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Abstract
The clinical presentation of spinal tumors consists of a broad
array of signs and symptoms, reflecting the diversity of tumor
types and locations within the spine. A comprehensive clinical
history and physical examination is critical to facilitating an
early diagnosis. Neck and back pain are common presenting
symptoms in nearly all patients with spine tumors. Several red
flags have been described that increase suspicion of a malignant
cause compared to a degenerative cause. Compression of dorsal
and ventral nerve roots can produce radiculopathy, which
includes sharp pain, sensory loss, and/or weakness in a derma-
tomal or myotomal distribution. Direct compression or infiltra-
tion of the spinal cord can produce symptoms of myelopathy,
including muscle weakness and bowel and bladder deficits.
Several grading and scoring systems have been proposed to
classify spine tumors, establish the prognosis, and determine
the optimal treatment regimen. Clinical suspicion of a spine
tumor should be followed by imaging studies, including plain
radiography, computed tomography, or magnetic resonance
imaging, which constitute the gold standard for workup.
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3.1 Introduction
Spinal tumors represent a heterogeneous group of pathologies
including both benign and malignant neoplasms within the
intramedullary, intradural extramedullary, and extradural com-
partments. Consequently, their clinical presentation varies in
scope, reflecting the range of osseous and neurovascular struc-
tures affected by a given pathology.1 The spectrum of presenta-
tion can pose a challenge to diagnosis, and spinal tumors can be
initially mistaken for non-neoplastic processes, such as degen-
erative disorders of the spine, vascular lesions, inflammatory
lesions, and cysts.2,3 The insidious course of most spine tumors
can result in a significant delay until diagnosis.4

A comprehensive clinical history, a standardized neurological
examination, and modern neuroimaging tools, along with a ro-
bust foundation of neuroanatomy and neurophysiology, are
necessary to facilitate an accurate diagnosis. This chapter pro-
vides an overview of subjective and objective patient parame-
ters, along with scoring calculators that aid in decision-making,
to improve the early detection of spinal malignancy, prevent
irreversible neurological damage, and curtail the spread of
metastatic spinal diseases.

3.2 Neck or Back Pain
Nearly all patients with spinal tumors present with neck or
back pain as the initial or presenting symptom.5,6,7 However,
the incidence of neck and back pain is substantially higher than

the incidence of spine tumors, with an estimated ≥70% people
experiencing at least one episode of back pain in their lifetime.8

Particularly in the elderly population, neck and back pain fre-
quently arises from degenerative conditions and spondylosis.9

Indeed, the prevalence of malignancy in patients with back pain
is estimated at only less than 1%, so that the consideration of
malignancy is not usually at the forefront of clinical assessment
in patients presenting with neck or back pain.10,11 Neck and
back pain in the pediatric population is less likely attributable
to a degenerative condition.

Patients often describe the pain stemming from a tumor as
constant and unremitting, increasing in intensity over time,
and worse at night or early in the morning.12,13 Patients may
therefore report a history of disrupted sleep due to pain, which
may reflect lower levels of endogenous steroids in the body at
night compared to daytime.14 The pain usually localizes to
the region of the tumor and generally improves with anti-
inflammatory medications.15 Patients can also develop mechani-
cal pain from spinal instability caused by destruction of the bony
spine from the tumor. Mechanical back pain worsens with stand-
ing, ambulation, and weight bearing; improves with recum-
bency; and typically does not improve with anti-inflammatory
medication.15 Surgical stabilization of the spine is required to
alleviate pain and prevent worsening instability.

3.2.1 Red Flags of Back Pain
Given that most causes of back pain are not neoplastic in origin,
several “red flags” have been proposed to describe an essential
set of clinical symptoms and signs that should prompt consider-
ation of a neoplastic etiology.16 Attempts have been made to de-
velop screening tools to help identify high-risk patients while
avoiding unnecessary and expensive ancillary tests in low-risk
patients.17 Several clinical practice guidelines have been pro-
posed to evaluate these red flags; however, there is a lack of
consensus on the optimal set of criteria.16,18 ▶Table 3.1 details
a comprehensive list of 21 red flag signs and symptoms and
their pooled likelihood ratios identified from a systematic re-
view of six studies of patients with low back pain, although the
precise flags differ across clinical practice guidelines.19 A review
of eight clinical practice guidelines published around the world
between 2000 and 2008 found consensus that workup should
focus on identifying red flags of back pain, including age at
onset, unexplained weight loss, and concomitant neurological
deficits. Magnetic resonance imaging (MRI) is warranted when
red flags are identified.20

