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Gregory S. McLoughlin, MDa, Daniel M. Sciubba, MDb,

Jean-Paul Wolinsky, MDb,*
aDivision of Neurosurgery, University of Saskatchewan, University Hospital, 103 Hospital Drive, Saskatoon,

Saskatchewan, S7N 0W8, Canada
bDepartment of Neurological Surgery, Johns Hopkins University, Meyer 7-109,

600 North Wolfe Street, Baltimore, MD 21287, USA
Chondromas and chondrosarcomas are rare
primary spine tumors. These mesenchymal, carti-

lage-forming neoplasms comprise a heterogeneous
group of benign and malignant tumors. Unlike
most other sarcomas, a chondrosarcoma’s grade
has prognostic significance. The treatment of

choice is complete en bloc resection, as conven-
tional chemotherapy and radiotherapy are
ineffective.

Chondroma

Epidemiology

Chondromas comprise approximately 5% of
all primary bone tumors [1]. These cartilaginous
tumors mainly occur in the small bones of the
hands and feet, but every bone is susceptible.

Chondromas rarely affect the spine, and fewer
than 4% originate within the vertebral column
[2]. Chondromas have been noted to arise from

a muscle tendon or synovial sheath [2]. Men are
twice more likely to have a chondroma than
women, and lesions typically present between the

third and fifth decades of life [3].

Pathophysiology

Chondromas can be labeled according to their
site of origin. This includes the medullary cavity

(enchondroma) and the cortical surface (periosteal
chondroma) [4]. Enchondromas tend to produce
an expansile growth pattern, whereas periosteal

* Corresponding author.

E-mail address: jwolins3@jhmi.edu (J-P. Wolinsky).
1042-3680/08/$ - see front matter � 2008 Elsevier Inc. All r

doi:10.1016/j.nec.2007.09.007
chondromas are exophytic. Any part of the verte-
bra can be affected, including the spinous process,

lamina, pedicles, and body. A review of three cer-
vical chondromas revealed exclusive involvement
of the posterior elements, although other series
have reported a more generalized distribution

within the vertebra [5]. The thoracic region may
be slightly more susceptible to chondromas than
other regions of the spine [2].

Evaluation of the patient

Patients presenting with spinal chondromas

typically complain of local tenderness at the site
of the tumor. There may be a palpable mass
present, because the tumor expands into the

surrounding paraspinous tissues [1]. Chondromas
are slow-growing tumors, and neurologic symp-
toms and signs may develop gradually. A radicul-
opathy or myelopathy can result from direct

neural compression [2]. Chondromas have caused
widening of the neural foramen and impingement
of the exiting nerve [4]. Occasionally a pathologic

fracture occurs in the affected bone. In a review of
11 chondroma patients, Gaetani and colleagues
[5] noted that the mean duration of symptoms be-

fore diagnosis was 13.8 � 3.4 months.
Chondromas usually occur as isolated lesions.

The presence of multiple chondromas suggests the
presence of a multiple chondromatosis syndrome,

namely Ollier disease or Maffucci syndrome [6].
These are rare conditions that present with multi-
ple chondromas in childhood. Their etiology is

unknown, although multiple somatic mutations
may have a role in development [7]. Multiple
chondromas occur throughout the skeleton,
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causing skeletal deformities, limb-length discrep-
ancies, and pathologic fractures. Maffucci syn-
drome is differentiated from Ollier disease by the

presence of cutaneous hemangiomata [8].
Compared with patients who have an isolated

tumor, the chondromas in Ollier disease or
Maffucci syndrome have a much higher risk for

undergoing sarcomatous degeneration. This risk
may be as high as 25% [9]. Although the incidence
of malignant degeneration for isolated chondro-

mas is low, it is impossible to predict which pa-
tients are at risk. All patients require a careful
assessment and should undergo complete resec-

tion if possible. A (9;12)(q22;q24) translocation
has been associated with the malignant degenera-
tion of a chondroma [10].

