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schwannomas.

ABSTRACT

Spinal Schwannomas are rare, benign tumors originating from Schwann cells around peripheral nerves in the spinal canal,
with significant clinical implications due to their potential to cause life-threatening neurological impairments. This com-
prehensive literature review integrates insights from pathology, anatomy, genetics, physiology, and radiology to offer a
holistic understanding of spinal schwannomas, covering their clinical characteristics, diagnosis, management, and recent
research developments. The aim is to enhance understanding, facilitate accurate diagnosis, develop targeted therapies,
and improve clinical management, thereby contributing to better patient care and expanding knowledge on spinal
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clinical management

INTRODUCTION

Spinal schwannomas are rare benign tumors that
originate from Schwann cells, which form the sheath
around peripheral nerves in the spinal canal [1]. Al-
though rare, spinal schwannomas have a significant
clinical impact due to their ability to cause potentially
life-threatening neurological impairment. In-depth
knowledge of the pathogenesis, clinical presentation,
diagnosis and management of spinal schwannomas is
important to guide appropriate clinical practice and
maximize patient outcomes [2].

Although there has been significant research on
spinal schwannomas, the literature covering various
aspects of the disease is still not fully integrated. There-
fore, in this article, we conduct a thorough review of
the available literature to present a holistic under-
standing of spinal schwannomas. This review inte-
grates information from various disciplines, including
pathology, anatomy, genetics, physiology, and radiolo-
gy, to provide a comprehensive overview of the clinical
characteristics, diagnosis, management, and recent de-
velopments in spinal schwannoma research. Our goal
is to gain a better understanding of spinal schwanno-
ma, facilitating accurate diagnosis, the development of
targeted therapies, and improvements in the clinical
management of patients with this condition. As such,

this article is expected to make a valuable contribution
in improving patient care and expanding knowledge
of spinal schwannoma as a whole.

EPIDEMIOLOGY

Spinal schwannomas are benign tumors that origi-
nate from Schwann cells, which form the sheath
around peripheral nerves. These tumors are generally
slow-growing and are most commonly found in the in-
tradural extramedullary compartment of the spine
[3,4]. Spinal schwannoma is a benign nerve sheath tu-
mor within the spinal canal, usually arising from the
spinal nerve roots and is the most common spinal
nerve sheath tumor. It is one of the two most common
intradural extramedullary spinal tumors, representing
15-50% of such lesions [5,6]. Spinal schwannomas are
relatively rare, accounting for only a small proportion
of spinal tumors. The disease is more common in
adults, with a peak incidence in middle age, and shows
no significant gender predilection [7].

Spinal schwannomas are relatively rare tumors,
constituting only a small percentage of spinal tumors.
Schwannomas, one of the most common intradural ex-
tramedullary tumors of the spine, show an annual inci-
dence ranging from 0.3 to 0.5 per 100,000 people [8].
Typically, the disease appears in individuals during
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their fourth and fifth decades of life, with a higher fre-
quency occurring in adults than children or the elderly
[9]. Interestingly, gender does not seem to affect the in-
cidence of spinal schwannoma significantly, as the in-
cidence is almost equal between men and women [10].
There are rare cases where schwannoma tumors arise
within the spinal cord, which only occurs in about 1.1%
of all spinal schwannoma cases. Usually, if these tum-
ors occur in the spinal cord, they tend to appear in the
neck of the spinal cord in 63% of the cases. Intramedul-
lary schwannomas are more common in men at a ratio
of 3 to 1 compared to women, and usually appear at
around 40 years of age [11].

Although most schwannomas arise sporadically,
the disease can also be associated with genetic condi-
tions such as Neurofibromatosis Type 2 (NF2) and,
more rarely, schwannomatosis, which has some clini-
cal similarities with NF2 [12]. These tumors are pre-
dominantly localized in the cervical and lumbar re-
gions of the spine, often presenting as intradural
extramedullary growths [13], spinal schwannoma is
relatively rare, mainly affecting adults showing a sig-
nificant gender preference in its incidence.