The 2007 American College of Physicians clinical practice
guideline for the diagnosis and treatment of low back pain
sought to provide standardized recommendations for the evalu-
ation of lower back pain and present high-risk features
concerning for spinal malignancy. Features identified by the
guidelines suspicious for a neoplasm included a prior history of
cancer with new onset of lower back pain, multiple risk factors
for spinal malignancy, age greater than 50 years, unexplained
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weight loss, and failure of symptoms to improve after 1 month.
These risk factors prompt further workup, including plain
radiography and MRI. In contrast, patients without suspicion
for a serious condition can be initially treated with conservative
and pharmacological interventions.21

A 2013 systematic review assessed the diagnostic accuracy
and reliability of red flags identified from 14 studies against the
risk factors identified by the American College of Physicians in
their clinical practice guidelines.16 The authors found that most
red flags identified by the guidelines had posttest probabilities
of less than 3% for the likelihood of spinal malignancy, while the
red flag “history of cancer” had the highest posttest probability
at 7% in primary care settings. Red flags from other studies were
similarly uninformative, with the exception of the presence of
concomitant neurological symptoms.16 Laboratory tests can be
used as further workup in patients with lower back pain, and
elevated inflammatory markers and low hematocrits have been
identified as significantly increasing the likelihood of cancer.

In addition to the red flags associated with back pain, malig-
nant tumors of the spine can be associated with systemic find-
ings, particularly when they arise from metastatic disease.
Systemic symptoms and signs of malignancy include fatigue,
unintentional weight loss, dermatologic changes, night sweats,
muscle atrophy, persistent low-grade fever, lymphadenopathy,
bowel changes, and confusion, although these are not unique to
malignant spinal tumors.22,23 The presence of these symptoms

in addition to back pain should prompt further workup for a
malignant cause.5,24,25 Our algorithm for the workup of patients
presenting with neck or back pain in the setting of spinal
tumors is presented in ▶ Fig. 3.1.

3.3 Radiculopathy
Radiculopathy can result from compression or invasion of the
spinal nerve roots by a neoplastic process and is defined by
pain, sensory loss, and/or weakness in a dermatomal or myoto-
mal distribution. Therefore, radiculopathy in the cervical or
lumbar spine results in pain or numbness along the upper or
lower extremities, respectively, while radiculopathy in the
thoracic spine is associated with bandlike pain around the chest
or abdomen.15 The pain is often described as a burning, sharp,
or electric sensation.26

The dorsal nerve roots emerge from the posterior aspect of
the spinal cord and transmit sensory information. Dorsal root
compression therefore results in sensory deficits including loss
of fine touch, proprioception, and vibration. Irritation of the af-
ferent root and subsequent inappropriate firing of dorsal root
axons can produce sharp pain and paresthesias over a dermato-
mal distribution.27 The pain of radiculopathy is worsened by
activities that stretch the compressed nerve root. Valsalva
maneuvers, such as coughing and straining, can worsen or repro-
duce the radicular pain, although reproducibility may be poor.28

Pinprick sensation, which ultimately converges into the spino-
thalamic tracts, has less dermatomal variability and overlap
compared to the sensation of light touch, and is therefore the
preferred modality for evaluation and localization of the
affected dorsal nerve root(s).27,29,30

Ventral root compression can manifest as weakness, with
subsequent muscle atrophy and diminished tone in the extrem-
ities. However, weakness does not typically arise from mono-
radiculopathies as muscles often receive innervation from
multiple adjacent root.27 Chronic radiculopathy can result in
spontaneous muscle fiber contractions, known as fasciculations,
in a myotomal distribution.27 The ventral root axons also have a
small number of sensory afferents, such that ventral radiculop-
athy can produce diffuse aching pain in the muscles innervated
by those nerve roots.31,32 However, the sensory modalities of
touch, proprioception, and vibration would be preserved,
distinguishing this pain from a dorsal radiculopathy.