Imaging

The features of a chondroma on plain radiog-
raphy may be subtle, and a CT scan is usually

necessary to visualize the pathology. A plain film
may demonstrate a well-circumscribed, lytic lesion
without reactive sclerosis [1]. Local deformity may
occur, and the neural foramen may be wide if the

tumor is intraforaminal [4]. A CT scan on a bone
setting reveals a radiolucent, erosive lesion. Carti-
lage appears as regions of low attenuation on CT

scan. Stippled patterns of calcification may be
present [11]. An MRI is useful to help distinguish
between benign and malignant lesions [5]. An en-

hancing cartilaginous tumor on MRI is more
likely to be consistent with a chondrosarcoma
[2]. Rarely these tumors erode through the dura

and mimic an intradural lesion. Radiologically
differentiating between a chondroma and a low-
grade chondrosarcoma can be challenging.

Pathology and genetics

Grossly, chondromas resemble lobules of firm,
mature cartilage [2]. These tumors are well-cir-

cumscribed from the adjacent bone. Regions of
grittiness signify mineralization of the matrix.
Chondromas are typically small tumors, and a di-
ameter greater than 7 cm in diameter is suggestive

of malignancy [12]. Histologically they are com-
prised of neoplastic chondrocytes dispersed within
an abundant hyaline or myxoid background. The

tumor cells may be arranged in sheets or rows that
alternate between regions of relative hypo- and
hypercellularity. The tumor cells are small and

do not exhibit cellular pleomorphism or nuclear
atypia [13]. Multinucleated cells are rare, and mi-
toses are absent. Foci of calcifications may be
present. It is of critical importance to histologi-
cally examine the entire specimen, because sarco-
matous cells may occupy just a fraction of an

otherwise benign tumor [9,14].
Although cytogenetic aberrations may not be

detectable for some tumors, nonrandom genomic
abnormalities have been linked to chromosomes 4,

5, 6, 7, 12, and 15 [15]. Monosomies of chro-
mosomes 9, 19, and 22 have been reported, as
have 12q13-15 rearrangements [16,17]. An

(8;17)(q23;p13) translocation was observed in one
patient [17]. Other genomic abnormalities include
alterations of chromosomes 6 and 11 [18]. Most

chondromas grown in cell culture, however, do
not exhibit chromosomal aberrations [16]. This is
in contrast to chondrosarcomas,which consistently
demonstrate complex mutations. c-Myc oncogene

amplification and polysomy 8 has been associated
with malignant transformation of a chondroma
into a dedifferentiated chondrosarcoma [12,19].

Treatment

The management of chondromas is surgical.
Resection is used to establish a histologic di-
agnosis, prevent sarcomatous degeneration, and

preserve neurologic function [2]. A CT-guided
biopsy should be performed with reservation,
because sampling errors may lead to the false-pos-
itive diagnosis of a benign tumor [9,14]. This is be-

cause of the tumor’s cytoarchitecture; a malignant
focus may be isolated to just a small region of the
neoplasm. In general, a complete excision of the

lesion is recommended [1]. The entire specimen
should be histologically examined for areas of ma-
lignant degeneration. Following complete resec-

tion of a chondroma, the recurrence rate is less
than 10% [2].

Chondrosarcoma

Epidemiology

Chondrosarcomas are malignant cartilage-
forming tumors. Chondrosarcomas are extremely
rare; the number of spinal chondrosarcomas

registered at the M.D. Anderson Cancer Center
over a period of 43 years numbered only 21 [20].
Chondrosarcomas comprise 7% to 12% of all pri-

mary spine tumors and account for 25% of pri-
mary malignant spine neoplasms [9,21]. There is
a clear male predilection, with a ratio of 2 to

4:1. The age at diagnosis is usually between 33
and 51 years, which varies depending on the chon-
drosarcoma subtype [21]. Chondrosarcomas can
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occur anywhere along the mobile spine, although
there is a bias toward the thoracic spine. Up to
60% of tumors arise in the thoracic region, and
the remaining lesions are asymmetrically divided

between the lumbar spine (20%–39%) and cervi-
cal spine (19%–20%) [22].

Presentation

Chondrosarcomas have an indolent growth
pattern, and symptoms may present gradually.
The most common symptom is focal pain [20].
Neurologic deficits are common, which can man-

ifest as a radiculopathy, myelopathy, or cauda
equina syndrome [23]. Up to half of all patients
have a neurologic deficit at the time of presenta-

tion [22]. A palpable mass may be present in the
neck or back as the tumor expands outward
from the posterior elements.

