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CASE REPORT

Case 1
A 71-year-old man experienced right lumbocrural pain and 

gait disturbance accompanied by paresthesia and right leg weak-
ness for 6 months. Neurologic examination revealed impaired 
right leg motor function (grade 3/5) with diminished feeling on 
the right side caudally from the lumbar L4 sensory dermatome; 
however, his nerve reflexes were normal. Enhanced magnetic 
resonance imaging (MRI) (Fig. 1) showed a mass with lesions 
in the vertebral body (L4) and spinal canal compressing the 
lumbar spinal cord. Computed tomography (CT) scan revealed 
a slowly growing tumor with severe vertebrae destruction (Fig. 
2A, arrow). Piecemeal resection and decompression were per-
formed. After total laminectomy and facetectomy of L3–5, a 
well-demarcated tumor was exposed extending into the spinal 
canal (Fig. 2B, arrow) without nerve involvement or dural ad-
hesions. The spine was stabilized with pedicle screws and rods 
after the tumor was completely resected. Histological character-
istic of the tumor revealed Antoni A and B tissue (Fig. 2C) and 
overexpression of S-100 protein (Fig. 2D), which confirmed a 
diagnosis of intraosseous schwannoma without originating 
nerve remnants. Intraoperative fluoroscopy revealed successful 

INTRODUCTION

Schwannoma (neurilemmoma) is a benign tumor that arises 
mainly in sensory nerve sheaths24). Intraosseous lesions are rare, 
accounting for less than 0.2% of primary bone tumors3), and the 
majority are located in the mandible and sacrum6,8,9,16). Other 
reported sites include the ulna, humerus, femur, tibia, ribs, pa-
tella, scapula, maxilla, the small bones of the hands, and verte-
bral bodies2). Spinal intraosseous schwannoma (SIS) was first 
reported in 19645). SIS is an extremely rare lesion, and the diag-
nosis remains unclear, mostly because of its origin. This is the 
focus of controversy between some authors, whereas the patholog-
ical diagnosis and surgical treatment are quite similar. Correctly 
diagnosing SIS without resection is difficult given the broad 
range of symptoms. However, appropriate diagnosis is impor-
tant to properly plan surgical intervention. Magnetic resonance 
imaging (MRI) with contrast can be useful in preoperatively di-
agnosing SIS, and histopathology is very informative for resected 
specimens. Here, we report two cases of intraosseous schwan-
noma involving the body of L4 and the posterior structures of 
T9 that were diagnosed following myelopathic symptoms.
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internal fixation (Fig. 3A). Postoperative images taken at the 
2-year follow-up showed no obvious evidence of recurrence 
and general bony fusion (Fig. 3B, C, D), and the patient’s gait and 
sensation in the right lower extremity showed good recovery. 

Case 2
A 54-year-old female reported a 4-month history of gait dis-

turbance and paresthesia of both lower extremities. Physical ex-
amination revealed numbness in both legs without obvious 
weakness (grade 5/5); nerve reflexes were normal. MRI (Fig. 
4A) showed a mass (arrow) that appeared to originate from the 
posterior elements of T9 and extended into the spinal canal and 
paravertebral areas, extruding the spinal cord. T9 vertebrae bone 
erosion was observed on CT. The imaging results led to a dif-
ferential diagnosis of primary benign/malignant bone tumor or 

metastatic tumor. The tumor was completely separated and sur-
gically resected from the spinal nerve root with a clear border, 
and a posterior fusion with allograft bone was performed to 
stabilize the spine. Pathological characteristics of the tumor 
confirmed a benign schwannoma (Fig. 4C, D). Intraoperative 
fluoroscopy demonstrated successful internal fixation in the 
proper position for posterior interbody fusion (Fig. 4E, F). Ac-
cording to the MRI images at the 4-year follow-up, there was no 
obvious sign of reoccurence with relieved gait and sensation 
disturbance (Fig. 4G). 

A B
Fig. 1. Preoperative MR images from case 1 (71-year-old male), show-
ing an abnormality in the L4 vertebra body. A : T1-weighted imaging. The 
tumor is isointense compared with the spinal cord. B : Gd-enhanced T1-
weighted imaging showing irregular enhancement. 

A B

C D
Fig. 2. Case 1, a 71-year-old male with L4 intraosseous schwannoma. A : 
High-signal intensity (arrow) on preoperative CT showing a tumor com-
pressing the spinal cord. B : Intraoperative image showing the tumor (ar-
row) extending to the spinal canal. C : Histology revealed hypercellular 
(Antoni A) and hypocellular (Antoni B) areas, indicating a typical schwan-
noma (H&E staining, ×200). D : Immunohistochemistry showing S-100 
protein over-expression (brown color, ×200).

