis
of intracranial chondromas and chondrosarcomas cannot
be neglected. Functional MRI (fMRI) (4) and magnetic
resonance spectroscopy (MRS) (5) can be also used for the
diagnosis of these tumors, as well as presurgical planning.

In this study, we present two cases of intracranial
cartilaginous tumors, including one case of chondroma
and one case of chondrosarcoma, presenting with severe
headaches and compare their clinical characteristics and
imaging findings.

2. Clinical Presentation

2.1. Case 1

A 26-year-old female was admitted to our medical
center with chronic headache as her chief medical
complaint. The patient reported experiencing a persistent
headache located in the right frontal area of the calvaria,
which was unresponsive to routine analgesics. She had
been experiencing the headache for nearly six months,
and it had worsened over the last three months. She had
no history of medical diseases and also reported no history
of trauma or radiation exposure.

The patient’s previous conventional brain MRI
revealed the presence of a brain mass, which was suspected
to be an intracranial tumor. However, it was not specified
whether the tumor was intra- or extra-axial. —Upon
admission, she underwent physical and neurological
examinations, which were found to be normal. Tumor
mapping using fMRI, diffusion tensor imaging (DTI),
MRS, and conventional MRI was ordered for presurgical
planning. The MRI scan was performed using the 3.0T MR
system (Discovery MR750, GE Healthcare). In the structural
images, an intracranial lesion was observed in the right
frontal lobe and pre-central region. Although the lesion
did not exhibit evident enhancement in post-contrast T1
images, it displayed hyperintense regions in T2 images.
There was no specific edematous area in the peripheral
region. The absence of brain parenchyma between the
lesion and the meningeal membrane in the coronal and
sagittal planes confirmed that the lesion was extra-axial
(Figure 1A).

Single-voxel spectroscopy (SVS) was performed on the
lesion and the contralateral hemisphere for comparison,
using a voxel size of 20 X 20 x 20 mm?, a repetition
time (TR) of 1500 ms, echo times (TE) of 144 and 35 ms,
and a number of excitations (NEX) of 128. Outer volume

suppression was performed using six saturation bands
placed around the voxel. To achieve field homogeneity,
automatic shimming was applied, resulting in water peak
line widths within the voxel that were typically less than
8 Hz. Water resonance suppression was achieved using a
chemical shift selective suppression (CHESS) pulses. The
results of moderate-TE MRS showed three distinct peaks
at 2.02, 3, and 3.2 ppm, respectively, as well as an inverted
doublet peak at 1.3 ppm, corresponding to lactate.

Compared to the normal voxel, the concentration of
the metabolite at 2 ppm, which is typically associated
with N-acetylaspartate (NAA), was found to be lower in
the lesion. The level of choline (Cho) at 3.2 ppm, with an
area under the peak of 14, decreased compared to the Cho
level in the contralateral normal voxel, with an area under
the peak of 24. The creatinine (Cr) peak also significantly
decreased. The short TE spectra showed four discrete
peaks, a positive doublet peak at 1.3 ppm, and three single
peaks at 2, 3, and 3.2 ppm, which were related to lactate,
NAA, Cr, and Cho, respectively (Figure 1B).

The multi-voxel 2D MRS sequence (TR = 1500 ms, TE
= 144 ms, NEX = 2) produced a 16 X 16 transversely
oriented matrix, defined by phase encoding with a field
of view (FOV) of 20 x 20 cm and a voxel size of 12.5
X 12,5 X 15 mm. The imaging plane was positioned to
include the abnormality within the volume of interest
(VOI), resulting in maps with 5 X 7 spectra. Six outer
volume saturation bands were arranged around the VOI
to optimize the suppression of lipids and brain tissue.
Automated 3D localized shimming was also used to
optimize the magnetic homogeneity and improve the
accuracy and consistency of spectral measurements over
the VOLI. The spectra showed the same peaks as the single
voxel in different portions of the lesion (Figure 1C).