3.4 Myelopathy
Myelopathy results from damage to the spinal cord caused by
tumor compression or invasion. In addition to the aforemen-
tioned symptoms of pain and numbness, myelopathy can
produce muscle weakness and bowel and bladder deficits. Neu-
rological deficits and myelopathy are a common presenting
symptom of spinal tumors, generally arising from invasion of
spinal tumors into the spinal canal or neural foramina, produc-
ing compression of the spinal cord or nerve roots.33 Symptoms
reflect involvement of spinal cord tracts and nerve pathways
(▶ Fig. 3.2). Pathological fractures can also produce compression
of the neural elements. Although neurological deficits rarely
occur as a first symptom, they are present in an estimated 35 to
75% of patients at the time of diagnosis.6,34,35

Table 3.1 Red flags of back pain and associated likelihood ratios identified
by Henschke et al that trigger suspicion of spinal malignancy17

Red flag Likelihood ratios

Clinical history

Age >50 y 2.2

Duration > 1 mo 2.6

Failure to improve after 1 mo 3.0

History of cancer 23.7

Insidious onset 1.0

No relief with bed rest 1.7

Recent back injury 0.2

Severe pain 1.7

Thoracic pain 1.2

Unexplained weight loss 3.0

Physical examination

Fever > 100 °F 1.8

Muscle spasm 0.5

Neurological symptoms 7.5

Neuromotor deficit 0.4

Spine tenderness 0.4

Laboratory evaluation

Anemia 3.9

ESR ≥ 20 2.3

ESR ≥ 50 18

ESR ≥ 100 55.6

Hematocrit < 30% 18.2

WBC ≥ 12,000 4.1

Abbreviations: ESR, erythrocyte sedimentation rate; WBC, white blood cell.
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Early symptoms of myelopathy generally include weakness
and difficulty with ambulation, which progresses to bladder
and bowel dysfunction and worsening of ambulatory capacity.15

The severity of neurological deficits depends on the tumor loca-
tion, number of spinal cord levels involved, and extent of tumor
invasion. Thoracic and conus intramedullary tumors have been
shown to produce more substantial neurological deficits at the
initial presentation, such as muscle weakness and difficulty
with ambulation, compared to tumors of the cervical spinal
cord.33 The differential effects may reflect the larger size of the
cervical spine, which would require larger tumors to produce

the same degree of motor deficits seen in more caudal segments
of the spinal cord.36

3.4.1 Motor and Sensory Deficits
Muscle weakness in the extremities is a common symptom of
myelopathy arising from spinal tumors. Compression of the
motor tracts from a tumor is analogous to a spinal cord injury,
and early diagnosis is crucial to allow for early intervention and
prevent worsening dysfunction. The motor neurons originate
within the motor area of the cerebral cortex and transmit their

Fig. 3.1 Workup of patients presenting with neck or back pain. The presence of numbness, neurological deficits, or red flags should prompt further
workup with magnetic resonance imaging (MRI). The radiographic features and location of the lesion then guide further management.
Note: Created in BioRender.com.
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axons to the spinal cord via the pyramidal tracts, decussating
in the inferior medulla before entering the spinal cord as the
lateral funiculus. Within the spinal cord, they are labeled the
corticospinal tracts. These first-order neurons then synapse
on lower motor neurons and premotor interneurons.37

Impairment of the corticospinal tracts produces signs con-
sistent with an upper motor neuron (UMN) lesion, including
spastic weakness manifesting as a “clasp-knife” phenomen-
on, described as a sudden increase in tone and resistance to
movement upon brisk stretching of muscles followed by a
rapid decrease in resistance at the end range of motion. Clas-
sically, the spasticity of a UMN lesion is associated with
hypertonicity, clonus, hyperreflexia, and a positive Babinski
sign.37 In contrast, impairment of the ventral nerve roots
from radiculopathy results in lower motor neuron deficits,
characterized by flaccid paralysis, decreased tone, hypore-
flexia, muscle atrophy, and fasciculations.38 The pattern of
motor weakness, tone, and deep tendon reflexes are essential
clues to distinguishing between these two types of spinal
injuries.