Fig. 3. Radiology images of case 1 from 
immediately after 2 years follow-up. A : 
Intraoperative fluoroscopy showed 
proper internal fixation (top : anteropos-
terior, bottom : lateral). B : Postoperative 
X-ray images showing that general fu-
sion was realized without any internal 
fixation dislocation (top : anteroposteri-
or, bottom : lateral). C : There was no re-
occurrence observed on the MRI at the 
2-year follow-up (top : lateral, bottom : 
coronal). D : Follow-up CT images taken 
2 years later revealed that general fu-
sion was achieved without any internal 
fixation dislocation (top : lateral, bottom : 
coronal). A B C D
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DISCUSSION

Although SIS is quite rare, a number of cases have been pub-
lished in the last 30 years1-4,7,10-19,21,22,24,27). We looked at images in 
the cited articles and found classic pre- and intra-operative im-
ages of SIS to ensure that there was no connection between the 
tumor and nerve tissue, but the photos were not always con-
vincing. Our report aims to provide a clear definition of SIS and 
a review of this rare disease. Because the symptoms associated 
with SIS can vary depending on their location in the spinal cord 
and because they can overlap with those manifested in other 
conditions, incorrect diagnosis remains a problem. A relatively 
complete summary of SIS cases described from 1971–2012 is 
shown in Tables 1, 2. Though the cases reported by Barnowsky 
and Dalal1) and Inaoka et al.11) showed that Schwannoma origi-
nated from nerve root. It was defined as SIS by Park et al.19). The 
majority of reports do not hold this view, and we determined 
those cases were probably intraosseous invasions of extraosse-

ous nerve sheath tumors. It is known that neurilemmomas can 
involve bone by three possible mechanisms : 1) an extraosseous 
tumor causing secondary bone erosion; 2) a tumor arising cen-
trally within the bone; and 3) tumor origination in the nutrient 
canal followed by growth into a dumbbell-shape that enlarges 
the spinal canal3,6,9,11,22-24). Of these, only the second mechanism 
could occur with intraosseous neurilemmoma; the small nerves 
that give rise to these tumors have been described in the human 
vertebrae20,25). In other words, the intraosseous origin of schwan-
noma must be nerves within bones that are free from adjacent 
neural tissue.2,3) This view is supported by most reports in the SIS 
literature.2,11)

Symptoms vary among SIS patients. Because most of these 
tumors enlarge slowly,19) the patient’s history may be consider-
ably long, and most experience pain (14/25, 56%) depending on 
the tumor location.24) Neurological compression symptoms de-
velop when the tumor perforates the bone cortex and causes spi-
nal cord protrusion, but specific symptoms can differ depend-
ing on the level of the lesion.22) SISs are most commonly found 
in the lumbar region (38%), followed by thoracic (32%) and cer-
vical (28%), which is different from the results reported by Park 
et al.19) 

Radiological findings in SIS can also vary considerably, and 
differential diagnosis includes ruling out solitary myeloma, chor-
doma, chondrosarcoma, giant cell tumor, angioma, and aneu-
rysmal bone cyst. SISs are sometimes found to primarily occupy 
the intraosseous region with or without extravertebral and spi-
nal canal involvement, and a hollowed out vertebral body with 
a single, thin, bulging cortex perforation is suggestive of intraos-
seous origin.3) Generally, intraosseous schwannoma appears on 
radiological images as a lytic defect with bone erosion lacking 
new periosteal bone formation and calcification/ossification, al-
though a narrow sclerotic zone may be present between the tu-
mor and bone3,24). Vertebral intraosseous schwannomas gradu-
ally increase in size, resulting in pedicle and vertebral body 
erosion that widens the foramen and vertebral scalloping.

Histological conformation is mandatory for a diagnosis of SIS. 
Proliferation of slender spindle cells with oval nuclei and focal 
palisading nuclei (Antoni A) and degenerated hypocellular ar-
eas (Antoni B) with hemosiderin deposition and thrombosed 
blood vessels are suggestive of schwannoma3). SISs are not his-
tologically different from schwannomas that develop elsewhere, 
even at the ultrastructural level16), but the histological features of 
intraosseous neurilemmomas may be obscured in highly cellu-
lar lesions with subtle Antoni types A and B patterns11). Both 
types have long durations16) and similar degenerative character-
istics, including perivascular hyalinization, calcification, and 
cystic degeneration.