In the MRS map, the peripheral area of the lesion
had no abnormal metabolic features. In other words,
the peripheral area was not infiltrated by tumor cells.
This commonly occurs in extra-axial tumors, such as
meningioma or metastasis.
described, no strong enhancement was observed,
which excluded the possibility of a meningeal tumor
or metastasis. Finally, based on the structural MRI and MRS
findings, the radiological differential diagnosis included
extra-axial lesions, such as hemangiopericytoma, which is
the second most common type of meningeal tumor after
meningioma. The macroscopic impression of the tumor
during surgery suggested a cartilaginous origin. The

However, as previously
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Figure 1. A 26-year-old woman with a chronic headache. A, Conventional MRI. B, Single-voxel spectroscopy (SVS). C, Multi-voxel MRS. D, Histopathologic examination shows
the presence of mature cartilage tissue with a lobular architecture and bland-looking chondrocytes (red arrow), located in the lacuna (yellow arrow), confirming chondroma

(H&E staining, 400 X magnification).

pathologic evaluation indicated the cartilaginous origin
of the tumor, suggesting a chondroma (Figure 1D).

Histopathological findings and tumor pathology were
reported by two pathologists in two different centers.
After surgery, the patient’s headache subsided, and no
other signs or symptoms were reported. The whole-body
assessment revealed no evidence of chondroma in other
parts of the body. In the follow-up period, the patient

reported no further complaints, and no neurological

Iran ] Radiol. 2023; 20(3):e133256.

deficits were detected.

2.2.Case 2

A 37-year-old male was admitted to our medical
center due to a chronic progressive headache, left
hemianesthesia, and left hemiparesis.
reported that his headache had begun approximately
five months prior to his admission and that he had no
history of trauma or exposure to radiation. The initial

The patient
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physical examination revealed decreased muscle forces in
the left extremities (4/5). Other neurological examinations
were normal. Imaging was performed using a GE Optima
1.5 Tesla Scanner (GE Healthcare). The conventional brain
MRI scans, including Ti-weighted pre- and post-contrast,
T2-weighted, T2-FLAIR, and diffusion-weighted imaging
(DWI), showed a right-sided, parasagittal, ring-enhancing,
solid-cystic, intra-axial lesion with significant edema in the
posterior portion of the lesion (Figure 2A) and restriction
in DWI images (data not shown).

Next, MRS was carried out in a single voxel (Figure
2B) and multivoxel using 3D chemical shift imaging (CSI)
(Figure 2C). The SVS sequence parameters were the same as
those in case 1. The voxel was located inside the lesion and
the main H-MRS peaks, including Cho (3.2 ppm), Cr (3.03
ppm), myo-inositol (3.6 ppm), lipid (1.3 ppm), and a single
peak at 2.02 ppm, were visible (Figure 2D). The quality
of spectra was reported to be adequate for diagnostic
evaluations. In the SVS-144 of the lesion side, a decrease in
the peak at 2.02 ppm (with a value of 34 compared to the
contralateral normal value of 44) and an increase in the
Cho peak (with a value of 31 compared to the contralateral
normal value of 21) were seen (Figure 2B). Also, the Cr level
of the lesion was 19 as compared to the normal value of
21. The Cho/Cr ratio was 1.6 in the lesion. There were no
distinct reverse peaks at 1.3 ppm in the moderate TE scan;
therefore, the peak at 1.3 ppm in the SVS-35 scan was likely
to be a lipid peak.

The3D CSIsequence produced an 8 x 8 X 8 transversely
oriented matrix that was defined by a phase encoding
scheme with FOV of 10 X 10 cm, resulting in an individual
voxel size of 12.5 X 12.5 X 80 mm. In the CSI data, the
reduction of all metabolites was seen in the cystic portion
of the lesion, while in some of these voxels, the lipid peak
was a distinct single peak, which was correlated to necrosis
transformation and/or tumor aggressiveness.
parts of the solid lesion (in the same location as the single
voxel), an elevation in the Cho peak was observed, and the
Cho/Cr ratio was measured to be 2.35. However, there was
no significant reduction in the peak of 2.02 at this voxel,
and the Cho/NAA ratio was 0.8 (Figure 2C).

In some

The elevation in the Cho peak, the presence of lipids,
a Cho/Cr ratio of up to 2.35 in the CSI scan, and the
conventional MRI features all suggest the presence
of a high-grade glioma. Regarding the peak at 2.02,
the radiologist assumed that this metabolite was
related to NAA signal leakage from the brain tissue;

therefore, for the final diagnosis, this metabolite was
ignored. The surgeon’s observation during surgery was
suggestive of a cartilaginous tumor. A pathological
study revealed the presence of malignant cartilage
tissue, accompanied by focal atypia and myxoid changes,
indicating chondrosarcoma. The diagnosis was confirmed
by an immunohistochemistry (IHC) study (Figure 2D).
The histopathological findings and tumor pathology were
reported by two independent pathologists in two different
centers.