MORPHOLOGICAL FEATURES

Schwannomas are encapsulated tumors composed
primarily of Schwann cells. Embryologically, these tu-
mors arise from neural crest cells and form a thin bar-
rier around extracranial nerve fibers. These tumors
can be single or multiple, and the latter is often seen in
neurofibromatosis 2 (NF2). Morphologically, schwan-
nomas are characterized by smooth, globoid masses
attached to the nerve, and usually do not enlarge the
nerve. Visibly, schwannomas can appear solid or rub-
bery, and sometimes contain melanin bodies or psam-
moma [14].

Microscopically, spinal schwannomas are circum-
scribed but incompletely encased. They contain spin-
dle and epithelioid cells arranged in interlaced fascia,
often with spin and sometimes nuclear palisades. His-
tologically, they consist of compact, interwoven collec-
tions of long spindle-shaped Schwann cells (Antoni tis-
sue type A) and areas of more polymorphic Schwann
cells embedded in a loose matrix (Antoni tissue type B)
[15].

The first pattern, now called Antoni A, consists of
cells that are more densely packed and arranged in fas-
cicles, often in alternating rows forming a palisade of
nuclei. The other pattern, now called Antoni B, con-
tains more loosely arranged cells with variable lipidi-
zation. These differences in cellular populations may
have a correlation with neuroimaging images, where
heterogeneous signal intensity on MRI is often seen in
regions with more Antoni B tissue. In contrast, regions
with denser Antoni A tissue seem to correlate with
slightly increased brightness on CT compared to re-
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gions dominated by Antoni B tissue. If the nuclear pali-
sade within the schwannoma is prominent enough,
then the structure forms what are now known as Vero-
cay bodies. These two observations, both the palisade
and Verocay bodies, together form the classic histo-
pathological picture of a schwannoma [11].

There are several forms of schwannoma variations,
including cellular schwannoma, plexiform schwanno-
ma, and ancient schwannoma. Cellular schwannomas
are characterized by an increased number of cells
(usually consisting of Antoni A areas) compared to con-
ventional schwannomas, and often occur in the para-
vertebral region. Plexiform schwannomas show a
plexiform or multinodular growth pattern and tend to
occur in the skin and subcutaneous tissues, rarely in-
volving the spinal axis. Rarely, if nuclear pleomor-
phism (especially with cytoplasmic inclusions) and mi-
totic features are present, the tumor may be referred to
as an ancient schwannoma. Recurrence is more com-
mon in cellular and plexiform schwannomas, and
there are rare reports of transformation into malig-
nant tumors [11].

There are several clinico-pathologic variants of
schwannoma, including cellular schwannoma, plexi-
form schwannoma, epithelioid schwannoma, and mel-
anotic schwannoma. Cellular schwannomas have a
histologic appearance that resembles malignant neo-
plasms but have a favorable prognosis [16]. Spinal
schwannomas are most commonly found in intradur-
al-extramedullary locations. They may extend extrafo-
raminally as a dumbbell mass or be purely extradural.
Some schwannomas can be cystic, hemorrhagic, or
fat-containing, and can be associated with degenera-
tive changes [17]. On CT and MRI scans, schwannomas
show varying density and intensity. They may show
isodense or heterogeneous features on CT, while MRI
shows isointense or slightly hyperintense characteris-
tics on T2-weighted imaging. Schwannomas may also
show hyperintense cystic areas and heterogeneous en-
hancement [18].

PATOPHYSIOLOGY

Schwannomas arise from the nerve sheath and are
usually single lesions. The disease can be associated
with genetic conditions such as Neurofibromatosis
Type 2, but is often sporadic. The growth can cause
compression of surrounding neural structures, leading
to clinical symptoms. Schwannomas, also known as
neurilemmomas, are benign tumors that arise from
Schwann cells, which form the nerve sheath. Schwan-
nomas originate from Schwann cells, which sheath pe-
ripheral nerves and are responsible for the myeliniza-
tion of nerve fibers in the peripheral nervous system
[19].