The gold standard for benign bone tumors is marginal resec-
tion. Unfortunately, this is often difficult to achieve in SISs, which 
have both intra- and extraosseous components that invade ad-
jacent structures, including nerve roots, spinal cord, and para-
vertebral tissue16). This is usually addressed with adequate cu-

Fig. 4. Case 2, a 54-year-old female with T9 intraosseous schwannoma. 
A : T2-weighted MR imaging showing mixed-intensity tumor tissue (ar-
row). B : The tumor originated from posterior T9 without nerve root in-
volvement (arrow), and we performed total piecemeal resection followed 
by posterior spinal reconstruction. C : Histology revealed hypercellular 
(Antoni A) and hypocellular (Antoni B) areas, indicating a typical schwan-
noma (H&E stain; ×200). D : Immunohistochemistry revealed S-100 pro-
tein overexpression (brown color, ×200). E and F : Intraoperative fluoros-
copy demonstrated successful internal fixation (E : anteroposterior, F : 
lateral). G : There was no obvious sign of reoccurence at 4 year postoper-
atively according to the MRI images (top : lateral position, bottom : coronal).

A B

C D

E F G



481

Spinal Cord Compression due to Intraosseous Schwannoma | F Zhang, et al.

Ta
bl

e 
1.

 P
re

vi
ou

s 
re

po
rts

 o
f S

IS

Re
f.

Ye
ar

Au
th

or
A

ge
 (y

)
Se

x
O

rig
in

Le
ve

l/o
rig

in
al 

lo
ca

tio
n

Sy
m

pt
om

Tr
ea

tm
en

t
Re

se
ct

io
n

7
19

71
D

ick
so

n 
et

 al
.

51
F

-
L3

/v
er

te
br

al 
bo

dy
Le

ft 
th

ig
h 

pa
in

Ab
do

m
in

al 
ap

pr
oa

ch
 ex

cis
io

n 
an

d 
fu

sio
n

C
om

pl
et

e

10
19

71
G

up
ta

 an
d

A
ga

rw
al

37
M

-
-

Ba
ck

 p
ain

, lo
w

er
 li

m
b 

w
ea

kn
es

s
-

C
om

pl
et

e

22
19

75
Po

lk
ey

 
34

F
-

C6
, C

7/
ve

rte
br

al 
bo

dy
N

o 
ne

ur
ol

og
ica

l d
efi

cit
s, 

bu
t n

ec
k 

pa
in

 aft
er

 
ce

rv
ica

l i
nj

ur
y

Po
ste

rio
r a

pp
ro

ac
h 

ex
cis

io
n 

an
d 

fu
sio

n
C

om
pl

et
e

16
19

88
N

aid
u 

et
 al

.
50

M
-

C3
, C

4/
ve

rte
br

al 
bo

dy
, p

ed
icl

e, 
an

d 
tra

ns
ve

rs
e p

ro
ce

ss
W

ea
kn

es
s i

n 
al

l l
im

bs
 an

d 
bu

rn
in

g s
en

sa
tio

n 
in

 b
ot

h 
lo

w
er

 li
m

bs
Po

ste
rio

r a
pp

ro
ac

h 
ex

cis
io

n 
w

ith
ou

t f
us

io
n

C
om

pl
et

e

1
19

92
Ba

rn
ow

sk
y a

nd
D

ala
l 

41
M

L4
 ro

ot
L4

-
-

-

12
19

94
Kn

ap
p 

et
 al

.
65

F
-

L4
, L

5
-

-
Bi

op
sy

18
19

97
N

oo
ra

ie 
et

 al
.

46
M

-
T1

2,
 L

1/
ve

rte
br

al 
bo

dy
C

om
pl

ain
t o

f s
ev

er
e b

ac
k 

pa
in

 aft
er

 ac
cid

en
t 

w
ith

ou
t a

bn
or

m
al 

ne
ur

ol
og

ica
l d

efi
cit

s
Po

ste
rio

r a
pp

ro
ac

h 
ex

cis
io

n 
an

d 
fu

sio
n

C
om

pl
et

e

13
19

98
Ko

 et
 al

.
-

-
-

T8
-

-
O

pe
ra

te
d

3
19

98
Ch

an
g e

t a
l.

58
M

-
L4

, L
5/

ve
rte

br
al 

bo
dy

Se
ve

re
 p

ain
 an

d 
nu

m
bn

es
s o

f b
ot

h 
lo

w
er

 
ex

tre
m

iti
es

1.
 A

nt
er

ol
at

er
al 

re
tro

pe
rit

on
ea

l f
us

io
n 

an
d 

ex
cis

io
n,

 2
. P

os
te

rio
r f

us
io

n
C

om
pl

et
e

22
20

00
Ra

m
as

am
y e

t a
l. 

