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Spinal Cord, Spinal Nerves, 

and Meninges 

15Laboratory Exercise 

Purpose of the Exercise

To review the characteristics of the spinal cord, spinal nerves, 
and meninges and to observe the major features of these 
structures.

Learning Outcomes

After completing this exercise, you should be able to

 Identify the major features and functions of the spinal 
cord.

 Locate the distribution and features of the spinal nerves.

 Arrange the layers of the meninges and describe the 
structure of each.
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Materials Needed

Compound light microscope
Prepared microscope slide of a spinal cord cross 

section with spinal nerve roots
Spinal cord model with meninges
Vertebral column model with spinal nerves

For Demonstration Activity:
Preserved spinal cord with meninges intact

Pre-Lab

Carefully read the introductory material and examine 
the entire lab. Be familiar with the structures and 
functions of the spinal cord, spinal nerves, and 
meninges from lecture or the textbook. Answer the 
pre-lab questions.

Pre-Lab Questions: Select the correct answer for 
each of the following questions:

 1. The inferior end of the adult spinal cord ends
 a. inferior to L1. b. inferior to L5.
 c. in the sacrum. d. in the coccyx.

 2. The dorsal root of spinal nerves contains
 a. interneurons. b. sensory neurons.
 c. motor neurons. d.  sensory and motor 

neurons.

 3. The _____________ is the most superficial 
membrane of the meninges.
 a. subarachnoid space b. pia mater
 c. arachnoid mater d. dura mater

 4. Which of the following is not part of the gray 
matter of the spinal cord?
 a. gray commissure b. posterior horn
 c. lateral funiculus d. lateral horn

 5. The central canal of the spinal cord is located 
within the
 a. white matter. b. epidural space.
 c. gray commissure. d. subarachnoid space.

 6. The brachial plexus is formed from components 
of spinal nerves C5–T1. 
True _____ False _____

 7. There are eight pairs of cervical spinal nerves. 
True _____ False _____

 8. The major ascending (sensory) and descending 
(motor) tracts compose the gray matter of the 
spinal cord. 
True _____ False _____
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The spinal cord is a column of nerve fibers that extends 
down through the vertebral canal. Together with the brain, it 
makes up the central nervous system. In the cervical and lum-
bar regions of the spinal cord, enlargements give rise to spinal 
nerves to the upper limbs and lower limbs, respectively. The 
inferior end portion of the spinal cord, the conus medullaris, is 
located just inferior to lumbar vertebra L1 in the adult.

There are 31 pairs of spinal nerves attached to the spinal 
cord. At close proximity to the cord, the spinal nerve has 
two branches: a dorsal (posterior) root containing sensory 
neurons and dorsal root ganglion, and a ventral (anterior) 
root containing motor neurons. The spinal nerves emerge 
through the nearby intervertebral foramina; however, most 
lumbar and sacral nerves extend inferiorly through the ver-
tebral canal as the cauda equina to emerge in their respective 
regions of the vertebral column.

The spinal cord has a central region, the gray matter, with 
paired posterior, lateral, and anterior horns connected by a 
gray commissure containing the central canal. The gray mat-
ter is a processing center for spinal reflexes and synaptic inte-
gration. The white matter of the spinal cord, represented by 
paired posterior, lateral, and anterior funiculi (columns), con-
tains ascending (sensory) and descending (motor) tracts. The 
specific names of the spinal tracts often reflect their respective 
origins and the destinations of the fibers. At various levels of 
the spinal cord, many of the tracts cross over (decussate) to the 
opposite side of the spinal cord or the brainstem.

The meninges consist of three layers of fibrous connec-
tive tissue membranes located between the bones of the skull 
and vertebral column and the soft tissues of the central ner-
vous system. The most superficial layer, the dura mater, is 
a tough membrane with an epidural space containing blood 

vessels, loose connective tissue, and adipose tissue between 
the membrane and the vertebrae. A weblike arachnoid mater 
adheres to the inside of the dura mater. The subarachnoid 
space, located beneath the arachnoid mater, contains cere-
brospinal fluid (CSF) and serves as a protective cushion for 
the spinal cord and brain. The delicate innermost membrane, 
the pia mater, adheres to the surface of the spinal cord and 
brain. The denticulate ligaments, extending from the pia 
mater to the dura mater, anchor the spinal cord. An inferior 
extension of the pia mater, the filum terminale, anchors the 
spinal cord to the coccyx.