Although most schwannomas occur sporadically,
the disease can also be associated with genetic condi-
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tions such as Neurofibromatosis Type 2 (NF2), which is
characterized by mutations in the NF2 gene encoding
merlin or schwannomin, a tumor suppressor protein.
Loss of function of this gene contributes to tumor pro-
gression [20]. Despite their sporadic nature, schwanno-
mas, when growing, can compress surrounding neural
structures, resulting in a variety of clinical symptoms
including pain, sensory changes, and weakness, thus
highlighting the importance of the compression effect
on schwannoma symptoms [21].
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HIPPO SIGNALING PATHWAY

The Hippo signaling pathway is an intracellular
signaling pathway involved in the regulation of var-
ious physiological processes, including cell growth,
proliferation, differentiation, and tissue formation.
The pathway is named after the Drosophila melano-
gaster gene, Hippo, which was first identified as a
regulator of cell growth and division in fruit flies.
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1. Essential components: The Hippo signaling
pathway involves a number of proteins and signaling
molecules that work together to control cell growth.
Some of the key components in this pathway include
Hippo kinases (MST1/2), WW domain-containing scaf-
folding proteins (Salvador), and Yorkie-like transcrip-
tion factors (YAP/TAZ) [22].

2. Regulation of cell growth: Activation of the
Hippo signaling pathway results in phosphorylation
and inactivation of Yorkie transcription factors
(YAP/TAZ). YAP/TAZ normally functions as transcrip-
tional coactivators that trigger the expression of
genes that promote cell proliferation and growth.
Thus, the Hippo signaling pathway plays a role in
inhibiting cell growth by inhibiting the activity of
YAP/TAZ [23].

3. Role in organ and tissue size regulation: The
Hippo signaling pathway is also important in the regu-
lation of organ and tissue size. Regulation of this path-

TABLE 1. Types of schwannomas

101

way can affect cell division, cell size and the coordina-
tion of balanced tissue growth [23,25].

4. Response to mechanotransduction: The Hip-
po signaling pathway also responds to mechanical
and mechanotransduction signals from the cellular
environment. External factors such as extracellular
matrix stiffness can affect the activity of these path-
ways, which in turn can affect cell morphology and
other cellular responses [26]. Although the Hippo
signaling pathway was initially identified in the con-
text of organismal growth and development, the un-
derstanding of its role has expanded to involve
many aspects of cellular biology, including cancer
and tissue regeneration. Further research into the
Hippo signaling pathway may provide new insights
into disease mechanisms and potential new thera-
peutic targets.

Spinal schwannomas usually arise in or around the
spinal cord. They can arise inside the spinal cord (in-
tramedullary), outside the spinal cord (extramedul-

A. Intramedullary schwannomas

Author & year Study type Location

Suggestion

Ho T et al., 2006 [27] Case report C5-6

tumor is in continuity with a thickened and enhancing spinal nerve root

Colosimo et al., 2003
[28]

Case report C2-7,T-8

MRI findings of spinal cord intramedular tumor with edema and contrast
enhancement should be considered as schwannoma, especially if there is
enlargement of the spinal nerve root with contrast enhancement.

Solomon, R., et al. 1987 Case report C1-5
[29]

Intramedullary schwannoma is a benign tumor with a distinct plane
between the normal spinal cord and neoplastic tissue

Karatay, M et al., 2017
[30]

Case report T12

Due to the high risk of postoperative complications, surgical management
for these tumors should be planned according to intraoperative findings
such as tumor attachment to neural tissue and frozen section examination.

B. Extramedullary schwannomas

Author & year Study type Location

Suggestion

Ryu, K., et al 2011 [31] Case report T6 and T7

Surgery of intramedullary schwannomas that are accompanied by the same
pathology as extramedullary beads in the thoracic spine. Complete surgical
excision is the treatment of choice for spinal schwannomas, including
intramedullary ones.