The spasticity associated with UMN injury differs from the
rigidity of basal ganglia disease, such as Parkinson’s disease,
which produces a “lead pipe” rigidity in which the resistance
to a range of motion is not rate or force dependent and is
constant throughout the range of motion.39 Neurogenic clau-
dication can also manifest as a symptom of spinal tumors,
consisting of pain and a sensation of heaviness in the extrem-
ities that affects ambulatory capacity.27 The pain is relieved
by sitting or lumbar flexion and is often an early symptom of
spastic weakness from a UMN lesion.40 Neurogenic claudica-
tion should be distinguished from intermittent claudication
of vascular origin, which can be assessed by determining the
strength of the pulse in the lower extremities on clinical
examination.27,41,42

The dorsal columns and lateral and anterior spinothalamic
tracts are responsible for sensory modalities. Deficits in the
posterior columns produce paresthesia, numbness, or a sen-
sation of tightness in the ipsilateral limb, along with loss of

proprioception and vibration, which can even manifest as an
ataxic gait.43,44 Disruption of the spinothalamic tracts produ-
ces pain described as an aching or burning sensation in
the contralateral extremity or loss of pain and temperature
sensation.27

3.4.2 Bowel and Bladder Function
Tumor compression or infiltration of the cord can also produce
autonomic dysfunction, particularly bowel and bladder deficits,
including incontinence or retention. These deficits can signifi-
cantly deteriorate patients’ quality of life and tend to present
later in the disease course.45 Rates of bowel and bladder deficits
can be high in patients with spine tumors, with various studies
reporting urinary incontinence in nearly 17% of patients with
cauda equina tumors and 20% of patients with intramedullary
tumors, while bowel dysfunction is present in around 8% of
patients with intramedullary tumors.33,46 Moreover, the rate of
bowel and bladder dysfunction has been reported to be higher
when tumors are present in caudal regions of the spinal cord
compared to more cranial regions, such as the cervical spine.33

The sympathetic and parasympathetic nervous systems regu-
late bladder function under control of the micturition center in
the pons. Sympathetic efferents originating from the L1–L3
levels relax detrusor smooth muscles to produce urinary reten-
tion, while parasympathetic efferents from the S2–S4 levels
promote contraction of detrusor muscles to produce urinary
voiding.27 Lumbar splanchnic and sacral pelvic nerves provide
innervation to the colon and rectum.47 Impairment of descend-
ing cortical tracts above S1 can produce overactivity of the
detrusor muscles and urinary sphincter, causing involuntary
emptying and urinary incontinence. Moreover, conus medulla-
ris syndrome and cauda equina syndrome, which can arise from
compression of these regions by tumors, can affect bowel and
bladder function bladder.48 Assessment of bowel and bladder
function should include testing of the anal wink and bulboca-
vernosus reflexes, with initiation of bowel and bladder manage-
ment programs for patients with deficits.49

Fig. 3.2 Overview of major spinal cord tracts
including descending pathways in blue and
ascending pathways in green. Spinal cord com-
pression or lesions can produce motor and
sensory deficits by interfering with the physio-
logical function of these tracts. The dorsal
columns transmit vibration and proprioception,
the spinothalamic tracts transmit pain, temper-
ature, and crude touch, and the spinocerebellar
tract relays proprioceptive information to the
cerebellum. The corticospinal tract is the major
motor pathway and transmits motor information
from the motor cortex to the muscles. The
reticulospinal tract arises from the reticular
formation and facilitate reflex responses and
influence muscle tone. The rubrospinal and
vestibulospinal tracts are extrapyramidal tract
involved in motor control.
Note: Created in BioRender.com.
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3.5 Grading and Scoring Systems
Several scoring systems have been designed to assist in workup
and management of patients with spine tumors, particularly for
extradural and metastatic tumors. Prognostic scoring systems
for spine metastases include the Tokuhashi score, Tomita score,
Baur score, Linden score, Katagiri score, and Rades score, which
incorporate the primary site of the tumor and presence of vis-
ceral metastases.50 These systems can predict life expectancy
and be used to assess the benefits of operative intervention,
although variability between the estimated and actual survival
period can occur.

