PERIPHERAL NERVOUS SYSTEM

CRAMIBL WERVES

CN: Use light colors throughout. (1) Beginning with the

first cranial nerve, color the titie on the left; the large Roman
numeral, the cranial nerve {cut), and the related function
arrow at lower left; and the Roman numeral and accompany-
ing illustration at upper right. The iliustrations generally
depict target organs/areas. (2) Note carefully the direction
of the function arrows at lower left (sensory/afferent is
incoming; motor/efferent is outgoing). (3) The accessory oranch
nerve (XI) has two roots: a spinal root and a cranial root
that travels with the vagus nerve (X).
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e Cranial nerves I and Il are derived from the forebrain; all others arise from the brain

stem. V = visceral, referring to smooth muscle, glands, and organs with hollow cavities;
S = somatic, referring to the skin, eye, skeletal, facial, and skeletal muscles; A = affer-
ent or sensory, E = efferent or motor. All motor nerves depicted include proprioceptive
fibers (sensory for muscle, tendon, and joint movement).

VA: smell-sensitive (olfactory) receptors in roof/walis of nasal cavity.
SA: light-sensitive (visual) receptors in the retina of the eye.

SE: to extrinsic eye muscles (exc. lat. rectus and sup. oblique); VE: para-
sympathetic to ciliary and pupillary sphincter (eye) muscles via ciliary
ganglion in the orbit.

SE: to superior obligue muscle of the eye.

SA: from face via three divisions indicated; VE: to muscles of mastication,
tensor tympani, tensor veli palatini, mylohyoid, and digastric muscles.

SE: to lateral rectus muscle of the eye.

VA: from taste receptors ant. tongue; SA: from ext. ear; VE parasympathetic
to glands of nasal/oral cavity, lacrimal gland (via pterygopalatine ganglion in
fossa of same name), submandibular/sublingual salivary glands (via subman-
dibular ganglion in region of same name); VE: to facial muscles, stapedius
(mid. ear), stylohyoid, post. digastric muscles.

SA: cochlear part is sound-sensitive; vestibular part is sensitive to head
balance and movement (equilibrium).

VA: from taste receptors post. one-third tongue; SA: from ext. ear and ext.
auditory canal; VA: from mucous membranes of posterior mouth, pharynx,
auditory tube, and middle ear; from pressure and chemical receptors in
carotid body and commeon carotid artery; VE: to sup. constrictor m. of the
pharynx, stylopharyngeus; VE: parasymp. to parotid gland (via otic ganglion
in infratemporal fossa).

VA: from taste receptors at base of tongue and epiglottis; SA: from ext.

ear and ext. aud. canal; VA: from pharynx, larynx, thoracic and abdominal vis-
cera; VE: to muscles of palate, pharynx, and iarynx; VE: parasymp. to mus-
cles of thoracic and abdominal viscera (via intramural ganglia).

Cranial root: joins vagus (VA to laryngeal muscles); spinal root (C1-C5): inner-

ANTERIOR-INFERIOR SURFACE Xl
(Left brain, brainstem, and cerebellum)

vates trapezius and sternocleidomastoid muscles.
SE: to extrinsic and intrinsic muscles of tongue.




PERIPHERAL NERVOUS SYSTEM

SEWAL VERVES & WERVE ROCTS

CN: Use very light colors for D through G. (1) Begin with the upper illustration.
Color all three pairs of spinal nerves as they emerge from the intervertebral
foramina (M). (2) Color the cross-sectional view in the center. (3) Color the
spinal nerve axons and the arrows representing direction of impulse flow.
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. Spinal nerves are coliections of axons of sensory and motor neurons
" located in or adjacent to the spinal cord. They are the spinal equivalent”

of cranial nerves. Spinal nerves arise from nerve roots that come
directly off the spinal cord. The spinal nerves and their roots are
arranged segmentally (from cervical to coccygeal) and bilaterally
along the length of the spinal cord. The central relations of these spinal
nerves/roots can be recalled in Plates 78 and 79. The spinal nerves
branch soon after they are formed into anterior and posterior rami.

Axons of sensory neurons that form the major part of the posterior root
are called central processes (see drawing of spinal nerve axons).

The cell bodies of these neurons form the posterior root ganglia and
are located in or near the intervertebral foramina, except for the sacral
and coccygeal nerves, whose ganglia are in the vertebral canal. The
peripheral processes of the sensory neurons join with the axons of
motor neurons to form the spinal nerves.

The cell bodies of the motor neurons are multipolar and exist in the
anterior horns of the spinal cord. Their axons emerge from the cord

to form the anterior roots of the spinal nerves.

