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Differences between Cervical Schwannomas
of the Anterior and Posterior Nerve Roots
in Relation to the Incidence of Postoperative
Radicular Dysfunction

Yu-Ichiro Ohnishi, Koichi Iwatsuki, Toshika Ohkawa, Koshi Ninomiya,
Takashi Moriwaki, Toshiki Yoshimine

Department of Neurosurgery, Osaka University Medical School, Suita, Japan

Study Design: A retrospective study.

Purpose: To assess the case files of patients who underwent surgery for cervical dumbbell schwannoma for determining the differ-
ences between schwannomas of the anterior and posterior nerve roots with respect to the incidence of postoperative radicular dys-
function.

Overview of Literature: The spinal roots giving origin to schwannoma are frequently nonfunctional, but there is a risk of postopera-
tive neurological deficit once these roots are resected during surgery.

Methods: Fifteen patients with cervical dumbbell schwannomas were treated surgically. Ten men and 5 women, who were 35—79
years old (mean age, 61.5 years), presented with neck pain (n=6), radiculopathy (n=10), and myelopathy (n=11).

Results: Fourteen patients underwent gross total resection and exhibited no recurrence. Follow-ups were performed for a period
of 6-66 months (mean, 28 months). Preoperative symptoms resolved in 11 patients (73.3%) but they persisted partially in 4 patients
(26.7%). Six patients had tumors of anterior nerve root origin, and 9 patients had tumors of posterior nerve root origin. Two patients
who underwent total resection of anterior nerve root tumors (33.3%) displayed minor postoperative motor weakness. One patient
who underwent total resection of a posterior nerve root tumor (11.1%) showed postoperative numbness.

Conclusions: Appropriate tumor removal improved the neurological symptoms. In this study, the incidence of radicular dysfunction
was higher in patients who underwent resection of anterior nerve root tumors than in patients who underwent resection of posterior
nerve root tumors.
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Introduction rological deficit once these roots are resected during sur-
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Spinal roots giving origin to schwannoma are frequently ma requires complete resection of tumors with maximum
nonfunctional, but there is a risk of postoperative neu- improvement in neurological symptoms and minimum
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Table 1. Clinical data of 15 patients with cervical spinal dumbbell schwannomas

origin

Case Age/sex Level A Location Approach
symptom

1 58/male  C4/5 N, R IS, For P
2 69/male C6 R IS, For P
3 58/male C2 N, M IS, For P
4 79/female  C3-5 M, R IS, For, EA P
5 45/male C4 R IS, For p
6 35/male  C4-6 M, R IS, For, EA A+P
7 72/female  C5/6 N, M, R IS, For P
8 65/female  C6/7 M, R IS, For A+P
9 42/female  C6/7 M, R IS, For P
10 78/male  C7/8 N, M IS, For P
" 64/male C3 N S, For, EA A+P
12 57/male C2 N, M IS, For P
13 70/male C2 M, R IS, For, EA P
14 75/male  C6/7 M, R IS, For P
15 56/female  C6/7 M IS, For P

T T T 9 o T T

a

I BT Resetion Fusion AT Complication
muscle symptom
D,BT T Resolved
D,BT T Resolved
T Resolved Headache,
numbness
D,BT ST Partially
persisted
D.B T T S-plate Resolved
D,BT T S-plate  Partially ~ C5 weakness
persisted
D,BT T LMS Resolved
D, B, T, AP T AF Resolved
D,B, T, AP T Resolved
B, T, AP T Resolved
D,BT T AF Resolved
T Resolved
T Partially
persisted
D,B, T, AP T Partially Headache
persisted
D,B, T, AP T Resolved ~ C7 weakness

N, neck pain; R, radiculopathy; IS, intraspinal canal component; For, intra- or extra-foraminal canal component; P, posterior approach; p, posterior
root; D, deltoid muscle; B, biceps muscle; T, triceps muscle; M, myelopathy; EA, extra-axial components; a, anterior root; ST, subtotal; S-plate, spi-
nous process plates; A, anterior approach; AP, adductor pollicis muscle; LMS, lateral mass screw; AF, anterior fusion.

neurological deficits [1-5]. However, there is always a risk
of postoperative neurological deficit once resection of the
nerve root is performed [1,2,6-11]. It is not completely
understood if the incidence of postoperative radicular
dysfunction following resection is related to whether the
tumor involves the anterior or posterior nerve roots. In
this work, we retrospectively assessed the improvement in
neurological symptoms and the incidence of neurological
complications following surgery for cervical dumbbell
schwannoma at our institution.