Kim, S. B., et al. 2010 Case report L2-3

Spine surgeons should pay attention to the possibility of mobility and
prevent additional laminectomy or secondary surgery with consideration
of intraoperative myelography before the dural incision, as well as utilizing
ultrasound or MRI to detect hidden or displaced tumors

Gorman, P, et al., 1989
[32]

Case report C4-5

The use of MRI with gadolinium contrast post-operatively is helpful in
determining the extent of the tumor and differentiating it from spinal

cord edema. Intramedular schwannoma actually originates at or near the
point of the dorsal nerve root penetrating the pia-arachnoid, an intraspinal
"dumbbell" neurilemmoma with both intramedular and extramedular
components.

C. Intradural-extramedullary schwannomas

Author & year Study type Location

Suggestion

Friedman, D. P et al.,
1992 [33]

Recognition of the MRI features of these types of neural tumors is essential
for differentiating spinal lesions. Peripheral contrast enhancement in
intradural extramedullary tumors specifically signals the diagnosis of
schwannoma.

Koeller, K., & Shih, R. Y.
2019 [11]

Schwannomas associated with NF2, more commonly involving the dorsal
spinal nerve roots, and causing radicular pain and other sensory symptoms.
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lary), or between the spinal cord and the dura mater
(intradural-extramedullary).

Spinal schwannomas are benign tumors of the pe-
ripheral nerve sheath, commonly found at intradur-
al-extramedullary locations. Surgery is the primary
treatment for these tumors, and radiation therapy is
limited to managing residual or recurrent lesions that
are not suitable for surgery [34]. Schwannomas can
also appear in various types, including single and mul-
tiple forms, and can be cystic, hemorrhagic, melanotic,
malignant, or even intraosseous. Its typical location is
usually intradural and extramedullary, but some can
be found intramedullary, extradullary, or intra-/extrad-
ullary [17].

CLINICAL PRESENTATION

1. General symptoms - Pain: local or radiating ac-
cording to the tumor site, can be the first sign - Weak-
ness: decreased muscle strength in the affected area -
Sensory disturbances: tingling, numbness, or loss of
sensation in the affected area

2. Location-dependent symptoms - Radicular
symptoms: pain radiating to one or both extremities,
corresponding to the nerves involved - Medular symp-
toms: sensory or motor deficits below the level of the
affected spinal nerve, may result in impaired motor or
sensory function in the lower body

3. Specific clinical manifestations - cervical
schwannoma: symptoms in the neck, arms, and shoul-
ders, sometimes accompanied by neurologic symp-
toms of the lower neck or symptoms of dysphagia -
Thoracic Schwannoma: pain in the chest or upper
back, sensory or motor disturbances along the thorax
- Lumbar Schwannoma: pain or weakness in the lower
back, hips, or lower legs, may be accompanied by
symptoms of urinary incontinence or fecal inconti-
nence if the cauda nerve is affected.

4. Course of disease - Symptoms may develop
gradually over time, depending on the size and loca-
tion of the tumor - Symptoms may increase progres-
sively as the tumor grows or if the tumor begins to
compress important nerve structures

5. Presentation variants — Clinical presentation
may vary depending on the nature of the tumor, such
as size, growth, and location - Smaller or slow-growing
tumors may be asymptomatic or have mild symptoms,
while larger or fast-growing tumors are more likely to
cause noticeable symptom:s.

Patients with spinal schwannomas often present
with complaints of pain, which can be localized or
radicular. Other symptoms may include sensory dis-
turbances, weakness, or bowel/bladder dysfunction,
depending on the location and size of the tumor. Pa-
tients with spinal schwannoma often present with a
range of symptoms that vary based on the location and
size of the tumor. Patients with spinal schwannomas
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typically experience a variety of symptoms that signifi-
cantly impact their quality of life. Pain is a common
complaint, often local or radicular in nature and asso-
ciated with nerve roots affected by tumor growth. De-
spite surgical and medical interventions, chronic pain
may persist, posing challenges in its management [35].
Sensory disturbances, including abnormal sensations
such as dysesthesia, numbness, and tingling, often ac-
company the presence of schwannomas, stemming
from tumor pressure on the spinal nerves [36]. Muscle
weakness, especially in the limbs, may also occur if the
schwannoma compresses the spinal cord or nerve
roots, leading to mobility difficulties and hampering
daily activities [37].