The follow-up evaluations showed that the patient no
longer experienced headaches and had improved strength
in their limbs. Moreover, the whole body evaluation was
normal, without any other tumor sites. The patient did
not experience any problems for seven months after the
surgery. However, after this period, he was referred to
our medical center due to seizures. The brain MRI with
and without contrast showed evidence of an intra-axial
mass-like lesion with a multi-cystic pattern in the right
parietal lobe, without significant peripheral edema.

A brain MRS was conducted for presurgical planning.
No diffusion restriction was observed in the DWI
sequence, while in post-contrast images, abnormal
enhancement of the lobular rim was detected in the
surgical cavity. Additionally, slight enhancement was
observed compared to primary MRI. Based on the spectra
of different metabolites, such as NAA, Cr, and Cho, no
significant increase was observed in the Cho/NAA ratio.
Another surgical operation was performed to remove the
tumor, and the pathological report of the extracted tissue
indicated a recurrence of the tumor, consistent with a
well-differentiated chondrosarcoma. After the surgery,
the patient’s symptoms improved, and he was transferred
to the radiation oncology ward. During the six-month
follow-up period, no signs or symptoms were reported.

3. Discussion

Here, we present two cases of intracranial
cartilaginous tumors, including a chondroma and
a chondrosarcoma. Intracranial chondromas and
chondrosarcomas that do not originate from the skull
base are extremely rare, and very few cases have been
reported to date. Most previous cases mainly presented
with a long-standing history of headaches and signs

related to increased intracranial pressure. Based on
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Figure 2. A37-year-old man with a chronic progressive headache. A, Conventional MRI. B, Single-voxel spectroscopy (SVS). C, Multi-voxel MRS. D, Histopathological examination
shows mature cartilage tissue with a lobular architecture, confirming neoplastic chondrocytic proliferation with mild atypia (blue arrow, H&E staining, 400 X magnification).

previous reports, these tumors were mainly diagnosed by
brain CT scans and brain MRIs.

Previously reported MRI findings of intracranial
chondrosarcomas include a densely enhancing mass
with hypervascular features and a well-demarcated
appearance that is hypointense on Ti-weighted images
and hyperintense on T2-weighted images. Additionally,
these tumors often exhibit a heterogeneous pattern and
are associated with edema (6). Chandler and colleagues

Iran ] Radiol. 2023; 20(3):e133256.

reported a 23-year-old female presenting with new-onset
seizures due to an intracranial chondroma.
recommended to conduct a careful analysis of brain

It was

imaging characteristics, as seen on CT scans or MRIs, for a
correct diagnosis (7). In 2019, Agrawal and Saroha reported
acase of intracranial chondroma and reviewed the clinical
and imaging characteristics of previous cases. They
showed that these tumors could appear homogeneous
and isointense on Tl-weighted images, with delayed or
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slight ring-like enhancement on post-contrast images
or as mixed hyper/hypointense masses on T2-weighted
images (8).

In our first case, the primary brain MRI suggested an
intracranial tumor, such as meningioma. However, it has
beenreported that contrast enhancement in meningioma
isintensely homogeneous, while chondromas do not show
homogeneous enhancementand may exhibit the dural tail
sign (9). These findings demonstrate the significance of
accurate radiologic reports in brain tumors for effective
surgical planning. In this regard, Nikoobakht et al.
presented a unique case of intracranial chondroma in a
19-year-old female patient, who was asymptomatic. The
patient underwent a basic brain MRI and subsequently
underwent surgery for tumor removal (10). Another
study by Gunes et al. in 2009 reported a rare case of
intracranial chondrosarcoma and described the imaging
characteristics of the tumor (11).
these tumors were isodense to hyperdense, with variable
degrees of heterogeneous enhancement. Also, similar to
our cases, these tumors were hypointense on Tt-weighted
MRI images and extremely hyperintense on T2-weighted
MRI images (12).

They reported that

In our study, imaging studies played an important
role in the surgical planning of both cases. MRS is a
non-invasive diagnostic test used to measure biochemical
changes in the brain, particularly the presence of tumors.
By comparing the frequency of each metabolite to normal
brain tissue, radiologists can determine the type of
tissue (13). An interesting imaging finding in our cases
was the presence of an NAA-like peak on MRS images.
Generally, NAA is a marker of normal neuronal function
(14); therefore, its peak may be detected in non-neuronal
tissues, such as extra-axial tumors. This occurs because
of tissue heterogeneity in the voxel content. However, in
our cases, especially case 1, a single voxel was localized
inside the lesion; also, most of CSI voxels were occupied
by the tumor tissue. Therefore, NAA contamination from
brain tissue was excluded. The observed peak at 2 ppm
corresponded to other N-acetylated metabolites produced
by tumor cells, as previously reported in such rare lesions.