Materials and Methods

Fifteen patients underwent surgical treatment for cervical
dumbbell schwannoma between March 2007 and March
2012 (Table 1). Ten men and 5 women, 35-79 years of age
(mean age, 61.5 years), presented with neck pain (n=6),
radicular complaints (n=10), and myelopathy (n=11).
Preoperative and postoperative assessments included

magnetic resonance imaging (MRI) and computed to-
mography (CT). We preoperatively assessed the vertebral
arteries in all of the patients by CT angiography.

Under general anesthesia, the patients were placed in
the prone position. The neck was maintained in a slightly
flexed position with a Mayfield head clamp. A midline in-
cision was extended downwards through the ligamentum
nuchae. Unilateral subperiosteal exposure of the poste-
rior spinal elements was performed in the affected side.
Bilateral muscle dissection was performed if the tumor
had extended up to the midline. The muscle dissection
was continued laterally to expose the entire facet joint at
the affected level. Hemilaminectomy and partial facetec-
tomy were performed. The extent of lamina removal de-
pended on the size of the intraspinal tumor component.
The exposure allowed for visualization of the margin
between the spinal cord and the tumor. The intraspinal
tumor component was removed first. Monopolar electri-
cal nerve root stimulation was performed. All of the roots
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from which the tumors originated were sacrificed, based
on a lack of monopolar nerve stimulation response. After
intradural tumor removal, the dissection was continued
on the surface of the expanded root sleeve to define tu-
mor margins. The dissection plane was bloody, given the
extensive venous rete that surrounded the nerve root and
VA. The tumor was followed distally along the nerve root
to its lateral margin. Internal decompression was neces-
sary for tumor margin identification. Posterior fixation
was performed following medial one-half facetectomy.
Tumors occupying greater than one-third of the vertebral
body were removed by an anterior approach and anterior
fixation was performed. Tumors occupying less than one-
third of the vertebral body were removed by an anterior
approach alone, and fat tissue was found to occupy the
space in the vertebral body after tumor resection. Exter-
nal fixation was needed for 4 weeks.

Intraoperative electromyography (EMG) and electri-
cal stimulation with compound muscle action potential
(CMAP) recordings were used to identify and moni-
tor the root tumor; a monopolar stimulation electrode
was used to elicit evoked EMG responses [7]. Electrical
stimulation began at 0.0 mA and was raised to 2 mA in
0.1 mA increments. The pulse width was 0.2 msec. EMG
electrodes were placed over the deltoid, biceps, triceps,
and adductor pollicis; these muscles are generally known
to be innervated by the cervical roots. NIM-Response
(Medtronic Inc., Tokyo, Japana) was used to stimulate the
nerve root in these areas. In some cases, somatosensory
evoked potentials were also recorded.

General anesthesia was achieved through intravenous
administration of propofol or fentanyl, with volatile in-
halation agents administered only during intubation.
Muscle relaxants were used during intubation, and a min-
imum of 1 hour was allowed to elapse before root testing
was performed. Atrophy of target muscles innervated by
the cervical nerve roots involved in the schwannoma was
not observed in all of the patients.

Results

Twelve patients underwent surgical resection using a pos-
terior approach combined with hemilaminectomy and
partial facetectomy (Table 1). Three of these 12 patients
required posterior fixation following medial one-half
facetectomy (Fig.1). Three patients were treated using
a 2-stage anterior and posterior approach. Gross total

resection was achieved in 14 patients. Subtotal resection
was performed using a 1-stage posterior approach in the
oldest patient included in our study; the surgical objec-
tive in this case was resection of intraspinal components
without fusion.

The VA was preserved in all of the patients excluding
1 patient; this patient exhibited tolerance during the bal-
loon occlusion test. The VA was sacrificed along with the
embedded tumors since they adhered firmly to the VA
wall. Spinal stabilization was performed using spinous
process plates in 2 patients, while a lateral mass screw
was used in 1 patient. When the distance from the tumor
edge to the midline of spinal canal was more than 30 mm,
medial one-half facetectomy was needed, and therefore,
posterior fixation was performed with spinous process
plates or lateral mass screws. Anterior plate fixation was
performed in 2 patients using auto-bone grafts (Fig. 2).
All of the pathological examination findings were indica-
tive of schwannoma.