Procedure A—Structure 

of the Spinal Cord

 1. Study figures 15.1, 15.2, and 15.3 
 2. Obtain a prepared microscope slide of a spinal cord 

cross section. Use the low power of the microscope to 
locate the following features:

posterior median sulcus
anterior median fissure
central canal
gray matter

• gray commissure
• posterior (dorsal) horn
• lateral horn
• anterior (ventral) horn

white matter
• posterior (dorsal) funiculus (column)
• lateral funiculus (column)
• anterior (ventral) funiculus (column)

FIGURE 15.1 Features of the spinal cord cross section and surrounding structures.



White
matter

Gray
matterDorsal root

of spinal nerve

Dorsal root
ganglion

Ventral root
of spinal nerve

Spinal nerve

Posterior/Dorsal

Anterior/Ventral

Posterior horn
Posterior funiculus

Anterior funiculus

Anterior median fissure
Gray commissure

Central canal

Posterior median sulcus

Anterior horn

Lateral horn

Lateral funiculus

Posterior spinocerebellar tract

Lateral corticospinal tract

Lateral reticulospinal tract

Rubrospinal tract

Anterior spinocerebellar tract

Lateral spinothalamic tract

Anterior reticulospinal tract

Medial reticulospinal tract

Cuneate fasciculus 

Gracile fasciculus Posterior median sulcus

Posterior funiculus

Dorsal column

Posterior/Dorsal

Anterior/Ventral

Anterior median fissure
Anterior corticospinal tract

Anterior spinothalamic tract

Lateral funiculus
White
matter

Anterolateral
system

Anterior funiculus

Gray     matter

143

FIGURE 15.2 Cross section of the spinal cord, including the features of the white and gray matter.

FIGURE 15.3 Cross section of a spinal cord with the three funiculi of the white matter shown on one side. Each 
funiculus contains specific tracts. Major ascending (sensory) and descending (motor) tracts (pathways) are shown only on 
one side of the spinal cord, but are located on both sides. Ascending tracts are in pink; descending tracts are in rust. This 
pattern varies with the level of the spinal cord. This pattern is representative of the midcervical region. (Note: These tracts 
are not visible as individually stained structures on microscope slides.)

roots of spinal nerve
• dorsal roots

• dorsal root ganglia

• ventral roots
 3. Observe the model of the spinal cord, and locate the 

features listed in step 2.
 4. Complete Part A of Laboratory Assessment 15.

Procedure B—Spinal Nerves

There are 31 pairs of spinal nerves that emerge between 
bones of the vertebral column. Cervical spinal nerve pair 
C1 emerges between the occipital bone of the skull and the 
atlas. The other cervical nerves emerge inferior to the 
7 cervical vertebrae, resulting in 8 pairs of cervical nerves. 
The rest of the spinal nerves emerge inferiorly to the 
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corresponding vertebrae, resulting in 12 pairs of thoracic 
nerves, 5 pairs of lumbar nerves, 5 pairs of sacral nerves, 
and 1 coccygeal pair. Recall that the single sacrum of the 
adult is a result of fusions of 5 sacral vertebrae. Because 
the inferior end of the spinal cord of the adult terminates 
just inferior to L1, many of the spinal nerves give rise to a 
bundle of nerve roots, the cauda equina, extending inferi-
orly through the remainder of the lumbar vertebrae and 
the sacrum. 

Each spinal nerve possesses a dorsal root and a ventral 
root adjacent to the spinal cord. The dorsal root contains the 
sensory neurons; the ventral root contains the motor neu-
rons. The resulting main spinal nerve, formed from a fusion 
of the dorsal and ventral roots, is referred to as a mixed 
nerve because sensory and motor signals (action potentials) 
exist within the same nerve. A short distance from the spinal 
cord, some of spinal nerves merge (anastomose) and form 

a weblike plexus. Major anastomoses include the cervical, 
brachial, lumbar, and sacral nerve plexuses. 

 1. Examine figures 15.4 and 15.5.
 2. Observe a vertebral column model with spinal nerves 

extending from the intervertebral foramina. Compare 
the emerging locations of the spinal nerves with the 
names of the vertebrae.