The nerve roots join to form the spinal nerves in the region of the infer-
vertebral foramina. The nerve roots are progressively longer from cervical
to coccygeal regions because the spinal cord does not fill the vertebral
canal: it ends at the level of the 1st lumbar vertebra. Thus, some spinal
nerve roots are quite long, remaining within the vertebral canal before
reaching the lumbar, sacral, and coccygeal intervertebral foramina.

The collection of these long nerve roots forms the “cauda equina”

(recall Plate 77).
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Spinal nerves and their roots have fairly tight quarters. The relations of
these nerves and roots can best be appreciated in the cross-sectional
view. Nerve roots are vulnerable to irritation (radiculitis) from encroach-
ing, hypertrophic bone in the lateral recesses (degenerative joint dis-
ease), from bulging intervertebral discs (degenerative disc disease), or
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See 27,71, 77, 86
and Appendix
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PERIPHERAL NERVOUS SYSTEM

SPIMAL REFLESRES

CN: Use light colors for A and C, and use the same colors you used on PI. 84 for structures
D-F. (1) Color the upper two illustrations simultaneously, in numerical sequence 1-6,
including the arrows. The small arrows at the end of the muscle segments indicate con-
traction or stretch. (2) Color the lower two illustrations similarly. Note that the motor neuron
synapsing with the inhibitory interneuron, and the related effector, are not colored.
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A reflex is an involuntary muscle response to a stimulus. It is a fundamental activity of
the nervous system; most body movements and movement of viscera are reflexive—
e.g., heart rate, respiratory rate, peristalsis of gastrointestinal motion. Spinal reflexes
involve sensory receptors, sensory neurons, interneurons of the spinal cord, motor
neurons, and effectors.

The simpiest spinal reflex is a monosynaptic reflex involving two neurons and one syn-
apse (myotatic [stretch] or deep tendon reflex). The reflex is activated by stretching
the tendon of a specific muscle, such as the tendon of quadriceps femoris at the knee.
This can be done with the sharp tap of a small mallet used for such purposes (or with
the 5th-digit side of a hand). The receptorsresponsive to such a stretch are the neuro-
tendinous organs in the pateliar ligament and the muscle spindles in the belly of the
quadriceps muscle. Muscle spindles are encapsulated, specialized muscle fibers
within muscle bellies that have nerve endings sensitive to muscle stretch. Impulses
generated in these receptors (1) are conducted by sensory neurons (2) to the spinal
cord (3); these synapse in the gray matter with the anterior horn motor neurons (4).
The motor neuron conducts impulses to the end plates of the effector muscle (5). The
muscle contracts sufficiently, in the case of the knee reflex (“jerk"), to extend the knee
joint momentarily (6).
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Polysynaptic reflexes range from simple withdrawal reflexes to complex reflexes
involving several segments of the spinal cord and brain. The complexity of a poly-
synaptic reflex relies on the number of interneurons in the reflex and the number of
synaptic contacts. In this case, temperature and pain receptors respond to a sharp
increase in heat; sensory neurons conduct the impulse to the spinal cord. An interneu-
ron receives the impulse. Branches of the interneuron excite two interneurons,

one facilitatory and one inhibitory. The excitatory interneuron facilitates the firing of
the motor neuron that induces the extensor muscle to contract, lifting the fingers
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motor neuron (C3), and the antagonist flexor muscle is stretched without contracting,
permitting the fingers to be withdrawn from the flame.
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A cross section through any nerve reveals coverings similar to
those of muscle (Plate 44). These fibrous envelopes ensure physical
security for the individual axons (endoneurium), fascicles of neurons
(perineurium), and the entire nerve (epineurium continuous with
deep fascia). These coverings also physically secure the vessels
(vasa vasorum) and nerves (vasa nervosum) supplying the axons.
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PERIPHERAL NERVOUS SYSTEM

CERWIGCAL PLERUS & WERVES T THE WEEH

CN: Use dissimilar colors for A-E. Label C has been omitted to avoid
confusion with C1-C5 (spinal nerves). (1) It will be helpful to foliow the text
as you color the large schematic. Color each C and its respective numeral,
as well as the directional arrows. Where two roots form a nerve, that nerve
(and its title) receives both colors. The phrenic nerve (F), formed by three
nerves, receives its own color. (2) The sternocleidomastoid muscle, which
lies above the spinal nerves, has been removed from the schematic but does
appear in the cutaneous nerves illustration. A darkly outlined rectangle
provides a frame of reference for the material covered in the schematic.

