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VERTEBRAL COLUMN,
PERIPHERAL
NERVOUS SYSTEM,
AND SPINAL CORD
Objectives
Review the general features of the vertebral column (intervertebral
discs, intervertebral foramina and interlaminar spaces) and how
they relate to clinical problems of the spinal cord and spinal nerves.
Understand the mechanism of herniated discs, and how they
damage the spinal nerve system.
Explain the arrangement and function of the spinal
meninges and spaces and how they are used in
lumbar puncture.
Describe the formation and distribution of a typical
spinal nerve. Define gray matter and white matter
of the spinal cord and understand their roles in
cord lesions.
Describe and differentiate between upper and
lower motor neurons and the characteristics
of spastic and flaccid muscles.
Define the functions, pathways, and lesions
the three major long tracts of the spinal
cord. Understand the role of deep tendon
reflexes in the skeletal muscular system.
Describe the major types of cord lesions and
their clinical presentations.
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Vertebral Column

The vertebral column is a part of the axial skeleton that develops segmentally from the
mesoderm portion (sclerotome) of the somites. The vertebral column consists of
7 cervical, 12 thoracic, 5 lumbar, 5 sacral (fused into a single bone), and 3-4 coccygeal
(single or fused) vertebrae. The vertebral column and its associated ligaments and
intervertebral discs provide flexible movements of the trunk, support for the head and
trunk, and housing and protection of the spinal cord.
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Figure 5.1 Vertebral Column

The general structure of a typical vertebra as shown below is formed by the vertebral
bodies, and the posterior projection of the vertebral arch (lamina, pedicles and spines).
The vertebral canal is formed between the vertebral arch and body and contains the
spinal cord, meninges, and the roots of the spinal nerves.
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Figure 5.2 Structure of a Typical Vertebra
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Intervertebral Foramina

Intervertebral foramina are openings on the lateral aspects of the vertebral column
between adjacent parts of the vertebrae. The intervertebral foramina provide the exit
route of the spinal nerves from the vertebral column.
The intervertebral foramina are shown below and are bordered by the following major
landmarks:
1.

Superiorly and inferiorly by the pedicles of the adjacent vertebrae.

2. Anteriorly by the bodies of the vertebrae and intervertebral discs.

3. Posteriorly by the articular processes and the synovial joints between adjacent
vertebrae (zygapophyseal joint).

Clinical Application

Clinically, any anterior or posterior pathology that reduces the size of the intervertebral
foramina (herniated discs, trauma, or degenerative and arthritic changes at the
zygapophyseal joints) can significantly compress and affect functions of the spinal nerves.
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Figure 5.3 Intervertebral Foramen

Longitudinal Ligaments of the Vertebral Column

Two major ligaments course longitudinally on the anterior and posterior surfaces of the
vertebral bodies, the anterior and posterior longitudinal ligaments, respectively. These
ligaments provide critical support for the vertebrae.
1.

The anterior longitudinal ligament is the largest and strongest of the two and
descends on the anterior surface of the vertebral column between the skull and
the sacrum. It is firmly attached to the vertebral bodies and intervertebral discs and
limits extension of the vertebral column (basis of whiplash injuries).

2. The posterior longitudinal ligament descends on the posterior surface of the
vertebral column and is located within the vertebral canal. It is firmly attached to
the posterior surfaces of the vertebral bodies and intervertebral discs and limits
flexion of the vertebral column. Being within the vertebral canal, the posterior
ligament is clinically important because it is immediately adjacent to the spinal
cord and meninges and provides an important, dorsal midline support for the
nucleus pulposus and the intervertebral disc.
2
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The intervertebral discs (Fig. 5.4) are cartilaginous plates wedged between adjacent
vertebrae that contribute to about 25% of the length of the vertebral column. Superiorly,
the first disc is located between C2 and C3 vertebrae, and, inferiorly, the last disc is
located between L5 vertebra and the sacrum. The discs provide a limited amount of
movement and protection for the vertebral column.
The intervertebral discs are composed of two components:
1.

The annulus fibrosus forms the outer periphery of the disc and is composed of
multiple, concentric rings of fibrocartilage. The annulus is firmly attached to the bodies
of the adjacent vertebrae providing strength and stability for the vertebral column.

2. The nucleus pulposus forms the inner core of the disc and is composed of a gelatinous
material that can expand and contract to absorb excessive external forces placed
on the vertebral column. The nucleus pulposus is protective and serves as a shock
absorber. The nucleus pulposus is the adult remnant of the embryonic notochord.
The structure and important relationship of the intervertebral disc are shown in
Figure 5.4. Nucleus
pulposus
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FIGURE 5.4 Intervertebral Disc

Herniation of Intervertebral Discs
Trauma, degenerative damage, and weakness of the annulus fibrosus can allow the
softer, inner nucleus pulposus to bulge or herniate externally through the annulus fibrosus.
Note in the figure above that herniation is most commonly in a posteriolateral direction.
Disc herniation results in compression of the spinal nerve roots within the dural sac,
producing variable motor and or sensory symptoms depending on the level of injury and
is a very common cause of chronic pain (sciatica) in the lumbosacral region.

Clinical Application :

Herniated discs:
1.

Naming of the discs is important when examing a patient with a herniated disc
associated with neurological deficits. Discs are numbered by the number of the
vertebral body superior to the disc. For example, the disc between C5 and C6 vertebrae
would be the C5 disc and the disc between L3 and L4 vertebrae would be the L3 disc.
3
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2. Herniated discs occur more frequently in areas of increased mobility within the
vertebral column: mainly the cervical and lumbosacral regions. Cervical herniations
occur most commonly at the C6 or C7 disc. Lumbosacral herniations are more
frequent (80-85%) and more commonly involve the L4 and L5 discs.
3. Because of the dorsal, midline support provided by the position of the posterior
longitudinal ligament, most herniations of the nucleus pulposus occur
posterolaterally to the posterior ligament where there is no reinforcement.
4. Clinically, it is important to identify which spinal nerve roots are most likely damaged
by the herniation. In the cervical and lumber regions, the spinal nerve roots
compressed will be the nerve roots one number below (Plus one rule)
the number of the disc. For example, a C6 disc herniation produces compression of C7
nerve roots and a L4 disc herniation would compress the L5 nerve roots (Fig. 5.5).
5. Note that this rule applies to both cervical and lumbar herniations as illustrated below.

6. Disorders affecting sensory and motor functions of nerve roots are called radicuopathy.
The more common nerve root compressions occur at the C6, C7, L5, and S1 nerves. The
most common cause of nerve root compression is herniation of the disc.
Clinical examples of disc herniation are shown below in both lumbar and cervical
regions.
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General Features of the Spinal Cord

The spinal cord (Fig. 5.6) occupies the superior two-thirds of the vertebral canal in the
adult. The spinal cord develops segmentally from the neural tube and consists of 8
cervical , 12 thoracic, 5 lumbar, 5 sacral, and 1 coccygeal spinal cord segments. Each
segment of the spinal cord is connected to the PNS via paired spinal nerves.
The cylindrical spinal cord
begins superiorly at the
foramen magnum where it is
continuous with the brainstem.
The cord descends within the
vertebral canal and terminates
inferiorly where it tapers to form
a cone-shaped area called the
conus medullaris. Note the five
sacral cord segments comprise
the conus medullaris. The distal
tip of the conus terminates at
the level of the L1-L2 vertebra in
the adult (L3-L4 vertebrae in the
newborn).
Because of differential growth
with aging, the vertebral column
extends further inferiorly than
the spinal cord. Inferiorly, the
corresponding cord segments
become further separated from
the corresponding numbered
vertebral exit levels.
Below the conus medullaris at
L2, the ventral and dorsal roots
of the lumbar and sacral spinal
nerve roots course obliquely
downward, cluster together,
and descend in the dural sac to
reach their points of exit from
the vertebral column forming
the cauda equina (horse’s tail).

Clinical Application:
1. Cauda equina syndrome
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FIGURE 5.6 Spinal Cord

Peripheral nerve plexuses:
1. Cervical

C1-C4

2. Brachial
• Upper limb

C5-T1

3. Lumbar-Sacral
• Lower limb

L1-S4

results from pathology (disc herniation, tumors) affecting the nerve roots within the
cauda equina in the dural sac. Sensory loss (saddle anesthesia) and motor weakness
(lower motor neuron signs) can be observed in the territories of the nerve roots involved.
Loss of control of bladder and rectal functions are common.