We identified the tumors involving the anterior or pos-
terior roots microsurgically and anatomically based on
the anatomical position of the posterolateral sulcus and
dentate ligaments. Six patients had tumors of anterior
nerve root origin, and 9 patients had tumors of posterior
nerve root origin. Tumor origin in the anterior root was
located ventral to the dentate ligament. Sacrifice of the
participating nerve was required in all of the patients.
None of the patients responded to intraoperative electric
monopolar nerve stimulation. Three patients developed
mild deficits. One patient who underwent total resection
of a C2 posterior nerve root tumor displayed postopera-
tive numbness in the C2 dermatome. Two patients who
underwent total resection of C5 and C7 anterior nerve
root tumors displayed partial loss of strength of the del-
toid and triceps muscles, respectively. None of the pa-
tients developed paralysis.

Complete tumor resection was confirmed by contrast-
enhanced MRI (Fig. 3). None of the patients were con-
fined to bed following surgery, and they were followed up
for a period of 6-66 months (mean, 28 months). None of
the patients developed spinal instability. Successful fusion
occurred in all of the cases which underwent instrument-
ed surgery. No perioperative mortality was observed.
Preoperative symptoms resolved in 11 patients (73.3%)
but they persisted partially in 4 patients (26.7%). Four
patients exhibited partial myelopathy and radiculopathy.
Two patients exhibited transient headaches owing to low
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Fig. 1. Contrast-enhanced axial (A) and coronal (B) magnetic resonance (MR) images of patient no. 7 show a C5-C6 dumbbell
tumor. The VA is displaced anteromedially. Postoperative contrast-enhanced axial (C) and coronal (D) MR images show complete
tumor removal. Postoperative lateral roentgenogram (E) shows lateral mass screw placement. VA, vertebral arteries.

postoperative cerebrospinal fluid pressure.

Discussion

Schwannomas are benign, slow-growing tumors; there-
fore, excessive surgical insult and surgery-induced neuro-
logical deficits must be avoided. Most spinal schwanno-
mas can be resected completely with or without minor
postoperative deficits [1-5,9,10]. Several studies have

reported the risk and incidence of neurological deterio-
ration following resection of the nerve roots involved in
schwannomas. Kim et al. [2] reported that 7 of 31 pa-
tients (22.5%) developed motor or sensory deficits post-
operatively. Celli et al. [1] reported that 4 of 15 (26.6%)
patients had motor weakness after resection of cervical
nerve roots (C5-C8). Schultheiss and Gullotta [9] report-
ed that 4 of 10 patients (40%) developed motor deficits
postoperatively; 2 of these patients (20%) recovered com-
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Fig. 2. Contrast-enhanced axial (A, B) and coronal (C) magnetic resonance (MR) images of patient no. 11 show a C3 dumbbell
tumor. The VA is displaced anteromedially (yellow arrowhead). Contact of the tumor with the internal carotid artery can be seen (as
indicated by the red arrow). Postoperative contrast-enhanced axial (D) and coronal (E) MR images show complete tumor removal.
Postoperative lateral roentgenogram (F) shows anterior fixation of the iliac bone with a plate. VA, vertebral arteries.

Fig. 3. Contrast-enhanced axial (A, B) and coronal (C) magnetic resonance (MR) images of patient no. 13 show a C2 dumbbell
tumor. Postoperative T1WI axial (D, E) and coronal (F) MR images show complete tumor removal.
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pletely and a persisting relevant motor impairment was
not observed.

In this study, 3 of 15 patients developed neurologi-
cal deficits. Two of 6 patients with anterior nerve root
tumors (33.3%) had minor postoperative motor weak-
ness. Only 1 of the 9 patients with posterior nerve root
tumors (11.1%) had postoperative segmental sensory
numbness. Among the patients who underwent division
of the nerve root in conjunction with total resection of
the schwannoma, 22% developed neurological deficits.
We classified cervical dumbbell schwannomas into intra-
spinal canal components, intra- or extra-foraminal canal
components, and extra-axial components, indicating
invasion and osteolytic expansion of the vertebral body.
The development of postoperative deficits was not related
to the tumor extension.