(3) Color the four nerves of the cervical plexus, and C5 (bottom illustration).
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The distribution of spinal nerves from just below the neck to

the lower abdomen is segmental and bilateral (Plate 86). in the
neck and limbs, the distribution of spinal nerves is more irregu-
lar and occurs by way of interconnecting branches (plexus,

a network) solely from the anterior rami.

The cervical plexus arises in the deep lateral neck, formed from
the anterior rami of cervical spinal nerves 1 through 4 (C1-C4).
C1 sends a loop to C2; from this loop the deepest cervical
muscles are innervated. Other C1 fibers pass along a length
of the hypoglossal (X!l) cranial nerve to supply the geniohyoid
and thyrohyoid muscles. A branch of C1 (superior root of the
ansa cervicalis) turns inferiorly from the hypoglossal nerve to
descend to the level of C4, where it is joined by a confluence
of fibers from the C2 and C3 spinal nerves (inferior root of the
ansa). The fibers of this loop supply the infrahyoid muscies.

Fibers from C2 and C3 give origin to three important cutaneous
nerves emerging from the anterior border of the mid-posterior
triangle: the great auricular nerve destined for the external ear,
the lesser occipital nerve to the posterolateral scalp, and the
transverse (cutaneous) nerve of the neck supplying the skin
and fascia over the anterior triangle {recall Plate 48).

Note that fibers from C3 and C4 send medial, intermediate,
and lateral supraclavicular nerves to the skin in a broad area
centered over the clavicle (anterolateral neck, shoulder, and
anterior upper chest). They also project fibers to the trapezius
muscle. Recall from Plate 83 that the primary nerve supply

for this muscle is the spinal root of the accessory (XI) cranial
nerve. Branches from C3 and C4 join with a branch from C5

to form the phrenic nerve, which innervates the thoracic dia-
phragm (recall Plate 50; see Plate 135). C5 is a major contribu-
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PERIPHERAL NERVOUS SYSTEM

GRACHIAL PLERVS & NERVES T THE UERER LIRE

CN: Use light colors for A-D. (1) In the upper illustration,
color the letters and numbers identifying the five roots of the
brachial plexus. Note but do not color the small branches of
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the plexus as you color the plexus itself. Note in the lower
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The major nerves to the structures of the upper limb arise from
the brachial plexus, formed from the anterior rami of spinal
nerves C5-T1 (plus or minus one level). These rami form the
roots of the plexus. In the pattern illustrated, further branching
and joining of fibers in the neck, supraclavicular area, and
axilla result in the formation of the five major nerves of the
upper limb.

The brachial plexus is subject to injury (plexopathy) from
excessive stretching or traction (e.g., rapid, forceful pulling of
the upper limb) and compression (e.g., long-term placement
of body weight on axillary or armpit cushions of crutches). In
such injuries, there is great variation in degree of deficit, signs,
and symptoms.

The musculocutaneous nerve (C5-C7) supplies the anterior arm
muscles and is cutaneous in the forearm. Packaged in muscle,
it is rarely traumatized. C5 and/or C6 nerve root compression
can weaken these muscles. The median nerve (C5-C8, T1;
“carpenter’s nerve”) supplies the anterior forearm muscles and
the thenar muscles. It can be compressed at the carpal tunnel
(recall Pl. 35), resulting in some degree of sensory deficit to
fingers 1-3 and weakness in thumb movement (carpai tunnel

PALMAR
VIEW
tunnel

MAJOR-NERVES ———————
OF THE UPPER LIMB

(Right limb, anterior view)

See 84, 86, 89
and Appendix
illustration that the entire plexus is colored gray. {2) As you
color each of the major nerves arising from the plexus, color
it in the lower illustration as well. As you color each nerve,
try to visualize it on your own limb.
Cervical
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oy S
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syndrome). Similar complaints can be associated with a C6
nerve root compression.

The ulnar nerve (C8-T1; "musician’s nerve”) supplies certain
muscles of the forearm and most intrinsic muscles of the
hand. It is subject to trauma as it rounds the elbow in the
cubital tunnel, possibly resulting in ulnar-side finger pain,
hand weakness, or abnormal little finger position. Similar
complaints can be associated with a C8 nerve root compres-
sion. The axillary nerve (C5-C6) wraps around the neck of the
humerus to supply deltoid and teres minor. It is vulnerable
in fractures of the humeral neck, possibly resulting in a weak
or paralyzed deltoid muscle. The radial nerve (C5-C8, T1)
supplies the triceps, brachioradialis, and posterior forearm
(extensor) muscles moving the wrist and hand. It is subject
to damage as it rounds the mid-shaft of the humerus; signifi-
cant nerve loss here results in “wrist drop” and loss of ability
to work the hand (try moving your fingers with your wrist
flexed hard). A C7 radiculopathy is characterized by a weak
triceps, loss of the triceps jerk (reflex), and numbness of the
middle finger. See the appendix for a listing of upper limb
muscles and their nerve supply.
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PERIPHERAL NERVOUS SYSTEM 89
See 84, 86, 90

LOMBAR PLERUS & VEBRVES 7@ THE COWER LIDE and Appendix

Color the lumbar and sacral plexuses gray; note that they have

\ QT?\ e ﬂg_ CN: Use a bright color for J. (1) Begin with the anterior view.
* 2 )
A been dotted for easy identification. Note the longest branch of

lliohypogastric n.