In addition, when the tumor is located near critical
areas such as the conus medullaris or cauda equina,
patients may experience bladder and bowel dysfunc-
tion due to nerve compression affecting these func-
tions [38]. Although rare, acute neurological damage
can occur, especially in cases of abrupt tumor changes
such as torsion or infarction, highlighting the potential
severity of spinal schwannomas [39]. So it can be said
that the clinical picture of spinal schwannoma can in-
clude pain, sensory disturbances, weakness, and blad-
der/bowel dysfunction, reflecting the impact of the tu-
mor on various nerve structures in the spine.

DIAGNOSIS

Diagnosis is primarily done through imaging, with
MRI as the modality of choice. Schwannomas usually
present as well-demarcated, contrast-enhancing le-
sions. Postoperative histopathologic examination con-
firms the diagnosis. On MRI examination, spinal
schwannoma is usually shown as a nodular mass ap-
pearing within the dural sheath (intradural), with a
higher signal than the surrounding tissue on T1 images
and a distinct signal on T2 images. These masses usual-
ly have clear borders. Contrast enhancement on MRI is
also often seen, indicating the presence of blood ves-
sels associated with the tumor. This schwannoma most
commonly arises from the dorsal sensory nerve root in
the lower lumbar region [11].

Schwannomas show distinct imaging images on
MRI, usually appearing as well-demarcated lesions
with contrast enhancement. On T1-weighted images,
they often display a low-intensity or iso signal, whereas
on T2-weighted images, they appear as a high-intensity
signal. This characteristic plays an important role in
distinguishing them from other spinal tumors, such as
meningiomas [40]. Histopathologic examination after
surgery is essential to confirm the diagnosis of schwan-
noma. Features such as Antoni A area, Verocay bodies,
and positive S-100 staining are typical indicators of
schwannoma and help in establishing a definitive di-
agnosis. [41]. Despite their typical MRI images, schwan-
nomas sometimes present with variations, such as hy-
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pointensity on T2-weighted imaging, which may pose
diagnostic challenges [42]. Although MRI remains the
primary diagnostic tool, other imaging modalities such
as CT scans may be used in certain cases to assess bony
involvement or provide additional anatomical details
that complement MRI findings [43], MRI plays an im-
portantrole in the initial diagnosis of spinal schwanno-
ma, providing detailed information about the charac-
teristics of the lesion. Postoperative histopathology
analysis is essential to confirm the diagnosis. The vari-
ability of MRI features and the use of complementary
imaging techniques can aid accurate diagnosis and
treatment planning.

MRI characteristics of spinal schwannomas, com-
pared to neurofibromas, can be distinguished by cer-
tain features:

1. T1 signal intensity: About 75% of schwanno-
mas are isointense, while 25% are hypointense on
T1-weighted MRI images. This characteristic helps
differentiate schwannomas from other spinal tum-
ors [44].

2. T2 signal intensity: More than 95% of schwan-
nomas appear hyperintense on T2-weighted images,
often displaying mixed signal intensities. This feature
is crucial for differentiating schwannomas from neu-
rofibromas, which may have different T2 characteris-
tics [45].

3. Enhancement with contrast: Almost all schwan-
nomas are enhanced with contrast on T1-weighted im-
ages. This almost universal enhancement is a key diag-
nostic feature that distinguishes them from other
similar tumors [46].

4. A unique case of melanotic schwannoma: Mel-
anotic schwannomas are an exception to the general
MRI characteristics of typical schwannomas. They are
hyperintense on T1 and hypointense on T2-weighted
images, which is opposite to the signal characteristics
of typical schwannomas [42]. These MRI characteris-
tics are critical for accurate diagnosis and differentia-
tion of spinal schwannomas from neurofibromas and
other similar spinal tumors..