2. Meningiomas, abscesses and tumors of the vertebral column can compress the spinal
cord and result in motor and sensory deficits.
5
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Meninges of the Spinal Cord

The spinal cord is surrounded and protected by three meningeal layers of connective
tissue (Fig. 5.7). Meningeal or bone tumors can displace the meninges and compress the
spinal cord.
1.

The pia mater is a delicate, vascular layer that forms the internal layer of meninges
that firmly adheres to the surface of the cord. It forms a thin covering for the roots of
the spinal nerves. It encloses the small blood vessels on the surface of the cord. The
pia mater covers the spinal cord distally to the tip of the conus medullaris located at
the L1–L2 vertebral level in the adult. The pia mater develops from neural crest cells.

There are two specializations of the pia mater that provide protection and stability to
the cord:

a. On each side of the cord, the denticulate ligament forms a longitudinally thin
sheet of pia that runs the length of the cord in the plane between where the dorsal
and ventral roots of the spinal nerves attach to the spinal cord. At each of the
spinal cord segments, wing-like triangular extensions of the denticulate ligament
(dentate processes) extend laterally through the arachnoid and anchor into the
dura mater. These processes serve to provide lateral stabilization of the position of
the cord in the dural sac.
b. The filum terminale is a single strand of pia mater that continues from the tip of
the conus medullaris and descends within the cauda equina and dural sac. The
filum terminale passes through sacral hiatus and attaches to the coccyx (via the
coccygeal lig`ament). It serves to anchor the cord distally and provide stability to
the position of the spinal cord.
These meningeal relationships are illustrated in the figure below.
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FIGURE 5.7 Spinal Cord Meninges
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2. The arachnoid forms the thin, translucent, middle spider-web like layer. The
subarachnoid space lies between the arachnoid and pia. The pressure of the
cerebrospinal fluid (CSF) within the subarachnoid space opposes the arachnoid
layer against the inner surface of the dura. The arachnoid follows the dura mater and
continues distally to S2 vertebral level. It also develops from neural crest cells.

3. The dura mater forms the stronger, external fibrous meningeal layer. The dura mater is
continuous with the meningeal layer of cranial dura mater at the foramen magnum. The
dura forms a dense, dural sac around the cord and cauda equina that extends distally
to the S2 vertebral level. Extensions of dura mater form coverings around the exit of the
spinal nerves. The dura mater derives from mesoderm.

7

5

Neuroanatomy

Meningeal Spaces (Figure 5.8)
1.

The subarachnoid space is located between the pia mater and arachnoid layers and
is a pressurized space for the circulation of CSF. The subarachnoid space is within the
dural sac and terminates distally at the S2 vertebral level. The small arteries and veins
course in the subarachnoid space.

2. The epidural space is located between the outer surface of the dura mater and the
bones of the vertebral column. The epidural space contains fat and the internal
vertebral venous plexus (Batson’s plexus). This venous plexus forms a continuous
longitudinal network of veins (no valves) within the epidural fat that connects with
veins of the body cavities and superiorly through the foramen magnum with veins
of the cranium. This venous plexus forms a classic route of metastasis of cancer and
spread of infection.
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FIGURE 5.8 Structures of Distal Spinal Cord and Vertebral Column
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Lumbar puncture allows direct access to the epidural and subarachnoid spaces. It
has many clinical purposes: collect samples of CSF, pressure measurements, inject
medications and anesthesia.
Some of the important principles for performing lumbar puncture are described:
1.

It is important to perform a lumbar puncture at a level that will avoid damaging the
spinal cord. In the adult, the procedure is typically performed at the L4-L5 vertebral
levels, remembering that the inferior termination of the conus medullaris of the
spinal cord is at the L2 vertebral level. The horizontal line at the level of the iliac crest
is an important landmark to identify the L4 level. The subarachnoid space containing
the cauda equina terminates distally at the S2 vertebra. Thus, a safe zone is found
between the L2 and S2 vertebrae.

2. The needle is inserted just to either side of the spinous processes at L4 vertebra.

3. Interlaminar spaces (Fig. 5.9) are intervals between the adjacent lamina of the
lumbar vertebrae that provide a natural access point to reach the epidural or
subarachnoid spaces with the needle. Ligamenta flava are strong, elastic ligaments
extending between adjacent lamina of adjacent vertebrae filling in the interlaminar
spaces. They form a dorsal closure for the vertebral canal.
4. From superficial to deep, the needle will pass through:
•

Skin

•

Ligaments (supraspinous and interspinous) and muscle

•
•
•
•

Superficial and deep fascia

Ligamentum flavum at the interlaminar space
Epidural space (for anesthesia)
Dura mater and arachnoid

• Subarachnoid space (CSF collection and anesthesia)
5. The distal sacral hiatus is an additional distal site for caudal (epidural) anesthesia.
In Figure 5.9, note the significance of the arrangement of the lower lumbar vertebrae to
lumbar puncture.
Transverse
process
Ligamentum
flavum
Interlaminar
space

L3
L4
L5

Spinous
process
Lamina
Site of
lumbar
puncture

Sacrum

FIGURE 5.9 Interlaminar Spaces
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Peripheral nervous system

General Organization of the Nervous System
The nervous system can be organized both anatomically and functionally:
Anatomically, the nervous system is divided into two parts: (1) central nervous system
(CNS) consisting of the brain and spinal cord, and (2) peripheral nervous system
(PNS) consisting of spinal nerves, cranial nerves, and their associated ganglia. Spinal
nerves are discussed in this chapter and in the upper and lower limb chapters. Cranial
nerves are covered in the brainstem chapter.

1.

2. Functionally, the nervous system is divided into somatic and visceral systems. Each
of these two systems contain both efferent (motor) and afferent (sensory) neurons.
a. Somatic pathways provide innervation for voluntary control of skeletal muscles
and conscious perception of sensory functions (touch, two-point discrimination,
vibration, pain, temperature, proprioception) from peripheral receptors, located
mostly in skin, muscles, tendons, and joint capsules. These pathways form the
somatic nervous system.
b. Visceral (autonomic) pathways provide innervation for involuntary contraction
of smooth and cardiac muscle, secretomotor innervation to glands, and sensory
perception from visceral structures. These visceral pathways form the autonomic
nervous system.

Spinal Nerves
Each of the 31 segments of the spinal cord gives rise to a pair of spinal nerves (Fig. 5.10)

that comprise part of the peripheral nervous system (PNS). The PNS begins with the
attachments of the dorsal and ventral spinal nerve roots to the dorsal and ventral
surfaces of the spinal cord, respectively. The roots course within the dural sac and fuse at
the intervertebral foramina to form the spinal nerve. The 31 pairs of spinal nerves exit the
intervertebral foramina and after a short distance quickly divide into dorsal and ventral
rami to complete the peripheral distribution of the spinal nerve system.
The names and numbers of the spinal nerves correspond to the same name and
number of the cord segments:
1.

C1-C8 cervical spinal nerves: Ventral rami contribute to cervical and brachial
plexuses supplying the neck and upper limb.

2. T1-T12 thoracic spinal nerves: Ventral rami form the intercostal nerves supplying the
body wall of anterior and lateral trunk.
3. L1-L5 lumbar spinal nerves: Ventral rami contribute to lumbar plexus supplying the
lower trunk and part of lower limb.
4. S1-S5 sacral spinal nerves: Ventral rami contribute to sacral plexus supplying the
lower limb.
5. One coccygeal nerve (Co1).
10
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The structure and distribution of a typical spinal nerve is illustrated and described
below:
Afferent
Efferent

To skin and deep muscles
of back and dorsal neck

Dura mater
Pia mater
Arachnoid
Dorsal root
(sensory input)
Dorsal root
Dorsal cord
ganglion
(Alar plate)
(unipolar neuron)
Dorsal ramus
(mixed)

Ventral cord
(Basal plate)

Ventral ramus
(mixed)
Spinal nerve
(mixed)
Ventral root
(motor outflow)

Somatic motor: Two lower motor neurons to:
Skeletal muscle
1. Alpha—to extrafusal skeletal
muscle at motor endplate
2. Gamma—to intrafusal skeletal
muscle in muscle spindle

Sympathetic
ganglion

Afferent from
peripheral receptors
in skin and muscles
Efferent to motor
end plate: Alpha
To skin and
muscles of
anterolateral
trunk and limbs

Visceral motor neurons:

1. Preganglionic sympathetics—T1–L2
2. Preganglionic parasympathetics—S2–S4

FIGURE 5.10 Distribution of Spinal Nerves
1.