Moreover, Periakaruppan et al. reported some cases
of colloid cysts with a sharp peak at 2 ppm. They found
that these findings were correlated with the presence
of NAA metabolites (15). Additionally, other reports
of chondrosarcoma and chondroma and their MRS
findings have been published (16-18). Table 1 presents a

brief report of these cases. Additionally, Kumaran et al.
reported that in their case, the NAA-like peak at 2.02 ppm
may be due to intralesional mucin, a hexosamine-rich
glycoprotein, as evident on histopathology (16). Other
spectroscopic findings of NAA-like peaks have been
reported in metastatic brain tumors, originating from
mucinous adenocarcinoma. The presence of a peak at
2.02 ppm could be related to other chemical compounds
containing N-acetyl groups (19).

Our results, in concordance with previously reported
cases, emphasized the diagnostic value of MRS. The
common differential diagnosis for enhancing lesions
in the brain, based on MRI features, is glial tumor.
Therefore, the use of advanced imaging techniques
could lead to more precise results. Generally, MRS has
some limitations, such as having a low spatial resolution
and being time-consuming. Nevertheless, the application
of MRS for the detection of malignancies and tumors
has increased in the past decades. Previous studies have
reported the efficacy and beneficial outcomes of MRS in
different tumors. Increased choline peak was observed
in breast tumors, indicating the malignant and invasive
behavior of the tumor in previous studies (20, 21).

In conclusion, our cases, as well as previous reports
of chondroma and chondrosarcoma, suggest that
conventional MRI findings may not provide accurate
diagnoses for complex intracranial lesions. An important
point to note in these cases is the similarity of symptoms,
as well as the origin of both tumors from chondrocytes,
which results in similar MRS patterns. The use of advanced
neuroimaging techniques, such as MRS, may improve
the diagnostic accuracy. However, MRS findings should be
interpreted by expert radiologists due to the similarities of
various metabolites. Also, report of rare cases worldwide
can help improve radiographic diagnosis. In this report,
the presence of a single peak at 2.02 ppm, despite the
presence of a tumor lesion, was a distinct finding.
However, further studies on a larger number of cases
are needed to evaluate and diagnose lesions that produce
other types of metabolites that are not yet known.
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Table 1. A Few Reported Cases of Cartilaginous Intracranial Tumors Originating from Regions Other Than the Skull Base and Comparison with Our Cases

Authors Age/[sex Clinical Tumor location Conventional MRI MRS findings Histopathological
presentation findings findings
Fortuniak et al. Middle fossa Hypointense on Ti-weighted ~ High lipid profile Chondroma
(18) images and highly
hyperintense on
T2-weighted images
Yeung et al. (17) 22[Female  Two episodes of Parafalcine An enhancing mass in the Significant NAA, Cho, and Cr Chondroma
seizure at four and right frontal lobe with no peaks, with a Cho/NAA ratio
15 years of age significant vasogenic of 0.752
edema on T2-weighted and
DWIimages
Kumaran et al. 23[Female  Generalized Right parietal Hypointense on T-weighted A single metabolite peak (a Grade I classic
(16) tonic-clonic convexity images and large peak at2.02 ppm) chondrosarcoma
seizures and heterogeneously with interspersed
left-sided hyperintense on areas of myxoid
hemiparesis for T2-weighted images with no components
one year restricted diffusion on DWI
Our cases
Casel 26/Female  Chronic headache Right frontal lobe An enhancing mass in T1 SVS shows three peaks at 2, Chondroma
(precentral and post-contrast images and 3,and 3.2 ppm related to
parasagittal) hyperintense on N-acetylated compounds,
T2-weighted images Cr, and Cho, respectively,
with reduction in all
metabolites compared to
normal.
Case2 37/Male A chronic, Right frontal lobe Enhancing solid-cystic Elevation in Cho and lipid Chondrosarcoma
progressive (precentral and intra-axial lesions with peaks, with the presence of
headache, left parasagittal) significant edema an obvious peak at 2 ppm
hemianesthesia,
and left
hemiparesis

Abbreviations: Cho, choline; Cr, creatinine; DWI, diffusion weighted imaging; NAA, N-acetylaspartate; SVS, single-voxel spectroscopy.
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