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Context: Referred pain has been observed in some patients after cordotomy, wherein noxious stimulus applied
to a region rendered analgesic by cordotomy produces pain at a spot different from the one where the noxious
stimulus is applied. We report a patient who had intramedullary spinal cord metastasis of extraskeletal small cell
osteosarcoma, a rare form of metastatic disease, and experienced contralateral referred pain.
Findings: Initially, the patient had a mass in the left posterior neck region and later developed a large extradural
mass at the C3–C7 level. The masses were excised, and the histological findings led to a diagnosis of small cell
osteosarcoma. He underwent chemotherapy and radiation therapy. He experienced numbness in his left leg;
subsequently, the numbness slowly spread up the thigh to the left side of the abdomen. When pinched in the
numb area on the left side of the body, he felt as though he had been pinched in both that area and the
corresponding area on the right side. A magnetic resonance imaging scan showed an enhancing lesion in
the right side of the cord at the C6–C7 level.
Conclusion/clinical relevance: An intramedullary spinal cord metastasis can arise from primary extraskeletal
small cell osteosarcoma and cause contralateral referred pain, especially in a mirror-image location.
Contralateral referred pain may be caused by a subsidiary pathway comprising ascending chains of short
neurons that link the dorsal horn neurons longitudinally and latitudinally.
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Introduction
Central nervous system metastases are being observed
with higher incidence as better therapies have extended
survival in patients with systemic cancer.1 Central
nervous systemmetastases are an important cause of mor-
bidity and mortality in patients with systemic cancers
because they affect speech, coordination, cognitive func-
tion, behavior, quality of life, and survival.2 Most
central nervous system metastases involve the brain par-
enchyma, leptomeninges, or dura.3–5 Less commonly,
metastases involve the cranial nerves or spinal cord.3,5

Among them, intramedullary spinal cord metastasis is a

rare clinical entity.6,7 Intramedullary spinal cord metasta-
sis clinically affects only 0.1–0.4% of all cancer patients
and accounts for only 0.8–3.9% of symptomatic meta-
static tumors affecting the spinal cord.6,7 By comparison,
extradural spinal cord compression due to metastasis
occurs in 10% of all cancer patients.7 Lung cancer
accounts for about half of all cases of intramedullary
spinal cord metastasis.6,7 Breast cancer, melanoma, lym-
phoma, and renal cell carcinoma are also common
sources of intramedullary spinal cord metastasis.6,7

However, intramedullary spinal cord metastases originat-
ing from mesenchymal tumors are rare.8,9

Referred pain is pain perceived at a spot other than
the one where a noxious stimulus is applied and may
be observed in many different clinical situations.10–13
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However, this phenomenon occurs distinctly and fre-
quently after cordotomy.11,12

Pain and thermal sensations are mediated by the
lateral spinothalamic tract.14 The sensory afferent
input to the spinal cord enters via the dorsal roots.14

The first-order neuron with its cell body in the dorsal
root ganglion enters the spinal cord via the dorsal
root.14 The first-order neuron synapses with the
second-order neuron in the dorsal horn of the spinal
cord.14 The second-order neuron then decussates in
the anterior spinal commissure and ascends in the
lateral funiculus as the lateral spinothalamic tract, and
synapses with the ventral posterolateral nucleus of the
thalamus.14 Spinal cord lesions can cause loss of pain
and thermal sensation on the contralateral trunk and
limbs.11,12,15 A cordotomy that involves sectioning of
the anterior half of the spinal cord on one side elimin-
ates input from the lateral spinothalamic tract to the
contralateral side of the body.16 Historically, cordotomy
was mostly used for treating unilateral cancer
pain.11,12,16 Cordotomy can be performed either percu-
taneously or as an open procedure.16

In a small proportion of patients, although an analge-
sic effect is achieved, painful stimuli applied to parts of
the body caudal to the lesion can cause pain sensation
that is not felt at the point of stimulation but is felt in
a normally innervated part of the body.11,12 Therefore,
for instance, a pin prick on the left leg, where an analge-
sic effect is achieved, may cause referred pain in the nor-
mally innervated right leg. Various patterns of referred
pain are observed. Any single form or any combination
of the forms of reference may occur in any single
patient.11,12 Pain may be referred (1) from the analgesic
side where an analgesic effect is achieved to the contral-
ateral analogous part of the body; (2) cranially or caud-
ally to the normally innervated parts of the body; or (3)
at one constant region of the body for every stimulus
that is applied to the parts where an analgesic effect
has been achieved. The patient may also experience sen-
sation that seems to emanate from the site stimulated.11,12

We report the case of a patient who had intramedul-
lary spinal cord metastasis of primary extraskeletal
small cell osteosarcoma and developed contralateral
referred pain.