The Tokuhashi score was published in 1989 and revised in
2005 to feature greater differentiation of the primary tumor
site, increasing the number of total points from 12 to 15
(▶Table 3.2). Tokuhashi et al reported that the revised score was
63% accurate in predicting prognosis among 128 patients with
metastatic spinal tumors.51 The score includes points for patients’
general condition, number of extraspinal bone metastases, num-
bers of vertebral metastases, metastases to visceral organs, pri-
mary site of cancer, and Frankel score, which classifies the extent
of motor and sensory deficits. The Tomita score for spinal meta-
stases is simpler, reflecting three primary factors with several
subcategories: primary tumor grade (slow, moderate, or rapid
growth), presence of visceral metastases to the lungs, liver, kid-
neys, or brain, and presence of bone metastases. The total score
informs the surgical strategy, with lower scores preferencing
wide excisions for long-term local control, while higher scores
preferencing palliative surgery or supportive care.52

The spinal instability neoplastic score (SINS) was introduced
in 2010 by the Spine Oncology Study Group to help determine
the presence of instability in patients with spinal tumors
(▶Table 3.3). Instability can arise from pathological fractures or
destruction of vertebral bodies by neoplastic processes.53 Insta-
bility is associated with poor outcomes and requires prompt
treatment; however, disagreements concerning the evaluation
of oncologic instability can complicate the diagnosis. The SINS
score was designed to introduce consensus in the workup of
oncologic instability and assigns patients up to 18 points on the
basis of six elements, including location of the tumor within the
spine, type of pain, nature of the bony lesion (lytic, blastic, or
mixed), spinal alignment, degree of collapse of the vertebral
body, and involvement of the posterolateral spinal elements.53

Assessment of SINS reliability has shown a high degree of inter-
observer and intraobserver agreement.54

In addition to scoring systems, in which various risk factors
or signs/symptoms are summed to produce a prognostic score,
grading systems can be used to assess patients’ preoperative
functional status. The modified McCormick scale is commonly
used for assessment of patients with intradural tumors, with
grades ranging from I to V depending on the extent of motor
and sensory deficits and degree of functional independence
(▶Table 3.4).55 The scale is similar to the American Spinal In-
jury Association Impairment Scale, which also measures motor
and sensory function on a 5-point grading scale.

3.6 Radiographic Evaluation
Workup of a patient with back pain and/or myelopathy often
begins with plain anteroposterior and lateral X-ray films, which

can show pathological fractures, instability, scoliosis, sclerosis,
and loss of pedicle height stemming from malignancies and
tumor infiltration. Vertebral body destruction often reflects a pri-
mary tumor, as metastatic tumors typically infiltrate the bone
marrow rather than the cortical bone.56 However, X-ray films have
low sensitivity and specificity and are consequently inadequate
for screening and depicting the tumor contours.57 Significant de-
struction of the bony cortex is required for detection on X-rays.58

Further workup and treatment planning requires computed

Table 3.2 The revised Tokuhashi score published in 2005 consists of six
parameters and correlates with survival in patients with metastases to
the spine

Parameter Score

Karnofsky’s performance status

Poor (< 50%) 0

Moderate (50–70%) 1

Good (> 70%) 2

Frankel grade of spinal cord injury

Grades A–B (complete injury) 0

Grades C–D (incomplete injury) 1

Grade E (no injury) 2

Primary site of origin

Bladder, esophagus, lung, osteosarcoma, pancreas,
stomach

0

Gallbladder, liver, unidentified 1

Other 2

Kidney, uterus 3

Rectum 4

Breast, carcinoid tumor, prostate, thyroid 5

Number of extraspinal bone metastases

≥ 3 0

1–2 1

0 2

Number of vertebral body metastases

≥ 3 0

2 1

1 2

Metastases to major organs

Unresectable 0

Resectable 1

No metastases 2

Total score

Poor prognosis, conservative treatment 0–8

Palliative surgery, or excisional for patients with
single lesions without metastases to major internal
organs

