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Figure 3-2 Exploded view of a peripheral nerve showing the connec:tive tissue sheaths 
and the struc:ture of myelinated and nonmyelinated nerve fibers. 

of the plasma membrane that are fused together. The 
lighter minor dense line, about 10 nm thick. is formed 
by the approximation of the outer surfaces of adjacent 
plasma membranes and is made up of lipid. The fused 
outer protein layers of the plasma membranes are very 
thin and fonn a thin lntraperlod line situated In the 
center of the lighter lipld layer. At the node of Ranvier. 
two adjacent Schwann cells tennlnate, and the myelln 
sheaths become thinner by the turning off of the lamel
lae (Fig. 3-5). At these regions. the plasma membrane of 
the axon, the axolemma, is exposed. 

The lndsures of Schmldt-1.anterman are seen on 
longitudinal sections of myelinated nerve fibers. They 
represent areas where the dark major dense line is 
not formed as a result of the localized persistence of 
Schwann cell cytoplasm (Fig. 3-7). This persistence of 
cytoplasm involves all the layers of the myelin, and 
thus, there Is a continuous spiral of cytoplasm from 
the outermost region of the Schwann cell to the region 
of the axon. This spiral of cytoplasm may provide a 

pathway for the conduction of metabolites from the 
surface region of the Schwann cell to the axon. 

In the cenlral nervous ayatem (Cl6), oligodendro
cytes are responsible for the formation of the myelin 
sheaths. The plasma membrane of the oligodendrocyte 
becomes wrapped around the axon, and the number 
of layers wlll determine the thlckness of the myelin 
sheath (Fig. 3-3). The nodes of Ranvler are sltuated 
in the Intervals between adjacent oligodendrocytes. A 
single oligodendrocyte may be connected to the myelln 
sheaths of as many as 60 nerve fibers. For this reason, 
the process of myellnatlon in the CNS cannot take place 
by rotation of the oligodendrocyte on the axon, as did 
the Schwann cell in the PNS. Myelination in the CNS 
possibly occurs by the growth in length of the process 
of the oligodendrocyte, the process wrapping itself 
around the axon. lncisures of Schmidt-Lanterman exist 
In CNS nerve flbers. Table 3-1 provides a summary of 
facts concerning CNS and PNS myellnatlon. 

(text continue on page 7!1) 
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FlguN 3-3 The relationship between an oligodendrocyte and myelinated nerve fibers 
in the central nervous system. Note the absence of a basement membrane. 
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Figure 3-4 A myelinated nerve fiber in the peripheral nervous system. A-D: Cross sections showing the 
stages in the formation of the myelin sheath. E: A longitudinal section of a mature myelinated nerve fiber 
showing a node of Ranvier. Note the presence of a basement membrane. 
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Figure 3-5 Electron micrograph of a longitudinal section of several 
myelinated axons showing the structure of a node of Ranvier (arrow). At 
the node, two adjacent Schwann cells terminate, and the myelin sheaths 
become thinner by the turning off of the lamellae. Note the many micro
tubules and microfilaments within the axons (x12,220). (Courtesy Dr. H. 
de F. Webster.) 



Figure 3-6 Electron micrograph of a ttansverse section of a peripheral 
nerve showing a myelinated axon with spiral myelin lamellae (center). 
Note the mesaxon (arrow). Parts of two other myelinated fibers are also 
shown. A number of nonmyelinated axons are enclosed in the peripheral 
cytoplasm of a Schwann cell (top). The mesaxons are indicated by arrows 
{x28,000). (Courtesy Dr. H. de F. Webster.) 

Nerve Fiber'$ 77 



78 CHAPTER 3 Nerve Fiber$ and Peripheral Innervation 

Basement membrane,__ __ 

A 

Schmidt-Lanterman lnclsure 

B 

~ \ . 
\ 

\ 
\, 
•, 
\ 

. Axon 

·-..........., 
·--...._, Nucloos of Schwann cell 

/ Cy!Oplum of Schwann cell 

I '\ 

Axon 

/ 
I 

Figure 3.7 Schmidt~nterman incisures in the myelin sheath of a peripheral nerve. A: Trans
verse section of a myelinated nerve fiber. B: Schematic diagram of a myelinated nerve fiber in 
which the myelin sheath has been unrolled. 

Table 3-1 Classification of Neurons 

Peripheral nerve Schwann c:ell Present Present 

CNS tract Oligodendroc:yte Up to 60 Present I Present 

CNS, CW1tn1I nervous system. 

Present 

Absent 



Myelin shea11( 

Processes of Schwann cells 

Nonmyelinated Nerve Fibers 
The smaller axons of the CNS, the postganglionlc axons 
of the autonomic part of the nervous system, and some 
fine sensory axons associated with the reception of 
pain are nonmyelinated. 

In the PNS, each axon, which is usually less than 
1 µm in diameter, indents the surface of the Schwarm 
cell so that it lies within a trough (Fig. 3-2). As many 
as 15 or more axons may share a single Schwann cell, 
each lying within its own trough or sometimes sharing a 
trough. In some situations, the troughs are deep and the 
axons are embedded deep ln the Schwann cells, forming 
a meauon from the Schwann cell plasma membrane 
{Fig. 3-8; also see Fig. 3-6). The Schwann cells lie close 
to one another along the length of the axons, and nodes 
of Ranvier do not exist. 

In areas with synapses or where motor transmis
sion occurs, the axon emerges from the trough of the 
Schwann cell for a short distance, thus exposing the 
active region of the axon (Fig. 3-9). 

In the CNS, nomnyelinated nerve fibers run in small 
groups and are not particularly related to the ollgoden
drocytes. 

Sctrwann cell 
cy!oplaam 
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Figure 3-8 Electron micro
graph of a transverse section of 
a myelinated nerve fiber and sev
eral nonmyelinated nerve fibers. 
(Courtesy Dr. J. M. Kerns.) 

Nonrnyellnated axons Schwann cell Bare axon 

~ //_ 
I 

Smooth muscle fiber 

Rgure 3-9 Autonomic neuromuscular junction between a 
nonmyelinated axon and a smooth musde fiber. 
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Rgwe 3-10 Peripheral nerve. l.s. Paraffin section. x270. This 
is a higher magnification of a region similar to the boxed area 
of Figure 1a. A distinguishing characteristic of longitudinal 
sections of peripheral nerves is that they appear to follow 
a zigzag course, particularly evident in this photomicrograph. 
The sinuous course of these fibers is accentuated by the pres
ence of nudei of Schwann cells (ScC), fibroblasts (F), and endo
thelial cells of capillaries belonging to 1he endoneurium. Many 
af these nerve fibers are myelinated (M) as corroborated by 
the pAtSence of the nodes af Ranvier (NR) and myelin proteins 
around the axons (Ax). (From Gartner, L P. Color Atlas and 
Text of Histology, 7 e. Baltimore: Wolters Kluwer, 2018.) 

PERIPHERAL NERVES 
Peripheral nerves is a collective term for the cranial 
and spinal nerves. Each peripheral nerve consists of 
parallel bundles of nerve fibers, which may be efferent 
or afferent axons, may be m.yellnated or nonmyelln
ated, and are surrounded by connective tissue sheaths 
(Figs. 3-10 and 3-11). 

The nerve trunk Is surrounded by a dense connective 
tissue sheath called the eplneurlum. (Fig. 3-12). Within 
the sheath are bundles of nerve fibers. each of which 
ls surrounded by a connective tissue sheath called the 
perlneurlwn. Between the individual nerve fibers is 
a loose, delicate connective tissue referred to as the 
endoneurlum. The connective tissue sheaths serve to 
support the nerve fibers and their associated blood 
vessels and lymph vessels. Peripheral nerve fibers can 
be classified according to their speed of conduction and 
size (see Table 2-3). 

Figure 3-11 Peripheral nerve sheaths and compartments. 
A:. A low-power view of a transverse section of a normal 
sural nerve. The nerve fascicles with roughly circular out
lines are surrounded by perineurium and embedded in the 
connective tissue of the epineurium. Epineurial blood ves
sels (A) are also cut in cross section and there is adherent 
adipose tissue. The 1 IJm sections are stained with hema
toxylin and eosin (x16). B: The endoneurial compartment 
containing myelinated and non-myelinated nerve fibers 
and their accompanying Schwann cells is surrounded by 
perineurium. Paraffin section stained with hematoxylin and 
eosin (><45). (From Mills, S. E. Histology for Pathologists, 
4e. Philadelphia, PA: Wolters Kluwer, 2013.) 

Spinal Nerves and Spinal Nerve Roots 
The 31 pairs of spinal nerves leave the spinal cord and 
pass through intervertebral foramina in the vertebral 
column. (For details, see Fig. 1-5.) Each spinal nerve is 
connected to the spinal cord by two roota: the anterior 
root and the poaterlor root (Fig. ~13). The anterior 
root consists of bundles of nerve fibers carrying nerve 
bnpulses away from the CNS, the efferent tlben. The 
poaterlor root consists of bundles of nerve fibers 
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Figunt 3-12 Structure of a peripheral nerve. 

carrying nerve Impulses to the CNS, the afferent ftbera. 
Because these fibers are concerned with conveying 
information to the CNS, they are called eensory fiber& 
The cell bodies of these nerve fibers are situated in a 
swelling on the posterior root called the posterior root 
ganglion. 

Cranial Nerves 
The 12 pairs of cranial nerves (see Fig. 3-13) leave the 
brain and pass through foramina in the skull. Some of 
these nerves are composed entirely of afferent nerve 
fibers bringing sensations to the brain (olfactory, optic, 
and vestlbulocochlear), others are composed entirely 
of efferent fibers ( oculomotor, trochlear, abducent, 
accessory, and hypoglossal), while the remainder pos
sess both afferent and efferent fibers (trtgeminal, facial, 
glossopharyngeal, and vagus). The cranial nerves are 
described in detail in Chapter 11. 

Sensory Ganglia 
The sensory ganglia of the posterior spinal nerve roots 
and of the trunks of the trtgemlnal, facial, glossopharyn
geal, and vagal cranial nerves have the same structure. 
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Each ganglion Is surrounded by a layer of connective 
tissue that is continuous with the eplneuriwn and 
perlneurium of the peripheral nerve. The neurons are 
unipolar, possessing cell bodies that are rounded or 
oval In shape (Fig. 3-14). The cell bodies tend to be 
aggregated and separated by bundles of nerve fibers. 
A single nonmyelinated process leaves each cell body 
and. after a convoluted course, bifurcates at a T junc
tion into peripheral and central branches. The former 
axon terminates in a series of dendrites in a peripheral 
sensory ending, and the latter axon enters the CNS. 
The nerve Impulse, on reaching the T junction, passes 
directly from the peripheral axon to the central axon, 
thus bypassing the nerve cell body. 

Each nerve cell body is closely surrounded by a 
layer of flattened cells called capatlar cell8 or sateJ.. 
lite cell8. The capsular cells are similar in structure to 
Schwann cells and are continuous with these cells as 
they envelop the peripheral and central processes of 
each neuron. 

Autonomic Ganglia 
The autonomic ganglia (sympathetic and parasympa
thetic ganglia) are situated at a distance from the brain 
and spinal cord. They are found in the sympathetic 
trunks, in prevertebral autonomic plexuses (e.g., tn the 
cardiac, cellac, and mesenterlc plexuses), and as gan
glia in or close to viscera. Each ganglion Is surrounded 
by a layer of connective tissue that is continuous with 
the epineurium and perineurium of the peripheral 
nerve. The neurons are multipolar and possess cell 
bodies that are irregular in shape (Fig. 3-15). The den
drites of the neurons make synaptic connections with 
the myelinated axons of preganglionic neurons. The 
axons of the neurons are of small diameter (C fibers) 
and unmyelinated, and they pass to viscera, blood ves
sels, and sweat glands. 

Just as with sensory ganglia, each nerve cell body is 
closely surrounded by cape:ular cells (or 88.lelllte c:e1la ). 
Unlike those of sensory ganglia, however, these capsu
lar cells are slmllar in structure to Schwarm cells and 
are continuous with them as they envelop the periph
eral and central processes of each neuron. 

Peripheral Nerve Plexuses 
Peripheral nerves are composed of bundles of nerve 
fibers. In their course, peripheral nerves sometimes 
divide Into branches that join neighboring peripheral 
nerves. If this occurs frequently, a network of nerves, 
called a nerve plexus. forms. Note that the formation 
of a nerve plexus allows individual nerve fibers to pass 
from one peripheral nerve to another, and In most 
ln.ttancu, branchlng of nerve ftben does not take 
place. A plexus thus permits a redistribution of the 
nerve fibers within the different peripheral nerves. 

At the root of the limbs, the anterior rami of the 
spinal nerves form complicated plexuses. The cervical 
and brach!al plexuses are at the root of the upper limbs 
(Fig. 3-16), and the lwnbar and sacral plexuses are at 
the root of the lower llmbs. This allows the nerve fibers 
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Figure 3-13 A: Transverse section of the 
thoracic region of the spinal cord showing 
the formation of a spinal nerve from the 
union of an anterior and a posterior nerve 
root. B: Transverse section of the pons 
showing the sensory and motor roots of the 
trigeminal nerve. 

Figure 3-14 Sensory ganglion. l.s. Human. Paraffin section. 
x132. The dorsal root ganglion provides a good representative 
example of a sensory ganglion. It possesses a vascular (BV) con· 
nective tissue capsule (C), which also envelops its sensory root. 
The neurons of the dorsal root ganglion are pseudounipolar in 
morphology; therefore, their somata (So) appear spherical in 
shape. The fibers (f), many of which are myelinated, alternate 
with rows of cell bodies. Note that some somata are large 
(arrow), whereas others are small (arrowhead). Each soma is 
surrounded by neuroectodermally derived capsule cells (Cc). 
A region similar to the boxed area is presented at a high mag
nification in Figure 4. (From Gartner, L P. Color Atfas and Text 
of Histology, 7e. Baltimore: Wolters Kluwer, 2018.) 
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Figure 3-15 Photomicrograph of a longitudinal 
section of a ganglion of the sympathetic tTunk 
stained with hematoxylin and eosin (x300). 

derived from different segments of the spinal cord to be 
arranged and distributed efficiently in different nerve 
trunks to the various parts of the upper and lower limbs. 

a rearrangement of nerve fibers before they reach their 
terminal sensory endings. 

The autonomic nervous system also possesses 
numerous nerve plexuses that consist of pregangltonic 
and postgangllontc nerve fibers and ganglia. 

Cutaneous nerves, as they approach their final desti
nation, commonly form flne plexuses that again permit 
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Figure 3-16 Brachia! plexus. 
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RECEPTOR ENDINGS 
.An individual receives Impressions from the outside 
world and from within the body by special sensory 
nerve endings or receptors. 

Sensory receptors can be classified into five basic 
functional types: 

Mechanorecepton respond to mechanical deformation. 
lbermorecepton respond to changes In temperature; 

some receptors respond to cold and others to heat. 
Nod.cepton respond to any stimuli that bring about 

damage to the tissue. 
Electromagnetic recepton, the rods and cones of the 

eyes, are sensitive to changes in light intensity and 
wavelength. 

Chemorecepton respond to chemical changes asso
ciated with taste and smell and oxygen and carbon 
dioxide concentrations in the blood. 

Anatomical Types of Receptors 
For convenience, the sensory endings can be classified, 
on a structural basis, into nonencapsulated and encap
sulated receptors. Table 3-2 classifies and compares the 
receptor types. 

Nonencapsulated Receptors 

Free NerDe Endlll'8 
Free nerve endings are widely distributed throughout the 
body {Fig. 3-17). They are found between the epithelial 
cells of the skin, the cornea, and the alimentary tract, 

and In connective tissues, including the dermis, fascia, 
ligaments, joint capsules, tendons, perlostewn, perl
chondrium, haverslan systems of bone, tympanic mem
brane, and dental pulp; they are also present in muscle. 

The afferent nerve fibers from the free nerve endings 
are either myelinated or nonmyellnated. The terminal 
endings are devoid of a myelin sheath as well as Schwann 
cells covering their tips. 

Most of these endings detect pain, while others 
detect crude touch, pressure, and tickle sensations, and 
possibly cold and heat. 

Merlwl Discs 
Merkel discs are found in hairless skin, for example, the 
fingertips {Figs. 3-18 and 3-19), and In hair follicles. The 
nerve fiber passes into the epidermis and terminates 
as a disc-shaped expansion that ls applied closely to 
a dark-staining epithelial cell in the deeper part of the 
epidermis, called the Merkel cell. in hairy skin, clusters 
of Merkel discs, known as tactile dome., are found in 
the epidermis between the hair follicles. 

Merkel discs are slowly adapting touch receptors 
that transmit information about the degree of pressure 
exerted on the skin, such as from holding a pen. 

Hair Follicle R«eptors 
Nerve fibers wind around the folllcle in its outer con
nective tissue sheath below the sebaceous gland. Some 
branches surround the folllcle, while others run parallel 
to its long axis (Figs. 3-20 and 3-21). Many naked axon 
filaments terminate among the cells of the outer root 
sheath. 

Table 3-2 Classification and Comparison of Receptor Types 

Nonencapsulated Receptors 

Free nerve ending-;-TEpidermis, eomea, gut, 
·- I -,.dennis, ligaments, 

Mechanoreceptor I Pain (fast), pain -rRa'"pid 
(slow), touch I .. _, 

joint capsules, bone, 
dental pulp, etc. I 

(crude), pressure, 
heat and cold 

Merkel discs Hairiess skin 

Hair follicle receptors Hairy skin 
- --

Mechanoreceptor ----Mechanoreceptor 

Touch 

Touch 

Slow 

___ ! Rapid 

Encapsulated Receptors 

Medsn.,. corpusd.. I Oe•mal pap;nae of sldn I Median._, I Touch 
of palm and sole of 
foot 

Pacinian corpuscles De.r'!'is, ligaments, Mechanoreceptor Vibration 
JO•nt capsules, 
peritoneum, external I I genitalia, etc. 

Ruffini eorpuscles ~mis of hairy skiniMechano~ptor }Jtretch 

Neuromuscular f keletal muscle Mechanoreeeptor l Stretch-musde 
spindles length 

Neurotendinous Tendons Mechanoreceptor Compression-
spindles muscle tension 

I 

Rapid 

Rapid 

1 Slow 

I Fast 

1 

Fast 

AS,C 

----t-
A~ 

_____ Al} 

A~ 

Aa..A 
IJ -------t-

A a. 
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Figure 3-17 Free nerve endings in the skin. The nerve fibers in the epidermis 
are naked. 

Bending of the hair stimulates the follicle receptor, 
which belongs to the rapidly adapting group of meclla
noreceptors. While the hair remains bent, the receptor 
Is silent, but when the hair is released, a further burst 
of nerve impulses is initiated. 

Epidermis 

Dermis 

A 

Encapsulated Receptors 

Encapsulated receptors show wide variations in size 
and shape, and the termination of the nerve ls covered 
by a capsule. 

B 

\ 

Tactile cell 
I ,. 

l 

Schwann cell Naked axon 

F'igure 3-18 Merkel discs in the skin. A: Low magnification. B: Merkel disc showing the 
expanded ending of an axon with a stippled tactile cell. 
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Figure 3-19 Photomiaograph of digital skin showing fine nerve terminals 
ending in Merkel discs, stained by the silver method. {Courtesy Dr. N. Cauna.) 
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Figure 3-aO Nerve endings around a hair follicle. 
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Figure 3-.21 Photomicrograph of nerve endings around a hair follicle stained by the 
silver method. (Courtesy Dr. M. J. T. Fitzgerald.) 

Melnner CorpU6clu 
Meissner corpuscles are located In the dermal papillae of 
the skin {Figs. 3-22 and 3-23), especially that of the palm 
of the hand and the sole of the foot. Many also are present 
in the skin of the nipple and the external genitalia. Each 
corpuscle is ovoid in shape and consists of a stack of 

Myellnated nerve fibers----

modified flattened Schwann cells arranged transversely 
across the long axis of the corpuscle. The corpuscle is 
enclosed by a capsule of connective tissue that is con
tinuous with the endoneurlum of the nerves that enter 
it. A few myelinated nerve fibers enter the deep end of 
the corpuscle; myelinated and unmyelinated branches 

Epidermis 

-~---......-_______ _ 
Dermis 

Figure 3-22 Detailed structure of a Meissner corpusde in the skin. 
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decrease In size and ramify among the Schwann cells. 
The nwnber of Meissner corpuscles considerably dimin
ishes between birth and old age. 

se Meissner corpuscles are very sensitive to touch and 
are rapidly adapting mechanoreceptors. They enable 
an individual to distinguish between two pointed struc
tures when they are placed close together on the skin 
(two-point tactile discrimination). 

Pacinian Corpuaclu 
Pacinian corpuscles (Figs. ~24 and ~25) are widely dis
tributed throughout the body and are abundant In the 

--~--~~-:::-:;---1!!~ N dermis, subcutaneous tissue, ligaments, Joint capsules, 

NF 

Figure 3-23 Photomicrograph of a Meissner corpuscle of 
the skin. (Courtesy Dr. N. Cauna.) 

Epidermis 

Dermis 

pleura, peritoneum, nipples, and external genitalia. Each 
corpuscle is ovoid in shape, measuring about 2 mm 
long and about 100 to 500 µm across. It consists of a 
capsule and a central core containing the nerve ending. 
The capsule consists of numerous concentric lamellae 
of flattened cells. A large myelinated nerve fiber enters 
the corpuscle and loses its myelfn sheath and then its 
Schwann cell covering. The naked axon, surrounded by 
lamellae formed of flattened cells, passes through the 
center of the core and terminates in an expanded end. 

The Pacinian corpuscle is a rapidly adapting mecha
noreceptor that is particularly sensitive to vibration. It 
can respond to up to 600 stimuli per second. 

Ruffini Corpaaclu 
Ruffini corpuscles are located In the dermis of hairy 
skin. Each corpuscle consists of several large unmy
eUnated nerve fibers ending within a bundle of collagen 
fibers and surrounded by a cellular capsule. These 

-.....--~- Capsule continuous with 
endoneurlum 

Figure 3-24 Detailed structure of a Pacinian corpuscle in the skin. 



Figure 3-25 Pac:inian c:orpuscle. Paraffin section. 132. 
Pacinian corpuscles, located in the dermis and hypodermis, 
are mechanorec:eptors. They are composed of a core with 
an inner (IC) and an outer {OC) region, as well as a capsule 
(Ca) that surrounds the core. The inner core invests the 
afferent nerve fiber (NF), which loses its myelin sheath soon 
after entering the corpuscle. The core cells are modified 
Sc:hwann cells, whereas the components of the capsule are 
continuous with the endoneurium of the afferent nerve fiber. 
Pacinian corpuscles are readily recognizable in section since 
they resemble the cut surface of an onion. Observe the 
presenc:e of an arrecior pili muscle (AP) and profiles of ducts 
(d) of a sweat gland in the vic:inity of, but not assoc:iated 
with, the pacinian corpuscle. (Fmm Gartner, L. P.. Color Atlas 
and Text of Histology, 7e. Baltimore: Wolters Kluwer, 2018.) 

slowly adapting mechanoreceptors are stretch recep
tors, which respond when the skin is stretched. 

Cutaneous Receptor Function 
The different histologic types of receptors were pre
viously thought to correspond to specific types of 
sensation, until scientists pointed out that some areas 
of the body have only one or two histologic types of 
receptors and yet are sensitive to a variety of different 
stimuli. Moreover, although the body has these differ
ent receptors, all nerves only transmit nerve impulses. 
Now scientists generally agree that the type of sensa
tion felt Is determined by the spectftc area of the CNS 
to which the afferent nerve fiber passes. For example, if 
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a pain nerve fiber is stimulated by heat, cold, touch, or 
pressure, the Individual wtll experience only pain. 

Sensory Stimulus Transduction into 
Nerve Impulse 
Transduction is the process by which one form of 
energy (the stlmulus) ts changed Into another form of 
energy (electrochemical energy of the nerve Impulse). 
The stimulus, when applled to the receptor, brings about a 
change in potential of the plasma membrane of the nerve 
ending. Because this process takes place In the receptor, 
it is referred to as the receptor potential The amplltude 
of the receptor potential ls proportional to the intensity 
of the stimulus. By opening more ton channels for a lon
ger time, a stronger mechanical pressure, for example, 
can produce a greater depolarization than does weak 
pressure. With chemoreceptors and photoreceptors, the 
receptor potential is produced by second messengers 
activated when the stimulus agent binds to the mem
brane receptors coupled to G proteins. If large enough, 
the receptor potential will generate an AP that wtll travel 
along the afferent nerve fiber to the CNS. 

Joint Receptors 
Four types of sensory endings can be located in the 
capsule and ligaments of synovial joints. Three of these 
endings are encapsulated and resemble Pacinian, Ruf
fini, and tendon stretch receptors. They provide the 
CNS with information regarding the posttlon and move
ments of the Joint. A fourth type of ending is nonen
capsulated and is thought to be sensitive to excessive 
movements and to transmit pain sensations. 

Neuromuscular Spindles 
Neuromuscular spindles, or muscular spindles (Figs. 3-26 
and 3-27), are found in skeletal muscle and are most 
numerous toward the tendtnous attachment of the 
muscle. They provide the CNS with sensory Information 
regarding the muscle length and the rate of change in 
the muscle length. The CNS uses this information to 
control muscle activity. 

Each spindle measW"eS about 1 to 4 mm in length 
and is surrounded by a fusiform capsule of connective 
tissue (Fig. 3-28). Within the capsule are 6 to 14 slender 
lntrafulal muad.e ftben; the ordinary muscle fibers sit
uated outside the spindles are ref erred to as ex.trafusal 
fibers. The intrafusal fibers of the spindles are of two 
types: the nuclear bag and nuclear chaln fibers. The 
nuclear bag fibers are recognized by the presence of 
numerous nuclei In the equatorial region, which conse
quently Is expanded; also, cross striations are absent In 
this region. ln the nuclear chain fibers, the nuclei form 
a single longitudinal row or chain in the center of each 
fiber at the equatorial region. The nuclear bag fibers 
are larger in diameter than the nuclear chain fibers, 
and they extend beyond the capsule at each end to be 
attached to the endomysium of the extrafusal fibers. 

The two types of sensory innervation of muscle spin
dles are annulospiral and flower spray. The annuloeplral 
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Figure 3-26 Neuromuscular spindle showing two types of intrafusal fibers: the nuclear bag 
and nuclear chain fibers. 

endlngl are situated at the equator of the intrafusal 
fibers. As the large myellnated nerve fiber pierces the 
capsule, It loses Its myelln sheath, and the naked axon 
winds spirally around the nuclear bag or chain portions 
of the lntrafusal fibers. 

The Dower...,ray endings are situated mainly on 
the nuclear chain fibers some distance away from the 
equatorial region. A myellnated nerve fiber slightly 
smaller than that for the annulospiral ending pierces 
the capsule and loses its myelin sheath, and the naked 
axon branches tenninally and ends as varicosities; it 
resembles a spray of flowers. 

Stretching (elongation) of the intrafusal fibers results 
In stlmulatlon of the annulospiral and flower-spray 
endings, and nerve Impulses pass to the spinal cord In 
the afferent neurons. 

Motor innervation of the intrafusal fibers is provided 
by fine y motor fibers. The nerves terminate In small 
motor endplates situated at both ends of the lntrafusal 
fibers. Stimulation of the motor nerves causes both 
ends of the intrafusal fibers to contract and activate 
the sensory endings. The equatorial region, which lacks 
cross striations, is noncontractlle. The extrafusal fibers 
of the remainder of the muscle receive their innervation 
In the usual way from large o;.size axons. 

Neuromuscular Spindle Function 
Under resting conditions, the muscle spindles give rise 
to afferent nerve bnpulses all the time, and most of 
this information Is not consciously perceived. When 
muscle actlvlty occurs, either actively or passively, the 
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Figure 3-27 Photomicrograph of a neuromuscular spindle. 
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Figure 3-28 Muscle spindle. Mouse. Electron microscopy. x6,300. Part3 of the outer capsule 
(oC) may be observed at the corners of this elec110n micrograph. The periaxial space (PS) 
surrounds the slender inner capsule (iC), whose component cells form attenuated branches, 
subdividing the axial space (AS) into several compartments for the nudear chain (NC) and 
nudear bag (NB) intrafusal fibers and their corresponding sensory terminals (Sn. Note that 
the attenuated proc:vsses of the inner capsule cells establish contact with each other (arrows). 
(From Ovalle, W., Dow, P. (1983). Comparative ultrastructure of the inner capsule of the muscle 
spindle and the tendon organ. American Journal of Anatom}'I 166, 343-357.) 
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lntrafusal fibers are stretched, and the rate of passage 
of nerve Impulses to the spinal cord or brain increases 
in the afferent neurons. Slmllarly, If the lntrafusal fibers 
are now relaxed due to the cessation of muscle activity, 
the result is a decrease in the rate of passage of nerve 
Impulses. The neuromuscular spindle thus plays a very 
Important role lo keeping the CNS Informed about the 
length of a muscle and the rate of change of its length, 
thereby indirectly influencing the control of voluntary 
muscle. 

Stretch Reflex 

The neurons of the spinal cord Involved In the sim
ple stretch reflex are as follows. Stretching a muscle 
results In elongation of the intrafusal fibers of the 
muscle spindle and stimulation of the annulospiral and 
flower-spray endings. The nerve impulses reach the 
spinal cord In the afferent neurons and synapse with 
the large a motor neurons situated In the anterior gray 
horns of the spinal cord. Nerve impulses now pass via 
the efferent motor nerves and stimulate the extrafusal 
muscle fibers, and the muscle contracts. This simple 
stretch reflex depends on a two-neuron arc consisting 
of an afferent neuron and an efferent neuron. Interest
ingly, the muscle spindle afferent Impulses Inhibit the a 
motor neurons supplying the antagonist muscles. This 
effect ls called reciprocal lnhlbltton. 

• 

lntrnusal Fiber Control 

In the brain and spinal cord, certain centers give rise to 
tracts that synapse with y motor neurons in the spinal 
cord. The reticular formation, the basal ganglia, and 
the cerebellum are examples of such centers. By these 
means, these centers can greatly Influence voluntary 
muscle actlvtty. The 'Y efferent motor fibers cause short
ening of the lntrafusal fibers, stretching the equatorial 
regions and stimulating the annulosplral and Oower
spray endings. This, In turn, Initiates the reflex contrac
tion of the extrafusal fibers described previously. 

Approximately one-third of all the motor fibers pass
ing to a muscle are 'Y efferents; the remaining two-thirds 
are the large a motor fibers. The nuclear bag fibers 
are believed to be concerned with dynamic responses 
and are associated more with position and velocity of 
contraction, whereas the nuclear chain fibers are associ
ated with slow static contractions of voluntary muscle. 

Neurotendinous Spindles 
Neurotendinous spindles (Golgi tendon organs) are pres
ent in tendons and are located near the junctions of ten
dons with muscles (Fig. 3-29). They provide the CNS with 
sensory information regarding the tension of muscles. 

Ea.ch spindle consists of a fibrous capsule that 
surrounds a small bundle of loosely arranged tendon 
(collagen) fibers Ontrafusal fibers). The tendon cells are 
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Figure 3-29 A neurotendinous spindle. 



larger and more numerous than those found elsewhere 
In the tendon. One or more myellnated sensory nerve 
fibers pierce the capsule, lose their myelln sheath, 
branch, and terminate in club-shaped endings. 

The nerve endings are activated by being squeezed 
by the adjacent tendon fibers within the spindle when 
tension develops in the tendon. Unlike the neuromus
cular spindle, which is sensitive to changes in muscle 
length, the neurotendinous organ detects changes in 
muscle tension. 

Neurotendlnous Sptndle Function 
Increased muscle tension stimulates the neuroten
dinous spindles, and an increased number of nerve 
impulses reach the spinal cord through the afferent 
nerve fibers. These fibers synapse with the large a 
motor neurons situated in the anterior gray horns of the 
spinal cord. Unlike the muscle spindle reflex, this reflex 
Is inhibitory and Inhibits muscle contraction. In this 
manner, the tendon reflex prevents the development of 
too much tension ln the muscle. Although this function 
Is probably important as a protective mechanism, Its 
main function ls to provide the CNS with information 
that can influence voluntary muscle activity. 

EFFECTOR ENDINGS 
The PNS controls muscle and secretory cell functions. 
These axonal endings establish chemical synapses on 
nonneuronal cells such as skeletal, smooth, and cardiac 
muscle cells and to the cells of glandular tissue. 
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Skeletal Muscle Innervation 
Skeletal muscle is Innervated by one or more nerves. In 
the limbs and head and neck, the innervation is usually 
single, but, in the large muscles of the abdominal wall, 
the innervation is multiple, the latter muscles having 
retained their embryonic segmental nerve supply. 

The nerve supply and blood supply to a muscle 
enter It at a more or less constant position called the 
nearovatCUlar hilus. The nerve to a muscle contains 
motor and sensory fibers. The motor fibers are of three 
types: (1) large a myellnated fibers, (2) small y myelin
ated fibers, and (3) fine wamyellnated C fibers. The large 
myelinated axons of the a anterior horn cells supply the 
extrafusal fibers that form the main mass of the muscle. 
The small ymyelinated fibers supply the intrafusal fibers 
of the neuromuscular spindles. The fine unmyellnated 
fibers are postganglionic autonomic efferents that sup
ply the smooth muscle in the walls of blood vessels. 

The sensory fibers are of three main types: (1) 
myelinated fibers that originate in annulospiral and 
flower-spray endings of the neuromuscular spindles, 
(2) myelinated fibers that originate in neurotendinous 
spindles; and (3) myellnated and nonmyellnated fibers 
that originate from a variety of sensory endings in mus
cle connective tissue. 

Motor Unit 
The motor unit may be defined as the single a motor 
neuron and the muscle fibers that it Innervates 
(Fig. 3-30). The muscle fibers of a single motor unit 
are widely scattered throughout the muscle. Where 
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Figure 3-30 Simple reflex arc consisting of an afferent neuron arising from neuromuscular 
spindles and neurctendinous spindles and an efferent lower motor neuron whose cell body is an 
a anterior horn cell within the spinal cord. Note that the efferent neuron terminates on muscle 
fibers at motor endplates. 
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fine, precise muscle control ts required, such as In the 
extraocular muscles or the small muscles of the hand, 
the motor units possess only a few muscle fibers. 
Where precise control Is not necessary, however, as 
In a large limb muscle such as the gluteus maximus, a 
single motor nerve may Innervate many hundreds of 
muscle fibers. 

Skeletal Muscle Neuromuscular Junctions 
Skeletal muscle fibers are innervated by large, « myelin
ated nerve fibers derived from large motor neurons In 
the anterior gray columns (horns) of the spinal cord 
or from cranial nerve motor nuclei. As each myelln
ated fiber enters a skeletal muscle, It branches many 
times. The number of branches depends on the size of 
the motor unit. A single branch then terminates on a 

;;· 

Sole plate 
A 

muscle fiber at the neuromUIClllar joncdon or motor 
endplate {Figs. 3-31 and 3-32). 

The great majority of muscle fibers are Innervated by 
just one motor endplate. On reaching the muscle fiber, 
the nerve loses Its myelin sheath and breaks up Into a 
number of fine branches. Each branch ends as a naked 
axon and forms the neural element of the motor end
plate (Fig. 3-33). The axon is expanded slightly and con
tains many mitochondria and vesicles (approximately 
45 nm in diameter). At the site of the motor end plate, the 
surface of the muscle fiber is elevated slightly to form 
the mwicular element of the plate, often referred to 
as the 90Je plate (see Fig. 3-31A). The elevation is due to 
the local accumulatlon of granular sarcoplasm beneath 
the sarcolemma and the presence of numerous nuclei 
and mitochondria, the latter providing the ATP, which 
ls the energy source for acetylcholine (ACh) synthesis. 