The dorsal (posterior) roots of the spinal nerves attach to the dorsal aspect of the
spinal cord and contain sensory (afferent) fibers from peripheral sensory receptors
located mostly in skin and muscles. Each dorsal root has an enlargement (dorsal
root ganglion) containing the cell bodies of the sensory neurons (pseudounipolar/
unipolar neurons) whose fibers course in the dorsal roots. These sensory neurons
and ganglia develop from neural crest cells.

The unipolar neurons of the dorsal roots divide into central and peripheral processes
within the dorsal root ganglion.
a. The peripheral processes of the unipolar neurons extend distally through the
spinal nerve system (PNS), receiving information from sensory receptors in skin
and muscle.

b. The central processes of the unipolar neurons pass through the dorsal root of the
spinal nerve and enter the spinal cord to connect with circuits in the CNS.
2. The ventral (anterior) roots of the spinal nerves attach to the ventral aspect of
the spinal cord and transmit the outflow of somatic and visceral motor (efferent)
innervation coursing from the CNS to the periphery. The motor axons in the ventral
roots have their cell bodies located in gray matter of the spinal cord. These motor
neurons develop from the neuroectoderm of the neural tube. Contained in the
ventral roots are different types of motor neuron fibers :
11
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a. Alpha and gamma lower motor neurons (LMN) are found in all of the ventral roots
(except coccygeal nerves)
b. Axons of preganglionic sympathetic or parasympathetic neurons are found in
specific ventral roots.

Note that the dorsal and ventral roots course within the dural sac of the spinal cord and
are enclosed by extensions of the dural and arachnoid membranes.
3. Spinal nerves are formed by the fusion of the dorsal and ventral roots at the
intervertebral foramina. After traveling a short distance, the spinal nerves divide into
the dorsal and ventral rami.
Note that the roots of the spinal nerves are either sensory (dorsal roots) or motor (ventral
roots) in function. The spinal nerves and rami are classified as mixed nerves containing
both sensory and motor fibers
4. The division of the spinal nerve into dorsal and ventral rami completes the peripheral
distribution of the spinal nerve system.
a. The dorsal rami distribute segmental motor, sensory, and autonomic innervations
to structures (skin, intrinsic deep muscles) of the posterior trunk (back), posterior
neck, and the joints of the vertebral column.
b. The ventral rami distribute motor, sensory, and autonomic innervation to the
skin and muscles of the anterior and lateral trunk and limbs. Some ventral rami
participate in the formation of nerve plexuses of the PNS (brachial, cervical, and
lumbosacral). Other ventral rami (T1–T12) remain single and form intercostal and
subcostal nerves rather than forming nerve plexuses.

c. Ventral rami are larger and have a greater distribution than dorsal rami. The
ventral rami form the major peripheral nerve plexus innervation of the limbs in the
PNS and are connected to the sympathetic nervous system.
5. The white and gray rami communicantes of the autonomic nervous system connect
to the proximal part of the ventral rami of the spinal nerves.

Dermatomes and Myotomes
A dermatome describes a strip of skin that receives somatic sensory innervation from
a single spinal nerve and spinal cord segment. There is some overlap in dermatome
distribution but being familiar with the general arrangement of a dermatome map is
fundamental during a neurological exam.
Identifying the loss of sensory function from a specific dermatome in a patient can be
critical in localizing damage to a specific spinal nerve level or to a specific spinal cord
segment.
Some of the major dermatome landmarks include:
• Neck 			

C3 dermatome

• Thumb 			

C6 dermatome

• Top of shoulder

• Small finger 		
• Nipple 			
12
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• Umbilicus 		

T10 dermatome

• Knee 			

L4 dermatome

5

• Inguinal			L1 dermatome
• Big toe 			

• Small toe 		

L4 dermatome
S1 dermatome

Myotomes include all of the muscles innervated by a single spinal ventral nerve root.
The segmental innervation of muscles becomes clinically important in the limbs when
evaluating muscle weakness and reflexes of individual muscles.
Knowledge of the segmental sensory and motor innervations of the trunk and limbs is
very useful in the neurological exam when localizing spinal cord levels of damage.

Exit of Spinal Nerves from the Vertebral Column
Understanding how spinal nerves exit the vertebral column (Fig. 5.11) is important when
localizing a level of lesion following a disc herniation or other events.
Note the pattern of spinal nerve exit that is described and shown below.
1.

Cervical nerves exit superior to the pedicles of the corresponding numbered
vertebrae.

2. Because there are eight cervical cord segments but only seven cervical vertebrae,
the C8 nerve exits below the pedicle of the C7 vertebra. This is the transition point.
3. Beginning with T1 spinal nerve, all the lower spinal nerves exit below the pedicles of
the corresponding vertebrae.

C1 Nerve– emerges between
skull and C1 vertebra

C1
1

C1 vertebra

C2
C3

Nerves C2 – C7 emerge
superior to pedicles

C4
C5

Pedicle

C6
C7

Nerves C8 – inferior to pedicle
of C7 vertebra (transition level)

C8

Nerves T 1 – co emerge
inferior to pedicle of vertebrae

T2

7

C7 vertebra

T1

FIGURE 5.11 Relationship of Exit of Spinal Nerve To Vertebral Column
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Internal Structure of the Spinal Cord

The study of the internal structure of the spinal cord is the beginning point for clinical
understanding of the CNS. The spinal cord connects the trunk and limbs with higher
brain centers and functions in processing sensory, motor, reflex, and autonomic signals
between the trunk and limbs and higher brain centers.
The spinal cord has a repetitive and uniform segmentation with a relatively simple
organizational pattern (Figs. 5.12 and 5.13). The segments of the cord are divided into two
layers: the white matter and the gray matter.

Gray matter

devided into:

Dorsal

White matter

devided into:

Posterior funiculus

Posterior (dorsal)
horn: sensory
Intermediate (Lateral)
horn (T1-L2): preganglionlic
sympathetic and Clarke’s
nucleus

Lateral funiculus

Anterior (ventral)
horn: Alpha and gamma
lower motor neurons

Anterior funiculus
Central canal

• Nuclei, dendrites, many
glial cells

Lesions of gray matter
result in ipsilateral
motor/sensory deficits
at the level of the lesion

Ventral

• Myelinated long tracts
• Few glial cells

Lesions of long tracts
result in motor/sensory
deficits at and below the
lesion, contralateral or
ipsilateral

FIGURE 5.12 Organization of Spinal Cord

FIGURE 5.13 Stained Section of Spinal Cord
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The white matter forms the external layer surrounding the periphery of the cord. The
white matter is organized into three regions called funiculi: posterior (dorsal), lateral,
and anterior (ventral) funiculi. Each of these funiculi contain bundles of myelinated
nerve fibers organized into multiple, vertical ascending and descending long tracts. Few
glial cells (oligodendrocytes) are found in the white matter.
a. The ascending long tracts conduct and process sensory information from the
trunk and limbs to higher brain centers.

b. The descending long tracts conduct and provide motor and reflex innervations
of skeletal muscles of the trunk and limbs.

Gray Matter

The gray matter comprises the internal part of the cord. The gray mater forms a central
H- or butterfly- shaped area containing collections of neuron cell bodies organized into
Rexed laminar of nuclei. There are many glial cells. The gray matter is divided into three
regions called dorsal, ventral, and lateral horns that contain layers of Rexed nuclei
(Fig. 5.14A) made up of nerve cell bodies. The size and shape of the horn of the gray
matter changes at different levels of the spinal cord.
1.

The dorsal horn contains six nuclei (Rexed layers I–VI) that are sensory in function. The
central processes of the unipolar neuron fibers entering the CNS via the dorsal root
are divided into lateral and medial divisions within the dorsal roots (Fig. 5.14B).
a. The lateral division fibers of the dorsal root enter and synapse on the outer lamina
of nuclei of the dorsal horn (substantia gelatinosa). These lateral division fibers are
the smallest fibers and with the slowest conduction. They primarily process pain
and temperature.
b. The medial division fibers of the dorsal root enter the cord but bypass the dorsal
horn to form ascending long tracts in the dorsal white mater. These medial
fibers provide general sensory (except pain and temperature) and conscious
proprioception functions. Some fibers pass deeply into the ventral horn and are
involved in reflex circuits. These are the largest fibers with the fastest conduction.