9–11

Best prognosis, excisional surgery ≥ 12

Note: A score of 0 to 8 is associated with a poor prognosis and favors
conservative treatment, scores of 9 to 11 favor palliative surgery and
occasionally excisional surgery (in the case of single lesions without
metastases to major internal organs), and scores of 12 to 15 favor
excisional surgery.
Source: Based on Tokuhashi Y, Uei H, Oshima M, Ajiro Y. Scoring system
for prediction of metastatic spine tumor prognosis. World J Orthop
2014;5(3):262–271.
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tomography (CT) to visualize the bony anatomy in high resolution
and MRI to assess the soft tissue, presence of epidural compres-
sion, and bone marrow infiltration.59 CT scans are particularly
helpful for extradural tumors, where they can help evaluate lesion
morphology and growth rate. CT scans can also differentiate
osteolytic and osteoblastic lesions.15 Moreover, CT scans are neces-
sary for planning surgeries involving spine hardware.

MRI, the gold standard for imaging spine tumors, is especially
vital for evaluating intradural tumors and neural structures.59,60

Heterogeneous enhancement patterns on MRI can represent
vertebral collapse, while involvement of the pedicles suggests
a malignant cause, rather than a benign osteoporotic cause.
Heterogeneous signal intensity and diffuse involvement of
the vertebral bodies is suggestive of metastases.57 Contrast
enhancement on T1-weighted MRI further helps confirm the
diagnosis of a primary spine tumor and can be seen in both
primary and metastatic lesions in the extradural and intradural
space.61 Differential patterns of enhancement on T1- and
T2-weighted MRI, such as isointense, hypointense, or hyperin-
tense, can be used to narrow the differential diagnosis of spinal

tumors. However, caution must be applied, as some tumors can
display heterogeneous enhancement patterns, such as intrame-
dullary subependymomas, or lack enhancement altogether.62

Identification of a vertebral lesion on radiographic imaging
should be followed by a pan-spine MRI to determine if the
finding represents an isolated primary tumor or a metastatic
lesion.56,63

The morphological features of intradural tumors and loca-
tion within the thecal sac provide useful information. For
example, intramedullary ependymomas typically appear as
well-circumscribed lesions within the central canal and often
present with syringomyelia and cystic changes, astrocytomas
classically arise eccentrically in the cord and present diffuse
margins, and hemangioblastomas localize to the pial surface.63

Dynamic contrast-enhanced MRI can be used to characterize
tumor vascularity and determine the value of preoperative
embolization.64 Patients with contraindications to MRI, such
as MR-incompatible instrumentation or claustrophobia, can
undergo CT myelography, whose higher spatial resolution
compared to MRI scans allows for improved visualization of
the thecal sac.65

Patients with a known history of cancer presenting with sud-
den neurological deficits, such as difficulty ambulating, should
undergo emergent MRI.66 Metastases can invade the epidural
space and compress the cord, producing acute back pain, radic-
ular pain, and neurological deficits. Rapid evaluation and diag-
nosis are critical to improving outcomes after treatment, which
includes corticosteroids, surgery, and radiotherapy.67

Interpretation of radiographic images should also consider
the patient’s age and neurological presentation to refine the
differential diagnosis of potential lesions. Adjunctive radio-
graphic modalities, such as bone scintigraphy and positron
emission tomography, are less commonly used for workup but
can be considered when the diagnosis is unclear. Bone scintig-
raphy can depict lesions of the bony spine while screening the
entire skeleton but suffer from poor specificity and difficulty
differentiating benign and malignant tumors.56,59,6818 F-
fluorodeoxyglucose positron emission tomography/CT scans
offer greater accuracy and can noninvasively illustrate tumor
metabolic activity, which may correlate with tumor growth
and survival.69,70 Percutaneous CT-guided needle biopsies can
be performed for diagnosis of vertebral lesions of unknown
primary origin, including metastatic tumors, which can help
formulate a treatment plan.71 Accuracy of percutaneous biop-
sies is best below the cervical spine.56,59 In contrast, intradural
tumors often require surgical resection for definitive diagnosis
by pathology.