Pathology

The World Health Organization (WHO) de-
fines chondrosarcomas as mesenchymal, non-me-
ningothelial tumors [13]. A grading system is used

by the WHO that ranges from low-grade (grade I)
to high-grade (grade IV) tumors. The grade is
based on histologic features, such as tumor cellu-

larity, nuclear atypia, stromal content (ie, chon-
droid or myxoid), and mitoses. The WHO grade
is one of the most important prognostic features
of a chondrosarcoma [22]. The 10-year survival

for a grade I chondrosarcoma is 90%, which de-
clines to 65% to 80% for grade II tumors. The
10-year survival of a high-grade chondrosarcoma

is 30% to 40% [22].
Grade I chondrosarcomas closely resemble

chondromas, and it may be difficult to differenti-

ate between these two entities on pathology. Both
of these tumors resemble mature cartilage on
microscopy. Distinguishing features of low-grade
chondrosarcoma include invasion or entrapment

of surrounding tissues, penetration of the bony
cortex, and a prominent myxoid stroma [9]. Grade
I chondrosarcomas may have calcifications that

coalesce to form discrete islands of bone. The neo-
plastic cells are small and exhibit little nuclear aty-
pia. Mitoses are absent [24]. The presence of

a predominantly myxoid stroma increases the tu-
mor grade to grade II. A grade II lesion also
exhibits a relative increase in cellularity as com-

pared with grade I tumors and demonstrates
greater nuclear pleomorphism. Mitoses may
rarely occur in grade II lesions [22].
Grade III and IV lesions are increasingly
cellular and pleomorphic compared with lower-
grade tumors. The neoplastic cells are often
multinucleated with prominent nucleoli. There

are at least two mitotic figures per 10 high-power
fields [22]. As the cellularity increases, the amount
of background substance decreases. This produces

a soft, friable tumor in contrast to the hard carti-
laginous matrix of a low-grade lesion. It is vital to
histologically examine the entire tumor, because

pockets of high-grade tumor may reside within
a low-grade chondrosarcoma [25]. The higher
the grade, the more likely that metastases occur;

grade I chondrosarcomas do not metastasize,
whereas 70% of grades III and IV tumors do [22].

In addition to a WHO grade, chondrosarco-
mas are classified into several subtypes based on

stereotypic histologic features [9]. Subtypes in-
clude the conventional, mesenchymal, clear cell,
and dedifferentiated categories. The tumor’s ori-

gin (ie, primary or secondary etiology), imaging
features, pathology, and immunohistochemistry
profile is unique to each subtype.

Conventional chondrosarcomas comprise 80%
to 90% of the chondrosarcoma subtypes. Almost
all of these tumors are low grade, and less than

10% are grade III or IV lesions [26]. These are
lobulated tumors that demonstrate lytic extension
into the surrounding bone. Low-grade conven-
tional chondrosarcomas may produce a stroma

resembling mature cartilage, similar to that of
a chondroma [25]. Calcifications may be present.
Conventional chondrosarcomas can arise from

normal bone (a primary chondrosarcoma) or
from a pre-existing benign cartilaginous or osse-
ous tumor (a secondary chondrosarcoma) [24].

Conventional chondrosarcomas originate from
within the medullary cavity or cortical surface.
These tumors are reactive to vimentin and
S-100, which are often reactive in other low-grade

chondrosarcoma subtypes [9].
Dedifferentiated chondrosarcomas occur in the

setting ofmalignant degeneration of a conventional,

low-grade chondrosarcoma [27]. This manifests his-
tologically as an abrupt shift in the microscopic ap-
pearance of the lesion. Specimens demonstrate

a clear demarcationbetween the low-andhigh-grade
areas [26]. Dedifferentiated chondrosarcomas are
notoriously aggressive and have a 5-year survival

rate of less than 10%.Distal metastases are frequent
[28].These tumorsmayalsoharbor foci of neoplastic
tissues resembling other sarcomas, including osteo-
sarcoma, leiomyosarcoma, rhabdomyosarcoma, or

malignant fibrous histiocytoma. These regions
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have an immunoreactive profile indicative of the
neoplasms’ embryologic origin [22].