.lJnctlonal folds 

Figure 3-31 A: A skeletal neuromuscular junction. B: Enlarged view of a muscle 
fiber showing the terminal naked axon lying in the surface groove of the muscle 
fiber. 
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Figure 3-32 Photomicrograph showing nerve fibers terminating on skeletal muscle fibers at 
motor endplates, stained histochemically for acetylcholinesterase and counterstained with silver. 
{Courtesy Dr. M. J. T. Fitzgerald.) 
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Figure 3-33 A: Photomicrograph of a motor endplate showing terminal branching of a nerve 
fiber. B: Electron micrograph of a terminal axon at a motor endplate showing the axon lying in a 
groove on Ute surface of the muscle fiber. (Courtesy Dr. J. M. Kerns.) 
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Figure 3-34 Electron micrograph of a cross section of an axon at a motor endplate showing the 
axon lying in a groove of folded sarcolemma. (Courtesy Dr. J. M. Kems.) 

The expanded naked axon lies in a groove on the 
surface of the muscle fiber outside the plasma mem
brane (sarcolemma). Each groove is formed by the 
lnfoldlng of the plasma membrane. The groove may 
branch many times, with each branch containing a 
division of the axon. Importantly, the axons are truly 
naked; the Schwann cells merely serve as a cap or roof 
to the groove and never project Into lt. The floor of 
the groove ls formed of the plasma membrane, which 
is thrown into numerous small folds, called junctlonal 
folds. which increase the surface area of the plasma 
membrane that lies close to the naked axon (Fig. 3-34). 

The plasma membrane of the axon (the axolemma or 
presynaptic membrane) is separated, by a space about 
30 to 50 nm wide, from the plasma membrane of the 
muscle fiber (the sarcolemma or postsynaptic mem
brane). This space constitutes the synapdc cleft. The 
synaptic cleft ls fllled with the basement membranes 
of the axon and the muscle fiber (see Fig. 3-318). The 
motor endplate is strengthened by the connective 
tissue sheath of the nerve fiber (endoneurlum), which 
becomes continuous with the connective tissue sheath 
of the muscle fiber (endomysium). 

A nerve impulse (AP), on reaching the presynaptlc 
membrane of the motor endplate, causes the opening 
of voltage-gated Caz+ channels that allow Ca2+ ions to 
enter the axon. This stimulates the fusion of some of 
the synaptic vesicles with the presynaptic membrane 
and causes the release of ACh Into the synaptic cleft. 
The ACh Is thus discharged Into the cleft by a process 
of ezocytods and diffuses rapidly across the cleft to reach 

the nicotinic type of ACh receptors on the postsynaptic 
membrane of the junctional folds. The postsynaptic mem
brane possesses large numbers of ACh-gated channels. 

Once the ACh-gated channels are opened, the post
synaptic membrane becomes more permeable to Na• 
ions, which flow Into the muscle cell, and a local 
potential called the endplate potential Is created. (The 
ACh-gated channels are also permeable to K:'" Ions, 
which flow out of the cell but to a lesser extent.) H the 
endplate potential is large enough, the voltage-gated 
channels for Na+ ions are opened, and an AP will be 
initiated and spread along the surface of the plasma 
membrane (sarcolemma). The wave of depolarization 
is carried into the muscle fiber to the contractile myofi
brils through the system of T tubules. This leads to the 
release of Ca2+ ions from the sarcoplasmic reticulum, 
which, in tum, causes the muscle to contract. 

The amount of ACh released at the motor endplate 
will depend on the number of nerve Impulses arriving at 
the nerve terminal. Once the ACh crosses the synaptic 
cleft and triggers the Ionic channels on the postsynap
tic membrane, it Immediately undergoes hydrolysis due 
to the presence of the enzyme acetylchollnesterate 
(ACbE) (see Fig. 3-32). The enzyme adheres to the fine 
collagen fibrils of the basement membranes in the cleft; 
some of the ACh diffuses away from the cleft. The ACh 
remains in contact with the postsynaptic membrane 
for about 1 msec, and it is rapidly destroyed to prevent 
re-excltatlon of the muscle fiber. After the fall In concen
tration of ACh In the cleft, the Ionic channels close and 
remain closed until more ACh arrives. 



Skeletal muscle fiber contraction is thus controlled 
by the frequency of the nerve Impulses that arrive at 
the motor nerve terminal. A resting muscle fiber shows 
small occasional depolarizations ( endplate potentials) 
at the motor endplate, which are insufficient to cause 
an AP and make the fiber contract. These are believed 
to be due to the sporadic release of ACh into the synap
tic cleft from a single presynaptic vesicle. 

The sequence of events that takes place at a motor 
endplate on stimulation of a motor nerve can be briefly 
summarized as follows: 

ACh ~ Nicotinic type of ACh receptor, ACh.gated 
channels opened~ Na+ Influx~ Endplate potential 
created 

Endplate potential {if large enough) ~ Na+-gated chan
nels opened ~Na+ influx~ AP created 

AP~ Increased release of Caz+~ Muscle fiber contraction 
hnmediate hydrolysis of ACh by AChE ~ ACh-gated 

channels closed ~ Muscle fiber repolarization 

U drugs having a similar chemical structure to ACh 
were to arrive at the receptor site of a motor endplate, 
they might bring about the same changes as ACh and 
mimic its action. Two examples of such drugs are Dlcodne 
and carbamylchollne. If, on the other hand, drugs having 

/ Schwann cell 
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a similar chemical structure to ACh were to arrive at the 
receptor site of a motor endplate and were unable to bring 
about the sequence of changes normally induced by ACh, 
they would occupy the receptor site and block access of 
ACh. Such drugs would be competing with ACh and are 
called competltlve blocldng agenta. An example of such 
a drug is d-tubocurarlne. which causes skeletal muscle to 
relax and not contract by preventing the action of locally 
produced ACh (seep. 114). 

Smooth Muscle Neuromuscular Junctions 
In smooth muscle, where the action is slow and wide
spread, such as within the wall of the intestine, the 
autonomic nerve fibers branch extensively; thus, a 
single neuron exerts control over a large number of 
muscle fibers. In some areas (e.g., the longitudinal layer 
of smooth muscle ln the intestine), only a few muscle 
fibers are associated with autonomic endings, the wave 
of contraction passing from one muscle cell to another 
by means of gap junctions (Fig. 3-35). 

In smooth muscle, in which the action is fast and pre
cision is required, such as in the iris, the branching of 
the nerve fibers is less extensive; thus, a single neuron 
exerts control over only a few muscle fibers. 

Figure 3-35 Autonomic neuromuscular junction. 
The exposed axons are close to the smooth muscle 
fibers. 
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Figure 3-36 Nerve fibers ending around glandular acini. 

The autonomic nerve fibers, which are postgangU
onic, are nonmyellnated. and terminate as a series of 
varlcosed branches. An interval of 10 to 100 nm may 
exist between the axon and the muscle fiber. At the 
site where transmission ls to occur, the Schwann cell is 
retracted so that the axon lies within a shallow groove 
on its surface. Therefore, part of the axon is naked, 
pennitting free diffusion of the transmitter substance 
from the axon to the muscle cell. Here, the axoptasm 
contains numerous vesicles similar to those seen at the 
motor endplate of skeletal muscle. 

Smooth muscle ts innervated. by sympathetic and 
parasympathetic parts of the autonomic system. Those 
nerves that are chollnerglc ltberate ACh at their endings 
by a process of exocytosls, with the ACh being present 
in the vesicles at the nerve ending. Those nerves that 
are noradrenergic liberate noreplnephrlne (NE) at their 
endings by a process of exocytosls, with the NE being 
present in dark-cored vesicles at the nerve endings. Both 
ACh and NE bring about depolarization of the muscle 
fibers innervated, which thereupon contract. The fate of 
these neurotransmitter substances differs. ACh is hydro
lyzed in the presence of AChE in the synaptic cleft of the 
muscle fiber, and NE is taken up by the nerve endings. 
Notably, in some areas of the body {e.g., bronchial mus
cle), the NE liberated from postgangltonlc sympathetic 
fibers causes smooth muscle to relax and not contract. 

Cardiac Muscle Neuromuscular Junctions 
Nonmyelinated postganglionic sympathetic and parasym
pathetic autonomic nerves extend into the cormective 
tissue between the muscle fibers and terminate in close 
proximity to the Individual cardiac muscle fibers. At the 
site where transmission takes place, the axon becomes 
naked because of the retraction of the Schwann cell. This 
permits free diffusion of the neurotransmitter substance 

from the axon to the muscle fiber. Because of the presence 
of Intermittent desmosomes and gap )wictlons between 
abutting muscle fibers, excitation and contraction of one 
muscle fiber rapidly spread from fiber to fiber. 

Nerve Endings on Secretory Cells of Glands 
Nonmyelinated postganglionic autonomic nerves 
extend into the connective tissue of glands and branch 
close to the secretory cells (Fig. 3-36}. In many glands, 
the nerve fibers have been found to Innervate only the 
blood vessels. 

SEGMENTAL INNERVATION OF SKIN 
The area of skin supplled by a single spinal nerve and. 
therefore, a single segment of the spinal cord is called 
a d.ermatome. On the trwik, dermatomes extend rolUld 
the body from the posterior to the anterior median 
plane. Adjacent dermatomes overlap considerably, so 
to produce a region of complete anesthesia, at least 
three contiguous spinal nerves have to be sectioned. 
Note that the area of tactile loss is always greater than 
the area of loss of painful and thermal sensations. The 
reason for this difference ts that the degree of overlap 
of fibers carrying pain and thermal sensations ls much 
more extensive than the overlap of fibers carrying tac
tile sensations. Dermatomal charts for the anterior and 
posterior surfaces of the body are shown in Figures 3-37 
and3-38. 

In the limbs, the arrangement of the dermatomes is 
more complicated because of the embryologic rotation 
of the limbs as they grow out from the trunk. 

In the face, the divisions of the trigeminal nerve sup
ply a precise area of skin, with little or no overlap to the 
cutaneous area of another division. 
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Rgure 3-37 Anterior aspect of the body showing the distribution of cutaneous nerves 
on the left side and dermat:omes on the right side. 



100 CHAPTER 3 Nerve Fibel'$ and Peripheral Innervation 

Greater occfpHal nerw 

Third cervical nerve--_ 

Great aurlcular nerve---

Fourth cervical nerve~ 

Posterior cutaneous nerve of arm 

Medial cutaneous nerve of arm --

Posterior cutaneous nerve of foreann ~ 
Medial cutaneous nerve of forearm -

Lateral cutaneous nerve of forearm 

Posterior cutaneous branches of L 1-L3 --Jt-LT-...-;~:::::::::~~ 

Radlal nerw/ / 

Ulnar nerve· / 
I 
I 

Posterior cutaneous branches of S1-83 
/ 

Branches of posterior cutaneous nerve of thigh/ 

Posterior cutaneous nerve of thigh 

Lateral cumneous nerve of calf 

Figure 3-38 Posterior aspect of the body showing the distribution of cutaneous 
nerves on the left side and dermatomes on the right side. 

SEGMENTAL INNERVATION 
OF MUSCLES 
Skeletal muscle also receives a segmental Innervation. 
Most of these muscles are innervated by more than 
one spinal nerve and, therefore, by the same number 
of segments of the spinal cord. Thus, to paralyze a 
muscle completely, sectioning several spinal nerves or 
destroying several segments of the spinal cord would 
be necessary. 

Leaming the segmental Innervation of all the mus
cles of the body Is an Impossible task. Nevertheless, the 
segmental Innervation of the following muscles should 

be known because testing them by eliciting simple mus
cle reflexes in the patient is possible (Fig. 3-39): 

Bleeps brachll tendon reflex C5-C6: Flexlon of the 
elbow Joint by tapping the bleeps tendon 

Triceps tendon reflex C6-C7 and CS: Extension of the 
elbow Joint by tapping the triceps tendon 

Brachioradlalll tendon reflex C5-C6 and C7: Supina
tion of the radioulnar joints by tapping the insertion 
of the brachioradialis tendon 

AbdomlDal mperftclal reflexes: Contraction of under
lying abdominal muscles by stroking the skin: upper 
abdominal skin T6-T7, middle abdominal skin T8-T9, 
lower abdominal skin T10-T12 
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Flgu ... 3-39 Biceps brac:hii tendon reflex. Note that the reflex arc: 
passes through the fifth and sixth cervical segments of the spinal cord. 
This is usually monosynaptic, and the intemuncial neuron (black) is 
absent. 

Patellar tendon reflex (knee Jen) 1.2, I.3, and IA: Exten
sion of knee joint on tapping the patellar tendon 

Achlllea tendon reflex (ankle jerk) SI and S2: Plantar 
Hexion of ankle joint on tapping the Achilles tendon 
(calcaneus tendon) 

MUSCLE TONE AND MUSCLE ACTION 
A motor unit consists of a motor neuron in the ante
rior gray colunm (horn) of the spinal cord and all the 
muscle fibers it supplles (Fig. 3-40). In a large buttock 
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Figure 3-40 Components of a motor unit. 

muscle, such as the gluteus maxlmus, where fine con
trol Is wanecessary, a given motor neuron may supply 
as many as 200 muscle fibers. In contrast, In the small 
muscles of the hand or the extrinsic muscles of the 
eyeball, where fine control is required, one nerve fiber 
supplies only a few muscle fibers. 

Every skeletal muscle, while resting, is in a partial 
state of contraction, a condition referred. to as ma. 
de tone. With no intermediate stage, muscle fibers 
are either fully contracted. or relaxed; therefore, a few 
muscle fibers within a muscle are fully contracted all 
the time. To bring about this state and to avoid fatigue, 
different groups of motor units and, thus, different 
groups of muscle fibers are activated at different times. 
This is accomplished by the asynchronous discharge of 
nervous impulses in the motor neurons in the anterior 
gray horn of the spinal cord. 

Basically, muscle tone is dependent on the integrity of 
a simple monosynaptic reflex arc composed of two neu
rons in the nervous system (Fig. 3-41). The lengthening 
and shortening in a muscle are detected by sensitive sen
sory endings called mOlcle spindles (see p. 90), and the 
tension Is detected by tendon tplndles (seep. 92). The 
nervous impulses travel In the large afferent fibers to 
the spinal cord. There, they synapse with the motor 
neurons situated In the anterior gray column, which, 
in tum, send impulses down thetr axons to the muscle 
fibers. The muscle spindles themselves are innervated by 
small r efferent fibers that regulate the response of the 
muscle spindles, acting synergically with external stretch. 
In this manner, muscle tone is maintained reflexly and 
adjusted to the needs of posture and movement. 

Should the afferent or efferent pathways of the reflex 
arc be cut, the muscle would lose its tone immediately and 
become flaccid. A Oaccld muscle, on palpation, feels like 
a mass of dough that has completely lost Its resilience. It 



102 CHAPTER 3 Nerve Fibel'$ and Peripheral Innervation 

Neuromuscular splndle 

Muscle fibers 

Neurotendlnous splndle 
/ 

neuron 

quickly atrophies and becomes reduced in volume. The 
degree of activity of the motor anterior column cells and, 
therefore, the degree of muscle tone depends on the sum
mation of the nerve Impulses received by these cells from 
other neurons of the nervous system. 

Muscle movement is accomplished by activating 
increasing numbers of motor units and, at the same 
time, reducing the activity of the motor units of muscles 
that will oppose or antagonize the movement. When 
the maximum effort ts required, all the motor units of a 
muscle are active. 

MOTOR UNIT SUMMATION 
When a muscle begins to contract, the smaller motor 
units are stimulated frrst. This is because the smaller 
motor units are innervated by smaller neurons in the 
spinal cord and brainstem, and they have a lower 
threshold of excitability. As the contraction increases, 
progressively larger motor units are recruited. This 
phenomenon causes a gradual increase in muscle 
strength as the muscle contracts. 

MUSCLE FATIGUE 
The progressive loss of strength of a muscle with pro
longed strong contraction is due to the reduction in 
the amounts of ATP within the muscle fibers. Nerve 
impulses continue to arrive at the neuromuscular junc
tion, and normal depolarization of the plasma mem
brane of the muscle fiber occurs. 

POSTURE 
Posture ls the position adopted by the Individual within 
his or her environment. in the standing position, the 
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Figure 3-41 Simple reflex ere consist
ing of an afferent neuron arising from 
neuromuscular spindles and neuroten
dinous spindles and an efferent neuron 
whose cell body lies in the anterior 
gray column (hom) of the spinal cord. 
Note that for simplicity, the afferent 
fibers from the neurotendinous spindle 
and the neuromuscular spindle are 
shown as one pathway; in fact, the neu
rotendinous receptor is inhibitory and 
reduces tone, whereas the neuromus
cular spindle is excitatory and increases 
tone. 

line of gravity passes through the odontold process 
of the axis, behind the centers of the hip joints, and in 
front of the knee and ankle joints. In order to stablllze 
the body and prevent It from collapsing, humans have 
well-developed antlgravity muscles that exhibit the 
greatest degree of tone. Therefore, posture depends on 
the degree and distribution of muscle tone, which, in 
turn, depends on the normal integrity of simple reflex 
arcs centered in the spinal cord. 

An individual may assume a particular posture (sit
ting or standing) over long periods of time with little 
evidence of fatigue. The reason for this Is that muscle 
tone ls maintained through different groups of muscle 
fibers contracting in relays, with only a small number 
of muscle fibers within a muscle being in a state of con
traction at any one tlme. The active muscle fiber groups 
are scattered throughout the muscle. 

In order to maintain posture, the simple muscle 
reflex, on which muscle tone is dependent, must receive 
adequate nervous input from higher levels of the ner
vous system (Fig. 342). For example, impulses arising 
from the labyrinths and neck muscles, information 
arising from the cerebellum, midbrain, and cerebral 
centers, and general information arising from other 
muscle groups, joints, and even skln receptors wlll 
result in nervous impulses Impinging on the large ante
rior gray column cells (i.e., the final common pathway) 
controlling the muscle fibers. 

When an Individual assumes a given posture, the 
tone of the muscles controlling that posture Is con
stantly undergoing fine adjustments so that the posture 
is maintained. Normal posture thus depends not only 
on the integrity of the reflex arc but also on the sum
mation of the nervous impulses received by the motor 
anterior gray column cells from other neurons of the 
nervous system (Fig. 343). The detail of the different 
nervous pathways Involved In bringing the Informa
tion to the anterior gray column cells Is dealt with In 
Chapter 4. 
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Figure 3-42 Nervous input from higher levels of the central nervous system, which can 
influence the activity of the anterior gray column (horn) cells of the spinal cord. 
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Figure 3-43 Normal postural tone of skeletal muscle is dependent not only on the integrity of 
the reflex arc but also on the summation of the nervous impulses received by the motor anterior 
gray column (horn) cells from other neurons of the nervous system. 



Neuronal Response to Injury 
The survival of a neuron's cytoplasm depends on its being 
connected, however Indirectly, with the nucleus. The 
nucleus plays a key role in the synthesis of proteins, which 
pass into the cell processes and replace proteins that have 
been metabolized by cell activity. Thus, the cytoplasm of 
axons and dendrites will undergo degeneration quickly if 
these processes are separated from the nerve cell body. 

Nerve Cell Body Injury 
Severe damage of the nerve cell body due to trauma, inter
ference wlth the blood supply, or disease may result in 
degeneration of the entire neuron, including its dendrites 
and synaptic endings. In the brain and spinal cord, the neu
ronal debris and the fragments of myelln (If the processes 
are myellnated) are engulfed and phagocytosed by the 

Di8tal end 
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mlcrogllal cells. Later, the neighboring astrocytes prollfer
ate and replace the neuron with scar tissue. 

In the peripheral nervous system (PNS), the tissue 
macrophages remove the debris, and the local fibroblasts 
replace the neuron with scar tissue. 

Nerve Cell Process Injury 
If the axon of the nerve cell ls divided, degeneratJve changes 
will take place in (1) the distal segment that Is separated 
from the cell body, (2) a portion of the axon proEimal to 
the injury, and (3) possibly the cell body from which the 
axon arises. 

CHANGES IN THE DISTAL SEGMENT OF lHE AXON 
The changes spread distally from the site of the lesion 
(Fig. 3-44) and include Its terminations; the process ls 
referred to as walledan degenerallon. In the PNS, on the fll'St 
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Figure 3-44 A-D: Degeneration and 
regeneration in a divided nerve. 
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B 

Figure 3-45 Photomicrographs of motor neurons of 
the anterior gray column of the spinal cord. A: Nissl 
substance in normal neurons. B: Following section of 
anterior roots of spinal nerve, showing chromatolysis. 

day, the axon becomes swollen and lrregular; by the third or 
fourth day, the axon Is broken Into fragments, and the debris 
ls digested bythe surrounding Schwann cells and tissue mac
rophages. The entire axon Is destroyed within a week. 

Meanwhile, the myeUn sheath slowly breaks down, and 
lipid droplets appear within the Schwann cell cytoplasm. 
Later, the droplets are extruded from the Schwann cell and 
subsequently phagocytosed by tissue macrophages. The 
Schwarm cells now begin to proliferate rapidly and become 
arranged In parallel cords within the persistent basement 

membrane. The endoneurlal sheath and the contained cords 
of Schwann cells are referred to as a band fiber. If regener
ation does not occur, the axon and the Schwann cells are 
replaced by fibrous tissue produced by local fibroblasts. 

(n the central nervous system (CNS), degeneration of 
the axons and the myelln sheaths follows a similar course, 
and the debris Is removed by the phagocytfc activity of the 
mlcrogllal cells. Llttle Is known about the role of ollgod~ 
drocytes in this process. The astrocytes now proliferate 
and replace the axons. 

CHANGES IN nlE PROXIMAL SEGMENT OF nlE AXON 
The changes in the proximal segment of the axon are similar 
to those that take place In the distal segment (see Ftg. M-4) 
but extend only proldmally above the lesion as far as the 
first node of Ranvler. The proliferating cords of Schwann 
cells 1n the peripheral nerves bulge from the cut surfaces of 
the endoneurial tubes. 

CHANGES IN nlE NERVE CELL BODY 
The changes that occur In the cell body following injury to 
Its axon are referred to as retrograde degeneration; the 
changes that take place in the proximal segment of the axon 
commonly are Included under thls heading. The possible 
reason for these changes ls that section of the axon cuts off 
the cell body from lts supply of trophic factors derived from 
the target organs at the distal end of the axon. 

The most characteristic change occurs in the cell body 
within the first 2 days following Injury and reaches Its 
maximum within 2 weeks. The Nissl material becomes fine, 
granular (Figs. 345 and 346), and dispersed throughout 
the cytoplasm, a process known as c:hromatoly111s. Chro
matolysls begins near the axon hillock and spre<lds to all 
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Figur. 3-46 The changes that 
may take place in a nerve cell 
body following division of one 
of its processes. 



parts of the cell body. In addltton, the nucleus moves from 
its central location toward the periphery of the cell, and 
the cell body swells and becomes rounded. The degree 
of chromatolysls and the degree of swelling of the cell are 
greatest when the injury to the axon is close to the cell 
body. In some neurons, very severe damage to the axon 
close to the cell body may lead to death of the neuron. On 
the other hand, damage to the most distal process may 
lead to little or no detectable change In the cell body. The 
dispersal. of the Niss! materlaJ--that Is, the cytoplasmic 
RNA-and the swelling of the cell are caused by cellular 
edema. The apparent loss of staining affinity of the Niss! 
material is due to the wide dispersal of the cytoplasmic 
RNA. The movement of the nucleus away from the center 
of the cell may be due to the cellular edema. 

Synaptic terminals are seen to withdraw from the sur
face of the injured nerve cell body and its dendrites and 
are replaced by Schwann cells in the PNS and mlcroglial 
cells or astrocytes in the CNS, a process called aynaptic 
ttrlppblg. Its possible causes a.re {l) loss of plasma mem
brane adhesiveness following Injury and (2) stimulation of 
the supporting cells by chemicals released from the injured 
neuron. If the injury ts sufficiently great, the cells of the 
Immune system-namely, monocytes and macrophages-
may migrate into the area. 

Neuronal Recovery 
In contra.st to the rapid onset of retrograde degeneration, 
the recovery of the nerve cell body and regeneratton of its 
processes may take several months. 

Nerve Cell Body Recovery 
The nucleolus moves to the periphery of the nucleus, and 
polysome clusters reappear in the cytoplasm. This indi
cates that RNA and protein synthesis Is being accelerated 
In preparation for the reformation of the axon. Thus, the 
original Niss! structure reconstitutes, cell body swelling 
decreases, and the nucleus returns to its characteristic 
central position (Fig. 3-46). 

Regeneration of Peripheral Nerve Axons 
Regrowth of the axons (motor, sensory, and autonomic) ls 
possible In peripheral nerves and appears to depend on 
the presence of endoneurlal tubes and the special quali
ties possessed by Schwann cells. Sprouts from the axons 
grow from the proximal stump and into the distal stump 
toward the nerve's end organs. The following mechanisms 
are thought to be Involved: (1) the axons are attracted by 
chemotroplc factors secreted by the Schwann cells in the 
dbtal stump, (2) growth-stimulating factors exist within 
the distal stump, and (3) inhibitory factors are present 
in the perineurium to inhibit the axons from leaving the 
nerve. 

The satisfactory regeneration of axons and the retum of 
normal function depend on the following factors: 

1. In crush nerve Injuries, in which the uon ls dlvided or 
Its blood supply has been interfered with but the endo
neurlal sheaths remain Intact. regeneration is likely. 

2. In nerves that have been completely severed, the chance 
of recovery is much less because the regenerating fibers 
from the proximal stump may be directed to an Incor
rect destination in the distal stump-that is, cutaneous 
fibers entering Incorrect nerve endings or motor nerves 
supplying lncorred muscles. 
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3. If the distance between the proximal and distal stumps 
of the completely severed nerve is greater than a few 
millimeters or the gap becomes ftlled with proWeratlng 
fibrous tissue or Is simply ftlled by adjacent muscles 
that bulge lnto the gap, then the chances of recovery are 
very poor. The outgrowing axonal sprouts escape into 
the surrounding connective tissue and form a tangled 
mass or neuroma. In these cases, early close surgical 
approximation of the severed ends, lf posslble, greatly 
facllltates the chances of recovery. 

4. When mixed nerves (those containing sensory, motor, 
and autonomic fibers) a.re completely severed, the 
chances of a good recovery are very much less than 
when the nerve is purely sensory or purely motor. The 
reason for this ts that the regenerating fibers from the 
proximal stump may be guided to an Incorrect destina
tion in the distal stump; for example, cutaneous fibers 
may enter motor endoneurial tubes and vice versa. 

5. Inadequate physiotherapy to the paralyzed muscles 
will result in their degeneration before the regenerating 
motor axons have reached them. 

6. The presence of infection at the site of the wound will 
seriously interfere with the process of regeneration. 

Jf the proximal and distal stumps of the severed nerve 
are In close apposition, the following regeneratlve p~ 
cesses talce place (see Fig. 3-44). The Schwann cells, having 
undergone mitotic division, now Hll the space within the 
basal lamina of the endoneurial tubes of the proximal 
stump as far proximally as the next node of Ranvter and In 
the distal stump as fa:r distally as the end organs. Where a 
small gap exists between the proldmal and distal stumps, 
the multiplying Schwann cells form a number of cords to 
bridge the gap. 

Ea.ch proximal axon end now gives rise to multiple fine 
sprouts or filaments with bulbous tips. These filaments, 
as they grow, advance along the clefts between the 
Schwann cells and thus cross the Interval between the 
proximal and distal nerve stumps. Many such filaments 
now enter the proximal end of each endoneurial tube and 
grow distally in contact with the Schwann cells (Fig. 3-47). 
Although the Hlaments from many different uons may 
enter a single endoneurial tube, only one filament per
sists, the remainder degenerate. and that one filament 
grows distally to reinnervate a motor or sensory end 
organ. While crossing the gap between the severed nerve 
ends, many filaments fail to enter an endoneurial tube and 
grow out Into the surrounding connective tissue. Note 
that the formation of multiple sprouts or fllaments from 
a single proximal axon greatly Increases the chances that 
a neuron will become connected to a sensory or motor 
ending. Why one filament within a single endoneurial tube 
should be selected to persist while the remainder degen
erate remains unknown. 

Once the axon has reached the end organ, the adjacent 
Schwann cells start to lay down a myelln sheath. This pro
cess begins at the site of the original lesion and extends In 
a distal dire.ction. By this means, the nodes of Ranvier and 
the Schmldt-Lantennan lnclsures are formed. 

Many months may elapse before the axon reaches its 
appropriate end organ, depending on the site of the nerve 
Inf ury. The rate of growth has been estimated to be approx
imately 2 to 4 mm per day. However, in light of the almost 
certain delay incurred by the axons as they cross the site 
of the Injury, an overall regeneratton rate of 1.5 mm per 
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Figure 3-47 Photomicrograph of a longitudinal section of t~e distal ~um~ ?f the sciatic 
nerve showing evidence of degeneration and axon regeneration following injury. (Courtesy 
Dr. M. J. T. Fitzgerald.) 

day la a useful figure to remember clinically. Even If all the 
difficulties outlined above are overcome and a given neuron 
reaches the original end organ, the enlarging axonal flla
ment within the endoneur1al tube reaches only about 80% of 
its original diameter. For thl5 reason, the conduction veloc
ity will not be as great as that of the original axon. Moreover, 
a given motor axon teoda to Innervate more muscle fibers 
than formerly; thus, the controJ of muscle is less precise. 

Regeneration of Central Nervous System Axons 
In the CNS, axons attempt to regenerate, as evidenced by 
sprouting of the uona, but the process ceases after about 
2 weeks. Long.distance regeneration is rare, and the injured 
uons make few new synapses. Evidence that restoration 
of function takes place does not exlst. The regeneration 
process ls aborted by the absence of endoneurlal tubes 
(which are necessary to guide the regenerating axons), the 
failure of ollgodendrocytes to serve In the same manner 
as Schwann cells, and the laying down of scar tissue by 
the active astrocytea. Absence of nerve growth factors in 
the CNS or that the neurogllal cells may produce nerve 
growth-Inhibiting factors Is also possible. 

Resean:h has shown that the Schwann cell basal laminae 
contain lamlnJn and ceJ~lon molecules of the lmmuno
globulin family, both of which stimulate axon growth. The 
CNS contains only low concentrations of these molecules. In 
the embryo, when uon growth actlvely takes place In both 
the CNS and PNS, growth-promottng factors are present In 
both systems. Later In development, these factors disappear 
In the CNS. Myelln In the CNS Inhibits axonal growth, and 
myelination in the CNS occurs late in the development pro
cess when growth of the main nervous pathways is complete. 

Central axons may not be as good at regeneration as 
peripheral axons. In tissue culture, peripheral axons are 
m~ successful at growth than central axons. Moreover, 
the ability of central axons to grow decreases with age. 

NEUROBIOLOGIC RESEARCH INTO CENTRAL NERVOUS 
SYSTEM REGENERATION 
Because traumatlc Injury to the CNS produces such dev
astating disabilities that are largely Irreversible, neurobl
ologists are now enthusiasticaJly pressing forward with 

research In this area. Differences are known to exist between 
the environment in the CNS and PNS. Moreover, the abil
ity of centraJ axons in lower vertebrates, such as frogs, to 
regenerate provides an enormous stlmulus for future work. 

Research has taken the following directions: 

1. Molecules present In the PNS, such as lamln!ns and neu
rotrophlns, have been Introduced Into the CNS at the 
site of Injury to promote axon growth. 

2. Schwann cells have been grafted Into the CNS, and cen
tral axons will grow Into the graft. 

3. Attempts have been made to reduce the inhibitory fac
tors present In the CNS. Infusion of antlbodJes at the site 
of lnJury bu been carried out with some success. 

4. The Introduction of antl-lnflammatory agents to sup
press the neurogllal and monocyte response has been 
used with success. Metbylpred.nlaolone is now com
monly used as soon as possible after the lncJdent In all 
patients with spinal cord Injuries. 

Although a vaat amount of research still needs to be 
done, a combination of treatments may provide the return 
of some function to these patients with CNS injuries. 

Transneuronal Degeneration 
The responses of a single neuron to lnJury were considered 
In the previous section. In the CNS, U one group of neurons 
ts injured, then a second group farther along the pathway, 
serving the same function, may also show degenerative 
changes. This phenomenon is referred to as ulerop'ade 
tnmDearoul dqmeratloa. For example, U the uons 
of the ganglion celt. of the retina are severed, not Clllly do 
the distal ends of the uoos that go to the lateral genlcu
late bodies undergo degeneration but also the neurons ln 
the lateral genlculate bodies with which these axons form 
synapses undergo deaeneration. In fact, a further set of neu
rons may be Involved In the degenerative process 1n the 
visual Cort9. 

In situations In the CNS In which multiple neurons 
synapse with a single distal neuron, Injury to one of the 
proximal neurons Is not followed by degeneration of the 
distal neuron. 



Experimentation on animals with artificial lesions of the 
CNS has shown that retropade trananeuronal degenera
don may occur In certain situations. 

Neuronal Degeneration Associated 
with Senescence 
Many neurons degenerate and disappear during fetal devel· 
opment. This process is believed to be due to their failure 
to establish adequate functional connections. During post
natal life, further gradual neuronal degeneration continues 
to occur. ln old age, an Individual may have lost up to 20% of 
the original number of neurons. This may account to some 
extent for the loss of efficiency of the nervous system that 
is associated with senescence. 

Atrophy of Voluntary Muscle and Other End Organs 
Following Peripheral Nerve Degeneration 
Voluntary muscle undergoes degenerative changes follow
ing motor nerve section. First, the response to acetylchollne 
(ACh) is altered, followed by gradual wasting of the sarco
plasm, and Hnally loss of the fibrils and striations. Eventu
ally, the muscle completely atrophies and Is replaced by 
fibrous tissue. ReiDnervation of the muscle halts Its degen
eration, and, If the muscle atrophy Is not too advanced, 
normal structure and function return. 

Furthermore, if the motor nerve that supplies fast white 
voluntary muscle fibers Is exchanged for a motor nerve that 
sup piles slow red voluntary muscle fibers, the muscle fibers 
change their structural and functional properties to comply 
with the new type of Innervation. This experimental result 
strongly suggests not only that voluntary muscle cells are 
dependent on the presence of intact motor nerves but also 
that the nerve has some trophic Influence on the muscle 
and even determines the type of muscle that it innervates. 

Another end organ, the taste bud, also depends on the 
Integrity of the sensory nerve. If the nerve is sectioned, 
the taste bud quicldy atrophies. Once the sensory nerve 
regenerates into the mucous membrane, new taste buds 
develop. 

Traumatic Lesions of Peripheral Nerves 
Seddon (1944) described three clinical types of nerve Injury: 

• Neuropra:da is a transient block. The paralysis is incom
plete, re.covery is rapid and complete, and microscopic 
evidence of nerve degeneration does not exist. Pressure 
Is the most common cause. It Is essentially a temporary 
Interference In function. 

• Axonotmeala ls a nerve lesion In which the axons are 
damaged but the surrounding connective tissue sheaths 
remain more or Jess intact. Wallerian degeneration occurs 
peripherally. Functional recovery Is more rapid and more 
complete than after complete section of the nerve trunk 
because the nerve fibers, although severely damaged, 
for the most part retain their normal anatomical relation
ships to one another, owing to the preservation of the 
connective tissue sheaths. Crush injuries, traction, and 
compression are the most common causes. 

• Neurotmeals ls complete section of the nerve tnmk. 