2. The ventral horn contains nuclei (Rexed layers VIII and IX) containing the cell bodies of
alpha and gamma lower motor neurons (LMN) that supply extrafusal and intrafusal
types of skeletal muscle fibers, respectively. The alpha and gamma LMN outflow
provides control of volitional and reflex movements of skeletal muscles of the trunk
and limbs.
a. LMNs innervating extensor muscles are located ventrally in the ventral horn, and
the LMNs to the flexor muscles are found dorsally in the ventral horn (Fig. 5.14C).
b. LMNs innervating distal muscles of the limbs are located laterally in the ventral
horn, and the LMNs that innervate proximal muscles of the limbs are located
medially in the ventral horn.

3. The lateral or intermediate horn of gray matter contains cell bodies of preganglionic
sympathetic neurons. In addition, the lateral horn contains the Clarke’s nucleus
involved in the cerebellar circuits for unconscious proprioception from the lower limb.
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Details of gray matter organization are illustrated in the following figures.

l
ll
Dorsal horn
Rexed laminae l -Vl

lll
lV

1 - Lissauer's tract
11 - substantia
gelatinosa

V

Lateral horn
Rexed laminae Vll
Ventral horn
Rexed laminae Vlll - lX

Vl
Vll
Vlll

lX

FIGURE 5.14A Rexed laminae of gray matter

Sensory
1. Medial division
General sensory except
pain and temperature
• Type 1a, 1b - proprioception
(from muscle spindle and golgi
tendon, respectively)
• ll, Alpha - beta — touch, etc.
2. Lateral division
Pain/temperature
• Type C: warm, chronic pain
• lll, lV, Alpha-delta: cold, sharp
pain

Motor

Lower motor neuron
• Alpha (to skeletal muscles)
• Gamma (to muscle spindle)

For reflex

FIGURE 5.14B Topographic organization of fiber types entering or leaving the
spinal cord
Dorsal
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Dorsal

Flexors

Distal
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Medial

Extensors

Ventral

FIGURE 5.14C Organization of lower motor neurons in the ventral horn

Introduction to Long Tracts of Spinal Cord
There are multiple ascending and descending long tracts found in specific locations
within the dorsal, lateral, and ventral funiculi of the white matter. The pathways and the
functions of the three most important long tracts will be described.
1.

Descending long tracts are motor in function and provide motor pathways for
voluntary and reflex innervations of skeletal muscles of the trunk and limbs.

2. Ascending long tracts are sensory in function and carry sensory input from the
peripheral receptors in skin and muscle of the trunk and limbs to the higher brain
centers.
3. Many of the long tracts course the entire vertical axis of the CNS between the distal
spinal cord and the cerebral cortex and other higher brain centers

Three main long tracts
The following are the three most clinically relevant long track systems that are essential
in localizing a lesion:
1.

Corticospinal Tract: A descending motor tract that provides volitional innervation
to the skeletal muscles of limbs.

2. Dorsal Column: An ascending sensory tract that carries general sensory function
(except pain and temperature) and conscious proprioception from the trunk and
limbs to the sensory cortex.
3. Spinothalamic Tract: An ascending sensory tract that carries pain and
temperature functions from the trunk and limbs to the sensory cortex.
For a thorough understanding of a long tract system, knowledge of several principles
and ability to formulate and answer strategy questions about a long tract are required:
1.

How many neurons are in the long tract pathway? Note there are three neurons in
ascending pathways and two neurons in descending pathways.

2. What is the general pathway the tract follows? Where are the cell bodies located?
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3. Where does the pathway decussate (cross) to opposite side of the nervous
system? This is clinically important in determining whether the lesion affects
ipsilateral or contralateral lesions.

Descending Motor Pathways
Descending motor systems influence the activity of the alpha and gamma lower motor
neurons and are involved in two mechanisms of skeletal muscle contraction: voluntary
or involuntary (reflex). Some of these descending systems originate in the cortex and
some originate in the brainstem. These descending pathways are composed of two
neurons: upper and lower motor neurons.

Upper Motor Neurons (UMN)
The cell bodies of UMN are found in two locations in the CNS: (1) cerebral cortex and (2)
brainstem.
1.

In the cortex, UMN cell bodies are primarily located in the primary motor cortex
region of the precentral gyrus of the frontal lobe (Broadman area 4).

2. In the brainstem, UMN cell bodies are mainly found in the red nucleus, pontine and
medullary reticular formation, and the vestibular nuclei.
3. The entire course of the UMN is within the CNS, and it is the UMN axons that
decussate.
4. The axons of the UMN synapse (using glutamate) with the LMN cell bodies in the
spinal cord ventral horn or with LMN motor nuclei in the brainstem.
5. UMN are also influenced by the cerebellum and basal ganglia.
6. Lesions are described later.

Lower Motor Neurons (LMN)
The cell bodies of LMN (final common pathway) are also found in two places in the CNS:
a. Ventral horn of spinal cord

b. LMN nuclei of cranial nerves in the brainstem.
1.

There are two types of LMN: alpha and gamma.

2. The axons of these LMN exit the CNS via spinal nerves or cranial nerves and
innervate extrafusal (alpha) or intrafusal (gamma) skeletal muscles, respectively.
3. LMN are also influenced by reflex circuits.
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A typical pattern of a descending motor pathway is shown in Figure 5.15.
Right

5

Left

UMN
(upper motor neuron)

• Cerebral motor cortex
• Brainstem UMN motor nuclei

Decussation

CNS

LMN
(lower motor neuron)
PNS
(peripheral nervous system)

• Brainstem LMN motor nuclei
• Spinal cord ventral horn

Skeletal
muscle

FIGURE 5.15 Pattern of Discending Motor Pathway
Listed below are some of the major descending motor long tracts in the spinal cord. The
corticospinal tract is the one that will be detailed here. It is the clinically, significant one
because this pathway is the only descending motor system specifically dedicated to
controlling voluntary, highly skilled movements of the distal limb muscles.
1.

Corticospinal tract

2. Rubospinal tract
3. Lateral and medial vestibulospinal tracts
4. Lateral (medullary) and medial (pontine) reticulospinal tracts
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Corticospinal Tract (CST)

The corticospinal tract (Fig. 5.16 and 5.17) is the one descending motor system described
because of its clinical importance in providing volitional, skillful, and exquisite
movements of the distal limb muscles. A few other descending motor systems will be
briefly mentioned later in the notes.
The circuits for the corticospinal tract are illustrated below.
RIGHT

LEFT

Precentral gyrus (UMN)
(primary & premotor cortex)
(Areas 4,6)
Frontal lobe
Brodmann 4,6

Posterior limb
of internal capsule

Corticospinal
tract
Upper
motor
neuron

Brainstem

Decussation
(90%)

Caudal medulla

Corticospinal tract
(lateral funiculus)
Skeletal
muscle
1 a muscle
spindle
afferent

Spinal cord

Corticospinal tract
Ventral horn
gray matter
(LMN)

LMN
(alpha)

Motor
endplate

Lower motor neuron

Clinical Application
1.

FIGURE 5.16 Corticospinal Tract

Above the decussation in the caudal medulla, CST upper motor neuron fibers course
on the side of the nervous system contralateral to the LMN and the moving muscles.

2. In the spinal cord below the decussation, CST upper motor neurons course on the
side of the nervous system ipsilateral to the LMN and the moving muscle.
3. The LMN is located on the side of the nervous system ipsilateral to the moving
muscles.
4. Therefore, stimulating UMN of the corticospinal track on one side of the motor cortex
will result in excitation of LMN and muscles on the contralateral side of the body.
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LEFT

Frontal lobe
UMN
upper limb
motor cortex
(areas 4, 6)

UMN

Lower limb
motor cortex
(areas 4, 6)
Thalamus
Internal capsule
posterior limb

Midbrain

Above decussation:
contralateral
& below lesions

Corticospinal tract
Pons

Pyramidal
decussation

Lower medulla

Corticospinal
tract
UMN lesion

Spasticity that will
be ipsilateral &
below lesion

Cervical
spinal cord

LMN

Corticospinal tract
Lumbosacral
spinal cord

LMN lesion

Flaccid weakness
that is ipsilateral
& at tesion level

LMN
FIGURE 5.17 Corticospinal Tract

Summary of the Corticospinal Tract Pathway
1.