Similar to dedifferentiated chondrosarcomas,

mesenchymal chondrosarcomas are comprised of
two separate cell populations. Low-grade chon-
drocytes are interspersed among small, undiffer-
entiated neoplastic cells [29]. These bimorphic

collections lack the clear margins of dedifferenti-
ated chondrosarcomas [30]. Which cell type pre-
dominates varies among specimens. In some

instances, the undifferentiated small cells may ex-
press desmin and myogenin, suggestive of a skele-
tal muscle lineage [29]. Caution must be used

when interpreting a CT-guided biopsy of a mesen-
chymal chondrosarcoma: a sample of low-grade
tumor may lead to the incorrect diagnosis of a con-
ventional chondrosarcoma. A patient who has

a mesenchymal chondrosarcoma has a poor prog-
nosis with a 5-year survival rate of 50% [22].

The final chondrosarcoma subtype, the clear

cell chondrosarcoma, is characterized by dense
collections of neoplastic cells that have abundant
cytoplasm. This cytoplasm is rich in glycogen and

strongly PAS-positive [31]. Each cell shares a dis-
crete border with its neighbors. Lobules of cells
are dispersed among bony trabeculae, and foci

of conventional chondrosarcoma may be present.
Necrosis can sometimes occur. These tumors are
immunoreactive to S-100 [31]. In general, clear
cell chondrosarcomas have a better prognosis

than the mesenchymal or dedifferentiated chon-
drosarcomas [32].

Genetics

The cytogenetic abnormalities of chondrosar-
comas have not been shown to correlate with
outcome [33]. Various nonrandom genetic aberra-

tions occur, and allelic losses occur in almost 70%
of tumors [22]. The mutations responsible for the
malignant degeneration of a chondroma may oc-

cur in a stepwise fashion, including amplification
of the c-Myc oncogene. A gain of chromosome
8 may also occur [22,34]. Other genomic muta-
tions include the loss of chromosome 6 and the

gain of 12q12, which correlate with high-grade
chondrosarcomas [35]. 6q13-21 chromosome ab-
errations also occur in aggressive tumors [36].

Medullary (central) chondrosarcomas may be dip-
loid, whereas surface (peripheral) tumors may be
aneuploid. Dedifferentiated tumors can have

a (9;22)(q22-31;q11-12) translocation [34]. Dedif-
ferentiated chondrosarcomas may also overex-
press p53 [26]. The addition of chromosome 7
has been associated with high-grade lesions, as
have 17p1 alterations [35].

Aberrant platelet-derived growth factor recep-

tor-a (PDGFRa) and PDGFR-b expression may
occur in chondrosarcomas [22]. Estrogen hor-
mone signaling, matrix metalloproteinsase-1
expression, histone dysregulation, and methyl-

thioadenosine phosphorylase (MTAP) deletions
have also been recently discovered [22]. The blood
supply of the tumor may result from vascular

endothelial growth factor (VEGF)-A overexpres-
sion [22]. Research is underway to explore the
possibility of exploiting these proteins and their

receptors as targets for novel chemotherapeutics
[37,38].

Imaging

The radiologic assessment of chondrosarcomas
includes the use of plain films, CT scans, MRI,
and bone scans. Specific imaging features can

suggest a particular chondrosarcoma subtype [11].
Once a lesion is noted on plain film, a CT scan
should be used to define the tumor’s location
and characterize its growth. These studies often

reveal a lytic, destructive lesion of varying density.
Alternatively, focal expansion of the bone could
occur. A peripheral chondrosarcoma may pro-

duce thickening of the vertebral cortex with exo-
phytic extension into the soft tissue [33]. The
water content of the cartilage matrix appears as

a focus of low attenuation on CT [11]. A clear
cell chondrosarcoma may have a rounded, lytic le-
sion with calcifications and surrounding sclerosis

[31]. Dedifferentiated and mesenchymal chondro-
sarcomas may demonstrate frank destruction of
local bone [34]. So-called ‘‘ring and arc’’ calcifica-
tions are suggestive of the chondroid matrix of

a conventional chondrosarcoma [11].
MRI is useful to assess the extent of soft-tissue

invasion. T1-weighted images often demonstrate

a hypointense lesion, whereas T2-weighted images
are hyperintense. This high-intensity signal results
from the high water content of neoplastic cartilage

[11]. Mineralization appears as a low signal. Intra-
venous gadolinium can reveal a peripheral ring of
enhancement or heterogeneous enhancement of
the entire tumor (Fig. 1). A bone scan often dem-

onstrates increased uptake of radiotracer in the vi-
cinity of the tumor [11].