It has been reported that gradual functional denerva-
tion of the participating nerve root allows for reinnerva-
tion by adjacent nerve roots [11]. Individual dermatomes
overlap to some extent [12]; Slipman et al. [13] dem-
onstrated that resection of posterior nerve root tumors
results in almost no detectable loss of skin sensibility.
However, a significant number of nerve roots innervate
a broad range of muscles [14]. The deltoid and triceps
muscles primarily receive nerve root contributions from
C5 and C7, respectively [13,14]. Patients with anterior
nerve root tumors had a higher incidence of radicular
complications compared with patients with posterior
nerve root tumors. This suggests that anterior nerve roots
have a more limited capacity to allow for reinnervation
by adjacent nerve roots.

Triggered EMG can be recorded via electrical stimula-
tion and evokes CMAPs in the innervated muscles [15].
Intraoperative CMAPs are obtained by submaximal stim-
ulation and result in an all-or-none response. Chronically
compressed nerve roots and nerve roots that have un-
dergone axonotmesis require higher stimulation thresh-
olds (>10-20 mA) [16]. Normal stimulation threshold
is 0.2-5.7 mA. In other studies, electric stimulation was
raised to 5-6 mA [2,17]. In this study, the maximum
stimulation level was 2 mA. Two patients who underwent
total resection of anterior nerve root tumors showed no
response to monopolar nerve stimulation. It is possible
that our stimulation intensity was weak to elicit a nerve
root tumor response.

Surgical approaches for cervical dumbbell tumors re-
main a matter of controversy. Anterolateral surgery has
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been proved to be useful for ventrolateral schwannoma
[3,7,8]. Anterolateral approach offers the advantage of
direct access to the lesion without retraction of the spinal
cord. The disadvantage of the anterolateral approach is
the possibility of injury to the VA and to the phrenic, va-
gus, accessory, and hypoglossal nerves. The other disad-
vantage is that this approach is unfamiliar to most of the
spine surgeons.

Posterior approach is the standard technique for intra-
spinal lesions [18]. A combination of posterior approach
and unilateral facetectomy has been reported for resec-
tion of cervical spine dumbbell tumors [4]. Posterior ex-
posure provides extensive intraspinal and intraforaminal
access for adequate exposure of tumor components. A
posterior approach requires hemilaminectomy and fac-
etectomy for managing laterally extended tumors. The
lateral end of tumors present between muscles is deep,
and it is associated with the surrounding vessels. Tumor
dissection is difficult even with microsurgery. A poste-
rior approach results in severe bleeding from the venous
plexus in the foraminal portion of tumors. Hemilaminec-
tomy and facetectomy in a posterior approach are effec-
tive in controlling bleeding from the venous plexus in the
foraminal portion of tumors. When the distance from the
tumor edge to the midline was more than 30 mm, medial
one-half facetectomy followed by posterior fixation was
needed.

Anterior approach or combined posterior and ante-
rior approach has been reported for cervical dumbbell
schwannoma [19,20]. Advantages of a combined posteri-
or and anterior approach for resection of a cervical spinal
cord tumor extending into or through the foramen have
been described [21,22]. Anterior fixation can be per-
formed for treating cervical spine instability after removal
of tumors that exhibit invasion and cause osteolytic ex-
pansion of the vertebral body. Tumors occupying greater
than one-third of the vertebral body were removed along
with anterior fixation [7,8,23,24]. In this study, partial
facetectomy was performed with a gap in the vertebral
body even if tumors occupied less than one-third of the
vertebral body, and anterior fixation of the spinal column
was performed.

Unilateral facetectomy results in a 20%-40% decrease
in strength [25]. The decrease in strength occurs in
50%-75% facet resections in bilateral facetectomy [26].
Effects of unilateral facetectomy are considerably lesser
than those of 75% bilateral facetectomy [26]. Significant
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increases in annulus stresses and segmental mobility may
occur when bilateral facet resection exceeds 50% [26]. In
this study, over half facetectomy and posterior fixation
with a spinous process plate or a lateral mass screw were
performed.

Conclusions

Our results indicated that appropriate tumor removal
improved the neurological symptoms, and there was a
higher incidence of radicular dysfunction in patients
who underwent resection of anterior nerve root cervical
dumbbell schwannomas than in patients who under-
went resection of posterior nerve root cervical dumbbell

schwannomas.
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