The primary and premotor cortices of the frontal lobe (Brodmann areas 4 and
6, respectively) are located immediately anterior to the central fissure. Area 4
contains the location of most of the UMN cell bodies (BeTz cells) of the corticospinal
tract. The remainder of the cell bodies are found in the somatosensory cortex (for
sensory modulation of movement) of the postcentral gyrus of the parietal lobe and
other areas of the cortex.

2. UMN axons leave the cortex by descending through the internal capsule (posterior
limb) to enter the brainstem.
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3. After descending through the ventral aspect of the brainstem, the majority of
the upper motor axons (90%) of the corticospinal tract decussate (pyramidal
decussation) at the level of the caudal medulla (ventral surface) to enter and
descend on the contralateral side of the spinal cord where they innervate LMNs
and control movement on the opposite side of body from the cerebral cortex.
4. In the spinal cord, the upper motor neurons of the (lateral) corticospinal tract
descend in the dorsal aspect of the lateral funiculus of the white matter (adjacent
to the dorsal horn) through the entire length of the spinal cord.
5. At each level of the cord a few UMN fibers peel from corticospinal tract to enter the
ventral horn, where they synapse on and coactivate the alpha and gamma lower
motor neurons.
6. The alpha lower motor neuron fibers exit the spinal cord via the spinal nerve
ventral roots, course through the PNS via the spinal nerve, and through the dorsal or
ventral rami to reach the motor endplate of the skeletal muscles.

Clinical Application

The corticospinal tract descends the entire vertical axis of CNS, and thus, it is vulnerable
to multiple types of lesions (stroke, vascular, trauma, tumor, demyelination lesions) at
various levels of the CNS. Knowing the level of the decussation (caudal medulla) is critical
in localizing the lesion (Fig. 5.18).
1.

UMN lesion above the decussation: In lesions between the cortex and the
pyramidal decussation, spasticity will be below the lesion and on the contralateral
side of the body.

2. UMN lesion below the decussation: In lesions in the spinal cord, spasticity will be
below the lesion and on the ipsilateral side of the body.
3. LMN lesion: With lower motor neurons being on the same side of the moving
muscles, a lower motor neuron (central or peripheral) lesions will result in flaccid
muscles at the level of the lesion and on the ipsilateral side of the body.

Location of Motor Lesions in Spinal Cord:
Dorsal

CST
UMN

LMN

Ventral

UMN lesion
• Spastic weakness
• Ipsilateral
• Below lesion
LMN lesion
• Flaccid weakness
• Ipsilateral
• At the level of the lesion

FIGURE 5.18 Motor Lesion of Spinal Cord
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Skeletal muscles can contract under two mechanisms: volitional or reflex. The previous
discussion of the corticospinal tract described the cortical role in volitional movements
of skeletal muscles of the limbs. This section will look at the mechanisms involved in reflex
control of involuntary contraction of skeletal muscles. There are multiple types of reflexes
ranging from simple two neuron reflexes to more, complex reflexes with multiple neuron
circuits.
Reflex innervations result in involuntary contraction of skeletal muscles in response to a
sensory stimulus. Reflexes will be activated by a minimum of two neurons:
1.

Afferent sensory neuron with its cell body in a sensory ganglion

2. Efferent motor alpha lower motor neuron with its cell body in the gray matter of
CNS.

the

Deep Tendon (Monosynaptic) Stretch Reflex
The deep tendon stretch reflex (DTR) Is the simplest of the deep reflexes (Fig. 5.19). It
requires only a two-neuron circuit with one synapse. This reflex is activated when skeletal
muscles are stretched.
1.

Testing the integrity of the deep tendon reflexes during the neurological exam
provides valuable clinical information to determine different types of dysfunction and
muscle weakness (flaccid or spastic) and localizing the lesion.

2. The deep tendon reflex circuit is present at each segmental level of the cord and
is responsible for maintaining and regulating muscle tone and posture within the
skeletal muscular system.
The basic circuit of the deep tendon stretch reflex is shown in Figure 5.19.

Dorsal
root
ganglion

Excitatory
Alpha motor
neuron

Afferent limb:
1a unipolar
neuron from
muscle spindle

Muscle spindle

(respond to stretch)

Spinal cord

Efferent limb:

Alpha LMN to neuromuscular junction
(motor end plates)

Muscle

FIGURE 5.19 Deep Tendon Stretch Reflex
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3. The afferent sensory limb of a DTR begins with a sensory receptor (muscle spindle)
that initiates the firing of the 1a neuron. Stretching of a skeletal muscle results in
activation of the muscle spindles in the muscle. Most skeletal muscles have variable
numbers of muscle spindle sensory receptors embedded in parallel with the skeletal
muscle fibers. The concentration of muscle spindles depends on the function of the
muscle. The central processes of the 1a neuron enters the spinal cord via the dorsal
roots. These fibers pass into the ventral horn without interruption to synapse directly
on and are excitatory to the alpha LMN in the ventral horn of the cord.
a. Muscle spindles contain 2-10 intrafusal skeletal muscle fibers that are innervated by
gamma neurons which control the sensitivity of the muscle spindle.
b. Muscle spindles respond to stretch and provide information about change in
muscle length and the rate of change (velocity).
4. The efferent motor limb of the DTR is the alpha LMN. The 1a fibers directly excite the
alpha LMN in the ventral horn which results in the contraction of the extrafusal skeletal
muscle fibers at the motor end plate.
a. Collaterials of the 1a fibers synapse on and activate interneurons within the
ventral horn that are inhibitory to the LMN to the antagonist muscle (reciprocal
inhibition) as shown in the figure below.
Inhibitory
synapse

Afferent fibers

Excitatory
Alpha
Efferent to Efferent
synapse motor neuron guardiceps fibers

1a afferent from
muscle spindle Muscle spindle
to spinal cord in quadriceps

Hamstring
Efferent to
muscles
inhibit Antagonist
hamstring muscle
(reciprocal inhibition)

FIGURE 5.20 Patellar Reflex
Some of the more commonly tested deep tendon reflexes are listed below.
Reflex						

Cord Segment and Nerve

Knee (patellar) reflex

		

L4 (Femoral N)

Ankle (Achilles) reflex

			

S1 (Tibial N)

Biceps reflex

				

C5, 6 (Musculocutaneous N)

Triceps reflex

				

C7, 8 (Radial N)

Cremasteric (superficial) reflex			
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Deep tendon reflexes are graded using a 5-point scale:
•

0 – Absence of reflex (areflexia)

•

1 – Reduced or weak reflex (hyporeflexia)

•

2 – Normal reflex

•

3 – Brisk reflex (hyperreflexia)

•

4 – Very brisk, usually with clonus

The basis of upper and lower motor neuron signs (spastic vs flaccid, respectively) is
illustrated in Figure 5.21.
Precentral gyrus (UMN)
(primary & premotor cortex)

RIGHT

LEFT

Frontal lobe
Brodmann 4,6

Important:
1. UMNs (reticulospinal tracts,
and other long tracts) provide
net inhibition of gamma and
alpha neurons at the ventral
horn and inhibition of the deep
stretch reflexes.
2. UMN lesions result in loss of
this inhibition and result in
over activity of LMNs.
Posterior limb
of internal capsule

Corticospinal
tract

Brainstem

Decussation
(90%)

Caudal medulla

UMN lesions result in
increased stretch
reflexes: spasticity

Corticospinal
tract (lateral
funiculus)

Skeletal
muscle

1 a afferent

Spinal cord

Muscle
spindle
Deep tendon
LMN
stretch reflex
(alpha)
Ventral horn
gray matter
(LMN)

Motor
endplate

LMN lesions result in
decreased stretch
reflexes: flaccid muscles

FIGURE 5.21 Upper and Lower Motor Neuron Lesion
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Inverse Myotatic Reflex
The inverse myotatic reflex (Fig. 5.22) utilizes sensory receptors (Golgi tendon organs)
that are imbedded in the tendons of skeletal muscles. These receptors respond to the
degree of tension placed upon the muscle. Impulses from Golgi tendon organs project
via 1b neurons that course through the dorsal root and stimulate interneurons in the
ventral horn that are inhibitory to the LMN. This results in an effect opposite that of the 1a
neuron (deep tendon reflex) that excites LMN.