Case report
A 16-year-old boy detected a mass in the left posterior
neck region, which gradually increased in size. He
visited a university-affiliated hospital six months later.
Magnetic resonance imaging (MRI) examination
showed the presence of an ill-defined mass that was sur-
rounded by the trapezius, splenius, and levator scapulae

muscles. The mass was isointense to the muscles on T1-
weighted images and hyperintense to the muscles on T2-
weighted images. T1-weighted gadolinium-enhanced
images showed heterogeneous enhancement of the
lesion (Fig. 1). The nuchal mass was excised, and the
histological examination showed diffuse growth of
round-to-oval tumor cells, with a round nucleus and
small amounts of cytoplasm (Fig. 2). Small spindle
cells were infrequently observed, and the mass had a
focal hemangiopericytoma-like vascular pattern.
Mitotic figures were frequently observed (up to 7 per
high-power field) in cellular areas. The tumor cells
were separated by pink matrix. Furthermore, areas of
metaplastic bone formation were observed (Fig. 2).
Glycogen was present in the cytoplasm of the some
cells as evidenced by periodic acid-Schiff reactivity
without diastase staining. Immunohistochemical
studies showed that the tumor cells were diffusely posi-
tive for vimentin, focally positive for S-100, and
weakly positive for epithelial membrane antigen but
were negative for cluster of differentiation (CD)99.
The initial interpretation of the lesion was synovial
sarcoma and was based on its presentation as a soft
tissue mass; therefore, the patient received adjuvant
chemotherapy.

Ten months later, he developed numbness, pain, and
weakness in the left arm. He was admitted to the neuro-
surgery ward in our hospital. Physical examination
showed weakness and hypalgesia in the C4–C7 root
region on the left side. An MRI scan of his cervical
spine showed a large extradural uniformly enhancing
lesion at the C3–C7 (Fig. 1). Subtotal surgical excision
of the lesion was performed via a C2–C7 laminectomy
on the left side. The microscopic findings of the extra-
dural spinal tumor were similar to those of the previous
nuchal mass, except for the absence of bone formation.
Immunohistochemical studies showed that the tumor
cells were diffusely positive for vimentin and focally
positive for CD99 and S-100. The tumor cells were nega-
tive for cytokeratin, epithelial membrane antigen,
CD34, desmin, and leukocyte common antigen.
Cytogenetic studies did not show reciprocal transloca-
tion of the long arms of chromosomes 11 and 22. The
histological findings for the nuchal mass and the extra-
dural spinal metastasis made small cell osteosarcoma a
much more likely diagnosis than synovial sarcoma.

After surgery, pulmonary metastasis was detected.
The patient received chemotherapy and radiation
therapy, resulting in considerable resolution of his
neurological symptoms but little or no resolution of
the remaining cervical lesion. Only sensory disturbances
remained in the left lateral arm.
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Two years later, he felt numbness in the left leg that
slowly spread up to his thigh and the left side of the
abdomen. When pinched in the numb area on the left
side of the body, he felt as though he had been
pinched in both that area and the corresponding area
on the right side. An MRI scan showed a bright enhan-
cing lesion (diameter, 7 mm) in the right side of the cord
at the C6–C7 level (Fig. 3) consistent with metastatic
disease. Two months later, neurological examination
showed a sensory level to pain from C4 to C6, a
spared area from C6 to T7, and impairment of pain sen-
sation below T7 on the left side. Postural and vibratory
senses were completely intact. However, the patient did
not complain about the contralateral referred pain to the
neurologist because he could hardly believe his senses at
that time. He subsequently experienced numbness in the
right arm, which slowly spread down the trunk to the

right leg. Re-examination by the same neurologist
showed a sensory level to pain and temperature from
C5 to C6, a spared area from C6 to T5, and impairment
of pain sensation below T5 on the right side. Sensory
alteration of pain and temperature from T1 downwards
on the left was detected. When painful pressure was
applied to the hypalgesic area extending from T5 to
L3 on the left side, the patient felt as though the pressure
was being applied to both that area and the correspond-
ing area on the right side. Eight months after the diag-
nosis of spinal metastasis, he expired while he was still
undergoing chemotherapy.