TREATMENT

The primary treatment is surgical resection, which
is often curative. The approach and extent of surgery
depends on the size and location of the tumor. If sur-
gery is not possible, radiotherapy or routine monitor-
ing may be an alternative. The primary treatment for
spinal schwannomas often involves surgical resection,
which aims for total removal while preserving neuro-
vascular structures. Surgical approaches and tech-
niques have undergone significant advances, with a
focus on maintaining neurological function alongside
tumor removal. Total resection is usually curative for
sporadic tumors, emphasizing the importance of this
measure in achieving long-term outcomes [10].
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In cases where surgery is not possible or for malig-
nant or recurrent tumors, radiotherapy is an appropri-
ate alternative. Fractionated stereotactic radiotherapy
has shown good effectiveness and tolerance, particu-
larly for cranial nonacoustic schwannomas, with ex-
cellent tumor control rates [47]. However, in situations
where surgery is a high risk or the tumor is asympto-
matic, regular monitoring may be recommended, and
treatment initiated, if necessary, based on behavioral
changes or tumor symptoms.

Preservation of neurologic function, especially cra-
nial nerve function, is crucial in medicine. Advances in
neurophysiologic monitoring techniques have played
an important role in improving the safety and efficacy
of surgery, reducing the incidence of postoperative
neurologic deficits[48], the choice between surgical re-
section, radiotherapy, or monitoring of spinal schwan-
nomas depends on a variety of factors, including tu-
mor size, location, and overall patient health. Surgical
resection remains the primary modality, but advances
in radiotherapy provide an effective alternative for
non-surgical cases. The ultimate goal is to achieve tu-
mor control while preserving neurological function.

PROGNOSIS

The prognosis of patients with spinal schwannoma
is generally good, especially with complete surgical re-
section. Recurrence is rare, but long-term follow-up is
recommended. After complete surgical resection, con-
ventional spinal schwannomas show a recurrence rate
of approximately 5%, with local recurrence often oc-
curring several years after surgery, thus underscoring
the need for long-term follow-up [49].

Postoperative neurological outcomes, including
functional recovery within 12 months, tended to be
good, and utilization of intraoperative monitoring
served as a significant predictor of positive functional
outcomes [50]. Total resection of spinal schwannomas
with preservation of neurovascular structures is the
current treatment approach, aiming for neurologic
and radiologic recovery with minimal perioperative
and postoperative complications. The application of
the proposed tumor classification system can facilitate
preoperative planning and assist in choosing the ap-
propriate surgical approach, thus avoiding unneces-
sary procedures [10].

Factors affecting recurrence and survival include
tumor size and extent of surgical resection, with larger
tumors and intralesional resection posing a greater
risk of local recurrence. Overall patient survival in cas-
es of spinal schwannoma is closely related to factors
such as recurrence, tumor location, grade of pathology,
aswell as additional factors such as Ki67 labeling index
and P53 expression [51].

It can thus be concluded that the prognosis for pa-
tients with spinal schwannoma following complete
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surgical resection is generally good, with low recur-
rence rates and positive neurological outcomes. Long-
term follow-up is recommended due to the potential
forlate recurrence. Factors such as tumor size, surgical
technique, and degree of pathology have a significant
impact on prognosis.

MINIMALLY INVASIVE SURGERY

Recent advances in minimally invasive surgery
(MIS) and intraoperative monitoring have significantly
improved outcomes and reduced complications in the
treatment of spinal schwannomas. Minimally invasive
surgical techniques have revolutionized the resection
of intradural extramedullary schwannomas, with ap-
proaches such as muscle splitting and unilateral hemi-
laminectomy demonstrating efficacy in reducing oper-
ative time, blood loss and hospitalization compared to
traditional total laminectomy methods [52].

Endoscopic-assisted microsurgery has emerged as
a useful approach, particularly for vestibular schwan-
nomas, providing better results in nerve preservation
and reducing postoperative complications. The superi-
or visualization produced by endoscopic techniques
plays an important role in preserving vital structures
in the operative field [53]. In addition, the integration
of robotic systems such as the da Vinci robot with tradi-
tional approaches has been explored for the removal
of large whole spinal schwannomas, especially those
with intrathoracic extension, showing promising re-
sults and expanding the armamentarium of surgical
options [54].
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