Dorsal root
ganglion
Golgi tendon
organ
(tension)

Inhibitory
interneuron

1b
Spinal cord
Alpha motor
neuron

FIGURE 5.22 Inverse Myotatic Reflex
Summery of Upper and Lower Motor Neuron Lesions is Shown in Table 5.1.

Table 5.1: Comparison of Upper (UMN) and Lower (LMN) Motor Neuron Lesions
UMN Lesion (*Spastic)

LMN Lesion (**Flaccid)

Hyperreflexia

Areflexia (hyporeflexia)

Babinski sign present (extensor reflex)

Babinski sign absent

Increased muscle tone (hypertonia)

Decreased muscle tone
(atonia or hypotonia)

Clonus (at ankle and wrist)

Fibrillations (electromyography)

Clasp-knife reflex
(hyperactive golgi tendon response)

Fasciculations (early in lesion)

Minimal disuse atrophy of muscles

Atrophy of muscle(s) - over time

Large area of the body involved

Small area of the body affected

* Deficits below lesion, contralateral or ipsilateral
** Deficits at level of lesion and ipsilateral
Spinal shock occurs following severe trauma or transsection of the spinal cord, with flaccid paralysis
presenting during a transient period of days to weeks. The spasticity associated with the UMN damage will not
present until after spinal shock subsides.
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There are multiple sensory ascending long tracts located in the white matter of the spinal
cord. In this section, only two of the more important clinical sensory long tracts (dorsal
column-medial lemniscus tract and spinothalamic tract) will be reviewed.
Understanding these two long tracts will be essential in localizing neurological lesions.
These two sensory systems provide the major conscious sensory modalities tested in the
basic neurological exam: vibration, touch, two-point discrimination, proprioception, pain,
and temperature. The peripheral regions of the skin supplied by these sensory neurons
are referred to as dermatomes.
The typical ascending sensory long tract follows a common pattern with the following
features (Fig. 5.23):
1.

Composed of three neurons between receptors and the sensory cortex.

2. Midline decussation.

3. Relays through a thalamic nucleus that projects to the somatosensory cerebral
cortex (layer IV).
The common features of a typical sensory pathway are shown in the figure below:
Somatosensory cortex
(Brodmann 3, 1, 2)

Parietel lobe:
Postcentral gyrus

Thalamus

Internal Capsule:
Posterior limb
Right

Left

1: First-order neuron
(in DRG)

Brainstem

Decussation

Spinal cord

2: Second-order neuron

Lesion above
decussation
is below &
contralateral

(Decussating axon)

3: Third-order neuron
in thalamus
(through internal
capsule to cortex)

Cell body in,
brainstem or
spinal cord nuclei
Dorsal root

Lesion below
decussation
is below &
ipsilateral

Pseudounipolar
neuron in DRG
Primary afferent
neuron

Receptor :

General sensory
Proprioception

FIGURE 5.23 Organization of Ascending Long Tracts
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Dorsal Column-Medial Lemniscus Tract

The dorsal column-medial lemniscus pathway (Fig. 5.24 and 5.25) is responsible for the
sensory modalities of touch, two-point discrimination, vibration, deep pressure, and
conscious proprioception. Conscious proprioception provides the individual with position
knowledge of where the limbs are in space.

The sensory receptors for these major sensory pathways are located in the skin
(Pacinian corpuscles for vibration and Meissner corpuscles for touch) and in muscles
(muscle spindles and Golgi tendon organs) for conscious proprioception. This pathway
provides the ability to determine the shape, size, and texture of objects placed in the
hand with eyes closed.

The dorsal column pathway in the spinal cord is divided into two columns (fasciculus
gracilis and fasciculus cuneatus), one for the lower trunk and limbs and one for the upper
trunk and limbs.
1.

Fasciculus gracilis is found in all segments of the cord and conducts sensory
information from the lower trunk and lower limbs. Note that below T5-6 cord levels,
the fasciculus gracilis is the only dorsal column. Above this level fasciculus gracilis is
the medial to the fasciculus cuneatus.

2. Fasciculus cuneatus develops in the upper aspect of the spinal cord (above T5–T6)
and conducts sensory information from the upper trunk and upper limb. It forms the
lateral of the two dorsal columns.
The circuits for this three-neuron pathway are illustrated below.
Somatosensory cortex
(Brodmann 3, 1, 2)

Parietel lobe:
Postcentral gyrus

Thalamus
Ventral posterolateral
nucleus (VPL)

A

Internal Capsule:
Posterior limb

B

Right

Left
Location of Lesion:

A, B, & C:

Loss of function, contralateral
and below lesion

C

D:

Medial
lemeniscus

Brainstem

Loss of function, ipsilateral
and below lesion

Decussation
(Internal arcuate
fibers)

N. Cuneatus (NC)
N. Gracilis (NG)

Caudal medulla

D

Fasciculus gracilis (FG) –

from lower limb and trunk;
Dorsal
medial
columns
Fasciculus cuneatus (FC) –

Spinal cord
Function: Stereognosis,
conscious, proprioception,
fine touch, vibration,
two-point discrimination,
pressure

DRG

from upper limb and trunk
lateral (forms above T5 or T6)

Receptor:

1. Meissner corpuscle – touch
2. Pacinian corpuscles – vibration
3. Muscle spindle – proprioception
4. Golgi tendon – proprioception

FIGURE 5.24 Dorsal Column Pathway
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A. First-Order (Primary) Neurons
1.

The cell bodies of the primary afferent neurons are located in the dorsal root
ganglia at each spinal nerve level. These cells are unipolar neurons and are large,
fast-conducting, myelinated neurons (1a, 1b, and alpha-beta).

2. The central processes of these unipolar neurons enter the CNS via the medial
division of the dorsal roots of the spinal nerves. These fibers bypass the dorsal
horn and enter the dorsal funiculi of the white matter forming several ascending
long tracts. Most of these fibers turn upward and ascend the length of the spinal
cord as the dorsal columns. Two separate dorsal column pathways {gracilis and
cuneatus) form in the dorsal white matter as described above. Some of these
central fibers also project to the LMN of the ventral horn for reflex purposes.
B. Second-Order Neurons
1.

The ascending fibers of the fasciculi gracilis and cuneatus reach the lower
medulla where they synapse on the second-order neurons in the nuclei cuneatus
and gracilis.

2. The decussation of these two pathways (internal arcuate fibers) occurs across
the midline of the dorsal aspect of the lower medulla. Above the decussation,
the ascending, second-order nerve fibers course on the contralateral side of
the brainstem and are called the medial lemniscus. These fibers ascend the
brainstem contralateral to the first-order neurons and carry general sensations
from the contralateral limbs. Medial lemniscus fibers terminate in the ventral
posterolateral (VPL) nucleus of the thalamus.
C. Third-Order Neurons
1.

The cell bodies of the third-order neurons are within the VPL nucleus of the
thalamus and project their fibers via the posterior limb of the internal capsule
to the somatosensory cortex (areas 3, 1, and 2) of the postcentral gyrus and
paracentral lobule of the parietal lobe.
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FIGURE 5.25 Dorsal Column Pathway
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Lesions of the dorsal column/medial lemniscus pathway result in the loss of conscious
proprioception and the general sensory modalities (except pain and temperature).
Dorsal column lesions are seen in cord pathologies such as tabes dorsalis, demyelinating
diseases (e.g., multiple sclerosis), and subacute combined degeneration.
Lesions of dorsal columns include the following signs:
1.

Difficulty judging the shape, size, or texture of an object (astereognosis or agnosia)
when item placed in the hand.

2. Deficits of line touch and vibration sensations: paresthesia (pins and needles).
3. Abnormalities in gait and difficulty maintaining balance due to the loss of conscious
awareness of limb position (proprioception). In the lower limb (gracilis), the person
walks with a cautious high-step gait.
4. Rhomberg sign.