Discussion
This patient is of interest for two reasons. First, he devel-
oped primary small cell osteosarcoma in the soft tissue
and then an intramedullary spinal cord metastasis in

Figure 1 Coronal T1-weighted post-contrast magnetic resonance images of the cervical spine. Magnetic resonance imaging scan
of the cervical spine showing a large enhancing mass (arrow) surrounded by the trapezius, splenius, and levator scapulae muscles
(A). Magnetic resonance imaging scan of the cervical spine obtained 1 year later showing a large extradural enhancing lesion
(arrow), which is displacing the spinal cord to the right (B).

Figure 2 Histologic findings of the operative specimen. Tumor showing proliferation of undifferentiated small round cells with
small amounts of cytoplasm (original magnification, ×400) (A). Formation of metaplastic bone among the tumor cells (original
magnification, ×100) (B). The tumor cells are separated by pink matrix (original magnification, ×400) (C).
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the cervical spine. Second, an intramedullary spinal
cord mass caused contralateral referred pain.

Small cell osteosarcomas, which are a variant of
osteosarcomas, are composed of small cells and
varying amounts of osteoid.17 This rare tumor accounts
for approximately 1–1.5% of osteosarcomas and has
similar distribution with respect to sex, age, and skeletal
aspects as conventional osteosarcoma.17 Most of these

tumors occur in the metaphysis of long bones.17

However, primary extraskeletal small cell osteosarco-
mas that arise in tissues other than bone are rare.18,19

Small cell osteosarcomas tend to disseminate hemato-
genously to the lungs and other parenchymal organs.20

Initially, our patient had a soft-tissue mass in the pos-
terior neck region and later developed an extradural
metastasis in the cervical spine. Three years after diag-
nosis, he developed an intramedullary spinal cord
metastasis. The underlying pathophysiology of intrame-
dullary spinal cord metastasis can include hematogen-
ous spread via the arterial system or Batson’s venous
plexus, direct extension through dura mater or nerve
roots, lymphatic spread from contiguous vertebral
metastases, or leptomeningeal invasion from embolic
dissemination occurring through the subarachnoid
space.7,21,22

Referred pain is observed in some patients after cor-
dotomy, wherein a noxious stimulus applied to a
region rendered analgesic by cordotomy produces
pain at a spot different from the one where the
noxious stimulus is applied.11,12 Researchers suggest
that the referred pain experienced after cordotomy is
caused by a subsidiary pathway comprising ascending
chains of short neurons that link the dorsal horn
neurons longitudinally and latitudinally.12 This sub-
sidiary pathway is suppressed by feedback inhibition
from second-order neurons and/or more central
neurons of the nociceptive pathway.12 Under normal
circumstances, the noxious impulses go through the
usual nociceptive pathway and exert reflected and/or
local feedback inhibition on the subsidiary
pathway.12 Cordotomy inhibits the noxious impulses
from following the nociceptive pathway and simul-
taneously releases the inhibitory control of the subsidi-
ary pathway such that the impulses are redirected to
the subsidiary pathway.12 The referred pain experi-
enced after cordotomy and the referred pain associated
with intramedullary tumors can share a common
underlying neural mechanism.

Conclusion
In conclusion, an intramedullary spinal cord metastasis
from primary extraskeletal small cell osteosarcoma can
cause contralateral referred pain, especially in a
mirror-image location like cordotomy.
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Figure 3 Magnetic resonance imaging scan of the
intramedullary mass causing expansion of the cord and edema
over several segments. T2-weighted image showing a spinal
cord tumor (arrow) that is surrounded by perifocal edema
and has an isointense signal (A). Sagittal (B) and axial (C)
T1-weighted post-contrast images showing intense and
uniform enhancement of a well-circumscribed intramedullary
mass (arrow).
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