Symptoms and Signs of Neurotmesls 
Completely dividing a peripheral nerve can be seen in the 
clinic as paralysis or anesthesia, or both. The magnitude of 
Injury Is assessed by reflexive response, muscle strength, 
and distribution of cutaneous sensation Joss. 
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MOTOR CHANGES 
The muscles that are Innervated show flaccid paralysis and 
rapidly waste. The reflexes in which the muscles participate 
are lost. The paralyzed muscle ceases to respond to far
adlc sttmulatlon after 4 to 7 days. After 10 days, the muscle 
responds only sluggishly to galvanic stimulation, and the 
strength of the current must be greater than that required 
for a normal innervated muscle. This altered response of 
muscle to electrical stimulation is known as the reaction 
or degeneration. 

SENSORY CHANGES 
Cutaneous sensibility Is completely lost over the area exclu
sively supplied by the nerve. This area is surrounded by a 
zone of partlal sensory loss where adjacent sensory nerves 
overlap. The skin area In which the sensation of light touch 
Is lost ls much greater than the area lost to pinprick. 

VASOMOTOR, SUDOMOTOR, AND TROPHIC CHANGES 
Section of a peripheral nerve results ln the Interruption of 
postgangllonlc sympathetic fibers traveling In the nerve. As 
a result of the Joss of vascular control, the skin area at first 
becomes red and hot. Later, the affected area becomes blue 
and colder than normal, especially in cold weather. Because 
of the loss of sudomotor control, the sweat glands cease 
to produce sweat, and the skin becomes dry and scaly. 
Nail growth becomes retarded as the direct result of poor 
peripheral clrc:ulation. If a large area of the body is dener
vated, as in cases in which the sciatic nerve is sectioned, 
the bones undergo decalcificat.ion as a result of disuse and 
loss of circulatory control. 

RECOVERY FROM NEUROlMESIS 
Assuming that the divided peripheral nerve has been ~ 
fully sutured together, a clinician must be aware of the 
symptoms and signs of recovery and their sequence. 

MOTOR RECOVERY 
Regenerating motor axons grow at an average rate of about 
1.5 mm per day. The proximal muscles will recover first, 
and the distal muscles will recover later. The muscles may 
respond to faradlc stimulation before voluntary control 
returns. 

SENSORY RECOVERY 
Sensory recovery occurs before voluntary movement 
returns. The part of the nerve distal to the section becomes 
very sensitive to mechanical stimulation once the regen
erating sensory axons have entered the distal segment. 
Simple tapping of the distal nerve trunk gives rise to a tin
gling sensation In the area of cutaneous distribution of the 
nerve. This sign ls referred to as the TIDel sip. Recovery 
of deep cutaneous sensibility-that Is, pain caused by deep 
pressure-is the first sign of recovery. This is followed by 
the return of poorly localized, superficial cutaneous pain. 
Vasomotor control also returns at about th1s tlme. Later, 
the sensations of heat and cold are recovered. Ught touch 
and tactile discrimination are the last sensations to retum; 
these sensations return many months later and are often 
incomplete. 

Specific Spinal Nerve Injuries 
Table 3-3 summarizes the Important features found In cervi
cal and lumbosacral root syndromes (a detailed description 
of the neurologlc deficits following the many spinal nerve 
injuries seen In clinical practice Is beyond the scope of this 
book). Tables that summarize the branches of the brachial 
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Table 3-3 Important Features Found in Cervical and Lumbosac:ral Root Syndromes 

C5 ~,,.,.1,;de of •PP•• l O.bo;d and b;cops bmlhi I Shoulder abduction, -f.iceps 
part of arm elbow flexion _ _.___ 

C6 Lateral side of foreann Extensor carpi radialis longus Wrist extensors Brachioradialis 
and brevis 

C7 Middle finger Triceps and flex.or carpi Extension of elbow and Triceps 
radialis flexion of wrist 

C8 - I Medial side of forea-rm--F-le-xor digitorum superfic:ialis I Finger flexion 
and profundus 

None 

L1 Groin lliopsoas Hipflexion 

Anterior part of thigh lliopsoas, sartorius, hip I Hip flexion, hip adduction 
adductors 

--+--

L2 

Cremaster 

Cremaster 

Medial side of knee lliopsoas, sartorius, I Hip flexion, knee 
_.___quadriceps, hip adductors extension, hip adduction 

L3 Patellar 

L4 Medial side of calf Tibialis anterior, quadriceps Foot inversion, knee 
extension 

Patellar 

LS Lateral side of lower 
leg and dorsum of 
foot 

Extensor hallucis longus, Toe extension, ankle None 
extensor digitorum longus dorsiflexion 

Gastrocnemius, soleus _I Ankle plantar flexion Ankle jerk 
--+--

$1 

$2 

Lateral edge of foot 

Posterior part of thigh Flexer digitorum longus, Ankle plantar flexion, toe None 
flexor hallucis longus flexion 

(l'able 34) and lumbar and sacral (l'able 3-5) plexuses and 
their distribution are also included. These tables can assist 
the reader ln determining the specific nerve lesion associ
ated with a particular motor or sensory deficit In the upper 
or lower limbs. 

Cranial nerve Injuries are considered In Chapter 11. 

Basic Clinical Principles Underlying 
Peripheral Nerve Injuries 
• Jn open, dirty wounds, which carry a high risk of infection, 

the sectioned nerve should be ignored, and the wound 
infection should be treated. Later, when the wowid has 
healed satlsfactorily, the nerve should be explored, and 
the cut ends of the nerve should be sutured together. 

• For a patient with a healed wound and no evidence of nerve 
recovery, the treatment should be conservative. Sufficient 
time should be allowed to elapse to enable the regenerat
ing nerve fibers to reach the proldmaJ muscles. If recovery 
fails to occur, the nerve should be explored surgically. 

• Jn cases In which connective tissue, bone fragments, or 
muscles come to lie between the cut ends of a severed 
nerve. the nerve should be explored; if possible, the cut 
ends of the nerve should be brought together and sutured. 

• The nutrition of the paralyzed muscles must be maintained 
with adequate physiotherapy. Wann baths, massage, and 
warm clothing help to maintain adequate clrculatlon. 

• The paralyzed muscles must not be allowed to be 
stretched by antagonist muscles or by gravity. Moreover, 
excessive shortening of the paralyzed muscles leads to 
contracture of these muscles. 

• Moblllty must be preserved by daily passive movements 
of all joints in the affected area. Failure to do this results 
tn the formation of adhesions and consequent Umitatlon 
of movement. 

Once voluntary movement returns in the most proximal 
muscles, the physiotherapist can assist the patient In per
forming active exercises. This not only aids ln the return 
of a normal circulation to the affected part but also helps 
the patient to learn once again the complicated muscular 
performance of skilled movements. 

Nerve Transplantation 
Nerve grafts have been used with some success to restore 
muscle tone in facial nerve palsy. In mixed nerve injuries, 
nerve grafts have succeeded only ln restoring some sen
sory function and slight muscle activity. The presence of 
two suture lines and the increased possiblllty of mixing the 
nerve fibers ls probably the reason for the lack of success 
with nerve grafts. In most nerve injuries, even when the gap 
between the proximal and distal ends is as great as 10 cm, 
moblllzlng the nerve or altering its position In relation to 
Joints so that the proximal and distal ends may be brought 
together without undue tension ls usually possible; the 
ends are then sutured together. 

Peripheral Nerve Tumors 
A peripheral nerve consists essentially of nerve fibers 
(axons), each of which is associated with Schwann cells; the 
fibers are either myellnated or nonmyellnated. The nerve 
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TableM Branches of the Brachia! Plexus and Their Distribution 

Roots 

Do1$<1I scapular nerve (CS} 

Long thoracic nerve (C5-C7) 

Upper Trunk 

Suprascapular nerve (C5-C6) 

Nerve to subclavius (C5-C6) 

Lateral Cord 

Lateral pectoral nerve (C5-C7) 

Musc:uloc:utaneous nerve (C5-C7) 

Rhomboid minor, rhomboid major, levator scapulae muscles 

Serratus anterior muscle 

Supraspinatus and infraspinatus muscles 

Subclavius 

Pectoralis major muscle 

Coracobrachialis, biceps brachii, brachialis muscles; supplies skin 
along lateral border of forearm when it becomes the lateral 
cutaneous nerve of forearm 

Lateral root of median nerve {C5-C7) 

Posterior Cord 

---<11-s-e-e medial root of median nerve 

Upper subscapular nerve {C5-C6) 

Thoracodorsal nerve (C6-C8) 

Lower subscapular nerve (C5-C6} 

Axillary nerve (C5-C6) 

---~l_s_u_bscapularis muscle 

Latissimus dorsi muscle 

Subscapularis and teres major muscles 

Deltoid and teres minor muscles; upper lateral cutaneous nerve of 

Radial nerve (CS-C8, T1} 

arm supplies skin over lower half of deltoid muscle 

-------11-li-r-iceps, anconeus, part of brachialis, brachioradialis, extensor carpi 
radialis longus; via deep radial nerve branch supplies extensor 
muscles of forearm: supinator, extensor carpi radialis brevis, 
extensor carpi ulnaris, extensor digitorum, extensor digiti minimi, 
extensor indicis, abductor pollicis longus, extensor pollicis 
longus, extensor pollicis brevis; skin, lower lateral cutaneous 
nerve of arm, posterior cutaneous nerve of arm, and posterior 
cutaneous nerve of forearm; skin on lateral side of dorsum of 
hand and dorsal surface of lateral 3Y.2 fingers; articular branches 
to elbow, wrist, and hand 

Medial Cord 

Medial pectoral nerve {CS, T1) 

Medial cutaneous nerve of arm joined by 
intercostal brac:hial nerve from second 
intercostal nerve (C8, T1-T2) 

Pectoralis major and minor muscles 

--i-s-k-in of medial side of arm 

Medial cutaneous nerve offorearm (CS, T1) 

Ulnar nerve {CS, T1) 

I Skin of medial side of forearm 

Flexor carpi ulnaris and medial half of flexor digitorum profundus, 
flexor digiti minimi, opponens digiti minimi, abductor digiti 
minimi, adductor pollicis, third and fourth lumbricals, interossei, 
palmaris brevis, skin of medial half of dorsum of hand and palm, 
skin of palmar and do1$<ll surfaces of medial 1Y.2 fingers 

Medial root of median nerve (with lateral 
root) forms median nerve (C5-C8, T1) 

_ _,,l_P_ro- nator teres, flexor carpi radialis, palmaris longus, fle.xor 
digitorum superficlalis, abductor pollicis brevis, flexor pollicis 
brevis, opponens pollicis, first two lumbricals (by way of anterior 
interosseous branch), flexor pollicis longus, flexor digitorum 
profundus (lateral half), pronator quadratus, palmar cutaneous 
branch to lateral half of palm and digital branches to palmer 
surface of lateral 3Y.2 fingers; articular branches to elbow. wrist,, 
and carpal joints 
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Table3-5 Branches of the Lumbar and Sacral Plexuses and Their Distribution 

Femoral nerve {Ll-1..4) lliacus, pectineus, sartorius, quadriceps femoris muscles; skin, medial cutaneous and 
intermediate cutaneous nerves of thigh, saphenous nerve to medial side of leg, 

--...--medial side of foot as far as ball of big tee; articular branches to hip and knee joints 

Obturator nerve (Ll~) Pectineus, adductor longus, adductor brevis, adductor magnus (adductor portion), 
gracilis muscles; skin, medial side of thigh; articular branches to hip and knee joints ---

Sciatic nerve (L4-L5, S1-S3) ---
Common peroneal nerve Biceps femoris muscle (short head); skin, lateral cutaneous nerve of calf, sural 

communicating branch to lateral side of leg, lateral side of foot, and little toe 

Superficial peroneal nerve 

Deep peroneal nerve 

I Peroneus longus and brevis muscles; skin, lower leg, and dorsum of foot 

Tibialis anterior, extensor hallucis longus, extensor digitorum longus, peroneus 
tertius, extensor digitorum brevis muscles; skin, cleft between the first and second 
toes; articular branches to tibiofibular;. ankle, and foot joints 

Tibial nerve Semitendinosus, biceps femoris (long head), semimembranosus, adductor magnus 
(hamS1ring part}, gastrocnemius, soleus, plantaris, popliteus, tibialis posterior, 
flex.or digitorum longus, flex.or hallucis longus muscles; skin, medial side of ankle; 
articular branches to hip, knee, and ankle joints 

Medial plantar nerve Abductor hallucis, flexor digitorum brevis, flexor hallucis brevis, first lumbrical 
muscles; skin, medial side of sole of foot; articular branches to foot joints 

Lateral plantar nerve -----,- Flexor accessorius, abductor digiti minimi, flexor digiti minimi brevis, second, third, 
I and fourth lumbricals, adductor hallucis, all interossei muscles; skin of lateral side 

of sole of foot 

fibers are arranged in parallel bundles and are surrounded 
by connective tissue sheaths. 

A benlp Dbroma or a mallpant tarcoma may arise In 
the connective Ussue of the nerve and does not differ from 
similar tumors elsewhere. NeurllemmoJDM are believed to 
arise from Schwann cells. They arise from any nerve trunk, 
cranial or spinal, and in any part of its course. Primary 
tumors of the axons are very rare. 

Blood Vessels, Lymf?hatics, and Endoneurial 
Spaces within Peripheral Nerves 
Peripheral nerves receive branches from arteries In the 
regions they pass through. The anastomotic network that 
exists within a nerve is considerable. and local !schemta 
does not occur If a single artery is obstructed. 

A plexus of lymph vessels lies within the epineurial con
nective tissues, and this drains to regional lymph nodes. 

As demonstrated by the results of experiments In which 
dyes have been injected into peripheral nerves, spaces 
exist between Individual nerve fibers. These endoneurlal 
spaces evidently provide a potential route for the ascent of 
tetanaa toa:ln to the spinal cord. 

Local Anesthetic Action on Nerve Conduction 
Local anesthetics are drugs that block nerve conduction 
when applled locally to a nerve fiber in suitable concentra
tions. Their slte of actJon is the axolemma (plasma mem· 
brane), and they interfere with the transient increase in 
permeability of the axolemma to Na•, K+, and other tons. 
The sensitivity of nerve fibers to local anesthetics ls related 
to the size of the nerve fibers (see Table 2-3). Small nerve 

fibers are more susceptible than large fibers; small fibers 
are also slower to recover. 

Cocaine has been used clinlcally to block nerve conduc
tion. Unfortunately, It ls a strong stimulant of the cerebral 
cortex and readily causes addictJon. Procaine Is a s~ 
theUc compound that is widely used as a local anesthetic 
agent. 

Apparent Recovery of Central Nervous 
System Function 
Axon regeneration In the brain and spinal cord ls mmlmal 
following a lesion, yet considerable functional recovery 
often occurs. Several explanations exist, and more than one 
mechanism may be involved. 

1. Nerve fiber function may be Impaired from compresslon 
by edema fluid. Once the edema subsides, a substantial 
recovery may take place. 

2. The damaged nerve fiber proximal to the lesion may 
form new synapses with neighboring normal neurons. 

3. Following a leslon to branches of a nerve, all the neu· 
rotransmltters may pass down the remaining branches, 
producing a greater effect. 

4. Following a leslon of an afferent neuron, an increased 
number of receptor sites may develop on a postsyna~ 
tic membrane. This may result In the second neuron 
responding to neurotransmitter substances from nelgh· 
boring neurons. 

5. Nonfunctioning neurons may take over the function of 
damaged neurons. 

6. The damaged nerve fiber proximal to the lesion may 
form new synapses wlth neighboring normal neurons. 



7. The normal neighboring nerve fibers may give off 
branches distal to the lesion, which then follow the path
way previously occupied by the damaged fibers. 

8. If a particular function, such as the contraction of voJ.
untary muscle, is served by two neural pathways In the 
CNS and one pathway ls damaged, the remaining undam
aged pathway may take over the entire function. Thus, 
conceivably, if the corticospinal tract is injured, the cor
tlcoretlculospinal tract may take over the major role of 
controlllng the muscle movement. 

9. Wlth Intensive physiotherapy, patients may be trained 
to use other muscles to compensate for the loss of para
lyzed muscles. 

Herpes Zoster 
Herpes zoster, or shingles, Is a relatively common condi
tion caused by the reactivation of the latent variceJJa zoster 
virus In a patient who has previously had chickenpox. The 
Infection ls found In the flrst sensory neuron In a cranial 
or spinal nerve. The lesion ls seen as an inflammation and 
degeneration of the sensory neuron with the formation of 
vesicles with inflammation of the skin. The first symptom is 
pain in the distribution of the sensory neuron, followed in 
a few days by a skin eruption. The condition occurs most 
frequently in patients over age 50 years. 

Polyneuropathy 
PoJyneuropathy Is an impairment of function of many 
peripheral nerves simultaneously. The many causes 
include Infection (endotoxln of diphtheria, Gulllaln-Barre 
syndrome [see Clinical Example at beginning of chapter]), 
metaboJtc disorders (vitamins 8 1 and 8 12 deficiency, poi
soning by heavy metals, drugs), and endocrine disorders 
(diabetes). Axon degeneration and/or segmental demye
lination may take place, and the neuron cell body may be 
involved. Jn mild cases, the condition is reversible, but in 
severe cases, lt may be permanent. Both sensory and motor 
symptoms and signs may be evident. 

Receptors 
Sensory endings are found throughout the body In both 
somatic and visceral areas. Their wide distribution is for
tunate, because they enable us to react to changes in the 
external and internal environment. 

To make a diagnosis or study the effect of treatment 
on a disease process, a clinician relies almost entirely on 
the patient's ability to describe changes in subjective sen
sations or to respond to specific stimuli during a physical 
examination. Such descriptions, such as •1m1tellke pain," 
"dull and aching pain," "colicky pain," "pins and needles," 
and "cannot feel anything" are very familiar to the prac
ticing cJlnician. Each main type of sensation that can be 
experienced, such as pain, temperature, and touch and 
pressure, is called a modality of sensation. The type of 
modality felt by a patient from a particular part of the body 
ts determined by the specific area of the CNS to which the 
afferent nerve fiber passes. However, remembering that 
axons carrying specific modalities are associated with one 
or more anatomically distinct receptors is clinically useful 
(Table 3-6). 

Sensory Receptors and Age 
With life expectancy increasing, many patients now reach 
the age when sensory receptor degeneration can cause 
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Table 3-6 Receptors and Associated 
Functions 

Free nerve endings Pain, touch, pressure, tickle 
sensations, possibly cold 
and heat 

Merkel discs Touch and pressure 

Hair follicle receptor Touch 

Meissner corpuscles ~ch (two-point tactile-
discrimination) 

Pacinian corpusdes 

Ruffini corpuscles 

Pressure and vibration 

Sntch 
Neuromuscular spindles Elongation of muscle {stnJtch) 

Neurotendinous spindles Tension 

dlsequillbrlum. This critical age varies In different individ
uals, but once It starts, the sensory systems progressively 
deteriorate, involving not only visual and auditory systems 
but also proprioception and the ability to Integrate the 
afferent information entering the CNS. 

Sensory Modality Examination 
An accurate physical examination may enable the neurolo
gist to make a precise diagnosis. He or she may be able to 
determine whether a particular sensaUon can or cannot be 
appreciated or whether it ls less than normal. The clinician 
will be able to determine the precise area over the surface 
of the body where lmpalrment of sensation Is found. The 
following sensations are usually tested: 

1. light tondl. This is tested by gently touching the skin 
with a wisp of cotton; the patient has the eyes closed and 
responds "yes" whenever the stimulus Is felt. Recognize 
that different areas of the skin normally exhibit different 
thresholds for touch. The back and buttocks are less 
sensitive than the face or fingertips. On hairy surfaces, 
the slightest movement of a hair usually can be felt. 

2. l.ocallzadon of touch. After detecting the light touch 
with the eyes closed, the patient ts asked to place a 
finger on the exact site touched. Failure to accomplish 
this may be due to damage to the cerebral cortex. 

3. Two-point tactile dl9Cl'tmlnallon. Two blunt points 
are applied to the skin surface while the patient's eyes 
are closed. Gradually, the points are brought closer 
together until the patient ts unable to distinguish two 
definite points. A normal person ls able to distinguish 
two separate points on the Up of the Index finger when 
they are separated by a distance greater than about 
3 mm. On the back, however, they have to be separated 
by as much as 3 to 4 cm. 

4. Pain. The skin may be touched with the sharp end of a 
pin. First, the pain threshold Is established and then the 
areas of diminished or lost pain sensation are mapped 
out. Apply the stimulus in an irregular manner, first 
using the sharp end of the pin and then the dull head, 
with the patlent responding "sharp" or •dull." Certain 
diseases, such as tabes dorsalis or polyneuropathy 
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(polyneuritis), may produce a delay of up to 3 seconds 
before the patient recognizes the sharp pain. 

5. Pret91U'e pain. This poorly localized pain Is perceived 
by deep pressure on a muscle or by squeezing a tendon. 

6. Temperabue te9llng. Test tubes filled with hot or cold 
water may be used. When the test tubes are applied to 
the skin, the patient responds with either "warm" or 
"cold." First, the temperature threshold ls estabUshed 
and then the areas of diminished or lost temperature 
sensation are mapped out. 

7. Vibration. When the handle of a vibrating tuning fork is 
applied to the skin over bone (e.g., the medial malleolus 
of the tibia or the olecranon process of the ulna), a tln
gllng sensation Is felt. This Is due to the stJmulatJon of 
superficial and deep pressure receptors. The patient Is 
asked to respond when the first vibration is felt as well 
as when the vibration can no longer be detected. The 
perception of vibration in the legs is usually diminished 
after age 60 years. 

8. Appftdadon of form (lteJ.'eo8DOIU). With the patient's 
eyes closed, the examiner places common objects, such 
as coins or keys, in the patient's hands. The patient nor
mally should be able to Identify objec::ts by moving them 
around in the hand and feeling them with the fingers. 

9. PMllve movements ofjolDIL This test may be carried 
out on the fingers or toes. With the patient completely 
relaxed and In the supine position with eyes closed, the 
digit Is flexed or extended irregularly. After each move
ment. the patient is asked, "Js the digit 'up' or 'down'?" 
A normal individual not only can determine that pas
sive movement ls taking place but also Is aware of the 
direction of the movement. 

10. POlhlral eemlblllty. This ls the abillty to describe the 
position of a llmb when lt Is placed In that position 
while the patient's eyes are closed. Another way to per· 
form the test Is to ask the patient, wlth eyes closed, to 
place the limb on the opposite side in the same position 
as the other limb. The applicatlon and Interpretation 
of the results of these tests will be understood more 
fully when the afferent or sensory pathways have been 
discussed (see Chapter 4). 

Phantom Limb 
Wherever a particular sensory pathway is stimulated 
along its course from the receptor to the sensory cortex 
of the brain, the sensatJon experienced by the lndMdual Is 
referred to the site of the receptor. For example. If the pain 
fibers from the receptors In the little finger are stbnulated ln 
the ulnar nerve at the elbow, the Individual wlU experience 
pain in the little finger and not at the elbow. 

Following the amputation of a limb, the patient may 
experience severe pain in the absent limb due to pressure 
on the nerve fibers at the end of the stump. This phenomer 
non Is referred to clinically as phantom Umb. 

Action of Drugs and Other Agents on Skeletal 
Neuromuscular Junctions 
Table 3-7 gives some examples of drugs and diseases affect
ing the motor end plates In skeletal muscle. 

Neuromuscular Blocking Agents 
d·Tubocurarine produces flaccid paralysis of skeletal mus
cle, first affecting the extrinsic muscles of the eyes and then 
those of the face, the extremities, and finally the diaphragm. 

Table 3·7 Drugs and Diseases Affecting the Motor Endplates in Skeletal Muscle 

-
$ 

chloride 

Drug 

4-Aminopyridine 

Guanidine hydro 

Succinylcholine 

~ Tubocurarine 

Dimethyltubocura 

Gallamine 

Benzoquinonium 

Physostigmine 

Neostigmine 

Disease 

Botulinum toxin 

Myasthenia gravis 

rine 

Yes -
Yes 

ACh, aca1:ylcholine; AChE, acetylcholinestaraae. 

Yes 

Yes 

Yes 

[ Yes 

Yes -
Yes -- ,...__ 

Yes 

Yes 

Destruction of .... i-----+------
receptors 



Dlmelbyltubocunrlne, pll•mlne, and bemoqolnoninm 
have slmllar effects. 

These drugs combine with the receptor sites at the post
synaptlc membrane normally used by ACh and thus block 
the neurotransmitter action of ACh. Therefore, they are 
referred to as competitive blocking agents, as they are com
peting for the same receptor site as ACh. As these drugs are 
slowly metabolized, the paralysis passes off. 

l)ecemdhcmlam and llllCdnykbolbie also paralyze skel
etal muscle, but their action differs from that of competltive 
bloddng agents because they produce thelr effect by causing 
depolarization of the motor endplate. Acting like ACh, they 
depolarize the postsynapttc membrane, and the muscle 
contracts once. This Is foll~ by flacdd paralysis and 
blockage of neuromuscular acttvtty. Although the blocking 
action endures for some time, the drugs are metabollzed, and 
the paralysis puaes off. The actual paralysis is produced by 
the continued depolarization of the postsynaptic membrane. 
Remember that continuous depolartzallon does not produce 
continuous skeletal muscle contraction. RepoJarlzaUon has 
to tm place before further depoJarlzaUon can occur. 

Neuromuscular blocking agents are commonly used with 
general aoesthetlcs to produce the desired degree of muscle 
relaxation without using larger doses of general anesthetics. 
Because the respiratory muscles are paralyzed, facilities for 
arttflclal respiration are essential. 

Anticholinuterases 
Pbpcwdp•ne and nemdgmlne have the capaclty to com
bine with acetylchollnesterase (AChE) and prevent the 
esterue from Inactivating ACh. In addition, neostlgmlne 
has a direct stimulating action on skeletal muscle. The 
actions of both druga are reversible, and they have been 
used with success in the treatment of myasthenia gravis. 

Bacterial Toxin• 
Clodrldlam botullnum, the causative organism in certain 
cases of food poisoning, produces a toxin that Inhibits the 
release of ACh at the neuromuscular Junction. Death results 
from paralysis of the respiratory muscles. The course of the 
disease can be Improved by the administration of calcium 
gluconate or guanidine, which promotes the release of ACh 
from the nerve terminals. 

Motor Nerve and Skeletal Musde 
Not only does the motor nerve control the activity of the 
muscle it supplies but also its integrity is essential for the 
muscle's normal maintenance. Following section of a motor 
nerve, the muscle fibers rapidly atrophy and are replaced 
by connective tissue. The total bulk of the muscle may be 
75% reduced In u little as 3 months. This degree of atrophy 
does not occur if the muscle simply is immobilized; that is, 
it is not just disuse atrophy. ApparenUy, the maintenance of 
normal muscle ls dependent on the conttnued recepUon of 
ACh at the postsynapUc membrane at the neuromuscular 
Junction. 

Denervation Supersensitivity of Skeletal Musde 
After approldmately 2 weeks of denervatton, skeletal mus
cle fibers respond to externally applied ACh at sites other 
than the neuromuscular junctions. This supersensitivity 
could be mcplained on the basis that many new ACh recep
tors have developed along the length of the muscle fibers 
following denervatton. 
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Myasthenia Gravis 
Myasthenla gravls Is a common disease characterized by 
drooping of the upper eyelids (ptosis), double vision (dipk>
pla), difficulty In swallowing ( dysphagla), difficulty In talking 
(dysarthria), and general muscle weakness and fatigue. Ini
tially, the disease most often lnwlves the muscles ol the eye 
and the pharym. and the symptoms can be relieved with 
rest. In the progressive form of the disease, the weakness 
becomes steadily worse, and ultimately death occurs. 

The condition ls an autoimmune disorder In which anti
bodies are produced against the olcotlnic ACh receptors on 
the postsynapttc membrane. The cause of the autoimmune 
disorder Is unknown. The antibodies Interfere with the syn
aptic transmission by reducing the number of receptors or 
by blocking the interaction of ACh with its receptors. The 
sl2e of the junctional folds Is also reduced, and the width 
of the synaptic cleft ts Increased. Together, these changes 
result in reduced amplitude In endplate potentials. The 
condition can be temporarily relieved by AChE druga such 
as neoedpllne, which potentiates ACh's action. 

In adults with myasthenia gravis, about 70% show 
evidence of hyperplasia of their thymus glands. In the thy
mus, T cells, which mediate Immune protection, undergo 
maturation. Ezcesslve synthesis of thymlc hormones that 
stimulate the development of T cells may contribute to the 
autoimmune response. 

A rare congenital form of myuthenia gravis may exist 
from birth, with no abnormal antibody present. The ca.uses 
of the congenital disease Include AChE defldency at the 
motor endplatea, impaired release of ACh, Impaired capac
ity of the receptors to interact with ACh, and a reduced 
number of ACh receptors. 

Hypolcalemic Periodic Paralysis and 
Hyparlcalamic Paralysis 
Hypokalemlc periodic paralysis and hyperkalemic paralysis 
are diseases due to decreased or Increased blood potas
sium levels. The ability of ACh to Initiate electrical changes 
In the postsynapUc membrane of the neuromuscular Junc
tion can be greatly influenced by the level of blood poi.. 
sium, and this blood change is responsible for the paralysis 
In these patients. 

Action of Drugs on Neuromuscular Junctions 
in Smooth and Cardiac Musde and Nerve 
Endings on Secretory Cells 
In normal body physiology, ACh released from postgangll
onlc parasympathetic Hbers can bring about depolar12atlon 
and resulting contraction of smooth muscle fibers. ACh, 
however, is a useless drug to be administered by the clini
cian, because It ts rapidly destroyed by the cbo1baeslerMes. 
Also, Its actions are so widespread that It cannot be used 
selectively. By sllahtly changing the structure. as in the case 
of methacJtollne cblodde or ~ the drugs are less 
susceptible to destruction by the cholinesterases but still 
possess the ability to reart with the receptors. 

Atropine and -=opolandDe are druga that compete with 
ACh for the same receptors. These drugs are competitive 
antagonists of ACh at receptor sites of smooth muscle, 
cardiac muscle, and various secretory cells. 

Norepinephrine is released from postganglionic sympa
thetic fibers and can bring about depolarization of smooth 
muscle in the walls of arteries, for example, resulting In their 
contraction. At other sites, such as the bronchi, It causes 
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smooth muscle relaxation. Sympathetic receptors have 
been classlfled as a and ~· The functions associated with a
receptors are vasoconstrtctton, mydrlasls (dilatation of the 
pupil), and relaxation of the smooth muscle of the Intestine. 
~Receptors are associated with vasodilatation, cardtoaccel· 
eration, bronchial relaxation, and intestinal relaxation. 

Phenm:ybmzamlne has been found to block a-receptors, 
whereas propranolol blocks lkeceptors. The structure of 
these receptors Is not known. 

Sensory Perception Abnormalities 
Abnormalities in sensory perception should be looked for 
on the face, trunk, and limbs. Anas of diminished pain sen
sation (hypalgesf.a) or touch sensation (hypeadaeala) or 
heightened sensation (hyperestheala) should be identified. 
Abnormal sensations (pare.ahetda), such as pins and nee
dles, may be experienced by a patlent who has a lesion 
located anywhere along the sensory pathway from the 
peripheral nerve to the cerebral cortex. The areas of sen
sory abnormality should be precisely defined and recorded, 
with each modality being recorded separately. 

Testing sensory function requires practice and experi· 
ence. Many patients have difficulty in responding to a cllni· 
clan's examination of the sensory system. Some individuals 
try to assist the examiner by wrongfully anticipating the 
correct response. This problem can largely be overcome 
by testing for cutaneous sensibility with the patient's eyes 
closed. In this way, the paUent cannot see which areas 
of skin are being tested. Other patients find It difficult to 
understand exactly what information is required of them. 
Some intelligent patients respond more to differences In 
intensity of stimulation rather than giving a simple "yes• or 
"no" answer to the question "Can you feel anything?" The 
clinician must always be aware of the possibility of hyste
ria, which occurs when a patient complains of sensory loss 
that has no neuroanatomical explanation. For example, a 
total loss of skin sensation on one side of the face. includ
ing the angle of the jaw, would Infer that the patient has 
a lesion Involving the Hfth cranial nerve In the pons and 
the greater auricular nerve (C2-C3), which Is anatomically 
very unlikely. Patience and objectivity are required, and 
if doubt exists as to the accuracy of the assessment, the 
patient should be reexamined on another occasion. 

Segmental Innervation of the Skin 
Because large nerve plexuses are present at the roots of the 
upper and lower limbs, a single spinal nerve may send both 
motor and sensory fibers to several peripheral nerves, and 
conversely, a single peripheral nerve may receive nerve 
fibers from many spinal nerves. Moreover, a lesion of a seg. 
ment of the spinal cord, or posterior root, or spinal nerve 
wlll result In a sensory loss that ls different from that occur
ring alter a lesion of a peripheral nerve. 

The area of skin supplied by a single spinal nerve and, 
therefore, a single segment of the spinal cord is called a 
dennatome. A clinician should remember that dermatomes 
overlap and that, In the trunk, at least three contiguous spl· 
nal nerves have to be sectioned to produce a region of com
plete anesthesia. Remember also that the degree of overlap 
for painful and thermal sensations is much greater than 
that for tactile sensation. A clinician should have a working 
Jmowledge of the segmental (dermatomaI) Innervation of 
skin, because with a pin or a piece of cotton, he or she can 
determine whether the sensory function of a particular 
spinal nerve or segment of the spinal cord is normal. When 

examining the dermatomal charts, note that because of 
the development of the upper limbs, the anterior rami of 
the lower cervical and first thoracic spinal nerves have 
lost their cutaneous Innervation of the trunk anteriorly, 
and at the level of the second costal cartilage, the fourth 
cervical dermatome is contiguous with the second thoracic 
dermatome. In the sensory Innervation of the head, the 
trlgemlnal (fifth cranial) nerve suppJles a large area of the 
face and scaJp, and Its cutaneous area ls contiguous with 
that of the second cervical segment. 

Because the dermatomes run longitudinally along the 
long axis of the upper limbs, sensation should be tested 
by dragging a wisp of cotton or a pin along the long axis of 
the medlaJ and lateral borders of the limbs. On the trunk, 
the dermatomes run almost horizontally, so the stimulus 
should be applied by moving in a vertical direction. 

Segmental Innervation of the Muscles 
Remember that most skeletal muscles are innervated by 
more than one spinal nerve and, therefore, by the same nwn
ber of segments of the spinal cord. Complete destruction of 
one segment of the spinal cord as the result of trauma or 
pressure fTom a tumor wlll cause weakness of all the mu~ 
cles that are innervated from that segment. To paralyze a 
muscle completely, several adjacent segments of the spinal 
cord have to be destroyed. 

Because of the presence of the cervical, braclllaJ, and 
lumbosacral plexuses, the axons of motor anterior 111ay 
column cells are redistributed into a number of peripheral 
nerves. Knowing this, the clinician, is able to distinguish 
between a lesion of a segment of the spinal cord, an an~ 
rlor root, or a spinal nerve on the one hand and a lesion 
of a peripheral nerve on the other hand. For example, the 
musculocutaneous nerve of the arm, which receives nerve 
fibers from the fifth, sixth, and seventh cervical segments 
of the spinal cord, supplies a finite number of muscles
namely, the biceps brachll, the brac!Ualis, and the coraco
brachlalls muscles-and section of that nerve would result 
In total paralysis of these muscles; a lesion of the fifth, 
sixth, and seventh cervtcaJ spinal segments, or their ante
rior roots or their spinal nerves, would result in paralysis 
of these muscles and also partial paralysis of many other 
muscles, Including the deltoid, suprasplnatus, teres minor, 
and lnfrasplnatus. 