The Romberg Test
The Romberg test is used to compare lesions of the gracilis dorsal column proprioceptive
functions with lesions of the cerebellar vermis. The ability to maintain balance and
posture depends on the interaction of three different systems:
a. Vestibular
b. Visual
c. The proprioceptive functions of the gracilis dorsal column.
If there is a lesion of one of these three systems, the individual can continue to maintain
balance. However, if two of the three are defective, then it is difficult to maintain balance.
The Romberg test:
1.

With feet together, observe if individual with can stand erect with good balance
with the eyes open.

2. Next ask the person to close their eyes. A patient with a dorsal column lesion can
stand vertically balanced with eyes open (using visual system). But with eyes
closed, the patient will sway and lose balance. Falling over with eyes closed is
referred to as a positive Romberg sign (sensory ataxia). This is due to the loss of
conscious proprioceptive input from the lower limbs.
3. Falling over with eyes open indicates cerebellar vermis damage, referred to as
motor (cerebellar) ataxia (discussed in cerebellum chapter).
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Spinothalamic Tract (Anterolateral System)

Conscious perception of pain and temperature sensations is provided by the
spinothalamic tract (STT) (Figs. 5.26 and 5.27). The sensory receptors (free nerve endings
and thermal receptors) for these modalities are located in the skin. Pain and temperature
pathways (and some crude touch) follow the characteristic three neuron ascending
sensory pathway described earlier.

The circuit for the pain and temperature pathway is illustrated in Figure 5.26.
Parietel lobe:
Postcentral gyrus
Somatosensory cortex
(Brodmann 3, 1, 2)

Internal Capsule:
Posterior limb

Thalamus

Ventral posterolateral
nucleus (VPL)

A
B

Right

Left

C
Brainstem

Location of Lesion:
A, B, C & D:

Contralateral loss of pain &
temperature below the lesion

Spinal
cord

Spinothalamic
tract

D
Dorsal horn

Decussates at each spinal
cord level
(ventral white commissure)

Spinal cord

DRG

Ascends or
descends
1-2 segments:
Lissauer tract

FIGURE 5.26 Spinothalamic Tract
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Summary of the Spinothalamic Pathway
First-Order (Primary) Neurons
1.

The cell bodies of the primary afferent unipolar neurons are located in the dorsal
root ganglion. These fibers are thinly myelinated (alpha - delta) or unmyelinated
(C) fibers that conduct pain and temperature sensations. Both of these neurons are
sensitive to anesthetics.

2. The central processes of these unipolar neurons pass into the spinal cord via the
lateral division of the dorsal roots and enter the Lissauer tract. Within the Lissauer
tract, the fibers ascend or descend one or two segments and then synapse on
second-order neurons in the outer laminae of the dorsal horn nuclei (substantia
gelatinosa).
Second-Order Neurons
1.

The cell bodies of the second-order neurons are located in the outer laminae of the
dorsal horn nuclei of the spinal cord. Their fibers course medially and decussate
in the ventral (anterior) white commissure of the central spinal cord ventral to
the central canal. The axons of these decussated fibers form the spinothalamic
tract in the ventral part of the lateral fasciculus on the opposite side of the spinal
cord. The tract is contralateral to the side of the incoming pain and temperature
sensation.

2. Important to note that pain and temperature fibers decussate at each of the 31
levels of the cord.
3. After decussation, second-order fibers ascend in the spinothalamic tract of the
spinal cord. New fibers are added to the medial side of the tract at each of the
segmental levels of the cord so that fibers from the lower body are located laterally
in the tract.
4. Fibers of the spinothalamic tract ascend the lateral border of the brainstem and
synapse on the third-order neurons in the thalamic VPL nucleus.
Third-Order Neurons
1.

The third-order neuron cell bodies are within the VPL nucleus of the thalamus.
Their fibers project through the posterior limb of the internal capsule to the
somatosensory cortex (areas 3, 1, 2) in the postcentral gyrus and paracentral
lobule of the parietal lobe.
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RIGHT

LEFT

Somatosensory cortex
Parietal lobe (Areas 3, 1, 2)
Upper limb sensory
cortex (areas 3, 1, 2)

Lower limb sensory
cortex (areas 3, 1, 2)
#3

Thalamus VPL
Internal capsule
posterior limb

Midbrain

Pons
Primary afferent
neurons

Below and Contralateral
Lesions between spinal
cord and cortex

Spinothalamic tract

Lower medulla

Cervical
spinal cord

From upper limb
#1

From lower limb

#2

Lumbosacral
spinal cord
Spinothalamic tract

Spinothalamic tract

FIGURE 5.27 Spinothalamic Tract
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Note that spinothalamic tract lesions on one side of the cord result in the contralateral
loss of pain and temperature sensations below the level of the lesion. The contralateral
nature of spinothalamic tract lesions in the spinal cord, when compared to the previous
two long tracts, is a hallmark, clinical sign that distinguishes a spinal cord lesion. The side
of the limbs and trunk showing loss of pain and temperature will be on the opposite side
of the body from the side of spinal cord lesion (contralateral sign). Note that the other
two major spinal cord long tracts present with ipsilateral signs .
Note the following pattern of clinical presentation related to pain and temperature
perception with lesions in this pathway.
1.

Dorsal Root Lesion: Ipsilateral at the level of lesion.

2. Lissauer Tract Lesion: Ipsilateral one to two segments above or below the lesion.
3. Spinothalamic Tract Lesion: Contralateral and one or two segments below the
lesion.

Spinocerebellar Tracts
The spinocerebellar tracts are ascending sensory pathways that convey unconscious
proprioceptive information from muscle spindles and Golgi tendon organs from trunk
and limb muscles to the cerebellum. This sensory information is essential for posture, fine
muscular coordination, and control of ongoing movements that the cerebellum provides.
The spinocerebellar tracts do not follow the classic pattern of a sensory tract. They
consist of only two neurons, are uncrossed (do not decussate), and do not relay through
the thalamus. Most of the spinocerebellar fibers enter the cerebellum via the inferior
cerebellar peduncle as mossy fibers to the vermis and paravermis areas.
There are two major spinocerebellar tracts. Fibers from both pathways enter the
cerebellum through the inferior cerebellar peduncle of the upper medulla. The
spinocerebellar tracts project information from the limbs to the ipsilateral cerebellum.
1.

The cuneocerebellar tract transmits unconscious proprioceptive information from
the upper limb and trunk.

2. The dorsal spinocerebellar tract transmits unconscious proprioceptive information
from the lower limb and trunk.

Clinical Application
Lesions of the spinocerebellar tracts usually result from hereditary degenerative
diseases that involve loss of bilateral dorsal columns, corticospinal tracts, and bilateral
spinocerebellar tracts (e.g., Friedreich ataxia).
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Spinal Cord Blood Supply

The upper and lower halves of the spinal cord receive their blood supply from two
general sources (Fig. 5.28).
The upper half (above mid-thoratic levels) of the spinal cord receives its blood supply
primarily from two sources:

1.

a. A single, ventral anterior spinal artery
b. A pair of dorsal posterior spinal arteries
These arteries branch from the vertebral arteries within the cranial vault and descend
through foramen magnum to course on the surface of the spinal cord. Most of the
vascular events affecting the upper spinal cord result from pathology involving these
two arteries in the upper cord.
2. These vessels descend on the ventral or dorsal sides of the spinal cord. The single
anterior spinal artery supplies approximately the ventral 75% of the cord, and the pair
of posterior spinal arteries supply the dorsal 25% of the cord, primarily the area of the
dorsal columns.
3. The lower part of the cord (below mid-thoracic levels) receives its blood supply from
multiple sources, These are primarily from segmental branches of the intercostal and
lumbar arteries. The largest segmental artery is usually a branch of the upper lumbar
arteries (artery of Adamkiewicz) and care has to be taken to not damage this vessel in
surgery to prevent damage to the lower part of the spinal cord.

Clinical Application
The watershed area of the spinal cord occurs between T4 - T8 cord segments. Perfusion
here is reduced being inadequately shared between the vertebral and aortic blood
supply. It is the first area of the cord to go ischemic with major loss of blood flow.
Supplies primarily
dorsal columns (25%)
Posterior spinal
artery (PSA)

PSA

PSA

Anterior spinal
artery (ASA)
ASA
Supplies ventral
half of cord (75%)

FIGURE 5.28 Blood Supply To Upper Spinal Column
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Guide to identifying regional cross sections of the spinal cord are shown in Figure 5.29.