L Y % 7 the femoral nerve: saphenous nerve. (2) Color the posterior view,

llioinguinal n. = ’g@ ) L?J’“ which includes almost entirely the sciatic nerve and its branches.
The heel of the foot has been lifted to view the plantar nerves.
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The fumbar plexus, formed from the anterior rami of L1-L4 spinal
nerves, is located against the muscles of the posterior abdominal
wall. The femoral nerve (L.2~L4) passes through the psoas major
muscle in its descent, emerging lateral to the muscle in the pelvis.
As the nerve passes under the inguinal ligament, it lies on the
muscle’s anterior surface. The femoral nerve breaks up into a

Infrapatellar
branch leash of nerves in the proximal thigh, supplying the four heads of
the quadriceps femoris muscle and the sartorius muscle. Medially,
Tibia the cutaneous saphenous nerve descends to the medial knee and

beyond to the ankle. in mid-thigh, it passes through the adductor

Lateral

canal into the posterior femoral compartment, with the femoral
artery and vein (recall Plate 63). The obturator nerve (L2-L4) sural
passes along the lateral pelvic wall on the obturator internus mus- CULae':SgUS

cle. It penetrates the obturator foramen to enter the medial thigh,
supplying the adductor muscles. Both femoral and obturator
nerves are subject to trauma or compression within the pelvis.

The lumbosacral trunk (L4, L5) joins with the sacral spinal nerves
to form the sacral plexus (L4-S4). From this plexus, the superior
gluteal nerve (L4, L5, S1) passes through the greater sciatic fora-
men, above the piriformis muscle, to supply gluteus medius (and
sometimes minimus). The inferior gluteal nerve (L5, S1, S2) comes
into the gluteal region above piriformis to supply gluteus maximus.

The sciatic nerve joins the posterior femoral cutaneous nerve and
the inferior gluteal nerve to pass through the greater sciatic fora-
men under the piriformis muscle, deep to gluteus maximus (but
not innervating it). It descends between the ischial tuberosity and
the greater trochanter of the femur. Within the posterior femoral
compartment, above the knee, the sciatic nerve splits into the
tibial and common fibular (peroneal) nerves. The tibial nerve
supplies the posterior leg muscles and the plantar muscles of the
foot. The common fibular nerve supplies the lateral leg muscles \ \

(superficial fibular nerve) and the muscles of the anterolateral \ v
POSTERIOR

ANTERIOR , LAY
VIEW leg compartment (deep fibular nerve). VIEW &




PERIPHERAL NERVOUS SYSTEM

DERMATOMES

CN: (1) Begin with the diagram at left, depicting sensory innervation of an area of skin

(dermatome) and the degree of overlap among contiguous spinal nerve cutaneous branches and
the dermatomes they supply. Color gray the three spinal nerves and the rectangular borders of the
related dermatomes. Note the overlap. (2) Use very light colors for the five groups of dermatomes.
Use one color for all dermatomes with the letter V, another color for the dermatomes marked with a

C, and so on with T, L, and S. Suggestion: carefully outline the collection of C dermatomes with the
color used for G, then color in the enclosed area, focusing on the skin areas serviced by the

related spinal nerve; repeat with T, L, and 8 dermatomes.
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A dermatome is an area of skin (cutaneous area) supplied by the sensory axons
of a single spinal nerve or a single division of the trigeminal (V cranial) nerve. The
body surface is globally covered by sensory receptors. The dermatomes constitute

Cé

Middle
finger~.,

a map of cutaneous innervation. Testing of general sensations (hot, cold, touch,

pressure) and pain can help determine deficits in specific dermatomes. The accu-
racy of dermatomal representation has been corroborated in cases of spinal sen-
sory root/nerve deficit (radiculopathy), trigeminal nerve irritation (trigeminal

neuralgia), and spinal cord deficits (myelopathy).

In the case of spinal nerves and the trigeminal nerve, there is overlap among
cutaneous branches of neighboring sensory axons. Thus, two branches of different
spinal nerves or divisions of the trigeminal nerve cover the border zone between

pairs of contiguous dermatomes.