37
M

-
T1

2/
ve

rte
br

al 
bo

dy
Ba

ck
 p

ain
, w

ea
kn

es
s, 

an
d 

bi
lat

er
al 

lo
w

er
 

ex
tre

m
ity

 n
um

bn
es

s
Re

se
ct

io
n 

w
ith

 an
te

rio
r a

nd
 p

os
te

rio
r f

us
io

n
C

om
pl

et
e

11
20

01
In

ao
ka

 et
 al

. 
09

M
T1

0 
ro

ot
T1

0/
ve

rte
br

al 
bo

dy
 an

d 
left

 
tra

ns
ve

rs
e p

ro
ce

ss
N

on
te

nd
er

 d
ist

en
tio

n 
of

 th
e b

ac
k 

w
ith

ou
t 

ab
no

rm
al 

ne
ur

ol
og

ica
l d

efi
cit

s 
N

ot
 m

en
tio

ne
d

C
om

pl
et

e

11
20

01
In

ao
ka

 et
 al

. 
39

M
L5

 ro
ot

L5
/v

er
te

br
al 

bo
dy

 an
d 

left
 

tra
ns

ve
rs

e p
ro

ce
ss

M
od

er
at

e l
um

ba
r p

ain
 w

ith
ou

t a
bn

or
m

al 
ne

ur
ol

og
ica

l d
efi

cit
s 

N
ot

 m
en

tio
ne

d
O

pe
ra

te
d

24
20

01
Sc

hr
eu

de
r e

t a
l. 

39
F

-
C6

/v
er

te
br

al 
bo

dy
N

ec
k 

pa
in

 an
d 

dy
sp

ha
gi

a
A

nt
er

io
r a

pp
ro

ac
h 

ex
cis

io
n 

an
d 

fu
sio

n
C

om
pl

et
e

15
20

04
M

izu
ta

ni
 et

 al
.

73
F

-
C4

D
isc

om
fo

rt 
in

 sw
al

lo
w

in
g

-
C

om
pl

et
e

17
20

05
N

an
na

pa
ne

ni
 an

d
Si

na
r

42
M

-
C5

/v
er

te
br

al 
bo

dy
N

o 
ne

ur
ol

og
ica

l d
efi

cit
s

A
nt

er
io

r a
pp

ro
ac

h 
ex

cis
io

n 
an

d 
fu

sio
n

C
om

pl
et

e

26
20

05
Si

ng
ra

kh
ia

 et
 al

. 
43

M
-

C3
, C

4/
ve

rte
br

al 
bo

dy
In

cr
ea

sin
g n

um
bn

es
s a

ro
un

d 
th

e r
ig

ht
 

sh
ou

ld
er

 an
d 

de
lto

id
 w

ea
kn

es
s 

A
nt

er
io

r a
pp

ro
ac

h 
ex

cis
io

n 
an

d 
fu

sio
n

O
pe

ra
te

d

26
20

05
Si

ng
ra

kh
ia

 et
 al

.
45

M
-

C4
/v

er
te

br
al 

bo
dy

 an
d 

left
 

tra
ns

ve
rs

e p
ro

ce
ss

Pr
og

re
ss

iv
e p

ain
 an

d 
w

ea
kn

es
s i

n 
th

e r
ig

ht
 

up
pe

r l
im

b
A

nt
er

io
r a

pp
ro

ac
h 

ex
cis

io
n 

an
d 

fu
sio

n
O

pe
ra

te
d

10
20

05
G

up
ta

 an
d 

A
ga

rw
al

30
F

-
L2

/v
er

te
br

al 
bo

dy
C

om
pl

ain
ts 

of
 b

ac
ka

ch
e a

nd
 p

ro
gr

es
siv

ely
 

in
cr

ea
sin

g w
ea

kn
es

s i
n 

bo
th

 lo
w

er
 li

m
bs

N
ot

 m
en

tio
ne

d
C

om
pl

et
e



482

J Korean Neurosurg Soc 57 | June 2015

rettage beyond the original margins of the tumor without local 
adjuvant, which can result in long-term relief without a high re-
currence rate24). Despite their tendency to be benign, SISs often 
result in spinal instability due to severe vertebral body invasion, 
and fusion with bone graft is required in approximately 68% of 
cases.

CONCLUSION

We report two cases of SIS, which is a rare differential diagno-
sis for intraosseous tumor. Proper diagnosis requires radiological 
tests, gross intraoperative findings, and postoperative histologi-
cal results. Symptoms vary depending on tumor location, and fu-
sion is necessary to stabilize the spine after the tumor is com-
pletely excised.
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Cervical 07 (28%)
Thoracic 08 (32%)
Lumbar 09 (36%)
Originating from anterior elements 17 (68%)
Originating from posterior elements 02 (8%)
Excision with fusion 17 (68%)
Excision without fusion 02 (8%)
SIS : spinal intraosseous schwannoma
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