 3. Complete Part B of the laboratory assessment. 

Procedure C—Meninges

Three membranes, or meninges, surround the entire CNS. 
The superficial, tough dura mater is a single meningeal 
layer around the spinal cord, but it is a double layer in the 
cranial cavity due to the fusion of the periosteal and menin-
geal layers. The dura mater of the cranial cavity adheres 
directly to the skull bones; however, the dura mater of the 

FIGURE 15.4 Posterior view of the origins and categories of the 31 pairs of spinal nerves on the right. The plexuses 
formed by various spinal nerves are illustrated on the left.
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FIGURE 15.5 Posterior view of cervical region of spinal cord and associated nerves and meninges of a cadaver.

spinal cord has an epidural space between the membrane 
and the vertebrae. A subarachnoid space exists between the 
middle arachnoid mater and the pia mater that contains 
cerebrospinal fluid (CSF). The delicate pia mater closely 
adheres to the surface of the brain and spinal cord. Collec-
tively, the meninges enclose and provide physical protective 
layers around the delicate brain and spinal cord. The CSF 
provides an additional protective cushion from sudden jolts 
to the head or the back.

 1. Study figures 15.6 and 15.7. Review figures 15.1 and 15.5. 
 2. Observe the spinal cord model with meninges and locate 

the following features:

dura mater (dural sheath)
arachnoid mater (membrane)
subarachnoid space
denticulate ligament
pia mater

 3. Complete Part C of the laboratory assessment.

FIGURE 15.6  The meninges, associated near the spinal cord and spinal nerves.
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Demonstration Activity

Observe the preserved section of spinal cord. Note the heavy covering of dura mater, firmly attached to the cord on each 
side by a set of ligaments (denticulate ligaments) originating in the pia mater. The intermediate layer of meninges, the 
arachnoid mater, is devoid of blood vessels, but in a live human being, the space beneath this layer contains cerebrospinal 
fluid. The pia mater, closely attached to the surface of the spinal cord, contains many blood vessels. What are the functions 
of these layers?

FIGURE 15.7 Meninges associated with the brain.
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_____ Ventral root of spinal nerve

_____ White matter

_____ Dorsal root of spinal nerve

_____ Gray matter

_____ Posterior median sulcus

_____ Anterior median fissure

_____ Central canal

_____ Dorsal root ganglion
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FIGURE 15.8 Micrograph of a spinal cord cross section with spinal nerve roots (7.5×). Label the features by placing 
the correct numbers in the spaces provided. 1  2

Spinal Cord, Spinal Nerves, 

and Meninges

Part A  Assessments

Identify the features indicated in the spinal cord cross section of figure 15.8.

Laboratory Assessment
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Part B Assessments

Complete the following statements:

 1. The spinal cord gives rise to 31 pairs of _______________________. 1

 2. The bulge in the spinal cord that gives off nerves to the upper limbs is called the ___________________ enlargement.  1

 3. The bulge in the spinal cord that gives off nerves to the lower limbs is called the ___________________ enlargement.  1

 4. The _______________________ is a groove that extends the length of the spinal cord posteriorly. 1

 5. In a spinal cord cross section, the posterior _______________________ of the gray matter resemble the upper wings of a 
butterfly. 1

 6. The motor neurons are found in the _______________________ roots of spinal nerves. 2

 7. The _______________________ connects the gray matter on the left and right sides of the spinal cord. 1

 8. The ___________________ in the gray commissure of the spinal cord contains cerebrospinal fluid and is continuous with 
the cavities of the brain. 1

 9. The white matter of the spinal cord is divided into anterior, lateral, and posterior _______________________. 1

 10. There are _______________________ pairs of cervical spinal nerves. 2

 11. There are _______________________ pairs of sacral spinal nerves. 2

 12. Cervical spinal nerve pair C1 originates between the occipital bone and the _______________________. 2

 13. Spinal nerves L4 through S4 form a _______________________ plexus. 2

 14. The gray matter of the spinal cord is divided into anterior, lateral, and posterior _______________________. 1

Part C Assessments

Match the terms in column A with the descriptions in column B. Place the letter of your choice in the space provided. 3

 Column A Column B
 a. Arachnoid mater

 b. Denticulate ligaments

 c. Dura mater

 d. Epidural space

 e. Filum terminale

 f. Pia mater

 g. Subarachnoid space

______ 1. Connections from pia mater to dura mater that anchor the 
spinal cord

______ 2. Inferior continuation of pia mater to the coccyx

______ 3. Outermost layer of meninges

______ 4. Follows irregular contours of spinal cord surface

______ 5. Contains cerebrospinal fluid

______ 6. Thin, weblike middle membrane

______ 7. Separates dura mater from bone of vertebra or skull
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