Treatment

Once a chondrosarcoma is suspected radiolog-
ically, the goal should be to excise the lesion as
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Fig. 1. (A) Preoperative T1-weighted with gadolinium MRI showing a heterogeneously enhancing chondrosarcoma of

the thoracic spine. (B) Postoperative MRI following 3-level vertebrectomy. (C) Intraoperative photo of 3-level vertebrec-

tomy from the anterior approach. (D) Lateral radiograph of instrumented construct with methylmethacrylate and

posterior fixation. (From York JE, Berk RH, Fuller GN, et al. Chondrosarcoma of the spine: 1954 to 1997. J Neurosurg

Spine 1999;90(1):73–8; with permission.)
completely as possible [28]. These tumors are re-
sistant to conventional chemotherapy and radia-
tion, and their role in treatment is limited.
Nevertheless, high-dose radiotherapy or proton

beam therapy may slow tumor progression. This
may be useful for tumor recurrence and palliation
[39,40]. Hypofractionated stereotactic radiation

therapy has provided some evidence of a therapeu-
tic response [41]. The long-term results of this
treatment are unknown [40]. Novel radiosensi-

tizers may hold some promise for improving the
efficacy of these therapies [39].

A complete en bloc resection is the ideal

surgical technique for resecting chondrosarcomas
(see Fig. 1) [20]. This may be technically
challenging to perform, but the use of en bloc ver-
tebrectomy and spondylectomy has been associ-
ated with prolonged, recurrence-free survival
[42–45]. Local curettage of a chondrosarcoma vir-

tually guarantees recurrence [28]. Complete en
bloc resections require careful planning, an experi-
enced multidisciplinary team, and meticulous sur-

gical technique [46,47]. It has been shown that
even minor contamination of an en bloc speci-
men’s margins with tumor heralds a worse prog-

nosis [20]. Complete en bloc resections have
resulted in recurrence rates of 20% or less, and
in some instances survival of 5 years or longer

[28]. Percutaneous CT-guided biopsies require
careful interpretation. Given the heterogeneity of
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chondrosarcoma cytoarchitecture, the false-nega-
tive rate for malignancy can approach 24% [14].

Local tumor recurrence portends a dismal

prognosis, with more than half of patients dying
from the disease in less than 2 years [9,48]. The
role for aggressive surgical resection for local re-
currence has yet to be defined, although Weber

and colleagues [49] achieved a 50% long-term sur-
vival in 12 patients treated surgically for recurrent
pelvic chondrosarcomas. It remains to be seen if

this translates into improved survival rates for re-
current chondrosarcomas of the mobile spine.
Although metastases can occur with chondrosar-

coma, local recurrence is a stronger negative prog-
nostic factor [48].

Summary

Chondromas and chondrosarcomas are rare
primary vertebral column tumors. Chondromas
are benign, minimally-cellular lesions that histo-

logically resemble mature cartilage. These slow-
growing tumors erode adjacent bone and are lytic
on radiographs. Focal pain and progressive neu-

rologic deficits are common presenting symptoms.
To achieve long-term local control, these lesions
must be completely resected. Rarely a chondroma

undergoes malignant degeneration. Patients at
risk for sarcomatous transformation include those
who have multiple chondromatosis syndromes.

Chondrosarcomas are the malignant forms of

these cartilage-forming tumors. Chondrosarco-
mas are subcategorized by histology and graded
using WHO criteria. A tumor’s grade is the most

important prognostic factor affecting survival.
Neurologic deficits are frequently present at di-
agnosis. Imaging reveals local bone destruction

and soft-tissue invasion, especially when the
tumor is high grade. Metastases can also occur
with chondrosarcomas. These tumors are resistant
to adjuvant chemotherapy and radiotherapy. A

complete en bloc resection offers the best chance
of a prolonged, recurrence-free survival.
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