The segmental Innervation of the biceps brachll, triceps, 
brachloradlalls, muscles of the anterior abdominal wall, 
quadriceps femorls, gastroc:nemius, and soleus should be 
memorized, as testing them is possible by eliciting their 
reftex contruUon (see p. 110). 

Muscle Tone 
Skeletal muscle tone Is due to the presence of a few muscle 
fibers within a muscle being ln a state of full contraction 
all the time. Muscle tone Is controlled reflexly from affer
ent nerve endings situated in the muscle itself. Therefore, 
any disease process that interferes with any part of the 
reflex arc will abolish the muscle tone. Some samples are 
syphilitic Infection of the posterior root (tabes dorsalls); 
destruction of the motor anterior 11Jay column cells, as In 
poliomyelitis or syringomyella; destruction of a segment of 
the spinal cord by trauma or pressure from a tumor; sec
tion of an anterior root; pressure on a spinal nerve by a 
prolapsed lntervertebraJ disc; and section of a peripheral 
nerve, as in a stab wound. All these cllnlcaJ conditions wlll 
result ln Joss of muscle tone. 



Although the basic mechanism underlying muscle tone 
Is the integrity of the spinal segmental reflex, this reflex 
activity Is lnfluenced by nervous Impulses received by the 
anterior horn cells from all levels of the brain and spinal 
cord. Spinal shock, which follows injury to the spinal cord 
and is caused by loss of functional activity of neurons, will 
result In dlmin1shed muscle tone. Cerebellar disease also 
results In dlm1nlshed muscle tone because the cere~ 
lum facilitates the stretch reflex. The reticular formation 
normally tends to Increase muscle tone, but its actlvity Is 
Inhibited by higher cerebral centers. Therefore. if the higher 
cerebral control is interfered with by trauma or disease. the 
inh1bltlon ts Jost and the muscle tone Is exaggerated ( decer
ebrate rigidity). Primary degeneration of the muscles them
selves (myopathles) can also cause loss of muscle tone. 

Posture 
The posture of an Individual depends on the degree and 
distribution of muscle tone and, therefore, on the activity 
of the motor neurons that supply the muscles. The motor 
neurons in the anterior gray columns of the spinal cord are 
the points where the nervous impulses converge from many 
posterior nerve roots and the descending fibers from many 
different levels of the brain and spinal cord. The successful 
coordination of all these nervous infiuences results In a 
normal posture. 

When someone is in the standing posture, remarkably 
little muscular activity is taking place in the muscles of the 
limbs and trunk. This Is because the center of gravity of 
any part of the body Is maiDly above the joints on which 
its weight is directed. Moreover, In many Joints, such as 
the hip and the knee, the ligaments are very strong and 
support the body in the erect posture. However, a person 
cannot remain standing If all muscles are paralyzed. Once a 
person starts to fall, either forward, backward, or laterally, 
the muscle spindles and other stretch receptors immedi
ately Increase their acttvity, and the reflex arcs come into 
play; thus, reflex compensatory muscle contractions take 
place to restore the state of balance. The eyes and the 
receptors In the membranous labyrinth also play a vital 
part In the maintenance of balance. The Importance of the 
eyes In maintaining the erect position can easily be tested 
in a normal person. Once the eyes are closed, the person 
shows a tendency to sway slightly because he or she now 
must rely exclusively on muscle and labyrinthine receptors 
to preserve his or her balance. 

Pathologic alteration In muscle tone will therefore affect 
posture. For eumple, In hemtplegla or In Parkinson disease, 
in which hypertoniclty exists, posture will be changed. As 
with cerebellar disease, hypotonlclty will cause drooping 
of the shoulder on the affected side. Lesions involving 
peripheral nerves that Innervate antlgravlty muscles will 
produce wrlstdrop (radial nerve) and footdrop (common 
peroneal nerve). 

Clinical Observation of Muscular Activity 
Magnitude of muscle Injury Is evaluated through observa
tion of size, tone, and the presence of Involuntary move
ments. 

Muscular Power 
Ask the patient to perform movements for which the mus
cle under examination Is primarily responsible. Next, ask 
the patient to perform each movement against resistance 
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and compare the strengths of the muscles on the two sides 
of the body. Section of the peripheral nerve that supplies 
the muscle or disease a1fecting the anterior gray column 
cells (e.g., poliomyelitis) will clearly reduce the power of or 
paralyze the muscles involved. 

Muscle Wasting 
Muscle wastlng occurs within 2 to 3 weeks after section of 
the motor nerve. In the limbs, It Is eastly tested by mea
suring the diameter of the limbs at a given point over the 
Involved muscle and comparing the measurement obtained 
with that at the same site on the opposite limb. 

Muscular Fasciculation 
Twitching of groups of muscle fibers ls seen most often In 
patients with chronic disease that a1fects the anterior horn 
cells (e.g., progressive muscular atrophy). 

Mu1cular Contracture 
Muscular contracture occurs most commonly in the mus
cles that normally oppose paralyzed muscles. The muscles 
contract and undergo permanent shortening. 

Muscle Tone 
A muscle without tone-that is, one in which the simple 
spinal reflex arcs are not functioning-is noncontractile 
and doughllke on palpation. Degrees of loss of tone may 
be tested by passively moving the Joints and comparing 
the resistance to the movements by the muscles on the two 
sides of the body. Increase in muscle tone can occur follow
ing the removal of the cerebral inhibition on the reticular 
formation. 

Muscular Coordination 
To determine muscular coordination, ask the patient to 
touch, with the eyes open, the tip of the nose with the tip of 
the forefinger and then ask to repeat the process with the 
eyes closed. A simllar test of the lower limbs may be canted 
out with the pattent lying down. Ask the patient to place one 
heel on the opposite knee, with the eyes open and then ask 
to repeat the process with the eyes closed. 

Another test Is to ask the patient to quickly suplnate 
and pronate both forearms simultaneously. Disease of 
the cerebellum, for example. which coordinates muscular 
activity, would result In Impaired ablllty to perform these 
rapid repetitive movements. 

Involuntary Movement of Muscles 
Tic is a coordinated, repetitive movement involving one or 

more muscles. 
Chorellorm. movements are quick, Jerky, Irregular move

ments that are nonrepetltive. Swift grimaces and sudden 
movements of the head or Umbs are examples of this 
condition. 

Atbetodl consists of slow, sinuous, writhing movements 
that most commonly involve the distal segments of the 
limbs. 

Tremor Is the alternating contraction of the agonlsts and 
antagonists of a Joint. 

Myodonut consists of shockllke muscular contractions of 
a portion of a muscle. an entire muscle, or a group of 
muscles. 

Tonic lp&llD refers to a sustained contraction of a muscle 
or group of muscles, as In the tonic phase of an epileptic 
seizure. 
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Neurologic Sensory and Motor Symptom..-Are 
They Always of Primary Neurologic Origin? 
A neurologic diagnosis depends on determining the site of 
the lesion and the nature of the pathology causing the dis
ease. The clinician cannot comider the nervous system in 
isolation, because the neurolo&lc symptoms and sip may 
depend on dlaorders mainly involving another system. For 

Nerve Fibers 

• Myellnated nerve fibers are surrounded by 
segmented, discontinuous myelln sheaths from 
supporting neuroglia cells. 

• In the PNS, multiple Schwann cells wrap around a 
single axon In a Ught spiral. 

• In the CNS, a single oligodendrocyte will extend 
multiple myeUn processes that cover portions of 
multlple nerve Obers. 

• Some smaller axons do not require myelination, such 
as fine sensory or postgangUoolc autonomic nerves. 

Peripheral Nerves 

• The 31 pairs of spinal nerves and 12 pairs of cranial 
nerves each carry sensory and/or motor nerve fibers. 

• Spinal nerves carrying sensory information have 
a dorsal root ganglion, formed by the collection 
of unipolar cell bodies. Cranial nerves carrying 
sensory fibers also have sensory ganglia. 

• Sympathetic and parasympathetic nerves have 
autonomic ganglia, formed by the collection of 
postsynaptlc autonomic cell bodies, located away 
from the brain and spinal cord. 

• Peripheral nerve bundles may divide into branches 
that join neighboring peripheral nerves, forming a 
nerve plexus. This allows nerve fibers from different 
spinal cord segments to be distributed efficiently in 
different nerve trunks to various parts of the body. 

Conduction in Peripheral Nerves 

• Reversing the negative resting potential by dJffusion 
of sodium (Na1 and potassium (K.1 across the 
plasma membrane, resulting in propagation of 
electrical depolarization down the fiber, Is called an 
action potential. 

• For a short time after the action potential, the 
nerve is unable to be excited because the sodium 
channels are Inactivated. This ls called the absolute 
refractory period. 

eumple, a cerebral embolism may follow the formation of a 
blood clot on the ventricular wall of a patient with coronary 
thrombosis. A cerebral abscess may follow the formation oI 
a IUDJI ab5cess. Therefore. neurologic examination in many 
patients should be accompanied by a more general physical 
examination involving other systems. 

• Conduction velocity Is posltlvely affected by factors 
such as fiber diameter and myellnatlon. 

Receptor Endings 

• Sensory receptors are classified by functional type 
(mechanoreceptors, thermoreceptors, nociceptors, 
electromagnetic receptors, and chemoreceptors) 
and anatomical type (encapsulated or 
nonencapsulated). 

• Free nerve endings are nonencapsulated and 
typically detect pain, crude touch, pressure, and 
tickle sensations. 

• Merkel discs are nonencapsulated endings found 
In hairless skin and are considered to be slowly 
adapting touch receptors. 

• Hair follicle receptors are nonencapsulated endings 
that surround the hair follicle and respond to 
bending the halr. 

• Meissner corpuscles are encapsulated ending found 
In the dermal papUiae of the skin and function as 
rapidly adapting fine touch detectors. 

• Pacinian corpuscles are encapsulated endings in the 
skin that respond to vibration sensations. 

• Ruffini corpuscles are encapsulated stretch 
receptors in the skin. 

• Neuromuscular and neurotendinous spindles are 
found in muscles and tendons to detect muscle 
stretch and muscle tension, respectively. 

Effector Endings 

• Skeletal muscle ls innervated by large myellnated 
nerve fibers derived from motor neurons in the 
anterior gray horns of the spinal cord. 

• A single nerve fiber terminates on multiple muscle 
fibers at a site referred to as a neuromuscular 
junction or motor endplate. 

• Smooth muscle and cardiac muscle fibers are 
innervated by sympathetic and parasympathetic 
parts of the autonomic system. 



Q Clinical Problem Solving 

1. A 20-year-old man is seen in the emergency depart
ment following an automobile accident. A diagno
sis of fracture dislocation of the fourth thoracic 
vertebra Is made, with Injury to the spinal cord 
as a complication. A lamtnectomy ls performed to 
decompress the spinal cord In order to avoid per
manent injury to the tracts of the cord. What Is a 
nerve tract In the spinal cord? How does this differ 
in structure from a peripheral nerve? 

2. Multiple sclerosis is an example of a demyelinating 
disease of the nervous system. Many other diseases 
of the nervous system also have the common 
pathologic feature of destruction of the myelin 
sheaths of nerve fibers. How does myelination nor
mally take place in peripheral nerves and central 
nervous system tracts? When does myelination of 
nerves normally take place? 

3. The myeltn sheath ts said to be formed In the 
peripheral nervous system (PNS) by the rotation 
of Schwann cells on the axon so that the plasma 
membrane becomes wrapped around the axon In a 
spiral. In the central nervous system (CNS), do the 
oligodendrocytes rotate on the axons In a similar 
manner to fonn myelin? 

4. A 26-year-old man is involved in a street brawl and 
receives a knife wound to the right ann at about the 
midhwneral level. Physical examination reveals that 
the median nerve has been sectioned. Motor loss 
consists of paralysis of the pronator muscles of the 
forearm and the long flexor muscles of the wrist and 
fingers, with the exception of the flexor carpi ulnarts 
and the medial half of the flexor dlgitorum profundus. 
As a result, the right forearm ts kept in the supine 
position; wrist llexlon ls weak and accompanied by 
adduction. The latter deviation ls due to the paralysis 
of the llexor carpi radlalls and the strength of both 
the flex.or carpi ulnarls and the medial half of the 
ftexor digitorum profundus. No Hexion is possible at 
the interphalangeal joints of the index: and middle 
fingers, although weak flexion of the metacarpopha
langeal joints of these fingers was attempted by the 
interossei. When the patient is asked to make a fist 
of his right hand, the Index and, to a lesser extent, 
the middle fingers tends to remain straight, while the 
ring and little fingers flex. The latter two fingers are 
weakened by the loss of the flexor dlgltorwn superfi
clalls. Flexion of the terminal phalanx of the thumb Is 
lost due to paralysis of the flexor polllcis longus. The 
muscles of the thenar eminence are paralyzed, and 
the right thumb is laterally rotated and adducted. 

Sensory loss of the skin of the right hand involves 
the lateral half of the palm and the palmar aspect 
of the lateral three and a half fingers. There is also 
sensory loss of the skin of the distal parts of the 
dorsal surfaces of the lateral three and a half fingers. 
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The skin areas involved in sensory loss become 
warmer and drier than normal, evidencing vasomo
tor changes. This is due to arteriolar dilatation and 
absence of sweating resulting from loss of sympa
thetic nervous control. 

(a) Describe the changes that would take place 
In the median nerve proximal and distal to the 
site of section. (b) How would you treat this case? 
(c) What will be the first signs and symptoms to 
Indicate that the nerve ls regenerating adequately? 
( d) Which function will return first-sensory or 
muscular? (e) About how long will it take for the 
nerve to regenerate and reach its end organs? 

5. A 45-year-old woman with a right-sided facial palsy 
is examined. When questioned, she says that 
3 years previously she had experienced a weakness 
of the right side of the face and some degree of loss 
of taste sensation following a ride In an open car on 
a cold day. A diagnosis of Bell palsy was made. What 
Is Bell palsy? How would you treat this patient? 

6. A family with five small children move into an old 
house. Six months later, the mother notices that her 
I-year-old son is becoming somnolent and quiet. 
Whereas previously he was very active and crawled 
around the house, he now tends to lie about the 
ftoor, uninterested in his toys. He has also stopped 
eating well and is very constipated. The mother 
decides to take him to a pediatrician when, as she 
puts it, the child suddenly "threw a fit." Examination 
reveals no positive physical signs except for a dark 
line between the gums and teeth. When questioned 
further, the mother admits that the child liked 
sucklng the peeling paint on the railings outside 
the house. A diagnosis of chronic lead poisoning is 
made. This is conflnned by finding that the blood 
lead level was in excess of 50 µg per 100 mL. What 
effect does lead have on the nervous system? 

7. A 54-year-old man suddenly develops severe pain 
down both legs In the distribution of the sciatic 
nerve. He also notices numbness In the buttocks 
and perineum and recently notes that he cannot 
feel the passage of urine or feces. A diagnosis is 
made of central protrusion posteriorly of the inter
vertebral disc between the third and fourth lumbar 
vertebrae. The symptoms Indicate that the cauda 
equtna ts being pressed on. Can regeneration occur 
In the cauda equlna? 

8. By what anatomical route ts tetanus toxin believed to 
pass from a wound to the central nervous system? 

9. Following an automobile accident, a 35-year-old man 
is seen in the emergency department with fractures 
of the fifth and sixth ribs on the right side. In order 
to relieve the pain and discomfort experienced by 
the patient when breathing, the clinician decides to 
block the right fifth and sixth intercostal nerves by 
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injecting a local anesthetic, lidocaine (Xylocaine), 
around the nerve trunks. What is the effect of the 
local anesthetic agent on the nerve fibers? Are the 
large-diameter or the small-diameter nerve fibers 
more susceptible to the action of the drug? 

10. A 65-year-old man, on returning home from a 
party, finds that he cannot climb the stairs. He has 
consumed a large amount of whiskey and seems 
to have lost control of his legs. He sits down on 
a chair in the hallway and is soon in a deep, stu
porous sleep, with his right arm suspended over 
the back of the chair. The next morning, he wakes 
with a severe headache and loss of the use of his 
right arm and hand. During examination In the 
emergency department, the patient is found to have 
severe paralysis involving branches of the medial 
cord of the brachia) plexus and the radial nerve. 
The diagnosis is neuropraxia, which occurred as 
the result of the pressure of the back of the chair 
on the involved nerves. What is neuropraxia? How 
does this differ from axonotmesis and neurotmesis? 
What is the prognosis in this patient? How would 
you treat this case? 

11. A well-known politician ls attending a rally when a 
youth suddenly steps forward and shoots him in 
the back. Examination in the emergency depart
ment shows that the bullet has entered the back 
obliquely and is lodged in the vertebral canal at the 
level of the eighth thoracic vertebra. The patient 
cannot feel anything below this level and is para
lyzed from the waist downward. At the operation, 
a Iaminectomy is performed, and the bullet is 
removed. Considerable damage to the spinal cord 
is noted. What changes take place in the spinal cord 
when the nerve fibers are damaged? Does regenera
tion take place in the central nervous system? 

12. An IS-year-old woman visits her physician because 
she has burns, which she cannot feel, on the tips of 
the fingers of the right hand. She also mentions that 
she has weakness of her right hand. On physical 
examination, severe scarring of the fingers of the 
right hand is noted. Obvious atrophy of the small 
muscles of the right hand is also found. Testing 
the sensory modalities of the skin of the entire 
patient shows total loss of pain and temperature 
sensation of the distal part of the right upper limb. 
The left hand has diminished sensibility to pain and 
temperature. Definite muscular weakness is demon
strated In the small muscles of the right hand, and 
a small amount of weakness also is found in the 
muscles of the left hand. A diagnosis of syringo
myelia was made. (a) Using your neuroanatomical 
knowledge, describe the type of sensory nerve 
endings that are sensitive to pain and temperature. 
(b) How would you examine a patient to determine 
cutaneous pain and temperature sensory loss? 

13. A 35-year-old man, while walking past some work
men who are digging a hole in the road, suddenly 
becomes aware of a foreign body in his left eye. 
Because the cornea is extremely sensitive, he 
suffers considerable discomfort. What sensory 

endings are present in the cornea? Is the cornea 
sensitive to stimuli other than pain? 

14. A 60-year-old man visits his physician because for 
the past 3 months he has been experiencing an 
agonizing stabbing pain over the middle part of the 
right side of his face. The stabs last a few seconds 
but might be repeated several times. "The pain is 
the worst I have ever experienced," he tells his clini
cian. He has noticed particularly that a draft of cold 
air on his face or the touching of a few scalp hairs 
in the temporal region can trigger the pain. Physical 
examination reveals no sensory or motor loss of the 
trigeminal nerve. A diagnosis of trigeminal neuralgia 
is made. Using your knowledge of neuroanatomy, 
explain why hairs are so sensitive to touch. 

15. A 50-year-old man is diagnosed as suffering from 
tabes dorsalls. On physical examination, many 
signs of the syphilitic disease are present, includ
ing a total lack of deep sensation to pain. Intense 
squeezing of the calcaneus tendon or the testicles 
produces no response. Using your knowledge of 
neuroanatomy, explain how deep pain sensation is 
normally experienced. 

16. While carrying out a physical examination of a 
patient, the clinician asks the patient to cross his 
knees and relax his leg muscles. The left ligamen
tum patellae are then struck smartly with a reflex 
hammer, which immediately produces an invol
untary partial extension of the left knee joint (the 
knee-jerk test is positive). How does the central 
nervous system receive nervous information from 
the quadriceps femoris muscle in order that it may 
respond reflexly by extending the knee? 

17. A 55-year-old man suffering from syphilis of the 
spinal cord presents characteristic symptoms and 
signs of tabes dorsalis. He has experienced severe 
stabbing pains in the abdomen and legs for the last 
6 months. When asked to walk, the patient is seen 
to do so with a broad base, slapping the feet on the 
ground. How would you test the patient's ability 
to perceive the position of his lower extremities 
and his vibratory sense? Using your knowledge of 
neuroanatomy, explain how a normal individual is 
able to perceive the position of the extremities and 
detect vibrations. 

18. Using your knowledge of pharmacology, name two 
drugs that act as competitive blocking agents on 
skeletal neuromuscular junctions. Name the chem
ical substance against which these agents are com
peting. Name the sites at which the blocking agents 
are believed to act. 

19. Name a drug that will bring about flaccid paralysis 
of skeletal muscle by causing depolarization of the 
postsynaptic membrane. 

20. In cases of severe food poisoning, the organism Clos
tridium botulinum may be found to be responsible. 
How does this organism cause paralysis of the 
respiratory muscles? 

21. During a ward round, an orthopedic surgeon states 
that the degree of muscular atrophy that occurs in 
a limb immobilized in a cast is totally different from 



the degree of muscular atrophy that follows section 
of the motor nerve supply to muscles. The surgeon 
asks a medical student to explain this difference. 
How would you account for this difference in the 
degree of muscular atrophy? 

22. A 57-year-old man visits his physician because of 
pain In the right buttock that extends down the 
right leg, the back of the thigh, the outer side and 
back of the calf, and the outer border of the foot. 
The patient gives no history of previous injury but 
states that the pain started about 3 months ago as 
a dull, low backache. Since that time, the pain has 
increased in intensity and has spread down the right 
leg. When asked If the pain has ever disappeared, 
he replied that on two separate occasions the pain 
has diminished in intensity, but his back remains 
"stiff" all the time. He says the pain is aggravated by 
stooping or by coughing and sneezing. Sometimes, 
he experiences a "pins and needles" sensation along 
the outer border of his right foot. After a complete 
physical examination, a diagnosis is made of her
niation of a lumbar intervertebral disc. Using your 
knowledge of anatomy, state which intervertebral 
disc is most likely to have been herniated. 

23. A 61-year-old woman is seen by her physician 
because she Is experiencing a shooting, burning pain 
in the left side of her chest. Three days later, a group 
of localized papules appears on the skin covering the 
left fifth intercostal space. One day later, the papules 
become vesicular; a few days later, the vesicles dry 
up into crusts. The crusts later separate, leaving 
small permanent scars. The patient also notices 
some loss of sensibility over the left side of the 
chest. A diagnosis of herpes zoster is made. Using 
your knowledge of anatomy, state the segment of the 
spinal cord involved with the disease. 

24. While examining the sensory Innervation of the skin 
of the head and neck in a patient, a medical student 
has difficulty remembering the dermatomal pattern 
at the junction of the head with the neck and at 
the junction of the neck with the thorax. Are the 
dermatomes arranged in a special manner In these 
areas? If so, what is the underlying reason for this? 

25. On physical examination, a 30-year-old man is found 
to have weakness and diminished tone of the rhom
boid muscles, deltoids, and biceps brachii on both 
sides of the body. The degree of weakness is greater 
on the right side. The biceps tendon jerk is absent 
on the right side and diminished on the left side. 
The triceps jerks are normal on both sides of the 
body. The muscles of the trunk and lower limb 
show increased tone and exhibit spastic paralysis. 
Radiology of the vertebral column reveals the pres
ence of vertebral destruction due to a tumor arising 
within the vertebral canal. Using your knowledge of 
anatomy, answer the following questions: (a) Which 
vertebra is likely to have the tumor within the verte
bral canal? (b) Name the segments of the spinal cord 
that are being pressed on by the tumor. (c) Which 
segments of the spinal cord participate in the reflex 
arcs responsible for the biceps brachii tendon jerk? 
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(d) Why do the rhomboid and deltoid muscles exhib
it diminished muscle tone, whereas the muscles of 
the lower limb exhibit increased tone? 

26. Name three clinical conditions that could result in a 
loss of tone of skeletal muscle. 

27. A 69-year-old man with advanced tabes dorsalis 
is asked to stand with his toes and heels together 
and his eyes closed. He immediately starts to sway 
violently, and if the nurse had not held on to his 
arm, he would have fallen to the ground (positive 
Romberg test). Why was it vital for this patient to 
keep his eyes open in order to remain upright? 

28. A 63-year-old man with moderately advanced Par
kinson disease is disrobed and asked to walk in 
a straight line in the examining room. The phy
sician observes that the patient has his head 
and shoulders stooped forward, the arms slightly 
abducted, the elbow joints partly flexed, and the 
wrists slightly extended with the fingers flexed at 
the metacarpophalangeal joints and extended at 
the interphalangeal joints. On starting to walk, the 
patient leaned forward and slowly shuffles his feet. 
The farther he leans forward, the more quickly he 
moves his legs, so that by the time he has crossed 
the room, he is almost running. The patient's face 
is masklike and exhibits few emotional movements. 
The hands show a coarse tremor, and the muscles 
of the upper and lower limbs show increased tone 
in the opposing muscle groups when the joints are 
passively moved. Parkinson disease, or the parkin
sonian syndrome, can be caused by a number of 
pathologic conditions, but they usually interfere in 
the normal function of the corpus strlatum or the 
substantia nigra or both. Using your knowledge 
of the anatomy and physiology of muscle action, 
explain the different signs seen in this important 
syndrome. 

29. A IO-year-old girl Is taken to a neurologist because 
of a 6-month history of epileptic attacks. The par
ents describe the attacks as starting with sudden 
involuntary movements of the trunk, arms, or legs. 
Sometimes, the muscle movements are slight, but at 
other times, they are so violent that she has been 
known to throw an object in her hand across the 
room. At yet other times, the patient just falls to 
the ground as the result of a sudden loss of muscle 
tone. Having hit the ground, the patient wlll immedi
ately rise to her feet. On one occasion, she severely 
bruised her head and shoulder by striking a chair 
and a table. One month ago, the parents notice 
that their daughter appears to lose consciousness 
briefly. On that occasion, she is carrying on a nor
mal conversation when she suddenly stops and 
her gaze becomes fixed. After a few seconds, she 
becomes alert and continues her conversation. 
This patient is suffering from a form of epilepsy 
known as petit mal. What is the correct term for the 
sudden involuntary contraction of the muscles of 
the trunk or extremities? Name the condition of a 
patient who suddenly loses all muscle tone and falls 
to the ground. 
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30. A 45-year-old man suffering from amyotrophlc lat
eral sclerosis Is examined by a third-year medical 
student. The student found that the flexor and 
extensor muscles of the knee and ankle joints of 
the right leg are weaker than those of the left leg. 
However, she Is of the opinion that the muscles of 
the left leg also are somewhat weaker than normal. 
On palpation of the extensor muscles of the right 
thigh, twitching of the muscle fibers In the quad
riceps muscle Is detected. Marked atrophy of the 
muscles of both legs also Is noted. Cutaneous sen
sory loss In either limb ls not evident. Amyotrophlc 
lateral sclerosis Is a condition In which the motor 
anterior horn cells of the spinal cord and brainstem 
degenerate with secondary degeneration of the 
nervous tracts in the lateral and anterior portions 

of the spinal cord. Why do you think this patient 
had weakness and atrophy of the muscles of the 
lower limbs? What is the correct clinical term for 
the twitching of the muscle fibers in the extensor 
muscles of the right knee? 

31. A 12-year-old girl is diagnosed as suffering from a 
medulloblastoma of the cerebellum. Clinical and 
radiologic examinations reveal that the tumor is 
predominantly Invading the right cerebellar hemi
sphere. Knowing that the cerebellum is concerned 
with the coordination of motor activity so that 
complex voluntary movements Involving antago
nistic muscle groups can take place in a precise 
manner, what should you test for to demonstrate 
loss of cerebellar function? Describe the test for 
each parameter. 

Answers and Explanations to Clinical Problem Solving 

1. Nervous tracts are bundles of nerve fibers found 
in the brain and spinal cord, most of which are 
myelinated. Some of the main structural differences 
between a myelinated nerve tract and a myelinated 
peripheral nerve fiber are as follows: 

Nerve Tract 
Oligodendrocyte 
Mesaxon absent 
Schmidt-Lanterman incisures present 
Nerve fibers supported by neuroglla 
Peripheral Nerve Fiber 
Schwann cell 
Mesa:xon present 
Schmidt-Lanterman lncisures present 
Nerve fibers supix>rted by connective tissue sheaths, 

endoneurlum, perlneurium, and epineurlum 

2. Myelination Is fully described on page 72. Myelln 
sheaths begin to form during fetal development and 
during the first year postnatally. 

3. No. In the CNS, a single ollgodendrocyte may be 
responsible for the formation of myelln for as many 
as 60 nerve fibers. Clearly, It would not be possible 
for an ollgodendrocyte to rotate on each axon as 
does the Schwann cell in the PNS. In the CNS, the 
process of the oligodendrocyte is believed to grow 
in length and wrap itseH around the axon. 

4. (a) The microscopic changes that occur in the prox
imal and distal segments of a divided peripheral 
nerve are fully described on page 105. Remember 
that In the proximal segment, the changes occur 
only as far proximally as the next node of Ranvler, 
whereas the changes spread distally from the site 
of the lesion and Include its terminations. (b) If 
one bears In mind the considerations outlined on 
page 109 and that the surgeon has the experience 
to perform nerve suture, the following treatment 
should be instituted. H the knife was clean, the 
nerve should be immediately sutured, and any 
arterial damage should be repaired. On the other 

hand, if the knife was contaminated or the wound 
was more than 6 hours old, the wound should be 
treated, and the nerve should be ignored. In the 
latter case, when the wound has healed and there Is 
no sign of residual infection, the nerve ends should 
be explored and sutured together without tension. 
In either case, the paralyzed muscles are protect
ed with a suitable splint, and the joints are gently 
exercised dally. (c) Once the regenerating axons 
have entered the distal segment, the nerve distal 
to the section becomes very sensitive to mechan
ical stimulation (Tinel sign). (d) Sensory recovery 
occurs first. Deep pressure sensation is the first 
sign of recovery. This is followed by the return of 
superficial cutaneous pain and vasomotor control of 
blood vessels. Later, the sensations of heat and cold 
return. Later still, light touch and tactile discrimina
tion reappear. Sensory recovery occurs before there 
Is return of voluntary movement. (e) For clinical 
purposes, a figure of 1.5 mm per day Is the average 
rate of regeneration. Use this figure to determine 
approximately how long it will take for a regenerat
ing nerve to reach Its end organs. 

5. Bell palsy is produced by swelling of the seventh 
cranial nerve (facial nerve) in the facial nerve canal 
of the skull. Its cause is unknown, although it often 
follows exposure to cold. Since the facial canal is 
bony, the nerve cannot expand and consequently 
becomes compressed and lschemic. In severe cases, 
the muscles of facial expression are paralyzed on 
one side of the face, and there ls loss of taste sensa
tion In the anterior part of the tongue on the same 
side. Massage of the paralyzed muscles should be 
undertaken to preserve their Integrity until nerve 
function returns. The majority of patients recover 
completely. In this patient, a serious residual palsy 
existed after 3 years. A treatment that has been suc
cessful in many cases is to section the hypoglossal 
nerve below and behind the angle of the mandible 
and to anastomose its proximal end to the distal 



end of the facial nerve. Although the right half of 
the tongue would be paralyzed, this causes little 
disability. A reasonable return of facial movement 
can be expected. The patient learns to move the 
face instead of the tongue by practicing in front of 
a mirror. Note that both the hypoglossal and facial 
nerves are peripheral nerves; therefore, regenera
tion is possible. The prognosis is especially good 
since the hypoglossal nerve is purely a motor 
nerve. 

6. Lead causes neuronal degeneration in the central 
nervous system and demyelination in the tracts of 
the spinal cord and peripheral nerves. The treat
ment ls to remove the child from the source of the 
lead and to aid rapid excretion by administering 
calcium dlsodlum versenate-a chelating agent. 
Nontoxic lead versenate is excreted in the urine. 

7. Yes. The cauda equina consists of the anterior and 
posterior roots of the spinal nerves below the level 
of the first lumbar segment of the spinal cord. These 
are peripheral nerves with endoneurlal sheaths and 
Schwann cells. Therefore, if adequate treatment is 
promptly instituted, regeneration will take place. 

8. As the result of experiments in which dyes have 
been injected into peripheral nerves, spaces have 
been demonstrated between Individual nerve fibers 
in the endoneurium. These spaces are believed to 
provide the route for the ascent of the tetanus toxin 
to the spinal cord. 

9. Lidocaine is a local anesthetic that blocks nerve 
conduction when applied to a nerve fiber. The anes
thetic acts on the axolemma and interferes with the 
transient increase in permeability of the axolemma 
to Na+ ions and, in the resting axon, reduces the 
permeability of the axolemma to Na+, K+, and other 
ions. The small-diameter pain fibers are more sus
ceptible to the action of this drug. 

10. Neuropraxia is the term applied to a transient 
nerve block. Pressure is the most common cause, 
and this case was due to the pressure of the upper 
edge of the chair back on the brachia! plexus in the 
axilla. The loss of function is probably caused by 
ischemia of the nerve fibers . Microscopic evidence 
of degeneration does not exist. Axonotmesis is the 
term applied to a nerve lesion in which the axons 
are damaged but the surrounding connective tis
sue sheaths remain intact. Neurotmesis is the term 
applied to complete section of the nerve trunk. 

The prognosis in this patient is excellent for 
rapid, complete recovery. The paralyzed muscles 
must not be stretched by antagonist muscles or 
by gravity. Therefore, suitable splints should be 
applied, and gentle passive movement of the joints 
should be performed once daily. 

11. Degeneration in the CNS occurs in a manner similar 
to that found In the peripheral nervous system. 
The axon breaks up into small fragments, and the 
debris is digested by the neighboring microglial 
cells. The myelin sheath is broken down into lipid 
droplets, which are also phagocytosed by the 
microglial cells. 
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The axons attempt to regenerate, as evidenced by 
sprouting of the axons, but no evidence shows that 
restoration of function ever occurs. The reasons for 
the failure of regeneration are fully described on 
page 107. 

12. Syringomyelia is a chronic disease of the spinal 
cord that is due to a developmental abnormality in 
the formation of the central canal. It ls character
ized by the appearance of a fluid-filled cavity within 
the spinal cord that gradually enlarges, causing 
destruction of surrounding nervous tissue. In this 
patient, the cavity or syrinx was located in the 
lower cervical and upper thoracic segments of the 
cord, causing destruction of the ascending tracts 
that serve pain and temperature from the upper 
limbs. The cavity was encroaching on the motor 
anterior horn cells of both sides as well, causing 
weakness of the small muscles of the hands. 

(a) As ls now generally accepted, the type of sen
sation felt is determined not by a specific receptor 
but by the specific area of the central nervous sys
tem to which the afferent nerve fiber passes. Free 
nerve endings are commonly associated with axons 
serving pain and temperature. (b) The examination 
of a patient to test different sensory modalities is 
discussed on page 113. 

13. The only sensory receptors present in the cornea 
are free nerve endings. The cornea is sensitive 
to touch and temperature changes in addition to 
pain. 

14. All hair follicles are richly innervated. Free nerve 
endings are found as a branching network that 
winds around the folllcle below the entrance of the 
sebaceous duct. Merkel discs also are found in the 
epidermis of the folllcle. The hair shaft acts as a 
lever, so the slightest movement of the hair readily 
stimulates the nerve endings in the hair follicle. In 
this patient suffering from trigeminal neuralgia, the 
temporal region of the scalp was the trigger area, 
which, on stimulation, Initiated the Intense stabs of 
pain in the distribution of the maxillary division of 
the trlgemlnal nerve. 

15. Numerous free nerve endings are found in the con
nective tissue of tendons and the testes. Normally, 
squeezing these structures elicits an aching type of 
pain. In tabes dorsalis, the disease process affects 
the sensory neurons In the posterior roots of the 
spinal nerves. 