CERVICAL

Posterior horn
Anterior horn

THORACIC

White matter
Central canal

White matter is more
abundant
Ventral horn large

Two dorsal columns

Posterior horn

White matter

White matter abundant

Central canal

Lateral horn
Anterior horn

Lateral horn is present

LUMBAR
Posterior horn
Anterior horn

Ventral horn is small

Two dorsal columns
are present (above T6)

White matter
Central canal
White matter is
less abundant

Ventral horn is large
ONE dorsal column
is present (Gracillis)

SACRAL

Posterior horn
Anterior horn

White matter
Central canal

FIGURE 5.29 Features and Levels of Spinal Cord
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Lesions of Spinal Cord

The neurological presentation of spinal cord lesions provides the clinician with a cascade
of clinical signs used to localize and identify different types of spinal cord lesions.
The locations of the long tracts and the clinical presentations of the sensory and motor
lesions of the spinal cord discussed in this chapter are summarized in the cross section
below.
Dorsal Columns

Below lesion: Ipsilateral loss of touch, etc.

Fasciculus cuneatus (UL)

Fasciculus gracilis (LL)

Upper Limb with
lesions between
C1 & T1

Corticospinal Tract (UMN)

Below lesion: Ipsilateral spasticity

Descending Hypothalamic Tract

LMN

Spinocerebellar
tracts

Ipsilateral Horner syndrome with
lesion between C1 and T1

Spinothalamic Tract

Below lesion: Contralateral
loss of pain/temperature
(1-2 segments above and below)

Ventral White Commissure

Lower Motor Neuron

At level of lesion: Ipsilateral
flaccid muscles (LMN)

At level of lesion: Bilateral loss
of pain/temperature

FIGURE 5.30 Lesions of Spinal Cord

A. Model of a Spinal Cord Case (Fig. 5.31):
1.

Side of lesion

Clinical exam shows no cranial nerve signs

2. Sensory and motor deficits are on the trunk and limbs
3. Spastic muscles, flaccid muscles and general sensory
deficits (except pain and temperature) present on the
side of the body ipsilateral to the side of the lesion
4. Pain and temperature will be on the side of the body
contralateral to the side of the lesion.
5. Lesions between C1 and T1-T2 may include motor
or sensory deficits of the upper limb and Horner
syndrome.

B. QUESTIONS TO ASK:
1.

Spasticity
Loss of touch
Flaccid muscles

FIGURE 5.31 Model of Spinal Cord Lesions

At or below what level are these sensory and or motor deficits?

2. What tracts are affected?
3. What is the side(s) of the lesions?
4. What is the type of sensory deficit: Touch or pain/temperature?
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A. Poliomyelitis
Polio (Fig. 5.32) results from an acute viral inflammatory destruction of the ventral horn
lower motor neurons (LMN) . Poliomyelitis most often involves several lumbar cord
segments, affecting the lower limbs. Polio presents with all of the affected muscles
showing LMN signs:
1.

Flaccid weakness

2. Fasciculations
3. Hypotonia

LMN

4. Areflexia
5. Muscle atrophy
6. Retrograde transport (dynein)

B. Tabes Dorsalis

FIGURE 5.32 Poliomyelitis

Tabes dorsalis (Fig. 5.33) (seen in late stages of neurosyphilis) usually affects the
lumbosacral region of the cord and presents as a progressive, bilateral demyelination
of the gracilis dorsal column and the dorsal roots of the spinal nerves. Tabes dorsalis will
affect both lower limbs.
Fasciculus gracicis
Clinical presentation include :
1.

High-step gait due to loss of lower limb
conscious proprioception

2. Three P’s: Paraesthesia, pain, and polyuria
3. Sensory ataxia (positive Romberg sign)
4. Argyll Robertson pupil
5. Decreased stretch reflexes due to dorsal root
damage

FIGURE 5.33 Tables Dorsalis

C. Lou Gehrig Disease -Amyotrophic Lateral Sclerosis (ALS)
ALS is a progressive bilateral neurodegenerative disease (Fig. 5.34) affecting the ventral
horn (LMN), corticospinal tracts (UMN), and cortex and brainstem. The disease usually
begins at cervical levels. ALS is progressive to death (2-5 years), eventually reaching vital
brainstem centers and the motor systems of the cortex and brainstem.
1.

After an initial slow onset, ALS presents later with
a combination of lower and upper motor neuron
signs affecting both motor systems in the cord.
The upper limbs show flaccid signs (LMN) due
to ventral horn lesions at level of lesion (cervical
cord), and the lower limbs show spastic signs
below the level of lesion due to the corticospinal
tract lesion (UMN).

UMN
LMN

2. No sensory deficits and maintain normal bladder FIGURE 5.34 Amyotrophic Lateral
Sclerosis
and rectal functions.
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D. Anterior Spinal Artery (ASA) Syndrome
The anterior spinal artery supplies the ventral half of the spinal cord (75%) above midthoracic levels (Fig. 5.35). Occlusion of the ASA results in a rapid onset of bilateral, acute
signs.
Dorsal columns
1.

Bilateral loss of pain and temperature below the lesion
(STT)

CST

2. Bilateral spasticity (UMN) below the lesions (CST)
3. Bilateral flaccid (LMN) muscles at level of lesion
(ventral horn)
STT

4. Dorsal columns are spared (supplied by posterior
Ventral horn
spinal arteries) with sensory functions intact.
FIGURE 5.35 Anterior Spinal Artery Syndrome

E. Subacute Combined Degeneration Syndrome

This syndrome is a bilateral, progressive demyelination affecting the dorsal columns
and the corticospinal and spinocerebellar tracts. It usually affects the upper thoracic
and lower cervical cord levels. This results from a deficiency of vitamin B12 (pernicious
anemia)seen in alcoholics with malnutrition.
Dorsal columns
The disease process results in:
1.

Bilateral loss of dorsal column functions
below the lesion: paresthesia, impaired
position sense (sensory ataxia).

CST
Spinocerebellar
tract

2. Bilateral upper motor neuron signs below
the lesion: spasticity (Babinski sign)

FIGURE 5.36 Subacute Combined Degeneration

F. Syringomyelia (Central Cord Syndrome)

Ventral white commissure

Cavitation lesions (Fig. 5.37) around the central
canal initially damage the bilateral decussations of
pain and temperature fibers at the anterior white
commissure, usually affecting several segments of
the upper thoracic and cervical levels of the cord.
This will result in:
1.

Bilateral loss of pain and temperature at the
corresponding level.

2. Over time the lesion will extend into the ventral horn
resulting in bilateral flaccid muscles at the same
levels (LMN) or unilateral.

Cape lesion
Bilateral loss
of pain &
temperature

Area where
sensations
of pain &
temperature
are lost

3. Horner syndrome and Chari 1 malformations may
also be present later.

FIGURE 5.37 Syringomyelia
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A total hemisection (Fig. 5.38) of the spinal cord (also involves the dorsal root fibers)
produces a cascade of ipsilateral or contralateral motor and sensory signs. This event
presents with a typical model of a spinal cord case: two ipsilateral long tract signs (dorsal
columns and corticospinal) and one contralateral long tract sign (spinothalamic) below
the lesion. Total dermatome anesthesia and flaccid muscles will be seen ipsilateral and
at the level of the lesion.
DC
Clinical presentation include:
1.

DC: Ipsilateral general sensory (except pain
and temperature) and position sensory loss
below the level of the lesion (DC).

CST
STT

2. CST: Ipsilateral spasticity below the level of
the lesion (CST) (UMN).
3. STT: Contralateral pain and temperature loss
within one or two segments below the level of the lesion.

LMN

4. Ventral horn: Ipsilateral LMN flaccid muscles at the level of the lesion.
5. Dorsal root: Ipsilateral total dermatome anesthesia at the level of the lesion.
6. Descending hypothalamic tract: Ipsilateral Horner syndrome if lesion is at or above
T1 or T2.
Lesion on this side of the body

At level of lesion & ipsilateral:
Flaccid paralysis (LMN)
Total loss at sensory
dermatome

Below level of lesion & ipsilateral:
Spasticity (CST)
Loss of touch, vibratory and
proprioceptive (dorsal columns)

Contralateral & 1-2 segments
below level of lesion:
Loss of pain and temperature
sensations (spinothalamic)

FIGURE 5.38 Brown-Sequard Syndrome
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