Table 3.3 Components of the spinal instability neoplastic score for
assessment of instability in the setting of spinal neoplastic disease

Parameter Score

Location

Junctional (O–C2, C7–T2, T11–L1, L5–S1) 3

Mobile (C3–C6, L2–L4) 2

Semirigid (T3–T10) 1

Rigid (S2–S5) 0

Posterolateral involvement

Bilateral 3

Unilateral 1

Neither 0

Spinal alignment

Subluxation/translation 4

De novo deformity 2

Normal alignment 0

Bone lesion

Lytic 2

Mixed 1

Blastic 0

Vertebral body collapse

> 50% 3

< 50% 2

No collapse, > 50% body involved 1

None of above 0

Pain

Mechanical 3

Present but not mechanical 1

No pain 0

Total score

Stable ≤ 6

Indeterminate 7–12

Unstable ≥ 13

Table 3.4 Components of the modified McCormick scale frequently
used to assess neurological function in patients with intradural tumors

Grade Definition

I No deficits

II Mild motor or sensory deficit with functional independence

III Moderate deficit limiting function, independent with an
external aid

IV Severe motor or sensory deficit limiting function, dependent
functional status

V Paraplegia or quadriplegia
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3.7 Electrophysiology
Electrophysiological studies can aid workup in patients pre-
senting with radiculopathies. Compression of nerve roots from
tumor mass can result in numbness, weakness, and radiating
pain along a myotomal or dermatomal distribution.72 Nerve
conduction studies can assess sensory nerve action potentials
and motor evoked potentials, while needle electromyography
can detect abnormal spontaneous activity and fibrillations that
suggest radiculopathy.73 Nonetheless, electromyogram (EMG) is
not routinely obtained for spine tumors, with the clinical his-
tory, physical examination, and imaging modalities generally
sufficient.

3.8 Laboratory Markers
Abnormalities in a complete blood cell count, such as anemia,
neutropenia, thrombocytopenia, pancytopenia, or leukocytosis,
increase the likelihood of malignancy, and may be discovered
incidentally during routine laboratory screens or as part of the
workup for other diagnoses. Metastatic spine tumors can be
further evaluated with tests unique to the tumor’s primary ori-
gin, such as prostate-specific antigen for prostate tumors and
protein electrophoresis for multiple myeloma.15 Comprehensive
metabolic panels can be used to stratify patients preoperatively
and predict surgical morbidity. Hypoalbuminemia has been
associated with increased risk of sepsis, need for transfusions,
prolonged length of stay, and nonhome discharge in patients
undergoing surgery for spine tumors.74 Lower preoperative
hematocrit and mean corpuscular hemoglobin concentrations
have also been shown to increase the risk of intraoperative
transfusion.75 The neutrophil-to-lymphocyte ratio and platelet-
to-lymphocyte ratio have also been shown to differ between
benign and malignant tumors and can assist in diagnosis.76

Several web-based calculators are freely available to predict
surgical risks using preoperative laboratory values in patients
with spine tumors.75,77,78

There is also increasing interest in the development of liquid
biopsies, which sample cell-free DNA in the cerebrospinal fluid,
for the evaluation of spinal tumors.79 These tests would allow
for a preoperative pathological diagnosis that also can evaluate
the unique genomic and mutational landscape of the tumor,
allowing for the possibility of targeted therapeutic approaches.
They would also allow continued evaluation of patients over
time, replacing expensive imaging and enabling more frequent
follow-up to determine treatment response.80 However, most
investigations into liquid biopsies for central nervous system
neoplasms have focused on brain tumors, and the spine remains
an underexplored but active area of interest.81,82

3.9 Conclusion
Tumors of the spine and spinal cord can produce an array of
signs and symptoms, including neck and back pain, radiculop-
athy, muscle weakness, ataxia, and bowel and bladder dys-
function. Evaluation of patients presenting with isolated back
pain should consider red flags in order to avoid missing a
potential neoplastic cause. A thorough history and physical exami-
nation can help localize the lesion and narrow the differential

diagnosis. Suspicion of a tumor should prompt imaging, particu-
larly MRI and CT, which can determine the tumor’s neuraxial loca-
tion and position within the spinal compartments. Early diagnosis
of malignancy is essential for preserving neurological function
and improving overall survival. Initiating an early oncologic work-
up offers greater opportunity for treatment prior to the onset of
irreversible deficits and potential oncological emergencies, such
as spinal cord compression and cauda equina syndrome.
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