16. Striking the llgamentum patellae with a reflex ham
mer causes elongation of the intrafusal fibers of 
the muscle spindles of the quadriceps muscle and 
stimulation of the annulospiral and flower-spray 
endings. The nerve impulses reach the spinal cord 
In the afferent neurons within the femoral nerve and 
enter the cord at the level of L2-L4. The afferent 
neurons synapse with the large a motor neurons 
in the anterior gray horns of the spinal cord. Nerve 
impulses now pass via the efferent motor neurons 
in the femoral nerve and stimulate the extrafusal 
muscle fibers of the quadriceps muscle, which then 
contracts. The muscle spindle afferent impulses 
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inhibit the motor neurons of the antagonist muscles 
(see reciprocal inhibition, p. 92). 

1 7. To test position sense, the patient is placed in the 
supine position and is asked to close the eyes. The 
big toe is grasped at the sides between the thumb 
and index finger and extended and flexed. The 
patient is asked, on completion of each movement, 
"Is the toe pointing up or down?" Another simple 
test is to ask the patient, again with the eyes closed, 
to place the right heel on the left shin and run it 
down the shin to the dorsum of the left foot. The 
patient ls then asked to repeat the performance 
with the left heel on the right shin. 

Vibratory sense can be tested by placing the 
handle of a vibrating tuning fork on the tibial 
tuberosity, the anterior border of the tibia, and the 
medial or lateral malleoli. The patient is asked to 
indicate when the vibration is first felt and when it 
ceases. Symmetrical points on the two limbs may 
be compared, and the clinician can use his or her 
own limbs as a control. In the normal individual, the 
sense of position depends on the central nervous 
system receiving adequate information from the 
pressure receptors (P acinian corpuscles) in the joint 
capsules and ligaments, touch receptors (free nerve 
endings) in the tissues In and around joints, and the 
stretch receptors in the muscles and tendons ( espe
cially the neurotendinous spindles). 

Vibration sense is normally believed to be due 
to the stimulation of superficial and deep pressure 
receptors (Pacinian corpuscles). 

Appreciation of the passive movements of joints, 
postural sensibility, and vibration sense is often lost 
in tabes dorsalis due to syphilitic destruction of the 
posterior columns of the spinal cord and degenera
tion of the posterior roots. 

18. d-Tubocurarine, dimethyltubocurarine, gallamine, 
and benzoquinonium are examples of competitive 
blocking agents. These drugs compete with the 
neurotransmitter acetylcholine (ACh). The com
petitive blocking agents are believed to combine 
with the same sites at the postsynaptic membrane 
(sarcolemma) of the motor endplate normally used 
byACh. 

19. Decamethonium and succinylcholine paralyze skel
etal muscle by depolarizing the motor endplate. 

20. C. botulinum produces a toxin that inhibits the 
release of acetylcholine at the motor endplate. Death 
results from paralysis of the respiratory muscles. 

21. Skeletal muscles that are not used, such as in a limb 
fitted with a splint immobilizing a fracture, undergo 
disuse atrophy. The longer the muscles are not 
used, the greater the degree of atrophy. In severe 
cases, the atrophy may amount to as much as 25% 
of the muscle mass. The muscle fibers rapidly atro
phy following section of a motor nerve, so the total 
mass of the muscle may be reduced by as much as 
75% in as little as 3 months. The precise reason for 
this severe atrophy is not understood. Apparently, 
the maintenance of normal muscle depends on the 
continued reception of acetylcholine and trophic 

substances from the nerve terminals at the post
synaptic membrane at the neuromuscular junction. 
The latter mechanism would be impossible if the 
motor nerve was sectioned and the distal end had 
degenerated. 

22. Your knowledge of the dermatomes of the lower 
limb will enable you to ascertain that the patient's 
pain was felt in the area of distribution of the fifth 
lumbar and first sacral nerve roots. The involve
ment of these roots Is usually due to herniation of 
the fourth or fifth lumbar intervertebral disc. 

23. Herpes zoster is a viral infection of the posterior 
root ganglia (or sensory ganglia of the cranial 
nerves), the posterior root, or the posterior gray 
horn of the spinal cord. This patient experienced 
pain and had a skin eruption in the area of distri
bution of the fifth left lntercostal nerve. The virus 
was producing an acute inflammation at some point 
along the course of the sensory neurons of the fifth 
segment of the spinal cord on the left side. 

24. The trigeminal (5th cranial) nerve innervates the 
skin of the greater part of the face. The next der
matome that occurs inferior to this is that of the 
2nd cervical nerve. The 6th to the 12th cranial 
nerves do not innervate the skin of the face. At the 
junction of the neck with the thorax, the 4th cervi
cal dermatome is contiguous with the 2nd thoracic 
dermatome; the anterior rami of the lower cervical 
and 1st thoracic spinal nerves lose their cutaneous 
distribution on the neck and trunk during the devel
opment of the upper limb. 

25. (a) The physical examination revealed weakness of 
the rhomboid, deltoid, and biceps brachll muscles, 
which are innervated by the fifth and sixth cervical 
segments of the spinal cord. These spinal cord 
segments lie within the vertebral foramina of the 
sixth and seventh cervical vertebrae, respectively. 
(b) The fifth and sixth cervical segments of the spi
nal cord are being pressed on. (c) The biceps bra
chii reflex arc involves the fifth and sixth segments 
of the spinal cord. (d) The rhomboid and deltoid 
muscles show diminished muscle tone because 
the reflex arcs on which their tone depends travel 
through the compressed segments of the spinal 
cord; that is, the reflex arcs were no longer func
tioning normally. Because of the pressure of the 
tumor on the cervical region of the spinal cord, 
the nervous pathways passing down to lower seg
ments of the spinal cord were interrupted. This 
resulted in the motor anterior gray column cells of 
the segments of the cord below the level of com
pression receiving diminished information from 
the higher centers, with a consequent increase in 
muscle tone. 

26. Any disease process that can interrupt the normal 
functioning of the basic spinal reflex arc on which 
skeletal muscle tone is dependent will cause loss 
of muscle tone. Some examples are spinal shock 
following trauma to the spinal cord; section of or 
pressure on a spinal nerve, a posterior root, or an 
anterior root; syringomyelia; and poliomyelitis. 



27. Tabes dorsalls, which ls a syphilitic Infection of 
the brain and spinal cord, produces degeneration 
of the central processes of the posterior root 
ganglion cells and also, usually, the ganglion cells 
themselves. The lower thoracic and lumbar sacral 
segments of the cord are Involved first, and the 
interruption of the proprioceptive fibers results 
in impairment of appreciation of posture and the 
tendency to fall down if one closes the eyes while 
standing. Eyesight in this patient compensated for 
lack of proprioception. 

28. In a normal individual, standing and walking are 
largely automatic, but a.s you have read In this chap
ter, these actMtles are highly complex and require 
the proper Integration of neural mechanisms at all 
levels of the spinal cord and brain. The basic mech
anism underlying muscle tone ls the spinal seg
mental reflex. In order to maintain normal posture, 
these reflex arcs must receive adequate nervous 
Input from higher levels of the nervous system. 
Diseases Involving the corpus strlatum ( caudate 
and Ientlform nuclei) or the substantla nigra result 
in an alteration in the pattern of nervous impulses 
impinging on the anterior horn cells of the spinal 
cord, hence the abnormal muscle tone. The increased 
tone is equal in extent in opposing muscle groups. The 
tremor of the parkinsonian syndrome is produced by 
the alternating movements of the agonlst and antag
onist muscles of a joint. The tremor Is most prom
inent when the limb Is at rest, ceases temporarily 
when voluntary movement Is performed, and then 
starts again when the movement is completed. The 
tremor ceases when the patient Is asleep. In Parkin
son disease, neuronal degeneration is seen In the 
substantia nigra, resulting in the loss of inhibitory 
control of the substantia nigra over the lentiform 
nucleus, putamen, and caudate nucleus. 

e Review Questions 

Directions: Each of the numbered Items In this section 
Is followed by answers. Select the ONE lettered answer 
that ts CORRECT. 

I. The following statements concern nerves: 
(a) Nerve tract is the name given to a nerve fiber 

in the peripheral and central nervous systems 
(PNS and CNS). 

(b} The supporting cell of a myelinated nerve fiber 
in the CNS is called an oligodendrocyte. 

(c) A node of Ranvier in peripheral nerves is where 
two Schwann cells come together and cover the 
exposed part of the plasma membrane of the axon. 

( d) Nodes of Ranvier are absent from myelinated 
nerve fibers in the CNS. 
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29. The syndrome of petit mal commonly has three 
sets of symptoms: (a) myoclonlc jerks, In which the 
patient experiences sudden lnvolwitary contrac
tlon of the muscles of the trunk and extremitles; 
(b) aldnetlc seizures, In which all muscles of the 
body suddenly lose tone; and (c) brief losses of 
consciousness, ln which the patient loses contact 
with the environment for a few seconds. 

30. Destruction of the anterior gray column cells in 
the lumbar and sacral regions of the spinal cord 
resulted in paralysis and atrophy of the muscles 
of both legs. The twitching of groups of muscle 
fibers is referred to as muscular fasciculation and 
Is commonly seen In patients with chronic disease 
affecting the anterior horn cells. 

31. (a) Muscular hypotonla, which ls present on the 
same side of the body as the lesion. Passively move 
the joints on the right side of the body and then on 
the left side, and compare the resistance to these 
movements by the muscles on the two sides of the 
body. (b) Posture. The shoulder girdle on the affected 
side drops because of loss of muscle tone. With the 
patient disrobed, ask her to stand up straight with 
her back toward you. With a Wlilateral cerebellar 
lesion, the shoulder on the affected side may be 
lower than that on the opposite, normal side. (c) 
Disorders of voluntary movement (ataxia) due to 
loss of muscle coordination. (d) Nystagmus. This 
Is an Involuntary to-and-fro movement of the eyes. 
It ls commonly demonstrated. in cerebellar disease 
and Is due to lack of muscle coordination. When the 
eyes are turned horizontally, quick. rhythmic jerks 
occur In the direction of gaze. In wlilateral cerebellar 
lesions. the amplitude of nystagmus is greater and its 
rate is slower when the eyes are rotated toward the 
side of the lesion than when they are displaced to the 
opposite side. 

(e) The major dense line of myelln consists of two 
inner lipid layers of the plasma membrane that 
are fused together. 

2. The following statements concern nerves: 
(a) The minor dense line of myelln ls made up of 

protein. 
(b) lnclsures of Schmidt-Lanterman are caused by 

the mesaxons of the Schwann cells. 
(c) Only five or six unmyelinated axons may share 

a single Schwann cell in the peripheral nervous 
system (PNS). 

( d) The node of Ranvier is the site of nerve activity. 
(e) Chromatolysis Is the term used to describe the 

changes In the arrangement of Nlssl material 
within the axon following Injury. 
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3. The following statements concern an oligodendro
cyte: 
(a) A single oligodendrocyte may be associated 

with one segment of myelin on a single axon. 
(b) lncisures of Schmidt-Lanterman are not pres

ent in the myelinated fibers of the central ner
vous system (CNS). 

(c) Myelination in the CNS occurs by the rotation 
of the axon within the oligodendrocytic process 
and the wrapping of it around the axon. 

( d) A nonmyelinated axon in the CNS has a special 
relationship with the oligodendrocyte. 

(e) A single oligodendrocyte may be associated 
with the myelln sheaths of as many as 60 axons. 

4. The following statements concern spinal nerves: 
(a) There are 26 pairs. 
(b) They are formed by the union of anterior and 

posterior nerve roots. 
(c) The posterior ramus contains only sensory 

axons. 
( d) The anterior root contains only sensory axons. 
(e) The posterior root ganglion contains bipolar 

neurons enveloped in capsular cells. 
5. The following statements concern peripheral nerve 

plexuses: 
(a) They are formed by a network of connective 

tissue fibers. 
(b) Bundles of nerve fibers do not branch, and, in 

most instances, the individual nerve fibers do 
not branch. 

(c) Plexuses at the roots of the limbs are formed 
from posterior rami of spinal nerves. 

( d) The plexuses of the autonomic nervous system 
possess a network of efferent nerve fibers and 
no nerve cells. 

(e) A plexus situated at the root of a limb permits 
nerve fibers from different segments of the 
spinal cord to become rearranged so that they 
more easily travel to different parts of the limb. 

6. The following statements concern nerve conduc
tion: 
(a) Adequate stimulus decreases the permeability 

of the axolemma to Na+ ions at the point of 
stimulation. 

(b) During the absolute refractory period, a very 
strong stimulus will excite the nerve fiber. 

(c) As the action potential moves along the axon, 
the entry of Na+ ions into the axon increases 
and the permeability to K+ ions decreases. 

(d) A typical action potential is about +40 mV. 
(e) In the resting unstimulated nerve fiber, the 

interior of the axolemma is positive to the 
exterior. 

7. The following statements concern the propagation 
of a nerve impulse: 
(a) Conduction velocity is smallest in nerve fibers 

having a large cross-sectional diameter. 
(b) In nonmyellnated nerve fibers, the action poten

tial occurs along the length of the fiber. 
( c) A myelinated nerve fiber can be stimulated only 

between the nodes of Ranvier. 

( d) Saltatory conduction occurs only in the central 
nervous system. 

( e) At the node of Ranvier, the action potential has 
no effect on the surrounding tissue fluid. 

8. The following statements concern Wallerlan degen
eration: 
(a) Myelin breaks down into droplets that are phago-

cytosed by the Schwann cells. 
(b) The axon rapidly disappears. 
(c) Schwann cells round off and do not multiply. 
(d) In the central nervous system (CNS), debris is 

removed by the astrocyte cells. 
(e) In the peripheral nervous system (PNS), tissue 

macrophages play no part in the digestion of 
the nerve fragments. 

9. The following statements concern the failure of 
regeneration of nerve fibers In the central nervous 
system (CNS): 
(a) Endoneurial tubes are present. 
(b) Oligodendrocytes have a basement membrane. 
(c) Oligodendrocytes fail to multiply and form a 

band fiber, as do Schwann cells in the periph
eral nervous system (PNS). 

(d) Blood supply is not usually adequate. 
(e) Nerve growth factors are not present. 

10. The following factor may explain the partial return 
of function following injury to the spinal cord: 
(a) Edema fluid persists at the site of injury. 
(b) Nonfunctional neurons never take over the 

function of damaged neurons. 
(c) Reduction in the number of receptor sites may 

occur on the postsynaptic membranes. 
( d) Some of the axons completely regenerate. 
( e) With training, the patient may use other muscles 

to compensate for the loss of paralyzed muscles. 
11. The following statements concern receptor end

ings: 
(a) Rods and cones of the eyes are chemoreceptors. 
(b) Taste and smell endings are electromagnetic 

receptors. 
( c) Free nerve endings have no Schwann cells cov

ering their tips. 
(d) Merkel discs are fast-adapting touch receptors. 
( e) Meissner corpuscles are absent from the skin of 

the palm of the hand and the sole of the foot. 
12. The following statements concern receptor end

ings: 
(a) Pacinian corpuscles are slowly adapting mech

anoreceptors. 
(b) Ruffini corpuscles are fast-adapting stretch 

receptors found in the dermis of hairy skin. 
(c) Each Pacinian corpuscle has no capsule but has 

a central core containing the nerve ending. 
( d) Annulospiral endings in skeletal muscle do not 

possess intrafusal muscle fibers. 
(e) The number of Meissner corpuscles consider

ably diminishes between birth and old age. 
13. The following statements concern cutaneous recep

tors: 
(a) Different histologic types of receptors transmit 

different types of nerve impulses. 



(b) The type of sensation felt is determined by the 
specific area of the central nervous system 
(CNS) to which the sensory nerve fiber passes. 

( c) Transduction at the receptor is the process by 
which the stimulus is changed into the mechan
ical energy of the nerve impulse. 

(d) When applied to the receptor, the stimulus 
brings about a change in the potential of the 
plasma membranes of the capsule cells and not 
the nerve ending. 

( e) If small enough, the receptor potential will gen
erate an action potential in the afferent sensory 
nerve fiber. 

14. The following statements concern the function of a 
neuromuscular spindle: 
(a) It gives rise to intermittent afferent nerve 

impulses. 
(b) Only active muscle movement causes an 

increase in the rate of passage of nerve impulses 
in the afferent nerve fiber. 

(c) The neuromuscular spindle keeps the central 
nervous system (CNS) informed about muscle 
activity. 

(d) The neuromuscular spindle directly influences 
the control of voluntary movement. 

(e) Flower-spray endings are situated mainly on 
the nuclear bag fibers close to the equatorial 
region. 

15. The following statements concern the neurotendi
nous spindles: 
(a) They are situated in tendons some distance 

away from the musculotendinous junction. 
(b) The nerve terminates in a single club-shaped 

ending. 
(c) Each has a fibrous capsule, loosely arranged 

collagen fibers, and tendon cells. 
(d) Neurotendinous spindles are found only In 

slow-acting muscles. 
(e) The neurotendinous spindle is activated by 

changes in muscle tension and stimulates mus
cle contraction. 

16. The following statements concern the neuromuscu
lar junctions in skeletal muscle: 
(a) Each terminal branch of the motor nerve ends 

as an axon covered with fine connective tis
sue. 

(b) Each axon lies in a groove on the surface of 
the muscle fiber formed by the infolding of the 
muscle plasma membrane (sarcolemma). 

(c) Having caused depolarization of the postsyn
aptlc membrane, acetylchollne (ACh) ls reab
sorbed into the axon terminal. 

( d) ACh is released from the axon terminal when 
the nerve impulse leaves the initial segment of 
the axon. 

(e) Schwann cells form the floor for the groove on 
the surface of the muscle fiber. 

17. The following statements concern the neuromuscu
lar junctions on smooth and cardiac muscle: 
(a) In smooth muscle, the autonomic nerve fiber 

exerts control over a single muscle fiber. 
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(b) In smooth muscle, the wave of contraction does 
not pass from one muscle fiber to another. 

(c) In cardiac muscle, the wave of contraction 
spreads slowly from one muscle fiber to another 
by way of desmosomes and gap junctions. 

(d) Autonomic nerve fibers terminate on smooth 
muscle as unmyelinated fibers. 

(e) At the site of the neuromuscular junction, the 
axon is completely surrounded by Schwann cells. 

18. The following statements concern skin sensations 
and dermatomes: 
(a) To produce a region of complete anesthesia on 

the trunk, at least three segments of the spinal 
cord have to be damaged. 

(b) When contiguous spinal nerves are sectioned, 
the area of tactile loss is always smaller than 
the area of loss of painful and thermal sensa
tions. 

(c) The dermatome present on the medial side of 
the wrist is CS. 

( d) The dermatome present on the point of the 
shoulder is C2. 

(e) The dermatomes for the limbs run almost hori
zontally. 

19. The following statements concern muscle reflexes: 
(a) The biceps brachii tendon reflex involves the 

C5-C6 segments of the spinal cord. 
(b) The triceps tendon reflex involves the Tl seg

ment of the spinal cord. 
(c) The patellar tendon reflex (knee jerk) involves 

LS-Sl segments of the spinal cord. 
( d) A tumor pressing on the second, third, and 

fourth lumbar segments of the spinal cord is 
likely to interfere with the ankle jerk. 

(e) The abdominal superficial reflexes involve T3-
TS segments of the spinal cord. 

20. The following statements concern the dermatomes 
of the trunk and lower limbs: 
(a) The TS dermatome includes the skin of the 

umbilicus. 
(b) The LS dermatome lies over the lateral side of 

the knee joint. 
(c) The L2 dermatome lies over the medial side of 

the knee joint. 
( d) The S2 dermatome runs along the lateral side of 

the foot. 
(e) The LI dermatome lies over the Inguinal liga

ment. 
21. The following statements concern muscle innerva

tion: 
(a) A motor unit consists of the posterior root 

ganglion and all the neuromuscular spindles to 
which it is connected. 

(b) In the small muscles of the hand, one nerve 
fiber supplies large numbers of muscle fibers. 

(c) Neurotendinous spindles are innervated by 
nonmyelinated nerve fibers. 

(d) Muscle tone is dependent on the integrity of a 
simple monosynaptic reflex arc. 

(e) They motor efferent fibers innervate the extra
fusal fibers of a muscle spindle. 
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22. The following statements concern skeletal muscle 
action: 
(a) When a muscle begins to contract, the larger 

motor units are stimulated first. 
(b) Muscle fatigue is caused by an exhaustion of 

the presynaptlc vesicles at the neuromuscular 
junction. 

(c) When a prime mover contracts, the antagonis
tic muscles are Inhibited. 

{d) When a muscle is paralyzed, It does not imme
diately lose Its nonnal tone. 

(e) To paralyze a muscle completely, destroying 
several adjacent segments of the spinal cord or 
their nerve roots is not necessary. 

23. The following statements concern posture: 
(a) In the standing position, the line of gravity 

passes through the odontoid process of the 
axis, behind the centers of the hip joints, and in 
front of the knee and ankle joints. 

(b) Posture depends on the strength of the joint lig
aments and not on the degree and distribution 
of muscle tone. 

(c) A particular posture can often be maintained 
for long periods by groups of muscle fibers In a 
muscle contracting together continuously. 

( d) The cerebral cortex has no role in the mainte
nance of normal posture. 

(e) Nerve impulses arising in the eyes and ears 
cannot influence posture. 

24. The following clinical observation on muscle acti
vity can be made: 
(a) Muscle contracture is a condition In which the 

muscle contracts for a long period of time. 
(b) Muscle fasciculation is seen with chronic dis

ease that affects sensory nerves supplying 
muscles. 

(c) Muscle atrophy does not take place when a 
limb is immobilized in a splint. 

(d) Muscle wasting can occur if only the efferent 
motor nerve fibers to a muscle are sectioned. 

(e) Wasting does not occur in the muscles acting 
on the shoulder joint in patients with painful 
perlcapsulltis involving that joint. 

fi Answers and Explanations to Review Questions 

1. B Is correct. The supporting cell of a myelinated 
nerve fiber In the CNS is called an oligodendrocyte. 
A. Nerve tract Is the name given to a nerve fiber In 
the CNS. C. A node of Ranvier in peripheral nerves 
Is where two Schwann cells terminate and the plas
ma membrane of the axon Is exposed (see p. 72). 
D. Nodes of Ranvier are present in myelinated nerve 
fibers in the CNS. E. The major dense line of myelin 
consists of two inner protein layers of the plasma 
membrane that are fused together. 

2. D is correct. The node of Ranvier is the site of nerve 
activity. A. The minor dense line of myelln is made 
up of lipid. B. lncisures of Schmidt-Lanterman 
represent where the dark major dense line Is not 
fanned as a result of the localized persistence of 
Schwann cell cytoplasm (Fig. 3-7). C. As many as 
15 or more unmyelinated axons may share a single 
Schwann cell in the PNS. E. Chromatolysis is the term 
used to describe the changes in the arrangement of 
Nissl material within the cytoplasm of the nerve cell 
body following injury (see p. 106). 

3. E is correct. A single oligodendrocyte may be asso
ciated with the myelin sheaths of as many as 60 
axons (seep. 72). A. A single oligodendrocyte may 
be associated with several segments of myelin on 
a single axon. 8. lncisures of Schmidt-Lanterman 
are present In the myelinated fibers of the CNS. 
C. Myellnatlon In the CNS occurs by the growth 
In length of the ollgodendrocytic process and the 
wrapping of It around the axon. D. A nonmyellnated 
axon in the CNS has no special relationship with the 
oligodendrocyte (see p. 79). 

4. B is correct. Spinal nerves are formed by the union of 
anterior and posterior nerve roots (Fig. 3-1). A. There 

are 31 pairs of spinal nerves. C. The posterior ramus 
of a spinal nerve contains both motor and sensory 
axons. D. The anterior root of a spinal nerve contains 
only motor axons. E. The posterior root ganglion of a 
spinal nerve contains unipolar neurons enveloped in 
capsular cells. 

5. Eis correct. A peripheral nerve plexus situated at 
the root of a limb permits nerve fibers from differ
ent segments of the spinal cord to become rear
ranged so that they more easily travel to different 
parts of the limb (seep. 81). A. Peripheral nerve 
plexuses are formed by a network of nerve fibers. 
B. In peripheral nerve plexuses, bundles of nerve 
fibers branch, but In most instances, the Individ
ual nerve fibers do not branch. C. The peripheral 
nerve plexuses at the roots of the limbs are formed 
from the anterior raml of the spinal nerves. D. The 
nerve plexuses of the autonomic nervous system 
possess a network of nerve fibers and nerve cells. 

6. D is correct. In nerve conduction, a typical action 
potential is about +40 mV (see pp. 44--45). A. In nerve 
conduction, an adequate stimulus Increases the per
meability of the axolemma to Na+ ions at the point of 
stimulation. B. During the absolute refractory period 
of nerve conduction, no stimulus, no matter how 
strong, will excite the nerve fiber. C. During nerve 
conduction, the action potential moves along the 
axon; the entry of Na+ ions into the axon ceases, and 
the permeabllity of the plasma membrane of the 
axon to I(+ ions increases (seep. 44). E. In the resting 
unstimulated nerve fiber, the interior of the plasma 
membrane (axolemma) is negative to the exterior. 

7. B is correct. In nonmyelinated nerve fibers, the 
action potential occurs along the length of the fiber. 



A. Conduction velocity is greatest in nerve fibers 
having a large cross-sectional diameter. C. A myelin
ated nerve fiber can be stimulated only at the nodes 
of Ranvier. D. Saltatory conduction occurs in both 
the peripheral and central nervous systems. E. At 
the node of Ranvier, the action potential sets up 
an electrical current in the surrounding tissue fluid 
(seep. 72). 

8. A is correct. In Wallerian degeneration, the myelin 
breaks down into droplets that are phagocytosed 
by the Schwann cells. B. In Wallerian degeneration, 
the axon first breaks up into fragments before it is 
phagocytosed by the surrounding Schwann cells 
(seep. 105). C. In Wallerian degeneration, the Schwann 
cells proliferate rapidly and become arranged in par
allel cords within the persistent basement membrane. 
D. In Wallerian degeneration in the CNS, the debris 
is removed by the microglial cells. E. In Wallerian 
degeneration in the PNS, the tissue macrophages 
are very active in removing the nerve fragments. 

9. C Is correct. Following Injury to the CNS, the oligo
dendrocytes fail to multiply and form a band fiber as 
do Schwann cells in the damaged PNS (seep. 106). 
A. The absence of endoneurial tubes may be import
ant in the failure in the regeneration of injured CNS 
tissue (see p. 106). B. Ollgodendrocytes have no 
basement membrane. D. Blood supply to the central 
nervous tissue Is usually adequate. E. In the CNS, no 
nerve growth factors are present. 

10. E is correct. The partial return of function seen 
in spinal cord injuries may be due in part to the 
patient using other muscles to compensate for the 
loss of the paralyzed muscles. A. Following injury to 
the central nervous system, the edema fluid usually 
subsides at the site of Injury and will result In some 
clinical improvement (see p. 107). B. Nonfunctional 
neurons may take over the function of damaged 
neurons. C. The receptor sites on the postsynaptic 
membrane may increase in number and be respon
sible for some posttraumatic improvement. D. Evi
dence does not show that destroyed axons in the 
central nervous system completely regenerate after 
injury. 

11. C is correct. Free nerve endings have no Schwann 
cells covering their tips (seep. 84). A. The rods and 
cones of the eyes are examples of electromagnetic 
receptors. B. Taste and smell receptors are chemo
receptors. D. Merkel discs are slow-adapting touch 
receptors. E. Meissner corpuscles are present in the 
skin of the palm of the hand and the sole of the foot. 

12. E Is correct. The number of Meissner corpuscles Is 
considerably reduced between birth and old age. 
A. Pacinian corpuscles are fast-adapting mechano
receptors. B. Ruffini corpuscles are slow-adapting 
stretch receptors found in the dermis of hairy skin. 
C. Each Pacinlan corpuscle has a Iamellated cap
sule and a central core containing the nerve ending 
(Figs. 3-23 and 3-24). D. Annulosplral endings in skel
etal muscle do possess intrafusal muscle fibers. 

13. B is correct. The type of sensation felt is determined 
by the specific area of the CNS to which the sensory 
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nerve fiber passes (see p. 89). A. Although a variety 
of histologic types of receptors exist, their nerves 
only transmit the same nerve impulses. C. Trans
duction at the receptor is the process by which the 
energy of the stimulus Is changed Into electrochemi
cal energy of the nerve impulse. D. When applied to 
the receptor, the stimulus brings about a change in 
the potential of the plasma membrane of the nerve 
ending (seep. 89). E. If large enough, the receptor 
potential will generate an action potential in the affer
ent sensory nerve fiber. 

14. C Is correct. The neuromuscular spindle keeps the 
CNS informed about muscle activity (seep. 89). A. 
The neuromuscular spindle gives rise to afferent 
nerve impulses all the time. B. When active or pas
sive muscle movement occurs, the rate of passage 
of nerve Impulses In the afferent nerve fibers of the 
neuromuscular spindles increases. D. The neuro
muscular spindle Indirectly Influences the control 
of voluntary movement (seep. 90). E. Flower-spray 
endings are situated mainly on the nuclear chain 
fibers some distance from the equatorial region 
(Fig. 3-25). 

15. C is correct. Each neurotendlnous spindle has a 
fibrous capsule, loosely arranged collagen fibers, 
and tendon cells (see p. 92). A. Neurotendinous 
spindles are situated in tendons close to the mus
culotendinous junction. B. The nerve ends within 
the spindle by branching and terminating in club
shaped endings. D. Neurotendinous spindles are 
found in fast- and slow-acting muscles. E. The 
neurotendinous spindle is activated by changes in 
muscle tension and inhibits muscle contraction. 

16. B is correct. At a neuromuscular junction, each 
axon lies in a groove on the surface of the mus
cle fiber formed by the infolding of the muscle 
plasma membrane (sarcolemma) (Fig. 3-30). A. At 
a neuromuscular junction, each terminal branch of 
the motor nerve ends as a naked axon. C. Having 
caused depolarization of the postsynaptlc mem
brane, ACh is immediately hydrolyzed in the synap
tic cleft by acetylcholinesterase (seep. 96). D. ACh 
is released from the axon terminal when the nerve 
impulse reaches the neuromuscular junction. E. 
At the neuromuscular junction, the Schwann cells 
form a cap or roof for the groove on the surface of 
the muscle fiber. 

17. D is correct. Autonomic nerve fibers terminate 
on smooth muscle fibers as unmyelinated fibers 
(seep. 98). A. In neuromuscular junctions of smooth 
muscle, the autonomic nerve fiber exerts control 
over several muscle fibers (seep. 98). B. In smooth 
muscle, the wave of contraction passes from one 
muscle fiber to another by means of gap junctions. 
C. In cardiac muscle, the wave of contraction 
spreads rapidly from one muscle fiber to another 
by way of desmosomes and gap junctions. E. At the 
site of a neuromuscular junction involving smooth 
muscle, the axon lies in a shallow groove on the 
muscle surface, and the Schwann cell is retracted 
to expose the axolemma (Fig. 3-34). 
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IS. A ls correct. To produce a region of complete anes
thesia on the trunk, at least three segments of the 
spinal cord have to be damaged (seep. 9S). B. When 
contiguous spinal nerves are sectioned, the area of 
tactile loss Is always greater than the area of loss of 
painful and thermal sensations. C. The dermatome 
present on the medial side of the wrist is CS. D. The 
dermatomes present on the point of the shoulder 
are C3-C4. E. Limb dermatomes run almost vertical
ly (see Figs. 3-36 and 3-37). 

19. A ls correct. The biceps brachii tendon reflex Involves 
C5-C6 segments of the spinal cord (seep. 100). B. The 
triceps tendon reflex involves the C6-C7 and CS 
segments of the spinal cord. C. The patellar tendon 
reflex (knee jerk) involves the L2-IA segments of 
the spinal cord. D. A tumor pressing on the Sl-S2 
segments of the spinal cord is likely to interfere with 
the ankle jerk. E. The abdominal superficial reflexes 
Involve T6-Tl2 segments of the spinal cord. 

20. E Is correct. The Ll dermatome lies over the 
inguinal ligament (see Fig. 3-36). A. The TIO der
matome Includes the skin of the umbilicus; the TS 
dermatome involves the skin between the xiphoid 
process and the umbilicus. B. The LS dermatome 
lies over the anterior and lateral surfaces of the leg 
below the knee. C. The L2 dermatome lies over the 
anterior and lateral surfaces of the thigh. D. The 52 
dermatome extends down the middle of the poste
rior surface of the thigh and leg (see Fig. 3-37). 

21. D is correct. Muscle tone is dependent on the 
integrity of a simple reflex arc (seep. 101). A. A motor 
unit consists of a motor neuron in the anterior 
gray column (horn) of the spinal cord and all the 
muscle fibers it supplies (Fig. 3-39). B. In the small 
muscles of the hand, one nerve fiber supplies only 
a few muscle fibers. C. Neurotendinous spindles 
are innervated by myelinated nerve fibers. E. The 

'Y motor efferent fibers innervate the intrafusal 
fibers of a muscle spindle. 

22. C is correct. In voluntary muscle movement, when 
a prime mover contracts, the antagonistic muscles 
are inhibited (see p. 92). A. When a muscle begins 
to contract, the smaller motor units are stimulated 
first. B. Muscle fatigue ls caused by reduced adenos
ine triphosphate within the muscle fibers. D. When a 
muscle is paralyzed, it immediately loses its normal 
tone (seep. 101). E. To paralyze a muscle complete
ly, destroying several adjacent segments of the spi
nal cord or their nerve roots Is usually necessary. 

23. A is correct. In the standing position, the line of 
gravity passes through the odontold process of 
the axis, behind the centers of the hip joints, and 
In front of the knee and ankle joints (see p. 102). 
B. Posture depends on the degree and distribution 
of muscle tone. C. A particular posture can often 
be maintained for long periods by different groups 
of muscle fibers in a muscle contracting in relays. 
D. The cerebral cortex makes an Important con
tribution to the maintenance of normal posture 
(seep. 102). E. Nerve impulses arising In the eyes 
and the ears can greatly influence posture. 

24. D is correct. Muscle wasting can occur if only 
the efferent motor nerve fibers to a muscle are 
sectioned (see p. 109). A. Muscle contracture is a 
condition In which the muscle contracts and under
goes permanent shortening; It occurs frequently in 
muscles that normally oppose paralyzed muscles. 
B. Muscle fasciculation is seen with chronic disease 
that affects anterior horn cells or the motor nuclei 
of cranial nerves. C. Muscle atrophy takes place 
when a limb is immobilized in a splint. E. Wasting 
occurs in the muscles acting on the shoulder joint 
in patients with painful pericapsulitis involving that 
joint. 



Spinal Cord and Ascendin? 
Descending, and 
lntersegmental Tracts 

CHAPTER OBJECTIVES 

• To learn how injuries to the spinal cord can occur 

• To understand the position of the main nervous 
pathways and nerve cell groups in the spinal cord 
as well as be able to correlate radiologic evidence of 
bone injury with segmental levels of the spinal cord 
and neurologic deficits 

A 35-year-old man is galloping his horse when he attempts 
to jump over a farm gate. The horse refuses to jump, and 
he is thrown to the ground. His head strikes a log, and his 
head and neck are excessively flexed. On initial evaluation 
in the emergency department after he regains conscious
ness, he is found to have signs and symptoms of severe 
neurologic deficits in the upper and lower extremities. A 
lateral radiograph of the cervical region of the spine shows 
fragmentation of the body of the fourth cervical vertebra 
with backward displacement of a large bony fragment on 
the left side. 