In the case of pain, it is important to understand that dermatomes reflect only
cutaneous pain and pain referred to the skin (e.g., visceral pain, spinal or trigeminal
sensory nerve root pain). Commonly, pain of visceral origin may be referred to
cutaneous areas served by the same spinal sensory nerve(s) as those supplying
the visceral structure. For example, the pain of an inflamed lining of the lung (pleu-
risy), which is innervated by C3-C5 spinal nerves (phrenic nerve), may be felt dur-
ing deep inspiration in the cervical dermatomes C3-C5 (usually along the

supraclavicular nerve distribution).

Finally, note that (1) C1 has no dermatome because it has no sensory root; (2) C4

and T2 dermatomes overlap the chest wall because the spinal nerves C5-T1 are

- Iargely—committedfto,the,,uppeLIimb;,and,(3),the,same,,is,tr,u,e,in,,the,loM,acMLd,,,,,,,,,,
perineum with respect to spinal nerves L4-S2, which are largely committed to

the lower limb.
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PERIPHERAL NERVOUS SYSTEM
SEMNSCRY RECERTEORS

CN: Use your lightest colors for A and E. (1) Begin with the overview of a sensory
pathway. (2) Color the general exteroceptors. Note that each receptor is connected to
a sensory neuron (B) of a different color. (3) Color the proprioceptors in the lower illus-
tration. Color over the entire muscle spindle, but not the surrounding muscle fibers.

Sensory receptors provide information to the brain about the internal and
external environment of the body. Most receptors are transducers: they convert
mechanical, chemical, electrical, or light stimuli to electrochemical impulses
that can be conducted by the nervous system. Once generated, informational
or sensory impulses travel to the CNS via sensory neurons, ultimately reaching

the thalamus. Here impulses are relayed to the sensory cortex (conscious @@@@@ﬁ@@ A

interpretation) or to motor centers for appropriate (reflexive) response.

ERTERCOCERTORS-- oAl

Stratum 7

8@@@0@@; NS A basale &'35 2
CENERAL (BUTANEYS):-
FREE WERVE GUDINGS /A8eM 5

MERKEL (TRECTILE) BELL / AR v

BHEARPSYLATER GUDINGS -
MEISSNERE (TACTILE CORPUSELE/AROUE
BUFEEIYI PEFORMATION) ENDINES /e £

Exteroceptors are located near the body surface. Special exteroceptors (not

shown) include photoreceptors of the retina (light stimuli; Plate 95), taste Dermisﬂ g

receptors (chemical stimuli; Plate 100), and auditory receptors (sound stimuli;
Plate 98). General exteroceptors are cutaneous sensory endings. They are
either encapsulated or free. Free nerve endings, either single or in networks,
are found in the epidermis and virtually all of the connective tissues of the body.
Free endings may serve as thermoreceptors (heat/cold), mechanoreceptors
(light touch), or pain receptors (nociceptors). Free endings may be specialized,
as with the Merkel cell endings (see Plate 18) and the spiral endings around
hair follicles sensitive to hair movement.

Superficial
fascia

PROPRICCERTORS
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Proprioceptors are found in deeper tissues (e.g., superficial fascia, deep

fascia, tendons, ligaments, muscles, joint capsules) of the musculoskeletal
system. They are sensitive to stretch, movement, pressure, and changes in
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SENSORY See 15, 19, 78
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position. The Pacinian corpuscles are large lamellar bodies acting as mechano- \

receptors: distortion of their onion skin-like lamellae induces generation of an

electrochemical impulse. Muscle spindles, sensitive to stretch, consist of two OO
types of special muscle fibers (nuclear bag and nuclear chain} entwined with /; 42
spiral or flower-spray sensory endings. Stretch of these spindles (and the skel- ~// i

etal muscle in which they are located) induces discharge in the sensory fibers. )
These impulses reach the cerebellum. Reflexive motor commands tighten the
special muscle fibers and increase resistance of the skeletal muscle to stretch. ‘
By these spindles, the CNS controls muscle tone and muscle contraction. Neu- '
rotendinous organs (Golgi) are nerve endings enclosed in capsules located at
muscle/tendon junctions or in tendons. They are induced to generate electro-
chemical impulses in response to tendon deformation or stretch.
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interoceptors (not shown) are free or encapsulated nerve endings, often in
association with special epithelial cells, located in the walls of vessels and
viscera. These receptors include chemoreceptors, baroreceptors (pressure),

PROPRIOCEPTORS
IN DEEP TISSUE

e

exteroceptors react.