After stabilization of the vertebral column by using 
skeletal traction to prevent further neurologic damage, a 
complete examination reveals that the patient has signs 

Spinal cord injuries are common and can occur as a 
result of automobile and motorcycle accidents, falls, 
sports injuries, and gunshot wounds. Spinal cord and 
spinal nerve damage may also be associated with ver
tebral fractures; vertebral infections; vertebral tumors, 
both primary and secondary; and herniated. interver
tebral discs. The student must learn the course and 
connections of the various tracts within the spinal cord 
In order to be able to diagnose and understand the treat
ment of cord injuries. Particular attention should be 
pald as to whether a specific tract crosses the mldllne 
to the opposite side of the central nervous system (CNS) 
or remains on the same side. If the tract does cross the 
midline, the level of the crossover is important. 

The assessment of neurologic damage requires not 
only an understanding of the main nervous pathways 
within the spinal cord but an ability to correlate 

• To review the basic structure of the delicate spinal 
cord and the positions and functions of the various 
ascending and descending tracts that lie within it 

• To make simple line drawings of each of the 
ascending and descending tracts, showing their 
cells of origin, their course through the central 
nervous system, and their destination 

and symptoms indicating incomplete hemisection of the 
spinal cord on the left side. 

Any medical personnel involved in the evaluation and 
treatment of a patient with spinal cord injuries must know 
the structure of the spinal cord and the arrangement and 
functions of the various nerve tracts passing up and down 
this vital conduit in the central nervous system. 

Because of the devastating nature of spinal cord injuries 
and the prolonged disability that results, all concerned 
with the care of such patients must be trained to prevent 
any additional cord injury and provide the best chance for 
recovery. All medical personnel must have a clear picture 
of the extent of the cord lesion and the possible expecta
tions for the return of function. 

radiologic evidence of bone injury with segmental 
levels of the spinal cord. The close relationship of the 
spinal cord to the bony vertebral column necessitates 
a brief review of the vertebral column before the spinal 
cord is considered. 

BRIEF REVIEW OF THE 
VERTEBRAL COLUMN 
The vertebral column ls the central bony pillar of the 
body. It supports the skull, pectoral girdle, upper limbs, 
and thoracic cage and, by way of the pelvic girdle, 
transmits body weight to the lower limbs. Within its 
cavity lie the spinal cord, spinal nerve roots, and the 
covering meninges, to which the vertebral column gives 
great protection. 
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Vertebral Column Composition 
The vertebral column (Figs. 4-1 and 4-2) is composed of 
33 vertebrae-7 cervical, 12 thoracic, 5 lumbar, 5 sacral 
(fused to form the sacrum), and 4 coccygeal (the lower 
3 are commonly fused). Because it is segmented. and 
made up of vertebrae, joints, and pads of fibrocartilage 
called lntervertebral dllca, it is a flexible structure. The 
lntervertebral discs form about a quarter of the length 
of the column. 

Vertebra General Characterlstlcs 
Although vertebrae show regional differences, they all 
possess a common pattern {Fig. 4-28). A typical vertebra 
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..-..-___ _,.,-~ 
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consists of a rounded body anteriorly and a vertebral 
arch posteriorly. These enclose a space called the verte
bral fonmeu., through which run the spinal cord and Its 
coverings. The vertebral arch consists of a pair of cylindri
cal pedldes, which form the sides of the arch, and a pair 
of flattened. laminae, which complete the arch posteriorly. 

The vertebral arch gives rise to seven processes: one 
spinous, two transverse, and four articular. 

The splnou procen, or iplne, is directed posteri
orly from the junction of the two laminae. The trans
verse processes are directed. laterally from the junction 
of the laminae and the pedicles. Both the spinous 
and transverse processes serve as levers and receive 
attachments of muscles and llgaments. 

,,,-· External occipital protuberance ,,.. 

-- Ligamentum nuchae 

Greater 1roc:hanter 

Rgure 4-1 Posterior view of the skeleton showing the vertebral column. The surface marking 
of the external occipital protuberance of the skull, the ligamentum nuchae (so/id black line) and 
some important palpable spines (solid dots) are also shown. 
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Figure 4-2 A:. Lateral view of the vertebral column. B: General features of different kinds of vertebrae. 

The articular proceaes are vertically arranged and 
consist of two superior and two Inferior processes. They 
arise from the junction of the laminae and the pedicles. 
The two superior articular processes of one vertebral 
arch articulate with the two inferior articular processes 
of the arch above, forming two synovial joints. 

The pedlcles are notched on their upper and lower 
borders, forming the •perlor and Inferior vertebral 
notches. On each side, the superior notch of one 
vertebra and the inferior notch of an adjacent verte
bra together form an lntervertebral foramen. These 
foramlna, in an articulated skeleton, serve to transmit 
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Inferior articular process 

Joint between artlcular 
processes (synovial) 

m=.~- Joint between bodies 
(cartilaginous and synovial) 

Cervlcel 

Superior articular 
process Internal vertebral 

~ill•!lll~- Joint between 
Nucleus} bodies (cartilaginous) .pulposus 

Superior articular prOC868 

Joint between 
articular processe~ 

(synovial) 

A 

Joint between 
bodies (cartilaginous) 

Lumb.Ir 

B 

c 

Annulus lntervertebral disc 
tibrosus 

Spinar nerve 
Posterior longitudinal i..--_, _ _ ,,.....,.,. ligament 

Pedide 

Anulus fibrosus 

Nucleus pulposus 

Anterior 
longltudlnal 
llgament 

Llgamentum 
flavum 

Figure 4-3 A: Joints in the cervical, thoracic, and lumbar regions of the vertebral column. 
B: Third lumbar vertebra seen from above showing the relationship between intervertebral 
disc and cauda equina. C: Lumbar vertebrae in sagittal section showing vertebral ligament 
relationships. 

the spinal nerves and blood vessels. The anterior and 
posterior nerve roots of a spinal nerve unite within 
these foramlna with their coverings of dura to fonn the 
segmental spinal nerves. 

Vertebral Column Joints 
Below the axis, the vertebrae articulate with each other 
by means of cartilaginous Joints between their bodies 
and by synovlal joints between their articular processes. 

Joints Between 1Wo Vertebral Bodies 

Sandwiched between the vertebral bodies is an inter
vertebral disc of fibrocartilage (Fig. 4-3). 

lntervertebral Discs 
The lntervertebral discs are thickest In the cervical and 
lumbar regions, where the movements of the vertebral 
column are greatest. They serve as shock absorbers 
when the load on the vertebral column ls suddenly 



Increased. Unfortunately, their reslllence is gradually 
lost with advancing age. 

Each disc consists of a peripheral part, the annulus 
fibrosus, and a central part, the nucleus pulposus 
(Fig. 4-3B,C). The 8Dllulm fl.brosus ls composed of fibro
cartilage, which is strongly attached to the vertebral 
bodies and the anterior and posterior longitudinal liga
ments of the vertebral column. 

The nucleua pulpo111.1 in the young is an ovoid mass 
of gelatinous material. It is normally under pressure and 
situated slightly nearer to the posterior than to the ante
rior margin of the disc. The upper and lower surfaces of 
the bodies of adjacent vertebrae that abut onto the disc 
are covered with thin plates of hyallne cartilage. 

The semlfluld nature of the nucleus pulposus allows It 
to change shape and permits one vertebra to rock forward 
or backward on another. A sudden increase in the com
pression load on the vertebral column flattens the nucleus 
pulposus, which is accommodated by the resilience of the 
surrounding aruiulus fibrosus. Sometimes, the outward 
thrust is too great for the annulus flbrosus and it ruptures, 
allowing the nucleus pulposus to herniate and protrude 
into the vertebral canal, where it may press on the spinal 
nerve roots, the spinal nerve, or even the spinal cord. 

With advancing age, the nucleus pulposus becomes 
smaller and is replaced by fibrocartilage. The collagen 
fibers of the annulus degenerate, and, as a result, the 
annulus cannot always contain the nucleus pulposus 
under stress. In old age, the discs are thin and less elas
tic, and distinguishing the nucleus from the annulus Is 
no longer possible. 

Ltgamentll 
The anterior and poeterlor longitudinal Dgamena run 
as continuous bands down the anterior and posterior 

Brief Review of the Vertebral Column 135 

surfaces of the vertebral column from the skull to the 
sacrum (Fig. 4-3C). The anterior ligament ts wlde and Is 
strongly attached to the front and sides of the vertebral 
bodies and to the intervertebral discs. The posterior 
ligament ls weak and narrow and Is attached to the pos
terior borders of the discs. 

Joints Between Two Vertebral Ardles 

The joints between two vertebral arches consist of 
synovlal joints between the superior and inferior artic
ular processes of adjacent vertebrae (Fig. 4-3A). 

Ligaments 
Refer to Figure 4-3C. 

• The supn1plnoua ligament runs between the tips of 
adjacent spines. 

• The lntenplnous ligament connects adjacent spines. 
• The lntertransvene ligaments run between adjacent 

transverse processes. 
• The llgamentum. tlawm connects the laminae of adja

cent vertebrae. 

In the cervical region, the supraspinous and interspi
nous ligaments are greatly thickened to form the strong 
llgamentum nuchae. 

V•rtebral Joint N•rv• Supply 

The Joints between the vertebral bodies are innervated 
by the small meningeal branches of each spinal nerve 
(Fig. 44). The joints between the articular processes 
are Innervated by branches from the posterior raull 
of the spinal nerves; the joints of any particular level 
re<:elve nerve fibers from two adjacent spinal nerves. 

The atlanto-occipital joints and the atlanto-axial joints 
should be reviewed in a textbook of gross anatomy. 
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Figure 4-4 The innervation of vertebral joints. At any particular vertebral 
level, the joints receive nerve fibers from two adjacent spinal nerves. 
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SPINAL CORD 
The spinal cord ls roughly cylindrical ln shape. It begins 
superiorly at the foramen magnum in the skull, where It 
is continuous with the medulla oblongala of the brain, 
and it terminates inferiorly in the adult at the level of 
the lower border of the fil'lt lumbar vertebra. In the 
young child, it is relatively longer and usually ends at 
the upper border of the third lumbar vertebra. Thus, 
it occupies the upper two thirds of the vertebral canal 
of the vertebral column and is surrounded by the three 
meninges, the dura mater, the arachnoid mater, and 
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the pla malel'. Further protection ts provided by the 
cerebrosplnal fluid {CSF), which surrowids the spinal 
cord in the aubaraclmold space. 

In the cervlcal region, where it gives origin to 
the brachial plexus, and In the lower thoracic and 
lumbar regions, where It gives origin to the lumbo
sacral plexus, the spinal cord is fusiformly enlarged; 
the enlargements are referred to as the cervical and 
lumbar enlargements {Fig. 4-5). Inferiorly, the spinal 
cord tapers off into the conua mednllarls, from the 
apex of which a prolongation of the pia mater, the 
ftlum. termlnale, descends to attach to the posterior 
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Figure 4-6 Spinal cord. A: Posterior view, showing cervical and lumbar enlargements. 
B: Three segments of the spinal cord showing the coverings of dura mater, arachnoid 
mater, and pia mater. 



surface of the coccyx. The cord possesses a deep lon
gitudinal fissure called the anterior median fissure 
ln the mtdllne anteriorly and a shallow furrow called 
the poaterlor median aulcua on the posterior surface 
{Flg. 4-58). 

Along the entire length of the spinal cord, 31 pairs 
of spinal nerves are attached by the anterior or motor 
roocs and the polterlor or ICDIOry roots {Fig. 4-SB). 
Each root is attached to the cord by a series of rootlets, 
which extend the whole length of the corresponding 

Pcstencr~
graycolumn 
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segment of the cord. Each posterior nerve root pos
sesses a posterior root ganglion, the cells of which glve 
rise to peripheral and central nerve fibers. 

Spinal Cord Structure 
The spinal cord is composed of an inner core of gray 
matter, which is surrounded by an outer covering of 
white matter {Fig. 4-6); there is no indication that the 
cord is segmented. 
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Figure 4-6 Transverse sections of the spinal cord at different levels showing the arTangement of 
the gray matter and white matter. 
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Table4-1 Comparison of Structural Details in Different Regions of the Spinal Cord• 

Gray Matter 

Region I Shape I White Matter Anterior Gray Column Posterior Gray Column Lateral Gray Column . ; Fasciculus cuneatus Medial group of cells Substantia gelatinosa 
present, continuous 
with Sp.N. of cranial 
nerve V at level C2; 
nucleus proprius 
present; nucleus 
dorsalis {Clarke 
column) absent 

' . . 
and fasciculus for neck muscles; 
gracilis present central group of cells 

for accessory nucleus 

l 
{C1-C5} and phrenic 
nucleus {C3-CS); 
lateral group of cells 

-1 _J_~r upper limb muscles 

Thoracic Round Fasciculus cuneatus Medial group of cells for Substantia gelatinosa, 
nucleus proprius, 
and visceral afferent 
nucleus present. 

Present; gives rise 
to preganglionic 
sympathetic fibers 

(T1-T6} and trunk muscles 
fasciculus gracilis 
present 

Lumbar Round to Fasciculus cuneatus 
oval absent; fasc:iculus 

gracilis present 

I Medial group of cells for 
lower limb muscles; 
central group of cells 
for lumbosacral nerve 

Substantia gelatinosa, 
nucleus proprius, 
nucleus dorsalis (Clarke 
column) at L14.4, 

Present (L1-L2 
(JD; gives rise to 
preganglionic 
sympathetic fibers 

-I ,_____ _ _,___ 

Sacral Round ~II amount; I s~:sciculus cuneatus 
absent; fasciculus 
gracilis present 

Medial group of cells 
for lower limb and 
perinea! muscles 

and visceral afferen~ 
nucleus present 

Substantia gelatinosa Absent; group of cells 
and nudeus proprius present at S2-S4, 
present for parasympathetic 

outflow 

'"The lnfonnat!on In 1tlla table la useful for Identifying the apecfflc level of the splnal cord from which a section has been taken. 

For a comparison of the structural details in different 
regions of the spinal cord, see Table 4-1. 

Gray Matter 

On cross section, the gray matter ls seen as an H-shaped 
pillar with anterior and polterlor gray colUIDD.8, or 
hoJ'D8, united by a thin gray comml""!'e containing 
the small central c:anal. A small lateral giay colmDD 
or horn is present in the thoracic and upper lumbar 
segments of the cord. The amount of gray matter pres
ent at any given level of the spinal cord is related to 
the amount of muscle Innervated at that level. Thus, 
its size is greatest within the cervical and lumbosacral 
enlargements of the cord, which innervate the muscles 
of the upper and lower limbs, respectively (Figs. 4-7 to 
4-10; also see Fig. 4-6). 

Structure 
As ln other CNS regions, spinal cord gray matter con
sists of a mixture of nerve cells and their processes, 
neW'Oglia, and blood vessels. The nerve cells are muJ.. 
tipolar, and the neuroglia forms an intricate network 
around the nerve cell bodies and their neurites. 

ANTERIOR GRAY COLUMN NERVE CELL GROUPS 
Most nerve cells are large and multlpolar, and their 
axons pass out In the anterior roots of the spinal nerves 

as a efferenlB, which Innervate skeletal muscles. The 
smaller nerve cells are also multlpolar, and the axons of 
many of these pass out In the anterior roots of the spi· 
nal nerves as r efferenta. which innervate the lntrafusal 
muscle fibers of neuromuscular spindles. 

For practical purposes, the nerve cells of the ante
rior gray column can be divided into three basic groups 
or columns: medial, central, and lateral (Fig. 4-6). 

The medial group is present in most segments of 
the spinal cord and is responsible for innervating the 
skeletal muscles of the neck and trunk, including the 
intercostal and abdominal musculature. 

The central group Is the smallest and Is present 
in some cervical and lumbosacral segments. In the 
cervical part of the cord, some of these nerve cells 
(segments C3-C5) specifically Innervate the diaphragm 
and are collectively referred to as the phrenic nucleus 
(Fig. 4-7). In the upper five or six cervical segments, 
some of the nerve cells innervate the stemocleidomas
toid and trapezius muscles and are referred to as the 
ac:ceaeory nu.deu. The axons of these cells form the 
spinal part of the accessory nerve. The lumboeacral 
nucleus present in the second lumbar down to the first 
sacral segment of the cord is made up of nerve cells 
whose axons have an unlmown distribution. 

The lateral group ls present in the cervical and lum
bosacral segments of the cord and Is responsible for 
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Figure 4-7 Transverse section of the spinal cord at the level of the fifth cervical segment. (Weigert 
stain.) 

Innervating the skeletal muscles of the lbnbs {Ftgs. 4-6, 
4-7, 4-9, and 4-10). 

POSTERIOR GRAY COLUMN NERVE CEU. GROUPS 
Two of the four nerve cell groups of the posterior gray 
column extend throughout the length of the cord; the 
other two are restricted to the thoracic and lumbar 
segments. 

The subltanlfa gelallnoea group is situated at the 
apex of the posterior gray column throughout the 
length of the spinal cord (Figs. 4-6 to 4-10). It is largely 

Posterior gray horn • ........., 

Lateral gray ham~ 

Anterior gray horn 

composed of Golgi type Il neurons and receives afferent 
fibers concerned with pain, temperature, and touch 
from the posterior root. Furthermore, lt receives Input 
from descending fibers from supraspinal levels. Pain 
and temperatW"e inputs are thought to be modifled by 
excitatory or inhibitory information from other sensory 
inputs and by information from the cerebral cortex. 

The nucleus proprlu is a group of large nerve cells 
situated anterior to the substantia gelatinosa through
out the spinal cord {Figs. 4-6 to 4-10). This nucleus con
stitutes the main bulk of cells present in the posterior 

Fasclculus aJneatus 

Substantia gelatinosa 

___ Nucleus dorsalis 

~;--....._ 

~ Preganglionic 
sympathetic outflow 

~ Mo!Dr neurons 
for trunk muscles 

Figure 4-8 Transverse section of the spinal cord at the level of the second thoracic 
segment. (Weigert stain.) 
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lower limb muscles 
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Anterior white commissure Anterior median 11ssure 

Figure 4-9 Transverse section of the spinal cord at the level of the fourth lumbar segment. (Weigert 
stain.) 

gray column and receives fibers from the posterior 
white colwnn that are associated with the senses of 
position and movement (proprioception). two-point 
discrimination, and vibration. 

The nucleus donallB (Clarke column) Is a group of 
nerve cells situated at the base of the posterior gray 
colunm and extending from the eighth cervical segment 

Posterior root 

Nucleus proprius-.__ 

Anterior gray oolumn 

caudally to the third or fourth lumbar segment (Figs. 4-6 
to 4-9). Most of the cells are comparatively large and are 
associated with proprioceptive endings (neuromuscu
lar spindles and tendon spindles). 

The visceral afferent nucleus ls a group of 
nerve cells of medium size situated lateral to the 
nucleus dorsalis; lt extends from the first thoracic to 

•. Central canal ...... 
/.,,..-

- Pregangllonlc 
/_,.... parasympathetic outftow 

_,.,,, Motor neurons for 
.. / lower limb muscles 

Mater neurons 
for trunk muedes 

Figure 4-10 Transverse section of the spinal cord at the level of the second sacral segment. 
(Weigert stain.) 



the third lumbar segment of the spinal cord. It is beli
eved to be associated with receiving visceral afferent 
Information. 

LATERAL GRAY COLUMN NERVE CELL GROUPS 
The lntermediolateral group of cells form the small 
lateral gray column, which extends from the first tho
racic to the second or third lumbar segment of the 
spinal cord (Figs. 4-6 and 4-8). The cells are relatively 
small and give rise to preganglionic sympathetic 
fibers. 

A similar group of cells found in the second, third, 
and fourth sacral segments of the spinal cord give 
rise to preganglionic parasympathetic fibers {Figs. 4-6 
and 4-10). 

GRAY COMMISSURE AND CENTRAL CANAL 
In transverse sections of the spinal cord, the anterior 
and posterior gray columns on each side are connected 
by a transverse gray commlleure; the gray matter 
resembles the letter H (Figs. 4-6 to 4-10). The central 
canal is situated In the center of the gray commis
sure. The part of the gray commlssure that is situated 
posterior to the central canal is the posterior gray 
collllDlaure; the anterior part is the anterior gray 
collllDlaure. 

The central canal is present throughout the spinal 
cord. Superiorly, it is continuous with the central canal 
of the caudal half of the medulla oblongata; above this, 
it opens into the cavity of the fourth ventricle. Inferiorly 
ln the conus medullarts, it expands Into the fusiform 
termlnal ventricle and terminates below within the 
root of the ftlum terminale. It Is filled with CSF and Is 
lined with ciliated columnar epithelium, the ependyma. 

l.a!8ral corticospinal 1ract _ 

~" .~ 

• --------------_,_,.--
Rubrospina11ract ,. 
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Thus, the central canal Is closed inferiorly and opens 
superiorly Into the fourth ventricle. 

Whtte Matter 
The white matter, for purposes of description, may 
be divided Into anterior, lateral, and poeterlor white 
columns or funlcull (Figs. 4-S to 4-10). The anterior 
column on each side lies between the midline and the 
point of emergence of the anterior nerve roots; the lat
eral column Iles between the emergence of the anterior 
nerve roots and the entry of the posterior nerve roots; 
the posterior column lies between the entry of the 
posterior nerve roots and the mldllne. 

Stracture 
As in other CNS regions, the spinal cord white matter 
consists of a mixture of nerve fibers, neuroglla, and 
blood vessels. It surrounds the gray matter, and its 
white color is due to the high proportion of myellnated 
nerve fibers. 

NERVE FIBER TRACT ARRANGEMENT 
The arrangement of the nerve fiber tracts within the 
spinal cord has been deduced as the result of animal 
experimentation and study of the human spinal cord 
for degenerative nerve fibers resulting from injury or 
disease. Although some nerve tracts are concentrated 
in certain areas of the white matter, considerable over
lap Is present. For purposes of description, the spinal 
tracts are dlvtded Into ascending, descending, and 
intersegmental tracts, and their relative positions in the 
white matter are described below. A slmpllfled diagram, 
showing the general arrangement of the major tracts, is 
shown in Figure 4-11. 
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'' Splno-ollvary tract ., 
Splnorectal tract 

Tectospinal tract 

Figure 4-11 Transverse section of the spinal cord at the midcervical level showing the general 
arrangement of the ascending tracts on the right and the descending tracts on the left. 
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ASCENDING TRACTS 
On entering the spinal cord, the sensory nerve fibers of 
different sizes and functions are sorted out and segre
gated into nerve bundles or lract8 in the white matter 
(Fig. 4-12; also see Fig. 4-11). Some of the nerve fibers 
serve to link different segments of the spinal cord, while 
others ascend from the spinal cord to higher centers 
and thus connect the spinal cord with the brain. These 
bundles of the ascending fibers are referred to as the 
ucendlng tracts. 

The ascending tracts conduct two types of affer
ent Information, which may or may not reach con
sciousness. Exterocepd.ve Information originates from 

Cerebral cortex 

Sensory ending 

\ 

~~ 
-........_( 1 

Figure 4-12 Simplest form of the ascending sensory 
pathway from the sensory nerve ending to the cerebral 
cortex. Note the 1hree neurons involved. 

outside the body, such as pain, temperature, and touch. 
Proprlocepd.ve information originates from Inside the 
body, for example, from muscles and joints. 

Anatomical Organization 
General Information from the peripheral sensory end
ings Is conducted through the nervous system by a 
series of neurons. In Its simplest form, the ascending 
pathway to consciousness consists of three neurons 
{Fig. 4-12). The first neuron, the flnt-order neuron, has 
its cell body in the posterior root ganglion of the spinal 
nerve. A peripheral process connects with a sensory 
receptor ending, whereas a central process enters the 
spinal cord through the posterior root to synapse on 
the second-order neuron. The second-order neuron 
gives rise to an axon that decussates (crosses to the 
opposite side) and ascends to a higher level of the 
CNS, where it synapses with the third-order neuron. 
The third-order neuron is usually In the thalamus and 
gives rise to a projection fiber that passes to a sensory 
region of the cerebral cortex. This three-neuron chaJn 
Is the most common arrangement, but some afferent 
pathways use more or fewer neurons. Many of the 
neurons in the ascending pathways branch and give a 
major input into the reticular formation, which, in tum, 
activates the cerebral cortex, maintaining wakefulness. 
Other branches pass to motor neurons and participate 
in reflex muscular activity. 

Functions 
Painful and thermal sensations ascend in the lateral 
spinothalamic tract; light {crude) touch and pressure 
ascend in the anterior spinothalamic tract (Fig. 4-13). 
Discriminative touch-that is, the ability to localize 
accurately the area of the body touched and also to 
be aware that two points are touched simultaneously, 
even though they are close together (two-point dls
crlmlnation)-ascends In the posterior white columns. 
Also ascending in the posterior white columns Is Infor
mation from muscles and Joints pertaJnlng to move
ment and position of different parts of the body. In 
addition, vibratory sensations ascend in the posterior 
white column. Unconscious information from muscles, 
joints, the skin, and subcutaneous tissue reaches the 
cerebellum by way of the anterior and posterior spi
nocerebellar tracts and by the cuneocerebellar tract. 
Pain, thermal, and tactile information are passed to 
the superior colliculus of the midbrain through the spi
notectal tract for the purpose of spinovlsual reflexes. 
The splnoretlcular tract provides a pathway from the 
muscles, joints, and skin to the reticular formation, 
while the spino-olivary tract provides an Indirect 
pathway for further afferent information to reach the 
cerebellum. 

Patn and Temperatuna Pathways 
The pain and thermal receptors in the skin and other 
tissues are free nerve endings. The paJn impulses 
are transmitted to the spinal cord In fast-conducting 
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Figure 4-13 Transverse section of the spinal cord showing the origin of the main ascending sensory 
tracts. Note that the sensations of pain and temperature ascend in the lateral spinothalamic: tract, and 
light touch and pressure ascend in the anterior spinothalamic: tract. 

8 A-type fibers and slow-conducting C-type fibers. 
The fast-conducting fibers alert the Individual to 
Initial sharp pain, and the slow-conducting fibers are 
responsible for prolonged burning, aching pain. The 

sensations of heat and cold also travel by 8 A and C 
fibers. 

The main somatosensory pathways are summarized 
in Table 4-2. 

Table4-2 Main Somatosensory Pathways to Consciousness• 

Sens.tion . Re~ptor Neuron Neuron , Neuron 

Pain and Free nerve Posterior Substantia Ventral Lateral Posterior 
temperature endings root gelatinosa posterolateral spinothalamic, central 

ganglion nucleus of spinal gyrus 
thalamus lemniscus 

Light touch and Free nerve I Posterior I Substantia Ventral I Anterior Posterior 
pn:tssure endings root I ..... " ... _ posterolateral spinothalamic, central 

I ganglion nucleus of spinal gyrus 
thalamus lemniscus 

Disaiminative Meissner Posterior I Nuclei Ventral Fasciculi gracilis Posterior 
touch, vibratory corpuscles, root gracilis and posterolateral and cuneatus, central 
sense, conscious pacinian ganglion cuneatus nucleus of medial gyrus 
muscle joint corpuscles, thalamus lemniscus 
sense muscle spindles, 

tendon organs 

•Note th1.t 1.ll ascending p1,thways send br1.nc:hes to 1he re1ic:uh1r ll~vllting system. 
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Figure 4-14 Pain and temperature pathways. 

Lateral Splnothalamic Tract 
Axons entering the spinal cord from the posterior root 
ganglion proceed to the tip of the posterior gray column 
and divide into ascending and descending branches 
(Fig. 4-14). These branches travel for a distance of 
one or two segments of the spinal cord and form the 
posterolateral tract of lluauer. These fibers of the 

frrst-order neuron terminate by synapsing with cells in 
the posterior gray column, including cells in the sub
stantia gelatinosa. Substance P, a peptide, is thought to 
be the neurotransmitter at these synapses. 

Axons of the second-order neurons now Cl'088 

obliquely to 1he opposite 91de In the anterlor gray 
and white commblures within one aplnal aegment of 



the cord, ascending in the contralateral white column 
as the lateral spinothalamic tract. The lateral spinotha
lamic tract lies medial to the anterior spinocerebel
lar tract. As the lateral spinothalamic tract ascends 
through the spinal cord, new fibers are added to the 
anteromedial aspect of the tract. Thus, in the upper 
cervical segments of the cord, the sacral fibers are 
lateral and the cervical segments are medial. The fibers 
carrying pain are situated slightly anterior to those con
ducting temperature. 

As the lateral spinothalamic tract ascends through 
the medulla oblongata, it lies near the lateral surface 
and between the inferior olivary nucleus and the 
nucleus of the spinal tract of the trigeminal nerve. It is 
now accompanied by the anterior spinothalamic tract 
and the spinotectal tract; together they form the spinal 
lemnbicus. 

The spinal lemniscus continues to ascend through 
the posterior part of the pons. In the midbrain, it lies 
in the tegmentum lateral to the medial Iemniscus. Many 
of the fibers of the lateral spinothalamlc tract end by 
synapsing with the third-order neuron in the ventral 
posterolateral nucleus of the thalamus. Crude pain and 
temperature sensations are probably appreciated and 
emotional reactions initiated here. 

Axons of the third-order neurons in the ventral pos
terolateral nucleus of the thalamus now pass through 
the posterior limb of the internal capsule and the 
corona radiata to reach the somesthetic area in the 
postcentral gyrus of the cerebral cortex. The contra
lateral half of the body is represented as inverted, with 
the hand and mouth situated inferiorly and the leg 
situated superiorly, and with the foot and anogenital 
region on the medial surface of the hemisphere. (For 
details, see Chapter 7.) From here, the information ls 
transmitted to other regions of the cerebral cortex to 
be used by motor areas and the parietal association 
area. The role of the cerebral cortex is interpreting 
the quality of the sensory information at the level of 
consciousness. 

Pain Reception 

The perception of pain is a complex phenomenon that 
is influenced by the emotional state and past experi
ences of the individual. Pain is a sensation that warns 
of potential injury and alerts the person to avoid or 
treat It. 

Pain can be divided into two main types: fast pain 
and Blow pain. Fast pain ls experienced within about 
0.1 second after the pain stimulus is applied; slow pain 
is felt 1.0 second or later after the stimulation. Fast pain 
is described by the patient as sharp pain, acute pain, or 
pricking pain and is the type of pain felt after pricking 
the finger with a needle. Fast pain is almost confined to 
the skin. 

Slow pain is described as burning pain, aching pain, 
and throbbing pain and is produced on tissue destruc
tion, as for example, in the development of an abscess 
or in severe arthritis. Slow pain can occur in any tissue 
of the body. 
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All types of pain reception take place in free nerve 
endings. Fast pain is experienced by mechanical or 
thermal types of stimuli, and slow pain may be elicited 
by mechanical, thermal, and chemical stimuli. 

Many chemical substances have been found In 
extracts from damaged tiasue that will excite free 
nerve endings. These include 1erotonin; histamine; 
bradykinin; acids, such as lactic acid; and K+ ions. The 
threshold for pain endings can be lowered by prosta
glandins and substance P, but they cannot stimulate the 
endings directly by themselves. 

The individual should be aware of the existence 
of stimuli that, if allowed to persist, will cause tissue 
destruction; pain receptors have little or no adaptation. 

Pain Conduction to the Central Nervous System 
Fast pain travels in peripheral nerves in large diameter 
A 5 axons at velocities between 6 and 30 msec. Slow 
pain travels in the small-diameter C fibers at veloci
ties between 0.5 and 2.0 msec. The fast pain impulses 
reach consciousness first to alert the individual to 
danger so that a suitable protective response may 
take place. Slow pain is appreciated later and lasts 
much longer. 

Pain Conduction in the Central Nervous System 
Afferent pain fibers enter the spinal cord, for example, 
in the posterior roots of a spinal nerve and terminate 
predominantly in the superficial layers of the poste
rior gray horn. The main excitatory neurotransmitter 
released by A 5 fibers and C fibers is the amino acid 
glutamate. Substance P, a neuropeptide, is also released 
from C fibers. Whereas glutamate is a fast-acting local
ized neurotransmitter, substance P has a slow release 
and diffuses widely in the posterior horn and can influ
ence many neurons. 

The initial sharp, pricking, fast-acting pain fibers 
stimulate the second-order neurons of the lateral spi
nothalamic tract. The axons immediately cross to the 
opposite side of the spinal cord and ascend to the thal
amus where they are relayed to the sensory postcentral 
gyros. The burning, aching, slow-acting pain fibers also 
stimulate the second-order neurons of the lateral spinal 
thalamic tract in the posterior gray horn and ascend 
with the axons of the fast-acting pain fibers. However, 
most of the incoming slow fibers to the spinal cord prob
ably take part in additional relays involving several neu
rons in the posterior horn before ascending In the spinal 
cord. The repeated arrival of noxious stimuli through C 
fibers in the posterior gray horn during severe injury 
results in an increased response of the second-order 
neurons. This winding up phenomenon is attributed 
to the release of the neurotransmitter glutamate from 
C fibers. 

The fast type of pain ls precisely localized. For 
example, if someone hits a thumb with a hammer, 
where the injury has occurred is clear. The slow type 
of pain is only poorly localized. For example, in a 
patient with osteoarthritis of the hip joint, the individ
ual can only vaguely localize the pain to the hip area 
and not to the specific site of the disease. This may 
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be explained by the fact that fast pain fibers directly 
ascend the spinal cord in the lateral spinothalamic 
tract, whereas the slow pain fibers take part in multi
ple relays in the posterior gray horn before ascending 
to higher centers. 

Other Terminations of the Lateral Spinothalamic Tract 
As is now generally agreed, fast pain impulses travel 
directly up to the ventral posterolateral nucleus of 
the thalamus and are then relayed to the cerebral 
cortex. 

The majority of the slow pain fibers in the lat
eral spinothalamic tract terminate in the reticular 
formation, which then activates the entire nervous 
system. In the lower areas of the brain, the individual 
becomes aware of the chronic, nauseous, suffering 
type of pain. 

As the result of research using the positron emis
sion tomography scan, the postcentral gyrus, the 
cingulate gyrus of the limbic system, and the insular 
gyrus are sites concerned with the reception and 
interpretation of nociceptor information. The post
central gyrus is responsible for the interpretation of 
pain in relation to past experiences. The cingulate 
gyrus is involved with the interpretation of the emo
tional aspect of pain, whereas the insular gyrus is 
concerned with the interpretation of pain stimuli from 
the internal organs of the body and brings about an 
autonomic response. 

Reception of pain information by the CNS is modu
lated first in the posterior gray horns of the spinal cord 
and at other sites at higher levels. 

Pain Control In the Central Nervous System 
Massage and the application of liniments to painful 
areas in the body can relieve pain. The technique of 
acupuncture, which was discovered several thousand 
years ago in China, is also beneficial in relieving pain. 
Low-frequency electrical stimulation of the skin also 
relieves pain in certain cases. 

Gating Theory 
Although the precise mechanism for the phenomena 
described above is not understood, the gating theory 
suggested that, at the site where the pain fiber enters 
the CNS, inhibition could occur by means of connector 
neurons excited by large, myelinated afferent fibers 
carrying information of nonpainful touch and pressure. 
The excess tactile stimulation produced by massage, 
for example, "closed the gate" for pain. Once the non
painful tactile stimulation ceased, however, "the gate 
was opened," and information on the painful stimuli 
ascended the lateral spinothalamic tract. Although the 
gate theory may partially explain the phenomena, the 
analgesia system is probably Involved with the liber
ation of enkephalins and endorphins in the posterior 
gray columns. 

Analgesia System 
Stimulation of certain areas of the brainstem can 
reduce or block sensations of pain. These areas include 

the periventricular area of the diencephalon, the peri
aqueductal gray matter of the midbrain, and midline 
nuclei of the brainstem. Fibers of the reticulospinal 
tract are believed to pass down to the spinal cord and 
synapse on cells concerned with pain sensation in 
the posterior gray column. The analgesic system can 
suppress both sharp pricking pain and burning pain 
sensations. 

Recently, two compounds with morphinelike actions, 
enkephallm and endorphlm, have been isolated in the 
CNS. These compounds and serotonin serve as neu
rotransmitter substances In the analgesic system of the 
brain, and they may inhibit the release of substance P 
in the posterior gray column. 

Light (Crude) Touch and Pressure Pathways 
These pathways are summarized In Table 4-2. 

Anterior Spinothalamic Tract 
Axons enter the spinal cord from the posterior root 
ganglion and proceed to the tip of the posterior 
gray column, where they divide into ascending and 
descending branches (Fig. 4-15). These branches 
travel for a distance of one or two segments of the 
spinal cord, contributing to the posterolateral tract 
of Lissauer. These fibers of the first-order neuron 
are believed to terminate by synapsing with cells in 
the substantia gelatinosa group in the posterior gray 
column. 

Axons of the second-order neuron now cross very 
obliquely to the opposite side In the anterior gray and 
white commiMures within several spinal segments 
and ascend in the opposite anterolateral white column 
as the anterior spinothalamic tract. As the anterior spi
nothalamic tract ascends through the spinal cord, new 
fibers are added to the medial aspect of the tract. Thus, 
in the upper cervical segments of the cord, the sacral 
fibers are mostly lateral and the cervical segments are 
mostly medial. 

As the anterior spinothalamic tract ascends through 
the medulla oblongata, it accompanies the lateral spi
nothalamic tract and the spinotectal tract, all of which 
form the spinal lemnlscu. 

The spinal lemniscus continues to ascend through 
the posterior part of the pons, and the tegmentum 
of the midbrain and the fibers of the anterior spinotha
lamic tract terminate by synapsing with the third-order 
neuron in the ventral posterolateral nucleus of the 
thalamus. Crude awareness of touch and pressure is 
believed to be appreciated here. 

Axons of the third-order neurons in the ventral pos
terolateral nucleus of the thalamus pass through the 
posterior limb of the Internal capsule and the corona 
radlata to reach the somesthetic area in the postcentral 
gyrus of the cerebral cortex. The contralateral half of 
the body is represented inverted, with the hand and 
mouth situated Inferiorly, as described previously. (For 
details, see Chapter 7.) The conscious appreciation 
of touch and pressure depends on the activity of the 
cerebral cortex. The sensations can be only crudely 
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Figure 4-15 Light touch and pressure pathways. 

localized, and very little discrimination of Intensity Is 
possible. 

Discriminative Touch, Vibratory Sense, and 
Conscious Muscle Joint Sense 
These pathways are summarized in Table 4-2. 

Posterior White Column: Pasclcola• Gracllt. 
and Pa6ciculos Cunmtwl 
Axons enter the spinal cord from the posterior root gan
glion and pass directly to the posterior white column 
of the same side (Fig. 4-16). Here, the fibers divide Into 
long ascending and short descending branches. The 
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Figure 4-16 DisCTiminative touch, vibratory sense, and conscious muscle joint sense pathways. 

descending branches pass down a variable number of 
segments, giving off collateral branches that synapse 
with cells in the posterior gray horn, with intemuncial 
neurons, and with anterior horn cells. These short 
descending fibers are clearly involved with lnterseg
mental reflexes. 

Long ascending fibers may also end by synapsing 
with cells in the posterior gray horn, with intemuncial 
neurons, and with anterior horn cells. This distribution 
may extend over numerous segments of the spinal cord. 
As in the case of the short descending fibers, they are 
involved with lntersegmental reflexes. 



Many of the long ascending fibers travel upward In 
the posterior white column as the faldculu ll'8Cllla 
and fuclculus cuneatu. The fasclculus gracilis ls 
present throughout the length of the spinal cord and 
contains the long ascending fibers from the sacral, lwn
bar, and lower six thoracic spinal nerves. The fasciculus 
cuneatus is situated laterally in the upper thoracic and 
cervical segments of the spinal cord and is separated 
from the fasciculus gracilis by a septum. The fasciculus 
cuneatus contains the long ascending fibers from the 
upper six thoracic and all the cervical spinal nerves. 

Fibers of the fasclculus gractlls and fasclculus cunea
tus ascend lpsllalerally and terminate by synapsing 
on the second-order neurons In the nuclei gradUa and 
cuneatua of the medulla oblongata. The axons of the sec
ond-order neurons, called the Internal an:uate flben, 
sweep anteromedially around the central gray matter 
and crcm the medlan plane, decussatlng with the cor
responding fibers of the opposite side in the 8elll0ry 
decuseatlon. The fibers then ascend as a single compact 
bundle, the medW lemnlscm, through the medulla 
oblongata. the pons, and the midbrain. The fibers ter
minate by synapsing on the third-order neurons in the 
ventral posterolateral nucleus of the thalamus. 

Axons of the third-order neuron leave and pass 
through the posterior limb of the Internal capmle and 
corona ndlata to reach the somesthetlc area In the 
postcentral gyros of the cerebral cortex. The contralat
eral half of the body ls represented inverted, with the 
hand and mouth situated Inferiorly, as described previ
ously. (For details, see Chapter 7.) In this manner, the 
Impressions of touch with fine gradations of intensity, 
exact localization, and two-point discrimination can be 
appreciated. Vibratory sense and the position of the dif
ferent parts of the body can be consciously recognized. 

Many fibers in the fasciculus cuneatus from the cer
vical and upper thoracic segments, having terminated 
on the second-order neuron of the nucleus cuneatus, 
are relayed and travel as the axons of the second-order 
neW'Ons to enter the cerebellum through the Inferior 
cerebellar peduncle of the same side. This pathway Is 
the cuneocerebellar tract. and the Obers are known 
as the poaterlor eDerna1 arcuale flben. The function 
of these fibers is to convey Information of muscle joint 
sense to the cerebellum. 

Mutd• Joint S•nH Pathways to th• C•reb.llum 
Muscle joint sense pathways to the cerebellum are 
summarized in Table 4-3. 
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Posterior Splnocere'bellar Tract 
Axons entering the spinal cord from the posterior root 
ganglion enter the posterior gray colwnn and terminate 
by synapsing on the second-order neurons at the base 
of the posterior gray column (Fig. 4-17). These neurons 
are known collectively as the nudeu dortalls (Clarke 
column). Axons of the second-order neurons enter 
the posterolateral part of the lateral white column on 
the same aide and ascend as the posterior spinocere
bellar tract to the medulla oblongata. Here, the tract 
Joins the Inferior cerebellar peduncle and terminates 
in the cerebellar cortex. Note that It does not ascend 
to the cerebral cortex. Because the nucleus dorsalls 
(Clarke column) extends only from the eighth cervical 
segment caudally to the third or fourth lumbar seg
ment, axons entering the spinal cord from the posterior 
roots of the lower lumbar and sacral segments ascend 
in the posterior white column until they reach the 
third or fourth lumbar segment, where they enter the 
nucleus dorsalis. 

The posterior spinocerebellar fibers receive muscle 
joint information from the muscle spindles, tendon 
organs, and joint receptors of the trunk and lower 
limbs. This Information concerning tension of muscle 
tendons and the movements of muscles and Joints Is 
used by the cerebellum In the coordination of limb 
movements and the maintenance of posture. 

Anterior Splnocere'beUar Troct 
Axons entering the spinal cord from the posterior 
root ganglion terminate by synapsing with the second
order neurons in the nucleus donalls at the base of 
the posterior gray column (Fig. 4-17). Most axons of 
the second-order neurons c:rou to the opposite side 
and ascend as the anterior spinocerebellar tract in 
the contralateral white column; a minority ascend as 
the anterior spinocerebellar tract in the lateral white 
column of the Miile aide. The fibers, having ascended 
through the medulla oblongata and pons, enter the 
cerebellum through the superior cerebellar peduncle 
and terminate In the cerebellar cortex. Those fibers 
that crossed over to the opposite side in the spinal 
cord are believed to Cl"09 back within the cerebellum. 
The anterior splnocerebellar tract conveys muscle 
joint information from the muscle spindles, tendon 
organs, and joint receptors of the trunk and the upper 
and lower limbs. It is also believed that the cerebellum 
receives information from the skin and superficial 
fascia by this tract. 

Muscle Joint Sense Pathways to the Cerebellum 
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Figure 4-17 Unconscious muscle joint sense pathways to the cerebellum. 

Caneocerebellar tract 
These fibers are described on page 142. They origi
nate in the nucleus cuneatus and enter the cerebel
lum through the inferior cerebellar peduncle of the 
same side (Fig. 4-16). They are !mown as the poate
rlor external arcuate flben, and their function is 
to convey Information of muscle joint sense to the 
cerebellum. 

Other Ascending Pathways 
The splnotectal, splnoretlcular, and spino-oUvary tracts 
are shown In Figure 4-18. 

Splnotectal Tract 
.Axons enter the spinal cord from the posterior root 
ganglion and travel to the gray matter where they 
synapse on unknown second-order neurons. Axons 
of the second-order neurons Cl'OIS the median plane 

and ascend as the spinotectal tract in the anterolateral 
white column lying close to the lateral splnothalamic 
tract. After passing through the medulla oblongata and 
pons, they terminate by synapsing with neurons in the 
superior colliculus of the midbrain. This pathway pr~ 
vides afferent information for spinovisual reflexes and 
brings about movements of the eyes and head toward 
the source of the stimulation. 

Splaoretkular Tract 
Axons enter the spinal cord from the posterior root 
ganglion and terminate on unknown second-order neu
rons in the gray matter. Axons from these second-order 
neurons ascend the spinal cord as the spinoreticular 
tract in the lateral white column mixed with the lateral 
spinothalamic tract. Most of the fibers are nncroaed 
and terminate by synapsing with nelll'Ons of the retic
ular formation in the medulla oblongata, pons, and 
mtdbraln. The spinorettcular tract provides an afferent 
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Figure 4-18 Spinotectal, spinoreticular, and spino-olivary tracts. 

pathway for the reticular formation, which plays an 
important role in influencing levels of consciousness. 
(For details, see p. 204.) 

Splno-olloary Tract 
Axons enter the spinal cord from the posterior root 
ganglion and terminate on unknown second-order 
neurons in the posterior gray column. Axons from the 
second-order neurons croa the mldllne and ascend 
as the spino-olivary tract in the white matter at the 
junction of the anterior and lateral columns. The 
axons end by synapsing on third-order neurons In 
the Inferior ollvary nuclei In the medulla oblongata. 
Axons of the third-order neurons cross the mldllne and 

enter the cerebellum through the Inferior cerebellar 
peduncle. The splno-ollvary tract conveys information 
to the cerebellum from cutaneous and proprioceptive 
organs. 

Visceral Sensory Trac.t:s 
Sensations that arise in viscera located in the th~ 
rax and abdomen enter the spinal cord through the 
posterior roots. The cell bodies of the first-order 
neuron are situated in the posterior root ganglia. 
The peripheral processes of these cells receive nerve 
impulses from paJn and stretch receptor endings 
in the viscera. The causes of visceral pain Include 
ischemia, chemical damage, spasm of smooth muscle, 
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and distention. The central processes, having entered 
the spinal cord, synapse with second-<>rder neurons 
in the gray matter, probably in the posterior or lateral 
gray columns. 

Axons of the second-order neurons are believed to 
join the splnothalamlc tracts and ascend and terminate 
on third-order neurons in the ventral posterolateral 
nucleus of the thalamus. The final destination of these 
axons is probably in the postcentral gyrus of the cere
bral cortex. 

Many of the visceral afferent fibers that enter the 
spinal cord branch participate in reflex activity. 

Decussation of fibers _____ _ 

~ 
.,,...---- I 

___,.. I 

Second-order neuron (2Y...- : 

DESCENDING TRACTS 
Motor neurons situated ln the anterior gray columns of 
the spinal cord send axons to innervate skeletal muscle 
through the anterior roots of the spinal nerves. These 
motor neurons are referred to as the lower motor neu
ron.J and constitute the final common pathway to the 
muscles (Fig. 4-19). 

Lower motor neurons are constantly bombarded 
by nervous impulses that descend from the medulla, 
pons, midbrain, and cerebral cortex as well as those 
that enter along sensory fibers from the posterior 
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Rgure 4-19 Simple form of the descending motor pathway from the cerebral cortex to 
the skeletal muscle. Note the three neurons involved. 



Descending Tracts 153 

Table44 Main Descending Pathways to the Spinal Cord• 

Cortic:ospinal 
tracts 
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movements, (area 4), secondary 
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systems 

Cerebral cortex, 
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amygdaloid complex, 
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•Note that the corticospinal 1rac:ts are believed to control 1he prime mover mutcles (eapecielly the highly skilled movements}, 
where.es the other descenc:ling 1rac:ts are important in controlling the simple ba.sic: movements. For s;mplicity. 1he intem1,1nci•I 
neurons are omitted from 1hl4 table. 

roots. Nerve fibers that descend in the white matter 
from different supraspinal nerve centers are segre
gated into nerve bundles called the deac:encllng tracts. 
These supraspinal neurons and their tracts are referred 
to as the upper motor neurons, and they provide 
numerous separate pathways that can influence motor 
activity. 

A summary of the main descending pathways In the 
spinal cord Is shown ln Table 4-4. 

Anatomical Organization 
Control of skeletal muscle activity from the cere
bral cortex and other higher centers is conducted 
through the nervous system by a series of neurons 
(Fig. 4-19). The descending pathway from the cere
bral cortex ls often made up of three neurons. The 
first neuron, the ftnt-order neuron, has Its cell body 
ln the cerebral cortex. Its axon descends to synapse 

on the second-order neuron, an internuncial neuron, 
situated in the anterior gray column of the spinal 
cord. The axon of the second-order neuron is short 
and synapses with the third-order neuron, the lower 
motor neuron, in the anterior gray column. The axon 
of the third-order neuron innervates the skeletal 
muscle through the anterior root and spinal nerve. 
In some instances, the axon of the first-order neuron 
terminates directly on the third-order neuron {as in 
reflex arcs). 

Functions 
Cortfcoaplnal tram (Fig. 4-20) are the pathways con
cerned with voluntary, discrete, skilled movements, 
especially those of the distal parts of the limbs. Redc
ul09plnal trads may facllltate or lnhlblt the actlvtty 
of the a and r motor neurons in the anterior gray col
umns and may, therefore, facllitate or inhibit voluntary 
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FtguN 4-20 Transverse section of the spinal cord showing the termination of the descend
ing motor tracts. Note that the existence of the olivospinal tract as a separate pathway is now 
in considerably doubt. 

movement or reflex activity. The tectOlplnal tract is 
concerned with reflex postural movements In response 
to vtsual stimuli. Those fibers that are associated with 
the sympathetic neurons In the lateral gray column are 
concerned. with the puplllodllatlon reflex in response 
to darkness. The rubro1plnal tract acts on both the a 
and y motor neurons In the anterior gray columns and 
facilitates the activity of flexor muscles and inhibits 
the activity of extensor or antlgravity muscles. The 
vettlbuloeplnal tract. by acting on the motor neurons 
in the anterior gray columns. facilitates the activity of 
the extensor muscles, inhibits the activity of the flexor 
muscles, and is concerned with the postural activity 
associated with balance. The ollvoeplnal tract may 
play a role in muscular activity, but some doubt its exis
tence. The deacencllng autonomic flbem are concerned 
with the control of visceral activity. 

Corticospinal Tracts 
Fibers of the cortlcospinal tract arise as axons of pyra
midal cells situated. in the fifth layer of the cerebral 
cortex (Fig. 4-21). About a third of the fibers originate 
from the primary motor cortex (area 4). another third 
from the secondary motor cortex (area 6), and the final 
third from the parietal lobe (areas 3, 1, and 2); thus, two 
thirds of the fibers arise from the precentral gyrus, and 
one third of the fibers arise from the postcentral gyrus. 
These fibers do not control motor acttvtty but influence 
sensory Input to the nervous system. Because electrical 
stimulation of different parts of the precentral gyrus 
produces movements of different parts of the opposite 

side of the body, we can represent the parts of the body 
in this area of the cortex. Such a homunculus is shown 
in Figure 4-21. Note that the region controlling the face 
Is situated inferiorly, and the region controlling the 
lower limb Is situated superiorly and on the medial sur
face of the hemisphere. The homunculus ls a distorted 
picture of the body, with the various parts having a size 
proportional to the area of the cerebral cortex devoted 
to their control. Interestingly, most cortlcosplnal fibers 
are myelinated and are relatively slow-conducting, 
small fibers. 

The descending fibers converge in the corona radl
ata and then pass through the posterior limb of the 
internal capsule. Here, the fibers are organized so that 
those closest to the genu are concerned with cervical 
portions of the body. while those situated more poste
riorly are concerned with the lower extremity. The tract 
then continues through the middle three fifths of the 
balls peduncull of the mldbraln. Here, the fibers con
cerned with cervical portions of the body are situated 
medially, while those concerned with the leg are placed 
laterally. 

On entering the pons, the tract is broken into many 
bundles by the transvene pontocerebellar fibers 
(see Figs. 5-19 to 5-22). In the medulla oblongata. the 
bundles become grouped together along the anterior 
border to form a swelling known as the pyramid 
(hence the alternative name, pyramldel tract) {see 
Figs. 5-11 and 5-12). At the junction of the medulla 
oblongata and the spinal cord, most of the fibers 
CJ'088 the mtdllne at the dec:uuatton of the pyramids 
(Fig. 4-21) and enter the lateral white column of the 
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Figure 4-21 Corticospinal tracts. 

spinal cord to form the lateral cortfcosplnal tract 
(Fig. 4-20). The remaining fibers do not cross in the 
decussation but descend in the anterior white column 
of the spinal cord as the anterior cordcosplnal tract 
(Figs. 4-20 and 4-21). These fibers eventually cross the 
midllne and terminate In the anterior gray column of 
the spinal cord segments in the cervical and upper 
thoracic regions. 

The lateral corticospinal tract descends the length of 
the spinal cord; its fibers terminate in the anterior gray 
column of all the spinal cord segments. 

Most corticospinal fibers synapse with internun
cial neurons, which, in tum, synapse with a motor 
neurons and some "I motor neurons. Only the largest 
corticospinal fibers synapse directly with the motor 
neurons. 
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The cortlcospinal tracts are not the sole pathway 
for serving voluntary movement. Rather, they form 
the pathway that confers speed and agillty to volun
tary movements and ls thus used in performing rapid 
skilled movements. Many of the simple, basic volun
tary movements are mediated by other descending 
tracts. 

Branches 
1. Branches are given off early In their descent and 

return to the cerebral cortex to inhibit activity in 
adjacent regions of the cortex. 

2. Branches pass to the caudate and lentiform nuclei, 
the red nuclei, and the olivary nuclei and the reticu
lar formation. These branches keep the subcortical 

Thalamu 

Red nucleus-~ --

Medulla oblongata--~ 

regions Informed about the cortical motor activity. 
Once alerted, the subcortlcal regions may react 
and send their own nervous impulses to the a and 
y motor neurons by other descending pathways. 

Reticulospinal T racts 
Throughout the midbraln, pons, and medulla oblon
gata, groups of scattered. nerve cells and nerve fibers 
exist that are collectively known as the reUcular forma
tion. From the pons, these neurons send axons, which 
are mostly uncroued, down into the spinal cord and 
form the pontine retlcol09plnal tract (Fig. 4-22). From 
the medulla. similar neurons send axons, which are 
crossed and uncrossed, to the spinal cord and form the 
medullary reticulosplnal tract. 
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Figure 4-22 Reticulospinal tracts. 



Retlculosplnal fibers from the pons descend through 
the anterior white column, while those from the medulla 
oblongata descend 1n the lateral white column. Both 
sets of fibers enter the anterior gray columns of the 
spinal cord and may facllitate or Inhibit a and y motor 
neuron activity. By these means, the retlculosplnal 
tracts influence voluntary movements and reflex activ
ity. The reticulospinal fibers are also now thought to 
include the descending autonomic fibers. The reticu
lospinal tracts thus provide a pathway by which the 
hypothalamus can control the sympathetic outflow and 
the sacral parasympathetic outflow. 

Tectospinal Tract 
Fibers of this tract arise from nerve cells In the 
1Uperlor colllculus of the midbrain {Fig. 4-23). Most 

Eye 
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of the fibers crou the midline soon after their ori
gin and descend through the bralnstem close to 
the medial longitudinal fasclculus. The tectosplnal 
tract descends through the anterior white column of 
the spinal cord close to the anterior median fissure 
(Fig. 4-20). The majority of the fibers terminate In the 
anterior gray column In the upper cervical segments 
of the spinal cord by synapsing with lnternunclal 
neurons. These fibers are believed to be concerned 
with reflex postural movements in response to visual 
stimuli. 

Rubrospinal Tract 
The red nucleus is situated ln the tegmentum of 
the midbraln at the level of the superior colliculus 
(Fig. 4-24). The axons of neurons in this nucleus cross 

___ Tectospinal tract in anterior 
whit& column of spinal cord 

tfl: / Lower motor 
~ neuron 

Figure 4-23 Tectospinal tract. 
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Figure 4-2• Rubrospinal tract. 

the midline at the level of the nucleus and descend as 
the rubrospinal tract through the pons and medulla 
oblongata to enter the lateral white column of the spi
nal cord (Fig. 420). The fibers terminate by synapsing 
with lntemunclal neurons ln the anterior gray column 
of the cord. 

Neurons of the red nucleus receive afferent Impulses 
through connections with the cerebral cortex and the 
cerebellum. This ls believed to be an Important Indi
rect pathway by which the cerebral cortex and the 
cerebellum can influence a. and r motor neuron activity. 
The tract facilitates the activity of the flex.or muscles 
and inhibits the activity of the extensor or antigravity 
muscles. 

Vestibulospinal Tract 
Vettlbolar nuclei are situated. in the pons and medulla 
oblongata beneath the floor of the fourth ventricle 
(Fig. 425). The vestibular nuclei receive afferent fibers 
from the Inner ear through the vestibular nerve and 
from the cerebellum. Neurons of the lateral vestib
ular nucleus give rise to the axons that form the 
vestlbulosplnal tract. The tract descends uncroaed. 
through the medulla and through the length of the 
spinal cord in the anterior white column (Fig. 420). 
The fibers terminate by synapsing with lntemunclal 
neurons of the anterior gray column of the spinal 
cord. 
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Figure 4-25 Vestibulospinal tract. 

The inner ear and the cerebellum, by means of this 
tract, facilitate the activity of the extensor muscles and 
inhibit the activity of the flexor muscles in association 
with the maintenance of balance. 

Olivospinal Tract 
The ollvosplnal tract was thought to arise from the 
inferior ollvary nucleus and to descend in the lateral 
white column of the spinal cord (Fig. 4-26), to influence 
the activity of the motor neurons in the anterior gray 
column. Many now doubt that it exists. 

Descending Autonomic Fibers 
The higher centers of the CNS associated with the 
control of autonomlc activity are situated In the cere
bral cortex, hypothalamus, amygdalold complex, and 
reticular formation. Although distinct tracts have not 
been recognized, investigation of spinal cord lesions 
has demonstrated that descending autonomic tracts 
do exist and probably form part of the reticulospinal 
tract. 

The fibers arise from neurons in the higher cen
ters and cross the midline in the brainstem. They are 
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Figure 4-26 Olivospinal tract. The existence of this tract as a separate pathway is doubtful. 

believed to descend in the lateral white column of the 
spinal cord and to terminate by synapsing on the auto
nomic motor cells in the lateral gray columns in the 
thoracic and upper lumbar (sympathetic outflow) and 
midsacral (parasympathetic) levels of the spinal cord. 

INTERSEGMENTAL TRACTS 
Short ascending and descending tracts that originate 
and end within the spinal cord exist In the anterior, 
lateral, and posterior white colunms. The function 
of these pathways ls to interconnect the neurons of 
different segmental levels, and the pathways are partic
ularly important in lntersegmental spinal reflexes. 

Reflex Arc 
A reflex may be defined as an Involuntary response 
to a stimulus. It depends on the Integrity of the reflex 
arc (Fig. 4-27). ln its simplest form, a reflex arc consists 
of the following anatomical structures: (1) a receptor 
organ, (2) an afferent neuron, (3) an effector neuron, 
and ( 4) an effector organ. A reflex arc involving only 
one synapse is referred to as a monosynapdc reflex 
arc. Interruption of the reflex arc at any point along its 
course would abolish the response. 

In the spinal cord, reflex arcs play an important role 
in maintaining muscle tone, which is the basis for body 
posture. The receptor organ is situated In the skin, mus
cle, or tendon. The cell body of the afferent neuron ls 
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Figure '-27 A: A monosynaptic reflex arc. B: Multiple neurons synapsing with the 
lower motor neuron. Note the presence of the Renshaw feedback neuron. 

located in the posterior root ganglion, and the central 
axon of this first-order neuron terminates by synapsing 
on the effector neuron. Since the afferent fibers are of 
large diameter and are rapidly conducting and because 
of the presence of only one synapse, a very quick 
response Is possible. 

Physiologic study of the electrical activity of the 
effector neuron shows that a prolonged asynchro
nous discharge follows the very quick monosynaptic 
discharge. The reason for this later discharge is that 
the afferent fibers entering the spinal cord frequently 
branch, and the branches synapse with many internun
cial neurons, which ultimately synapse with the effector 
neuron (Fig. 4-28). These additional neuronal circuits 
prolong the bombardment of the effector neurons after 
the Initial stimulation by the afferent neuron has ceased. 
The presence of intemunclal neurons also results in the 

spread of the afferent stimulus to neurons at different 
segmental levels of the spinal cord. 

The law of reciprocal lnnervadonls important to 
understand In considering reflex skeletal muscle activ
ity. Simply stated, It means that the flexor and extensor 
reflexes of the same limb cannot be made to contract 
simultaneously. For this law to work, the afferent nerve 
fibers responsible for flexor refiex muscle action must 
have branches that synapse with the extensor motor 
neurons of the same limb. causing them to be inhibited. 

Another interesting property of spinal reflexes is 
that the evocation of a reflex on one side of the body 
causes opposite effects on the limb of the other side of 
the body. This crowd es.temor reflex is demonstrated 
when afferent stlmulatlon of the reflex arc that causes 
the lpsllateral limb to flex results in the contralateral 
limb being extended. 
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Rgure '-28 A: Multiple branching of afferent fibers entering 
the spinal cord and the presence of many internuncial neurons 
that synapse with the effector neuron. B: Law of reciprocal 
innervation and the crossed extensor reflex. 

Influence of Higher Neuronal Centers on 
Spinal Reflex Activity 
The spinal segmental reftex arc involving motor activ
ity Is greatly Influenced by higher centers in the brain. 
These influences are mediated through the cortlco
splnal, retlculosplnal, tectospinal, rubrospinal, and 
vestibulospinal tracts. In the clinical condition known 
as spinal shock (see p. 167), which follows the sudden 
removal of these influences by spinal cord severance, 
the segmental spinal reflexes are depressed. When 
the spinal shock disappears in a few weeks, the seg
mental spinal reflexes return, and the muscle tone 
is increased. This dec:erebrate rigidity is due to the 
overactivity of the y efferent nerve fibers to the mus
cle spindles, which results from the release of these 
neurons from the higher centers. The next stage may 
be paraplegia In es.temlon. with domination of the 
increased tone of the extensor muscles over the fle.xor 

muscles. Some neurologists believe that this condition 
ls due to incomplete severance of all the descending 
tracts with persistence of the vestibulosplnal tract. 
Should all the descending tracts be severed, the condi
tion of paraplegia In fle:xlon occurs. In this condition, 
the reflex responses are ftexor in nature, and the tone 
of the extensor muscles is diminished. 

RENSHAW CELLS AND LOWER 
MOTOR NEURON INHIBITION 
Lower motor neuron axons give off collateral branches 
as they pass through the white matter to reach the 
anterior roots of the spinal nerve. These collaterals syn
apse on neurons described by Renshaw, which, in tum, 
synapse on the lower motor neurons (Fig. 4-27). These 
lnternuncial neurons are believed to provide feedback 
on the lower motor neurons, inhibiting their activity. 



General Anatomical Features of Clinical 
Importance 
The spinal cord may be described, for practical purposes, 
as consisting of columns of motor and sensory nerve cells 
(gray matter) surrounded by ascending and descending 
tracts (white matter). lt lies within the vertebral canal and 
Is protected by three surrounding fibrous membranes, the 
meninges. It ls cushioned against trauma by cerebrospinal 
fluid (CSF) and Is held In position by the denticulate liga
ments on each side and the fllum termlnale inferiorly. The 
spinal cord is segmented, and paired posterior (sensory) 
and anterior (motor) roots corresponding to each segment 
of the cord leave the vertebral canal through the lnterver
tebral foramina. 

The spinal cord Is shorter than the vertebral column 
and terminates Inferiorly in the adult at the level of the 
lower border of the first lumbar vertebra. The subarach
noid space extends inferiorly beyond the end of the cord 
and ends at the level of the lower border of the second 
sacral vertebra. 

Because of the shortness of the spinal cord relative 
to the length of the vertebral column, the nerve roots of 
the lumbar and sacral segments have to take an oblique 
course downward to reach their respective intervertebral 
foramlna; the resulting leash of nerve roots forms the 
cauda equlna. 

A spinal tap needle may be Inserted into the subarach
nold space below the level of the second lumbar vertebra 
without damaging the spinal cord. (For details, seep. 19.) 

Anterior and Posterior Nerve Root Lesions 
Hach nerve root has a covering of pla, arachnoid, and dura 
mater. The anterior and posterior roots unite in the interver
tebral foramina to form the spinal nerves. Here, the men!~ 
ges fuse with the eplneurium. of the spinal nerves. Either or 
both spinal nerve roots may be Involved In syphilitic spi
nal meningitis or pyogenlc menlng!Us. The posterior roots 
n.ay be Involved In tabes dorsalis and herpes zoster. Their 
anatomical location. both in the vertebral canal and in the 
lntervertebral foramtna, exposes them to compression from 
tumors of the vertebral column and to Irritation from abnor
mal constituents of CSF, such as blood following a subarach
no!d hemorrhage. A herniated lntervertebral disc, a primary 
or secondary vertebral tumor, vertebral destruction by 
tumor or infection, or a fracture d islocation can press on 
the spinal nerve roots In the lntervertebral foramlna. Even 
severe scoliosis can compress the nerve roots. 

A lesion of one posterior spinal nerve root will produce 
pain in the area of skin Innervated by that root and In the 
muscles that receive their sensory nerve supply from that 
root. Movements of the vertebral column in the region of 
the lesion will heighten the pain, and coughing and sneez
ing will also make It worse by raising the pressure within 
the vertebral canal. Before loss of sensation In the der
matome occurs, the paUent might experience hyperalgesla 
and hyperesthesia. 

A lesion of an anterior root will result in paralysis of any 
muscle that Is supplied escluslvely by that root and a par
tial paralysis of any muscle that Is supplied partially by that 
root. In both cases, fasciculation and muscle atrophy occur. 
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Clinical Significance of Ascending Tract Lamination 
Within the anterolateral white column of the spinal cord, 
the axons of the spinothalamic tracts from the sacral and 
lumbar segments of the body are deflected laterally by 
axons crossing the midline at successively higher levels. 
Within the posterior white column, the axons from the 
sacral and lumbar segments of the body are pushed medl· 
ally by the axons from higher segments of the body. This 
dellection of the tracts produces lamination; thus, in the 
spinothalamic tracts (anterolateral system), the cervical to 
sacral segments are located from medial to lateral, whereas 
In the posterior white column (medial Jemnlscus system), 
the sacral to cervical segments are located from medial to 
lateral. This is shown diagrammatically in Figure 4-29. 

Ascending Tract Injury 
The detailed information described above is of practical 
value in patients experiencing external pressure exerted on 
the spinal cord In the region of the sptnothalamlc tracts. It 
explains, for example, why patients will experience a loss 
of pain and temperature sensations first In the sacral der
matomes of the body and, If the pressure increases, In the 
other higher segmental dermatomes of the body. 

Lateral Spinothalamic Tract 
Destruction of this tract produces contralateral Joss of 
pain and thermal senslblllties below the level of the lesion. 
Therefore, the patient will not respond to pinprick or rec· 
ognize hot and cold objects placed in contact with the skin. 

Anterior Spinothalamic Tract 
Destruction of this tract produces contralateral Joss of light 
touch and pressure senslblllties below the level of the lesion. 
Remember that dlscrlmlnatlve touch will still be present, 
because this information Is conducted through the fasdcu· 
Jus gracilis and fasciculus cuneatus. The patient will not feel 
the light touch of a piece of cotton placed against the skin 
or feel pressw-e from a blunt object placed against the skin. 

Fasclculus Gradlis and Fasdculus Cuneatus 
Destruction of these tracts cuts off the supply of lnforma· 
tlon from the muscles and joints to consciousness; thus, 
the individual does not know about the position and mov~ 
ments of the ipsilateral limbs below the level of the lesion. 
With the patient's eyes closed, he or she ts unable to tell 
where the limb or part of the limb is In space. For example, 
If you passively dorslflex the patient's big toe, he or she Is 
unable to tell you whether the toe ls pointing upward or 
downward. The patient has impaired muscular control, and 
the movements are Jerky or ataxic. 

The patient also has loss of vibration sense below the 
level of the lesion on the same side. This Is easily tested 
by applying a vibrating tuning fork to a bony prominence, 
such as the lateral malleolus of the fibula or the styloid 
process of the radius. 

Tactile discrimination will also be lost on the side of 
the lesion. This is tested most easily by gradually sepa
rating the two points of a compass until the patient can 
appreciate them as two separate points, not as one. when 
they are applied to the skin surface. Tactile discrimination 
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Figure 4-29 Segmental organization of the tracts in the posterior, lateral, and anterior white 
columns of the spinal cord. 

varies from one part of the body to another. In a normal 
individual, the points have to be separated by about 3 to 
4 mm before they are recognized as separate points on the 
tips of the fingers. On the bad:, however, the points have 
to be separated by 65 mm or more before they can be rec
ognized as separate points. 

The sense of general light touch would be unaffected, as 
these Impulses ascend in the anterior spinothalamic tracts. 

Note that a spinal cord lesion so localized that it affects 
one sensory tract only is extremely rare; usually, several 
ascending and descending tracts are Involved. 

Somatic and Visceral Pain 
Somatic pain has been considered extensively In this 
chapter. The sense organs for somatic pain are the naked 
nerve endings. The initial sharp pain is transmitted by fa.st
conducting fibers, and the more prolonged burning pain 
travels In the slow-conducting nerve fibers (see p.143). 

In the viscera, special receptors, chemoreceptors, baro
receptors, osmoreceptors, and stretch receptors are sensi
tive to a variety of sUmuli, including lschemfa. stretching, 
and chemical damage. Afferent fibers from the visceral 
receptors reach the central nervous system (CNS) via the 
sympathetic and parasympathetic parts of the autonomic 
nervous system. Once within the CNS, the pain Impulses 
travel by the same ascending tracts as the somatic pain 
and ultlmately reach the postcentral gyrus. 

Visceral pain is poorly localized and often associated 
with salivation, nausea, vomiting, tachycardia, and sweat
ing. Visceral pain may be referred from the organ Involved 
to a distant area of the body (referred. pain). 

Treatment of Acute Pain 
Drugs such as sallcylates can be used to reduce the synthesis 
of prostaglandin, a substance that sensitizes free nerve end
ings to painful stimuli. LocaJ anesthetics, such as procaine, 
can be used to block: nerve conduction In peripheral nerves. 

Narcotic analgesics, such as morphine and codeine, 
reduce the affect.tve reaction to pain and act on the opiate 
receptor sites In the cells in the posterior gray column 
of the spinal cord as well a.s other cells in the analgesic 
system in the brain likely by inhibiting the release of 
glutamate, substance P, and other transmitters from the 
sensory nerve endings. To minimize the side effects of 
morphine given by systemic Injection, the narcotic can 
be given by local Injection directly Into the posterior gray 
horn of the spinal cord or by injection indirectly into the 
CSF in the subarachnoid space. Long.term cancer pain has 
been treated successfully by the continuous Infusion of 
morphine Into the spinal cord. 

Treatment of Chronic Pain 
New techniques, such as acupuncture and elecbical stimu
lation of the skin, are now being used with success. Relief 
of pain can be achieved by the use of placebos In a few 
patients. The anticipation of the relief of pain Is thought 
to stimulate the release of endorphins, which inhibit the 
normal pain pathway. 

Relief of Pain by Rhizotomy or Cordotomy 
Surgical relief of pain has been used estenslvely In patients 
with terminal cancer. Posterior rhlzotomy or division of 
the posterior root of a spinal nerve effect.tvely severs the 
conduction of pain Into the CNS. It Is a relat1vely simple 
procedure, but, unfortunately, the operation deprives 
the patient of other sensations besides pain. Moreover, 
If the pain sensation ts entering the spinal cord through 
more than one spinal nerve, it may be necessary to divide 
several posterior roots. 

Thoracic cordotomy has been performed with suc
cess in patients with severe pa.in originating from the 
lower abdomen or pelvis. Essentially, the operation 
consists of dividing the lateral spinothalamlc tracts by 
Inserting a knife Into the anterolateral quadrant of the 
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spinal cord. Remember that the lateral spinothalamic 
fibers have originated In cells of the substantla gelatl
nosa In the opposite posterior gray column and that they 
cross the spinal cord obliquely and reach their tract In 
the white column three or four segments higher than 
their posterior root of entry. Cervical cordotomy has 
been performed successfully In patients with intractable 
pa.Jn In the neck or thorax. 

Tabes Dorsalis 
Tabes dorsalls Is caused by syphilis. The organism causes 
a selective destruction of nerve fibers at the point of 
entrance of the posterior root Into the spinal cord, espe
cially In the lower thoracic and lumbosacral regions 
(Fig. 4-30). The following symptoms and signs may be pres
ent (1) stabbing pains In the lower limbs, whJch may be 
very severe; (2) paresthesia. with numbness in the lower 
limbs; (3) hypersensitivity of skin to touch, heat, and cold; 
( 4) loss of sensation In the skin of parts of the trunk and 
lower limbs and loss of awareness that the urinary blad
der Is full; (5) loss of appreciation of posture or passive 
movements of the limbs, especially the legs; (6) loss of 
deep pain sensation, such as when the muscles are forcibly 
compressed or when the Achilles tendon is compressed 
between the finger and thumb; (7) loss of pain sensation 
In the skin in certain areas of the body, such as the side of 
the nose or the medial border of the forearm, the thoracic 
wall between the nipples, or the lateral border of the leg; 
(8) ataxia of the lower limbs as the result of loss of pro
prioceptive sensibility (the unsteadiness in gait is com
pensated to some extent by vision; however, In the dark or 
If the eyes are closed, the ataxia becomes worse and the 
person may fall); (9) hypotonla as the result of loss of pro
prioceptive Information that arises from the muscles and 
joints; and (10) loss of tendon reOexes, owing to degener
ation of the afferent fiber component of the reflex arc (the 
knee and ankle tendon Jerks are lost early In the disease). 

Muscle Activity 
Muscle tone Is a state of continuous partlal contraction 
of a muscle and Is dependent on the Integrity of a mono
synaptlc reflex arc (see description on p. 160). The recep
tor organs are the muscle spindles. The afferent neuron 
enters the spinal cord through the posterior root and 
synapses with the effector neuron or lower motor neuron 
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In the anterior gray column. The lower motor neuron sup
plies the muscle fibers by traveling through the anterior 
roots, the spinal nerves, and peripheral nerves. 

MusdeTone 
Muscle tone Is abolished If any part of that simple reflex 
arc Is destroyed. An atonlc muscle feels soft and flabby 
and atrophJes rapidly. Normal muscle tone exhibits a cer
tain reslllence or elasUdty, and, when a muscle is passively 
stretched by moving a joint, a certain degree of resistance 
Is felt. Normal muscle tone depends on the Integrity of the 
monosynaptic refleic arc described above and the control 
superimposed on It by Impulses received through the 
descending tracts from suprasplnal levels. Note that muscle 
spindles are excitatory to muscle tone, whereas neurotendi
nous receptors are inhibitory to muscle tone. 

Voluntary Movement 
Voluntary movement Is Initiated by the Individual. A series 
of different muscles are made to contract for the purpose 
of reaching a goal. This would suggest that the descending 
tracts that Influence the activity of the lower motor neurons 
are driven by Information n!cetved by the sensory systems, 
the eyes, the ears, and the muscles themselves and are 
affected further by past afferent Information that has been 
stored In the memory. Moreover, the whole process may be 
colored by past and present emotional input. The limbic 
structures appear to play a role In emotion, motivation, and 
memory and may influence the initiation process of volun
tary movement by their projections to the cerebral cortex. 

The descending pathways from the cerebral cortex and 
bralnstem, that Is, the upper motor neuroru;, inOuence 
the activity of the lower motor neurons either directly or 
through intemundal neurons. Most of the tracts originat
ing in the bralnstem that descend to the spinal cord also 
are receiving Input from the cerebral cortex. 

The cortlcosplnal tracts are believed to control the 
prime mover muscles, especially those responsible for the 
highly skilled movements of the distal parts of the limbs. 
The other supraspinal descending tracts play a major role 
in the simple basic voluntary movements and, in addition, 
adjust muscle tone so that easy and rapid movements of 
the Joints can take place. 

Interestingly, the basal ganglia and cerebellum do not 
give rise directly to descending tracts that influence the 
activities of the lower motor neuron, yet these parts of the 
nervous system greatly influence voluntary movements. 
This influence is accomplished indirectly by fibers that 
project to the cerebral cortex and brainstem nuclei, which 
are the sites of origin of the descending tracts. 

Pyramidal and Extrapyramidal Tracts 
The term pyruoldal tract is used commonly by cllnlclans 
and refers speciftcally to the cortlcosplnal tracts. The term 
ca.me into common usage when it was learned that the 
corticospinal fibers become concentrated on the anterior 
part of the medulla oblongata In an area referred to as the 
pynmlda. 

The term eldnpynmddal tnda refers to all the descend
ing tracts other than the corticosplnal tracts. 

Upper Motor Neuron Lesions 
Damage to descending tracts produces a variety of clinical 
signs, depending on the specific location. 
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Corticospinal Tract (Pyramidal Tract) Lesions 
Lesions restricted to the corticospinal tracts produce the 
following clinical signs: 

1. The Bablnald lip is presenL The great toe becomes dor
sally flexed, and the other toes fan outward In response 
to scratching the skin along the lateral aspect of the aole 
of the foot. The normal response Is plantar fteDc>n of all 
the toes. Remember that the BabJnski sign Is normally 
present during the first year of life because the cortico
spinal tract is not myelinated until the end of the first 
year of life. 

2. The explanatlon for the Bablnaki sign Is thought to be 
that, normally, the cortlcosplnal tracts produce plantar 
Hexion of the toes In response to sensory stlmuJation of 
the skin of the sole. When the cortlcosplnal tracts are 
nonfunctional, the influence of the other descending 
tracts on the toes becomes apparent, and a kind of with
drawal refle:i tms place In response to stlmuJatlon of 
the sole, with the great toe being dorsally flexed and the 
other toes fanning oul 

3. The superficial abdomlnal reflexes are absent. The 
abdominal muscles fail to contract when the skin of the 
abdomen Is scratched. This reflex Is dependent on 
the Integrity of the cortlcosplnal tracts, which exert a 
tonic ezdtatory lnOuence on the lntemundal neurons. 

4. The cnmuledc rdleK ls absent. The cremaster muscle 
fails to contrad when the skin on the medial side of the 
thigh is stroked. This refleit arc passes th.rough the first 
lumbar segment of the spinal cord. This reflez Is dependent 
on the Integrity of the corttcosplnal tracts, which exert a 
tonic excitatory Influence on the intemundal neurons. 

5. FlneGUled volant.ry m.owmaenta we loet. ThJs OCCW'S 

especially at the distal end of the limbs. 

Lesions of Other Descending Tracts 
{Extrapyramldal Tracts) 
The following clinical signs are present In lesions restricted 
to the other descending tracts: 

1. Severe panlJW with little or no muscle atrophy (except 
secondary to disuse). 

2. Sputtdty or hypertonlclty of the muscles. The lower 
limb Is maintained In extension, and the upper limb Is 
maintained In Oexlon. 

3. EDgerated deep m.ucle rellexetl and clonus may be 
present In the Oexors of the fingers, the quadriceps fem· 
oris, and the calf muscles. 

4. C1up-blfe ruction. When passive movement of a joint 
Is attempted, muscle spastlclty produces resistance. 
The muscles, on stretching, suddenly give way due to 
neurotendlnous organ-mediated lnhlbltlon. 

lo clinical practice, organic lea.Iona restricted only to the 
pyramidal tracts or only to the extrapyramldal tracts are 
rare. Usually, both sets of tracts are affected to a variable 
extent, producing both groups of clinical s igns. As the pyra
midal tracts normally tend to increase muscle tone and 
the eztrapyramldal tracts Inhibit muscle tone, the balance 
between these opposing effects will be altered, producing 
different degrees of muscle tone. 

Lower Motor Neuron L.uions 
Trauma, Infection (poliomyelitis), vascular disorders, 
degenerative diseases, and neoplasms may all produce a 

lesion of the lower motor neuron by destroying the cell 
body In the antertor gray column or Its axon in the anterior 
root or spinal nerve. The following clinical signs are present 
with lower motor neuron lesions: 

1. Muscles emlblt tlaedd ,_..,.. 
2. Muscles alropby. 
3. Muscles Joee reflaes. 
4. Mucalar fMdculadcm (muscle twitching} Is seen only 

with slow destruction of the lower motor neuron cell. 
5. Mucalar contndure (shortening of the paralyzed m\1$

cles) occurs more often in the antagonist muscles whose 
action is no longer opposed by the paralyzed muscles. 

6. Normally Innervated muscles respond to stimulation by 
the appl1catlon of faradlc (Interrupted) current, and the 
contractJon continues as long as the current Is passing. 
Galvanic or direct current causes contraction only when 
the current Is turned on or turned off. When the lower 
motor neuron Is cut, a muscle will no longer respond 
to Interrupted electrical stlmulatlon 7 days after nerve 
sectJoo, although It still wlll respond to direct current. 
After 10 days, the response to direct current also ceases. 
This change In muscle response to electrical stimulation 
is known as the l'MCtlon of defellel'adon. 

Types of Paralysis 
Hemlple91a Is a paralysis of one side of the body and 

Includes the upper limb, one side of the trunk, and the 
lower limb. 

MoMplech Is paralysis of one limb only. 
DIJllella Is paralysis of two corresponding Umbs (I.e., arms 

or legs). 
Paraplecla ls paralysis of the two lower limbs. 
Qaadrlpleala is paralysis of all four limbs. 

Relationship of Muscular Signs and Symptoms 
to Nervous System Lesions 
The type of abnormal muscle tone resulting from nervous 
system damage will depend on the location of the lesion. 

Hypotonia 
Hypotonla ex11ts when the muscle tone ls diminished 
or absent. It occurs when any part of the monosynaptlc 
stretch refles arc is interrupted. It also occurs in cerebellar 
disease as the result of diminished influence on the ymotor 
neurons from the cerebellum. 

Hypertonia 
Hypertonla (spastlclty, rigidity) exists when the muscle 
tone Is Increased. It occurs when lesions exist that involve 
supraspinal centers or their descending tracts but not the 
corticospinal tract. It also may occur at the local spinal 
segmental leveJ and be produced by local exdtatlon of the 
stretch reflex by sensory Irritation (e.g., spasm of back mus
cles secondary to prolapsed lntervertebral disc, spasm of 
abdominal muscles seconduy to peritomtls). 

Tremors 
Tremors are rhythmic Involuntary movements that result 
from the contraction of opposing muscle groups. These 
may be slow, as In puldn....,1wm, or fast, as In toxic tremors 
from thyrotozicosls. They may occur at rest, as In parldn
sonlsm, or with action, the so-called Intention tremor, as 
seen in cerebellar dlaease. 



Spasms 
Spasms are sudden, involuntary contractions of large 
groups of muscles. Examples of spasms are seen tn paraple
gia and are due to lesions lnvolvlng the descending tracts 
but not the corUcosplnal tract. 

Athetosis 
Athetosis are continuous, slow, involuntary, dysrhythmic 
movements that are always the same In the same patient 
and disappear during sleep. They Impede voluntary move
ment. Athetosls occurs with lesions of the corpus strlatum. 

Chorea 
Chorea consists of a series of continuous, rapid, involun
tary, jerky, coarse, purposeless movements, which may 
occur during sleep. Chorea occurs with lesions of the cor
pus strlatum. 

Oy'stonia 
Dystonia consists of frequent, maintained contractions of 
hypertonic muscles, leading to bizarre postures. It occurs 
with lesions of the lentlform nucleus. 

Myoclonus 
Myoclonus ls a sudden contraction of an isolated muscle 
or part of a muscle. It occurs irregularly and commonly 
Involves a muscle of a limb. It may be present with dis
eases that Involve the reticular formation and the cer
ebellum. Normal myoclonlc jerks sometimes occur In 
Individuals as they are falling asleep and are believed to 
be due to a sudden temporary reactivation of the reticular 
formation. 

Hemiballismus 
Hemiballlsmus Is a rare form of Involuntary movement con
fined to one side of the body. It usually involves the pro~ 
mal extremity musculature, and the limb involved Is made 
to fiy about in all directions. The lesion responsible occurs 
in the opposite subthalamic nucleus. 

Acute Spinal Cord Injury 
The Incidence of acute spinal cord Injuries In the United 
States Is about 10,000 per year. The injury ls catastrophic, 
because little or no regeneration of the severed n~ tracts 
takes place (see p. 71) and the individual ls permanently 
disabled. Treatment has been restricted to anatomical 
realignment and stablllzatlon of the vertebral column or 
decompression of the spinal cord. During the recovery 
process, the patient goes through intenslw rehabilitation 
to optimize remaining neurologlc function. Apart from 
improved management of medical compllcatl.ons, very lit
tle new therapy has been successful despite an enormous 
amount of research Into the problem of neuronal regener
atlon In the spinal cord. Recently, the use of certain drugs 
(GM1 ganglloslde and methylprednlsolone) administered to 
the patient soon after injury has resulted In some Improve
ment In the neurologf c deficit. Animal experiments appear 
to Indicate that these drugs enhance the functional recov
ery of damaged neurons. 

Chronic Compression of the Spinal Cord 
If acute spinal cord injury is excluded, the causes of com
pression may be divided Into extradural and lntradural, 
which Is further divided Into those that arise outside the 
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spinal cord ( extramedullary) and those that arise withm the 
cord (lntramedullary). 

Extradural causes include herniation of an interver~ 
bral disc, infection of the vertebrae with tuberculosis, and 
primary and secondary tmnors of the vertebra; leukemic 
deposits and extradural abscesses may also compress the 
spinal cord. The two common extramedullary tumors are 
meningiomas and nerve fibromas. lntramedullary causes 
include primary tumors of the spinal cord, such as gliomas. 

The cllnlcal signs and symptoms are produced by an 
interference with the normal anatomical and physiololllc 
functions of the spinal cord. Pressure on the spinal arteries 
causes lschemia of the spinal cord with degeneration of 
nerve cells and their fibers. Pressure on the spinal veins 
causes edema of the spinal cord with interference in the 
function of the neurons. Finally, direct pres.sure on the 
white and gray matter of the spinal cord and the spinal 
nerve roots Interferes with nerve conduction. At the same 
time, CSF circulation is obstructed, and the composIUon of 
the fluid changes below the level of obstruction. 

Cinical Signs 
One of the earliest signs is pain, which may be local pain 
In the vertebra Involved or patn radiating along the dis
tribution of one or more spinal nerve roots. The pain Is 
made worse by coughing or sneezing and Is usually worse 
at night, when the patient is recumbent. 

Interference with motor function occurs early. lnvol~ 
ment of the anterior gray column motor cells at the level 
of the lesion results In partial or complete paralysis of 
muscles, with loss of tone and muscle wasting. The early 
involvement of the cortlcospinal and other descending 
tracts produces muscular weakness, Increased muscle 
tone (spasticlty), increased tendon reflexes below the level 
of the lesion, and an extensor plantar response. The degree 
of sensory loss will depend on the nerve tracts involved. A 
lesion of the posterior white columns of the spinal cord will 
cause Joss of muscle joint sense (proprioception), vibra
tion sense, and tactile discrimination below the level of the 
lesion on the same side. Involvement of the lateral spinal 
thalamlc tracts will cause loss of pain and heat and cold 
sensatlons on the opposite side of the body below the level 
of the lesion. A more detailed discussion of the symptoms 
and signs following injury to the ascending and descending 
tracts in the spinal cord is given on pages 163 and 166. 

Because many spinal tumors are benign and can be suc
cessfully removed (provided that Irreversible damage to 
the spinal cord has not occurred as a result of compression 
of the blood supply), an early accurate diagnosis Is essen
tial. The following Investigations should be performed: 
(1) radiography of the vertebral column, including com
puted tomography (C1) and magnetic resonance imaging 
(MRI); (2) spinal tap; and (3) myelography when determin
ing the diagnosis Is dlfilcult. 

Clinical Syndromes Affecting the Spinal Cord 
Myelopathy stems from a number of causes, including 
trauma, developmental abnormality, infection, autoimmune 
destruction, and genetic disease. 

Spfnal Shock Syndrome 
Spinal shock syndrome is a clinical condition that follows 
acute severe damage to the spinal cord. All cord functions 
below the level of the lesion become depressed or lost, and 
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sensory Impairment and Daccld paralysis occur. The seg
mental spinal reflexes are depressed due to the removal of 
influences from the higher centers that are mediated through 
the corticospinal, reticulospinal, tectospinal, rubrospinal, 
and vestibulospinal tracts. Spinal shock, especially when the 
lesion Is at a high level of the cord, may also cause severe 
hypotenslon ftom loss of sympathetic vasomotor tone. 

In most patients, the shock persists for less than 
24 hours, whereas in others, it may persist for as long a.s 
1 to 4 weeks. As the shock diminishes, the neurons regain 
their excltabWty, and the effects of the upper motor neu
ron loss on the segments of the cord below the lesion, for 
example, spastlclty and exaggerated reflexes, appear. 

The presence of spinal shoclc can be determined by 
testing for anal sphincter reflex activity. The reflex can be 
initiated by placing a gloved finger in the anal canal and 
stimulating the anal sphincter to contract by squeezing 
the glans penis or clitoris or gently tugging on an Inserted 
Foley catheter. An absent anal reflex Indicates spinal shock. 
A cord lesion Involving the sacral segments of the cord 
would nullify this test. Insofar as the neurons giving rise 
to the inferior hemorrhoidal nerve to the anal sphincter 
(S2-S4:) would be nonfunctlonlng. 

Demuctive Spinal Cord Syndromes 
When neurologic impairment is identified following the dis
appearance of spinal shock, it can often be categorized into 
one of the following syndromes: (1) complete cord transec
tlon syndrome, (2) anterior cord syndrome, (3) central cord 
syndrome, or (4) Bro~uard syndrome or hemlsectlon 
of the cord. Clinical findings often Indicate a combination of 
lower motor neuron injury (at the level of destruction of the 
cord) and upper motor neuron Injury (for those segments 
below the level of destruction). 

COMPLETE CORD lRANSECTlON SYNDROME 
Complete cord transectlon syndrome (Fig. 4-31) results in 
complete loss of all sensibility and voluntary movement below 
the level of the lesion. It can be caused by fracture dlslocatlon 
of the vertebral column, by a bullet or stab wowtd, or by an 
expanding tumor. The following characterlstlc clinical features 
will be seen alter the period of spinal shock has ended: 

1. Bilateral lower motor neuron paralysis and muscular 
atrophy ln the segment of the leslon results from damage 
to the neurons ln the anterior gray columns (i.e., lower 
motor neuron) and possibly from damage to the nerve 
roots of the same segment. 

2. In bilateral spastic paralysis below the level of the leslon, 
bilateral Babinski sign ls present, and, depending on the 
level of the segment of the spinal cord damaged, bilateral 
loss of the superficial abdominal and cremaster reflexes 
occurs. All these signs are caused by an interruption of 
the corticospinal tracts on both sides of the cord. The 
bilateral spastic paralysis Is produced by the cutting of 
the descending tracts other than the cortl.cosplnal tracts. 

3. In bilateral loss of all sensations below the level of the 
lesion, loss of tactile discrimination and vibratory and 
proprioceptive sensations is due to bilateral destruction 
of the ascending tracts In the posterior white columns. 
The I°" of pain, temperature, and light touch sensations 
ls caused by section of the lateral and anterior splnotha
lamic tracts on both sides. Because these tracts cross 
obliquely, the loss of thermal and Jlght touch sensations 
occurs two or three segments below the lesion distally. 

4. Bladder and bowel functions are no longer under vol
untary control, because all the descending autonomic 
fibers have been destroyed. 

With a complete fracture dislocation at the 1..2-1..3 verte
bral level (i.e., a level below the lower end of the cord in the 
adult), no cord injury occurs. Neural damage is confined to 
the cauda equlna, and lower motor neuron, autonomic, and 
sensory fibers are Involved. 

ANTERIOR CORD SYNDROME 
Anterior cord syndrome (Fig. 4-31) can be caused by cord 
contusion during vertebral fracture or dislocation, from 
injury to the anterior spinal artery or its feeder arteries 
with resultant lschemla of the cord, or by a herniated lnter
vertebral disc. The following characteristic clinical features 
are seen alter the period of spinal shock has ended: 

1. Bilateral lower motor neuron paralysis ln the segment 
of the lesion and muscular atrophy ls caused by damage 
to the neurons In the anterior gray columns O.e., lower 
motor neuron) and possibly by damage to the anterior 
nerve roots of the same segment. 

2. In bilateral spastic paralysis below the level of the lesion, 
the extent depends on the size of the Injured area of the 
cord. The bllateral paralysis Is caused by the interrup
tion of the anterior corticosplnal tracts on both sides of 
the cord. The spa.sUclty Is produced by the interruption 
of tracts other than the corticospinal tracts. 

3. Bilateral loss of pain, temperature, and light touch sen
sations below the level of the leslon are caused by inter
ruption of the anterior and lateral spinothalamlc tracts 
on both sides. 

4. Tactile discrimination and vibratory and proprioceptive 
sensations are preserved because the posterior white 
columns on both sides are widamaged. 

CENTRAL CORD SYNDROME 
Central cord syndrome is most often caused by hypenme. 
sion of the cervical region of the spine (Fig. 431). The cord is 
pressed on anteriorly by the vertebral bodies and posteriorly 
by the bulging of the llgamentum flavum, causing damage to 
the centraJ region of the spinal cord. Radlographs of these 
Injuries often appear normal because no fracture or disloca
tion has occurred. The following characteristic clinical fea
tures are seen after the period of spinal shock has ended: 

1. Bilateral lower motor neuron paralysis In the segment 
of the lesion and muscular atrophy is caused by damage 
to the neurons Jn the anterior gray columns (I.e., lower 
motor neuron) and possibly by damage to the nerve 
roots of the same segment. 

2. In bilateral spastic paralysis below the level of the lesion 
with characteristic sacral "sparing," lower limb fibers 
are affected less than upper limb fibers because the 
descending fibers ln the lateral cortlcospinal tracts are 
laminated, with the upper Jlmb fibers located medially 
and the lower limb fibers located laterally (.Fig. 4-29). 

3. In bilateral loss of pain, temperature. light touch, and 
pressure sensations below the level of the lesion with 
chararteristic sacral "sparing," because the ascending 
fibers in the lateral and anterior splnothalamlc tracts 
are also laminated, with the upper limb fibers located 
medially and the lower limb fibers located laterally, the 
upper limb fibers are more susceptible to damage than 
the lower limb fibers. 
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Figure 4-31 Spinal cord syndromes. 

Thus, the clinical picture of a patient wlth a history of 
a hyperextension injury of the neck, presenting with motor 
and sensory tract injuries involving principally the upper 
limb, would strongly suggest central cord syndrome. The 
sparing of the lower part of the body may be evidenced 

by (1) the presence of perianal sensation, (2) good anal 
sphincter tone, and (3) the ability to move the toes slightly. 
In patients whose damage Is caused by edema of the spinal 
cord alone, the prognosis ls often very good. Mild central 
cord syndrome that consists only of parestheslas of the 
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Lesion on this Bi lle 

Total loss of ell sensation&
hypotonlc paralysls 

upper part of the arm and some mild arm and hand weak
ness can occur. 

BROWN-S~QUARD SYNDROME (CORD HEMISECTION) 
Hemisection of the spinal cord can be caused by fracture 
dislocation of the vertebral column, by a bullet or stab 
wound, or by an expanding tumor (Fig. 4-31). Incomplete 
hemlsectlon Is common; complete hemisectlon Is rare. 
The following characteristic clinical features are seen In 
patients with complete hemisectlon of the cord (Fig. 4-32) 
after the per1od of spinal shock has ended: 

1. lpsilateral lower motor neuron paralysis in the segment 
of the lesion and muscular atrophy are caused by dam
age to the neurons on the anterior gray column and 
possibly by damage to the nerve roots of the same seg
ment. 

2. In ipsilateral spastic paralysis below the level of the 
lesion, an ipsilateral Babinski sign is present, and, 
depending on the segment of the cord damaged, an lpsi
lateral loss of the superficial abdominal reflexes and cre
masterlc reflex occurs. All these signs are due to loss of 
the cortlcosplnal tracts on the side of the lesion. Spastic 
paralysis Is produced by Interruption of the descending 
tracts other than the cortlcosplnal tracts. 

3. lpsilateral band of cutaneous anesthesia in the segment 
of the lesion results from destruction of the posterior 
root and its entrance into the spinal cord at the level of 
the lesion. 

4. lpsilateral loss of tactile discrimination and of vibratory 
and proprioceptive sensations below the level of the 
lesion are caused by destruction of the ascending tracts 
In the posterior white column on the same side of the 
lesion. 

5. Contralateral loss of pain and temperature sensations 
below the level of the lesion is due to destruction of the 
crossed lateral spinothalamic tracts on the same side of 
the lesion. Because the tracts cross obliquely, the sensory 
loss occurs two or three segments below the lesion distally. 

6. Contralateral but not complete loss of tactile sensa
tion below the level of the lesion condition Is caused 

Figunt 4-32 Brcwn-Sequard 
syndrome with a spinal cord lesion 
at the right 10th thoracic level. 

by destruction of the crossed anterior spinothalam.ic 
tracts on the side of the lesion. Here, again, because 
the tracts cross obliquely, the sensory impairment 
occurs two or three segments below the level of the 
lesion distally. The contralateral loss of tactile sense Is 
incomplete because discriminative touch traveling In 
the ascending tracts In the contralateral posterior white 
column remains intact. 

Syringomyelia 
Syringomyelia, which is due to a developmental abnorm~ 
ity in the formation of the central canal, most often affect.s 
the brainstem and cervical region of the spinal cord. At the 
site of the lesion, cavitation and gllosls In the central region 
of the neuroaxls occurs (Fig. 4-33). The following character
istic signs and symptoms are found: 

1. Pain and temperature sensatJons are lost in dermatomes 
on both sides of the body related to the affected seg
ments of the cord. This loss commonly has a shawlllke 
distribution caused by the interruption of the lateral 
spinothalamic tracts as they cross the midllne in the 
anterior gray and white commlssures. The patient com
monly complains of accidental burning injuries to the 
fingers. 

2. Tactile discrimination, vibratory sense, and propriocep
tive sense are normal because the ascending tracts in 
the posterior white column are unaffected. 

3. Lower motor neuron weakness is present In the small 
muscles of the hand. It may be bilateral, or one hand 
may suffer before the other. As the lesion expands in 
the lower cervical and upper thoracic region, It destroys 
the anterior horn cells of these segments. Later, the 
other muscles of the arm and shoulder girdles undergo 
atrophy. 

4. Bilateral spastic paralysis of both legs may occur, with 
exaggerated deep tendon reflexes and the presence of a 
positive Babinski response. These signs are produced 
by the further expansion of the lesion laterally Into the 
white column to Involve the descending tracts. 
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Figure 4-33 Skin area in which the sensations of pain 
and temperature are lost in syringomyelia. 

5. Horner syndrome may be present. This is caused by the 
interruptlon of the descending autonomic fibers tn 
the reticulospinal tracts in the lateral white column by 
the expanding lesion. 

Poliomyelitis 
Pollomyelltls ts an acute viraJ lnfecUon of the neurons of 
the anterior gray columns of the spinal cord (Fig. 4-31) 
and cranial nerve motor nuclei. lmmunlutlon has greatly 
reduced the Incidence of poltomyelltls, which was once a 
teared disease. Paralysis and muscle wasting follow motor 
nerve cell death. Lower limb muscles are more often 
affected than those of the upper limb. In severe pollomy
elltls, respiration may be threatened due to the paraly
sis spreading to the lntercostal muscles and diaphragm. 
Muscles of the face, pharynx, larynx, and tongue may also 
be paralyzed. Improvement usually begins at the end of 
the first week as the edema In the affected area subsides, 
and function returns to the neurons that have not been 
destroyed. 

Multiple Sderosis 
Multiple sclerosis ls a common disease conllned to the 
CNS, causing demyelination of the ascending and descend
ing tracts. It ls a disease of young adults, and the cause ts 
unknown. Autoimmunity, Infection, and heredity, alone or in 
combination, may play a role In Its etiology. A breach In the 
Integrity of the blood-brain barrier In an Individual who is 
genetically predisposed to the disease may be responsible. 
This could result in the invasion of the brain and spinal 
cord by some Infection allowing leukocytes to enter the 
normally tmmunololltcally protected CNS. Inflammation 
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and demyellnation with loss of the myelln sheath results In 
the breakdown of the Insulation around the axons, and the 
velocity of the action potentials is reduced and ultimately 
becomes blocked. Although myelin is relatively rich in lipid 
(70% to 80%), it also contains proteins that play a role In 
myelln compaction. Many of these proteins In the myelln of 
the CNS differ from those In the peripheral nervous system. 
Experimentally, basic myelin proteins Injected into animals 
have been shown to produce a strong immune response, 
and CNS demyellnatlon occurs. Mutations in the structure 
of myelln protein can possibly occur and be responsible 
for some inherited forms of demyellnatlon. Also possible is 
that autoantlgens develop In multiple sclerosis. 

The course of multiple sclerosis is chronic with exac
erbations and remissions. Because of the widespread 
involvement of different tracts at different levels of the 
neuroaxis, the signs and symptoms are multiple, but remis
sions do occur. Weakness of the limbs is the most common 
sign of the disease. Ataxia due to involvement of the tracts 
of the cerebellum may occur, but spastic paralysis may also 
be present. 

Recent research has suggested that the remissions in 
multiple sclerosis may In part be explained by the remodeJ.
lng of the demyellnated axonal plasma membrane so that it 
acquires a higher than normal number of sodium channels, 
which permit conduction of action potentials de.spite the 
loss of myelin. 

Patients who have the progressive form of the disease 
without remissions have substantial damage to the axons 
as well as the myelln. This would suggest that multiple 
sclerosis Is not just a demyelinatlng disease but one with 
axonal pathology also. 

Amyotrophic Lateral Sclerosis 
Amyotrophic lateral sclerosis (Lou Gehrig disease) is a 
disease confined to the corticospinal tracts and the motor 
neurons of the anterior gray columns of the spinal cord 
(Fig. 4-31). It Is rarely familial and is Inherited in about 10% 
of patients. Amyotrophic lateral sclerosis ls a chronic pro
gressive disease of unknown etiology. Typlc:ally, It occurs 
in late middle age and is inevitably fatal in 2 to 6 years. The 
lower motor neuron signs of progressive muscular atrophy, 
paresis, and fasciculations are superimposed on the signs 
and symptoms of upper motor neuron disease with paresis, 
spastJdty, and Babinski response. The motor nuclei of some 
cranial nerves may also be Involved. 

Parkinson Disease 
Parkinson disease is associated with neuronal degener
ation in the substantia nigra and, to a lesser extent, in 
the globus pa]lldus, putamen, and caudate nucleus. The 
degeneration of the inhibitory nlgrostriate fibers results 
In a reduction In the release of the neurotransmitter dopa
mine within the corpus striatum. This leads to hypersen
sitivity of the dopamine receptors in the postsynaptic 
neurons In the corpus strlatum, which become overactive. 
The characteristic signs of the disease Include tremor and 
cogwheel rigidity (hyperklnetlc activity) and difllculty Ini
tiating voluntary movements, which are slow (hypokinetlc 
activity). 

Pernfdous Anemia 
Pernicious anemia, a form of megaloblastlc anemia, ls 
caused by vitamin 8 12 deficiency. The disease may produce 
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extensive damage to the tracts In the posterior and lat
eral white columns of the spinal cord as well as peripheral 
nerve degeneration. Widespread sensory and motor losses 
may be present due to involvement of the ascending and 
descending tracts of the spinal cord. 

Vertebral Column Radiography 
The views commonly used in radiography are anteroposte
rlor, lateral, and oblique. Vertebral destruction due to tuber
culosis or primary or secondary tumors of the vertebrae or 
fractures due to trauma usually can be revealed by radio
graphic examination. Erosion of the pedlcles by a tumor 
within the lntervertebral foramlna may be seen. Narrowing 
of the space between the vertebral bodies with bony spurs 
because of osteoarthrltlc changes in adjacent vertebral 
bodies can also be seen. 

Computed Tomography and Magnetic 
Resonance Imaging 
CT scans of the vertebrae and joints can be obtained 
(Fig. 4-34). A protrusion of an lntervertebral disc can be 
identified, and the presence of narrowing of the vertebral 
canal (aplnal mnOlla) can be diagnosed. 

Sagittal MRI is increasingly being used to replace CT and 
myelography. The parts of a vertebra, the lntervertebral 
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disc, the posterior longitudinal ligament. and meningeal 
sac (thecal •c) can easlly be identlffed (F1g. 4-35). 

Myelography 
The subaracbnoid space can be studied radiographically 
by the Injection of a contrast medium Into the subarac~ 
no!d space by spinal tap. Iodized oil has been used with 
success. This technique Is referred to as myelotJr8Phy 
(Figs. 4-36 and 4-37). 

If the patient is sitting in the upright position, the oil 
sinks to the lower limit of the subarachnold space at the 
level of the lower border of the second sacral vertebra. By 
placing the patient on a tilting table, the oil can be made 
to gravitate gradually to higher levels of the vertebral 
column. 

A normal myelogram will show pointed lateral projec
tions at regular intervals at the intervertebral space levels 
because the opaque medium fills the lateral extensions of 
the subarachnold space around each spinal nerve. The 
presence of a tumor or a prolapsed lntervertebral disc: 
may obstnxct the movement of the oil from one region to 
another when the patient is tilted. 

With the recent technologic advances in CT scans and 
MRJs, intrusive procedures such as myelography are us~ 
ally not required to make a diagnosis. 
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F'igure 4-34 Horizontal (axial) CT scan of the fourth lumbar vertebra. 
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